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understood syndrome, that can be defined as the 
presence of 10-99 synchronous adenomas in the large 
bowel, and it is considered a phenotypic variant of 
familial adenomatous polyposis (FAP). This definition 
has the advantage of simplicity, but it may include 
sporadic multiple adenomas of the large bowel at an 
extreme, or FAP cases on the other side. AAP shows a 
milder phenotype than FAP, with an older age of onset 
of adenomas and cancer, and less frequent extracolonic 
manifestations. AAP may be diagnosed as a single 
case in a family or, less frequently, it may be present 
in other family members, and it shows distinct pattern 
of inheritance. In less than 50% of cases, it may be 
caused by adenomatous polyposis coli (APC) or MUTYH 
mutations, referred to as APC -associated polyposis, 
inherited as an autosomal dominant trait, or MUTYH-
associated polyposis, which shows an autosomal 
recessive mechanism of inheritance, respectively. 
Surveillance should rely on colonoscopy at regular 
intervals, with removal of adenomas and careful 
histological examination. When removal of polyps is not 
possible or advanced lesions are observed, the surgical 
approach is mandatory, being subtotal colectomy with 
ileo-rectal anastomosis the treatment of choice. Studies 
on this syndrome are lacking, and controversies are still 
present on many issues, thus, other clinical and genetic 
studies are requested.

Key words: Attenuated adenomatous polyposis; Genetic 
testing; Surveillance; Attenuated familial adenomatous 
polyposis; Adenomatous polyposis coli; MUTYH

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Attenuated adenomatous polyposis is a poorly 
understood syndrome, which may be defined as the 
presence of 10-99 synchronous adenomas in the large 
bowel, when at least 50% of the polyps removed are 
adenomatous. It is a variant of Familial Adenomatous 
Polyposis with a milder phenotype. In less than 50% 
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Abstract
Attenuated adenomatous polyposis (AAP) is a poorly 

EDITORIAL

4135 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v23.i23.4135

World J Gastroenterol  2017 June 21; 23(23): 4135-4139

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



of cases, it is caused by adenomatous polyposis coli 
(APC ) or MUTYH  mutations, and less frequently by 
other genes. Surveillance should rely on colonoscopy at 
regular intervals, with removal of adenomas and careful 
histological examination. If removal of all polyps is not 
possible or advanced lesions are observed, the surgical 
treatment is mandatory.

Roncucci L, Pedroni M, Mariani F. Attenuated adenomatous 
polyposis of the large bowel: Present and future. World J 
Gastroenterol 2017; 23(23): 4135-4139  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i23/4135.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i23.4135

INTRODUCTION
Familial adenomatous polyposis (FAP) is a disease 
characterized by the presence of at least 100 adenomas 
of the large bowel, several extracolonic manifestations, 
and it is inherited as an autosomal dominant trait[1]. It is 
caused by constitutional mutations in the adenomatous 
polyposis coli (APC) gene[2,3], and, less frequently, 
by mutations in the MUTYH gene[4]. Attenuated 
familial adenomatous polyposis (AFAP) is considered 
a phenotypic variant of FAP, whose main feature 
is the presence in the large bowel of less than 100 
synchronous adenomas[5]. “Attenuated” also means that 
the disease has a milder phenotype than the classical 
FAP. Indeed, patients with AFAP develop adenomas and 
cancer at an older age, and extracolonic manifestations 
are less frequent than in FAP[5,6]. Moreover, only one 
individual is affected in most families[7]. Nowadays AFAP 
may be included in the broad category of adenomatous 
polyposis syndromes[8]. 

The first approach to an attenuated adenomatous 
polyposis (AAP) should be clinical, and it is extremely 
important for the further management of the disease. 
The first step for a correct evaluation of patients with 
an intestinal polyposis must be a careful collection 
of the family history of cancers and premalignant 
lesions of the gastrointestinal tract, in order to get an 
estimate of the risk of an inherited predisposition to 
cancer. Particular attention should be paid to vertical 
transmission of the disease (from a generation to the 
next), sibling aggregation, and age at diagnosis of 
cancers in the family, especially for first- and second-
degree relatives, although very often we are dealing 
with single cases in a family. Another milestone in 
the management is the particular attention that 
should be put on the histology of polyps removed in 
the large bowel. Polyps are usually adenomas, but 
it is not infrequent to find other histological variants 
(hyperplastic, serrated, hamartomatous, juvenile, or 
mixed), sometimes associated with adenomas. It is 
conceivable to define an adenomatous polyposis when 
more than 50% of polyps are adenomas, otherwise 
other polyposis syndromes should be taken into 

account[9]. Then, relying on the familial pedigree and 
on the characteristics of the individual phenotype of 
the proband, genetic testing for a germline mutation 
should be proposed to the proband, or to the most 
informative family members, when appropriate. In the 
case of attenuated adenomatous polyposis, firstly APC 
and MUTYH mutations should be searched for[8].

Indeed, constitutional mutations in APC or MUTYH 
genes were found in a large fraction of patients with 
AFAP[9-11]. Accordingly, now the term APC-associated 
polyposis (AFAP) can be more appropriately used 
when the APC gene is mutated, as in the classical 
FAP, whereas MUTYH-associated polyposis (MAP) is 
preferred when MUTYH mutations are found. However, 
many patients with AAP remains “genetic orphans”, 
because at present, no constitutional mutation can be 
demonstrated[12,13]. Moreover, mutations in other genes 
can cause rare forms of attenuated polyposis[14].

As mentioned above, there is still controversy also 
on the morphology of polyps that should be included 
in the definition of attenuated polyposis. In fact, 
according to some authors, hyperplastic or serrated 
polyposis should be included in this category[15,16], 
considering the risk of developing colorectal cancer in 
these forms of intestinal polyposis[17]. Other polyposis 
have peculiar morphologic characteristics that allow to 
classify them as Hamartomatous polyposis syndromes 
(Peutz-Jeghers syndrome, Juvenile polyposis, and 
Cowden syndrome). 

Thus, the picture is far to be completely elucidated, 
and, despite attempts to refine diagnostic accuracy, 
AFAP still remains poorly understood and defined. 
We think that, before proceeding toward the genetic 
diagnosis, it is mandatory to try to reach a useful 
definition of the syndrome that we prefer to refer to 
as AAP. Probably one possible definition is to consider 
as AAP any patient with synchronous adenomas of 
the large bowel ranging between 10 and 99, not 
considering age of onset, other clinical features, or 
formal and molecular genetics. Of course this definition 
is totally clinical, and, as all definitions, it reflects only 
part of the truth. For example, near the upper and 
lower limits of 10 and 99 adenomas it is impossible 
to sharply cut off sporadic multiple adenomas for 
the lower limit, and classical FAP for the upper. 
Moreover, we do not know whether the development 
of further metachronous adenomas during surveillance 
of patients may change the definition and the 
management of the syndrome. Another controversial 
issue is the presence in the family of other patients 
with adenomas or cancer[10]. However this definition 
has the advantage of simplicity, and it allows to have a 
solid ground on which rely for the genetic and clinical 
management of affected patients and family members. 
Another issue is the fraction of adenomas on the total 
number of polyps necessary to define an adenomatous 
polyposis. We think that at least 50% histologically 
confirmed adenomas are necessary for the definition 
of AAP[9].

4136 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

Roncucci L et  al. Attenuated adenomatous polyposis of the large bowel



Since the definition is unclear and there is no 
real consensus, incidence and frequency of AAP are 
difficult to establish. Frequency may be estimated to 
be less than 15% of all adenomatous polyposis, but 
a systematic search for AAP has never been carried 
out. As mentioned above, the age of onset of AAP is 
delayed as compared with FAP[5,9], adenomas seem 
more prevalent in the proximal colon[18,19], to spare 
the rectum[20], and they tend to be flat[21,22], and 
sometimes also hyperplastic polyps and flat serrated 
adenomas are present[23]. The risk of developing 
cancer is not 100% as in classical FAP. Extracolonic 
manifestations [duodenal adenomas, periampullary 
carcinoma, desmoid tumors, osteomas, epidermoid 
cysts, congenital hypertrophy of the retinal pigmented 
epithelium (CHRPE), supernumerary teeth, thyroid 
carcinoma, and hepatoblastoma] seem less frequent 
than in FAP, though studies are very few on this 
topic[23,24].

As mentioned, genetic testing should be offered to 
patients with AAP. APC and MUTYH are the two genes 
most frequently involved in the pathogenesis of AAP. 
However, constitutional mutations of other known and 
unknown genes contribute to the AAP phenotype.

APC is a tumor-suppressor gene, located on the 
long arm of chromosome 5[25]. In classical FAP a 
mutated allele is inherited, the other allele is damaged 
or lost by a somatic event, and this allows the growth 
of adenomas. Then, other mutational events in other 
genes are required to push ahead the malignant 
transformation. Some correlations between the site 
of the mutations within the open reading frame of the 
gene and the clinical manifestations of the disease 
have been reported so far (the so-called genotype-
phenotype correlations)[26]. As far as AAP is concerned, 
the overall frequency of APC mutations is difficult 
to establish, however it can be estimated around 
10%-20% of patients with less than 100 adenomas[9]. 
In these cases, AAP (namely AFAP) is inherited as 
an autosomal dominant disease, as it happens for 
classical FAP. In AAP, we know that APC mutations are 
found mostly near the 5’ and 3’ ends of the gene, and 
sometimes on exon 9[7,26], but other regions of the 
gene can be mutated.

MUTYH is a base excision repair gene whose 
protein repairs oxidative damage to DNA[4]. Biallelic 
mutations of that gene cause CG-AT transversions 
in several other genes, including APC and RAS. The 
two most frequent mutations found in patients with 
AAP are Y179C and G396D, both missense[27]. Thus, 
MUTYH-associated polyposis (MAP) has a recessive 
pattern of inheritance, and it is particularly frequent 
in patients with less than 100 adenomas[28,29], 
though MUTYH mutations may be found also in a 
small fraction of patients with classical FAP and no 
APC mutation[28]. It can be estimated that MUTYH is 
mutated in 20%-40% of patients with AAP[12,29]. Mean 
age at diagnosis seems delayed, when compared with 
patients with APC mutations[30]. Mutations in one allele 

only of the MUTYH gene seem not to confer a higher 
risk of developing intestinal adenomatous polyposis. 

Recently, other genes that may be constitutionally 
mutated in intestinal polyposis syndromes, were found 
associated with the AAP phenotype. These genes, 
involved in DNA synthesis are polymerase D1 (POLD1) 
and polymerase E gene (POLE). Mutations in one of 
these genes cause the rare Polymerase Proofreading-
Associated Polyposis (PPAP)[14], which is inherited as 
an autosomal dominant trait. Mutations in these genes 
have been reported so far also for Lynch syndrome, 
and probably cause an excess also of brain tumors[31]. 

Constitutional mutations in other genes may 
explain a certain fraction of AAP: NTHL1[32], MSH3[33], 
FOCAD[34], POLD3 or other polymerase genes[35]. In 
the near future, other genes will be discovered in the 
germline of patients with AAP.

No established guidelines exist for the manage-
ment of AAP. When a mutation is found in APC or 
MUTYH (biallelic), a colonoscopy should be carried 
out, beginning at puberty, along with esophago-
gastroduodenoscopy, and repeated over time every 2-3 
years, and then regularly. However, since the genetic 
test is often negative for constitutional mutation, 
management is empirical and based on clinical findings 
in most cases. The choice of following a patient 
endoscopically or with a surgical approach is a matter 
of debate. The more convenient program is to continue 
an endoscopic follow-up when all polyps can be 
removed during colonoscopy, and to counsel surgery 
when the number of polyps is high or with multiple 
diminutive polyps, or in case of low compliance, 
or when a severe dysplasia or cancer is found at 
histological examination in one or more polyps[8,36]. 
When surgery is necessary, and the rectum is spared 
by polyps, a subtotal colectomy with ileo-rectal 
anastomosis is the treatment of choice[37]. Sometimes, 
when a severe phenotype (profuse polyposis) is 
present, due to mutations in particular zones of the 
genes, the surgical resection should be enlarged[38,39]. 
At variance with FAP, no valuable information is 
available for chemoprevention with non-steroidal anti-
inflammatory or other drugs in AAP, though the smaller 
number of polyps might be an advantage. Surveillance 
for upper gastrointestinal lesions (gastric polyps and 
duodenal/jejunal adenomas) with gastroduodenoscopy 
may be recommended at lapses of time guided by the 
Spigelman’ stage of duodenal polyposis, as in FAP, but 
no data are available at the moment[8].

CONCLUSION
AAP is a poorly defined syndrome which deserves 
further research. It may be defined as the presence 
of 10-99 synchronous adenomas in the large bowel, 
when at least 50% of the polyps removed are 
adenomatous (otherwise other polyposis syndromes 
should be suspected). This definition has the advantage 
of simplicity, but it may include sporadic multiple 
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adenomas of the large bowel at an extreme, or FAP 
cases at the upper limit. AAP shows a milder phenotype 
than FAP, with an older age of onset of adenomas and 
cancer, and less frequent extracolonic manifestations. 
AAP may be diagnosed as a single case in a family 
or, less frequently, it may be present in other family 
members. In less than 50% of cases, it may be caused 
by APC or MUTYH mutations, referred to as APC-
associated polyposis (AFAP), or MUTYH-associated 
polyposis (MAP), respectively. Surveillance should 
rely on colonoscopy at regular intervals, with removal 
of adenomas and careful histological examination. If 
removal of all polyps is not possible or advanced lesions 
are observed, the surgical treatment is mandatory. 
With no doubt, we need further insights into the 
undefined and poorly understood issue of AAP. 
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Abstract
Associating liver partition and portal vein ligation 
for staged hepatectomy (ALPPS) has been recently 
demonstrated as a method to induce rapid and 
extensive hypertrophy within a short time and has 
been employed for a variety of primary and metastatic 
liver tumors. However, controversies remain due to its 
high morbidity and mortality. To enable safer surgery, 
liver surgeons have searched for better technical 
modifications, such as partial ALPPS, mini-ALPPS, 
minimally invasive ALPPS, and Terminal branches 
portal vein Embolization Liver Partition for Planned 
hepatectomy (TELPP). It seems that TELPP is very 
promising, because it has the main advantage of ALPPS 
- the rapid increase of future liver remnant volume, but 
the morbidity and mortality are much lower because 
only one surgical operation is required.
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Core tip: Many technical modifications have been 
proposed for associating liver partition and portal vein 
ligation for staged hepatectomy (ALPPS) due to its 
high morbidity and mortality. We described a new one, 
named Terminal branches portal vein Embolization 
Liver Partition for Planned hepatectomy, which uses 
a different method to interrupt the communicating 
portal vein branches, not by manipulation of the 
liver parenchyma but by the implementation of the 
embolization of terminal portal vein branches between 
both sides of the liver. It has the main advantage of 
ALPPS - the rapid increase of future liver remnant 
volume, but the morbidity and mortality are much lower.

Peng SY, Wang XA, Huang CY, Zhang YY, Li JT, Hong DF, Cai 
XJ. Evolution of associating liver partition and portal vein ligation 
for staged hepatectomy: Simpler, safer and equally effective 
methods. World J Gastroenterol 2017; 23(23): 4140-4145  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i23/4140.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i23.4140

INTRODUCTION
Associating liver partition and portal vein ligation 
(PVL) for staged hepatectomy (ALPPS) is a novel 
two-stage strategy for oncological liver surgery that 
was developed to induce future liver remnant (FLR) 
hypertrophy in patients with previously considered 
nonresectable liver tumors[1,2]. This great new 
approach was invented by chance by Schlitt in 2007 for 
a patient with hilar cholangiocarcinoma who was about 
to undergo right trisegmentectomy. Intraoperatively, it 
was found that the FLR would be insufficient. Then, he 
split the liver parenchyma along the falciform ligament 
to facilitate the left hepaticojejunostomy for palliation 
together with PVL to induce hypertrophy of the left 
lateral lobe. Finally, he performed the second stage 
operation to resect the diseased liver because the 
computed tomography (CT) scan showed enormous 
hypertrophy of the FLR on postoperative day 8. The 
patient recovered from the operation[2].

This technique was first reported by Baumgart 
et al[3] on a poster. In 2012, Schnitzbauer et al[1] 
published their experience with 25 cases performed 
in 5 German centers with a median FLR hypertrophy 
of 74% after a median time interval of 9 d. This value 
was markedly higher than that for portal vein occlusion 

(PVE or PVL), which increases the FLR between 10% 
to 46% within 2 to 8 wk[4-6]. The article attracted 
significant interest from liver surgeons worldwide, 
and de Santibañes and Clavien[2] proposed the term 
“ALPPS” for this novel approach. In that article, the 
authors also revealed a hospital lethality of 12% and 
a 24% rate of biliary leakage requiring radiologic 
or endoscopic intervention. Then, an international 
registry was initiated to collect information from 
multiple centers worldwide from 2012 to monitor the 
feasibility and safety of ALPPS. The first analysis of 202 
patients by Schadde et al[7] in January 2014 reported a 
perioperative 90-d mortality of 9% and an impressive 
hypertrophy of 80% within a median of 7 d. The high 
mortality rate has elicited an intense discussion and 
debate about the safety of ALPPS[8,9].

EVOLUTION OF ALPPS
Even though ALPPS is significantly characterized 
by increasing the insufficient remnant liver volume 
within a shorter interval for two-stage resection, much 
controversy has surrounded it due to its safety; for 
example, the reported remarkable morbidity was 
16%-64% and the mortality rate was 12%-23%[10-13]. 
Barroso considered ALPPS as the last option, or the 
ultimate possibility to cure some patients; he thought 
that it was not ethical to propose this kind of operation 
to a patient without first proposing a PVE[14]. Thus, to 
reduce the perioperative mortality and morbidity rates, 
to achieve a long-term disease-free survival and to 
enable safer surgery, liver surgeons have searched for 
better technical modifications.

General modifications of ALPPS
Based on their experimental model, Petrowsky et al[15] 
developed a technical modification, named p-ALPPS 
(partial ALPPS), to switch from full liver partition to 
partial transection (50%-80% of the transection 
surface). They compared 18 patients who underwent 
full transection with 6 patients who underwent 50% to 
80% partition, and the results displayed a comparable 
degree of liver hypertrophy on postoperative day 11 
with fewer severe complications (Dindo-Clavien grade 
≥ 3b) and zero in-hospital mortality. Alvarez et al[16] 
confirmed the value of p-ALPPS by a prospectively 
multivariate analysis that included 21 patients who 
underwent partial partition. In addition, they defined 
partial partition as the level of the middle hepatic vein, 
whereas total partition as the vena cava. However, a 
partial partition during the first stage will challenge the 
second stage, as it requires longer liver parenchymal 
transection.

Hernandez-Alejandro et al[17] have cautioned that 
extensive dissection of the hepatoduodenal ligament 
increases the likelihood of segment 4 ischemia and 
potentially increases the risk of bile leakage and 
resulting septic complications. Consistent with this, 
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Tanaka et al[18] considered that sepsis originating 
from the ischemic area produced by parenchymal 
division increases mortality, accounting for one-third 
of postoperative deaths. They described a modified 
ALPPS procedure that preserves the portal pedicles 
during parenchymal division to avoid producing an 
ischemic area. Five patients received this modification 
without mortality. Mean hypertrophy of the FLR was 
1.638 ± 0.384 a week after the first stage procedure. 

de Santibañes et al[19] proposed mini-ALPPS, which 
combined partial transection and intraoperative PVE 
without hilum dissection or liver mobilization during 
the first stage. They applied this technique in four 
patients with a result of 62.6% (range, 49%-79%) FLR 
hypertrophy in a median of 11 d (range, 6-15 d), and 
no one developed liver failure or major complications. 

SPECIAL MODIFICATIONS OF ALPPS
Avoidance of liver parenchymal division
The prominent advantage of ALPPS is the rapid and 
extensive hypertrophy of FLR within a short time 
period; however, the morbidity rate and the in-hospital 
mortality rate are incredibly high, which constitutes 
a major concern. Of note, septic complications and 
bile leakage were observed in 20%-25% of patients. 
Obviously, bile leakage stems from the two raw 
surfaces of the split liver that are left behind in the 
abdominal cavity after the first stage operation. 
The bile leakage may result in septic complications. 
Therefore, the avoidance of liver parenchymal division is 
important. According to Alvarez et al[12], the mechanisms 
for rapid FLR hypertrophy might be because: (1) PVL 
creates a redistribution of hepatotrophic factors to 
the FLR, and this produces the active and necessary 
phenomenon of FLR hypertrophy; (2) liver partition 
causes local surgical trauma that per se might re-
present an important regeneration stimulus; (3) the 
impairment of bilateral cross-portal circulation allows 
a more dramatic increase in portal flow to the FLR; 
and (4) unlike one-stage major hepatectomies, in 
which the liver remnant has to address hyper flow and 
portal hypertension, in this technique the diseased 
arterialized hemiliver allows the FLR to tolerate this 
hemodynamic stress, modulating the double hepatic 
vascular inflow.

Based on the third mechanism, liver parenchyma 
division can be avoided, so long as bilateral cross-
portal circulation can be blocked by other methods. 
These methods are described below.

Using a liver tourniquet: In a 2013 case report, 
Robles Campos et al[20] described a modification 
termed ALTPS (associating liver tourniquet and portal 
ligation for staged hepatectomy) with a hypertrophy 
of 150% of the FLR. Instead of an in situ split, a 
tourniquet was positioned around the liver following 
either Cantlie’s line or to the right of the umbilical 
fissure for the first stage of ALPPS. This tourniquet 

was then tied tightly enough to occlude all collateral 
vessels between the two lobes, which was confirmed 
by intraoperative ultrasound (IOUS). This modified 
approach might potentially decrease morbidity by 
decreasing technical complexity and shortening the 
operative time for the first stage of the operation. 

Cai et al[21] adopted the execution of round-the-
liver ligation to replace the in situ splitting of the liver, 
which could avoid postoperative bile leakage and might 
simplify the operation. The FLR volume increased by 
37.9% according to the CT scan performed on day 10 
after the first stage operation. The replacement of liver 
splitting by round-the-liver ligation could avoid biliary 
leakage, simplify the first stage operation and finally 
lead to a decrease in perioperative morbidity and 
mortality. Both the first and second stage operations 
were performed laparoscopically.

Using microwave liver ablation: Another new 
technique to avoid liver parenchymal division was 
presented by Gall et al[22]. After right PVL, an inline 
radiofrequency ablation (RFA) probe was applied to 
the parenchyma instead of the in situ liver partition. 
The hypertrophy of the FLR was 62.3% at a mean 
interval of 21.8 d. In 2015, Gringeri et al[23] described 
laparoscopic microwave ablation and PVL for staged 
hepatectomy (LAPS) on the future transection plane 
with a satisfactory hypertrophy of FLR and an easier 
second step in hepatocellular cancer (HCC) 10 d later. 
Compared with the traditional ALPPS, this technique 
may offer some advantages, such as an easier second 
operation due to the lack of adhesions and safer liver 
resection along the avascular groove.

Hong et al[24] presented a novel minimally invasive 
approach implementing percutaneous microwave 
ablation liver partition and portal vein embolization 
(PALPP) instead of the first step of ALPPS for rapid 
liver regeneration. The authors applied percutaneous 
microwave ablation (PMA) every 3 cm along the 
transection plane under ultrasonographic guidance 
until the formation of a necrotic groove from the 
inferior liver to the suprahepatic veins. The PMA line 
was positioned on the right side of the transection 
plane at a power of 60 W set as a 3-min ablation 
cycle. PVE was performed 3 d after PMA. Fourteen 
days later, a well-planned right trisectionectomy 
was performed. Three cases of HCC and 1 case of 
hilar cholangiocarcinoma were performed using this 
approach with a hypertrophic rate of 41.2%, which 
was similar to the results for HCC[25]. Hong’s approach 
may have additional benefits. Tumor spread caused 
by ALPPS could be mitigated and intraoperative and 
postoperative bleeding along with bile leakage could 
be reduced as a result of microscopically coagulative 
necrosis.

Avoidance of two staged operations
Original PVE only requires one operation, but the 
proliferative speed is too slow. However, the ALPPS 
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All blood in the portal vein on one side is diverted to 
the other side, and consequently the remnant liver 
proliferates at a speed comparable to that after ALPPS. 
There is no need to manipulate the liver parenchyma, 
such as the division of liver parenchyma, placing a 
liver tourniquet, or executing liver ablation. Thus, only 
a single surgical operation is needed. In the initial 
report, four patients who underwent this procedure 
followed by right hemi-hepatectomy two weeks later 
did not have mortality and severe morbidity. The mean 
hypertrophy was 52.2% (68.4%, 33.1%, 54.2% and 
53.1%, respectively), which was similar to that with 
ALPPS[26,27]. Currently, TBPVE has been performed for 
20 cases, and the mean rate of volume increase was 
51% (Figure 3, unpublished data).

Based on these preliminary practices, TBPVE can 
effectively increase FLR similarly to ALPPS, but much 
less invasively. This indicates that TBPVE is simple, safe 
and effective and is able to avoid some disadvantages 
of ALPPS. It only needs one interventional mani-
pulation and a single surgical operation to achieve 
a similar therapeutic effect to ALPPS. We propose 
naming it “Terminal branches portal vein Embolization 
Liver Partition for Planned hepatectomy (TELPP)”. The 
efficacy and safety of this new technique is expected 
to be verified by a large-scale, multi-center study.

TBPVE combined with TACE: There is concern 
about tumor growth during the lag between PVE and 
surgical operations, as hepatic arterial flow might 
increase to promote the tumor growth. Kokudo et al[28] 

described an increase of the tumor Ki-67 labeling 
index in intrahepatic metastases in the embolized liver 
after PVE. The same phenomenon was also noted 
with ALPPS. Fukami et al[29] reported an increase in 
the Ki-67 labeling index from 60% at the first stage to 
80% at the second stage by tumor biopsy results of 
the same liver lesion at both stages. TBPVE also raises 
the same concern, but not as strongly as PVE. This 

and all modifications require two-stage operations with 
high morbidity and mortality rates. Is it possible to 
merge the concepts of ALPPS and PVE for designing a 
simpler and safer technique? It would be preferred to 
perform a single surgical operation rather than two to 
achieve the same therapeutic effect.

TELPP: The aforementioned special modifications of 
ALPPS to avoid liver parenchymal division have proven 
that the blockage of bilateral cross-portal circulation 
can promote FLR hypertrophy. Trying to search for 
a better way, we proposed terminal branches portal 
vein embolization (TBPVE) by applying an additional 
embolization agent on the endings of the portal vein 
system of S5, S8 or S4 (Figures 1 and 2).

TBPVE uses a different method to interrupt the 
communicating portal vein branches, not by mani-
pulation of the liver parenchyma but rather by the 
implementation of the embolization of terminal portal 
vein branches between both sides of the liver. The 
mechanism of TBPVE is to separate the left and right 
sides of the liver by blocking communicating branches. 

Portaportal collateral vessels from
segment 4 to segment 5 or 8

PVE
PV

Interrupt the communicating
portal vein branches

PVE PV

TBPVE

Figure 1  Bilateral cross-portal circulation after portal vein embolization. 
Red arrows indicate blood flow to the S8 or S5 from the collateral vessels. PV: 
Portal vein; PVE: Portal vein embolization.

Figure 2  Terminal branches portal vein embolization of S8 and S5. The 
communicating portal vein branches were interrupted without liver parenchyma 
division (red arrows indicate that blood flow to the S8 or S5 was interrupted, 
and blue dotted lines indicate the boundary between PVE and TBPVE). PV: 
Portal vein; PVE: Portal vein embolization; TBPVE: Terminal branches portal 
vein embolization.
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problem was solved by performing TBPVE combined 
with TACE. When we used this method in four cases, 
the average rate of FLR volume increase was 68.6%, 
while the tumor mass shrank.

Recently, Chao et al[30] found that lactic acidosis 
could effectively protect cancer cells against glucose 
starvation or deprivation and recruited 20 patients 
for a randomized trial to compare embolization alone 
with embolization plus bicarbonate treatment (TILA-
TACE). The results showed that the tumors died 
more and patients survived longer if they received 
the bicarbonate. These data indicate that bicarbonate 
markedly enhances the anticancer activity of TACE. 
This therapy may be effective for patients with large 
tumors that are not amenable to surgery. Next, 
we would like to combine TBPVE with TILA-TACE to 
determine whether it could provide more benefit 
for patients with liver tumors previously considered 
nonresectable.

CONCLUSION
ALPPS is a revolutionary two-stage surgical procedure 
for the resection of hepatic malignancies, which 
has attracted the attention of many hepato-biliary 
surgeons around the world. Many modifications 
have been proposed to reduce its high morbidity and 
mortality rates. So far, we found that TELPP, which 
applies and merges the concepts of ALPPS and PVE 
to perform TBPVE, may be a promising procedure. 
TBPVE combined with TILA-TACE is even better in view 
of the tumor growth problem during the lag before 
hepatectomy. Their technical feasibility, safety and 
oncological outcomes need to be verified further in a 
larger-scale and multi-center study. 
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of conditions caused by lipid deposition within liver 
cells. To date, no approved drugs are available for 
the treatment of NAFLD, despite the fact that it 
represents a serious and growing clinical problem in 
the Western world. Identification of the molecular 
mechanisms leading to NAFLD-related fat accumulation, 
mitochondrial dysfunction and oxidative balance 
impairment facilitates the development of specific 
interventions aimed at preventing the progression 
of hepatic steatosis. In this review, we focus our 
attention on the role of dysfunctions in mitochondrial 
bioenergetics in the pathogenesis of fatty liver. Major 
data from the literature about the mitochondrial 
targeting of some antioxidant molecules as a potential 
treatment for hepatic steatosis are described and 
critically analysed. There is ample evidence of the 
positive effects of several classes of antioxidants, 
such as polyphenols (i.e. , resveratrol, quercetin, 
coumestrol, anthocyanins, epigallocatechin gallate and 
curcumin), carotenoids (i.e. , lycopene, astaxanthin and 
fucoxanthin) and glucosinolates (i.e. , glucoraphanin, 
sulforaphane, sinigrin and allyl-isothiocyanate), on 
the reversion of fatty liver. Although the mechanism 
of action is not yet fully elucidated, in some cases an 
indirect interaction with mitochondrial metabolism 
is expected. We believe that such knowledge will 
eventually translate into the development of novel 
therapeutic approaches for fatty liver.

Key words: Hepatic steatosis; Fatty liver; Lipogenesis; 
Mitochondria; Oxidative stress
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Core tip: So far, there are no approved drugs for the 
treatment or the prevention of fatty liver and strategies 
mainly rely on dietary, physical activity and lifestyle 
modifications, as well as correction of hepatic steatosis-
associated metabolic disturbances. This review mainly 
covers the biochemical mechanisms responsible for the 
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Abstract 
Non-alcoholic fatty liver disease (NAFLD) is a common 
clinicopathological condition, encompassing a range 
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dysfunctions in mitochondrial bioenergetics observed 
in fatty liver and analyses the most recent data 
evidencing the effects of new bioactive compounds on 
the preservation of mitochondrial function. New insight 
into biochemical details underlying fat accumulation 
in the liver could lead to more targeted and effective 
therapeutics for fatty liver. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is now 
considered the most prevalent form of chronic liver 
disease in the world, representing a serious and 
growing clinical problem in Western countries[1,2]. 
NAFLD is a clinicopathological condition, associated 
with a significant lipid deposition in hepatocytes and 
characterized by persistent defects in hepatic enzymes. 
Although NAFLD presents histological features of 
alcohol-induced liver injury, it affects patients who 
drink little to no alcohol. NAFLD is a histological 
disease which may progress from simple steatosis 
to nonalcoholic steatohepatitis (NASH), liver fibrosis, 
cirrhosis and eventually hepatocellular carcinoma[3-6]. 

To date, there are no approved drugs to treat 
patients with fatty liver disease and clinical manage-
ment strategies mainly rely on modifications of diet, 
physical activity and lifestyle, as well as correction of 
hyperglycemia, insulin resistance and hyperlipidemia, 
which are metabolic disturbances associated with 
NAFLD[7-9].

The understanding of the molecular mechanisms 
responsible for lipid accumulation, oxidative balance 
impairment and fibrosis in the liver could improve the 
therapeutic approach to lower the risk of fatty liver 
development. Antioxidant compounds, which modulate 
lipogenesis, lipid oxidation and peroxidation, and 
inflammation, represent a new attractive therapeutic 
approach for patients suffering from hepatic steatosis. 

In this review, we focus our attention on the bio-
chemical mechanisms by which selected antioxidant 
molecules exert their beneficial effect by targeting 
mitochondria function. Such knowledge may translate 
into novel treatment strategies for fatty liver. 

BIOCHEMICAL EVENTS ASSOCIATED 
WITH HEPATIC STEATOSIS
Steatosis is the biochemical result of an imbalance 
between the rates of fatty acid input (uptake and 
synthesis with subsequent esterification to triglycerides, 

TGs) and output (oxidation and secretion)[10]. Therefore, 
TGs levels in hepatocytes derives from a complex 
interaction between hepatic fatty acid uptake, de novo 
synthesis, oxidation and export within very low density 
lipoprotein (VLDL)-TG[11]. 

Hepatic fatty acid uptake is the result of plasma 
free fatty acids (FFAs) released from hydrolysis of 
adipose tissue TGs, FFAs deriving from hydrolysis of 
lipoproteins, and dietary FFAs. 

De novo fatty acid synthesis occurs via a complex 
series of reactions that take place in the mitochondrial 
matrix and in the cytosol of hepatocytes[12]. The rate 
of de novo lipogenesis is dependent on the transport 
activity of the mitochondrial citrate carrier (CIC)[13] 
and on enzymatic activities of acetyl-CoA carboxylase 
(ACC), fatty acid synthase, (FAS)[12], diacylglycerol 
acyltransferase (DGAT) 1 and 2, and stearoyl-CoA 
desaturase 1 (SCD1). Induction of lipogenic genes 
occurs in response to the combined actions of several 
nuclear transcription factors: sterol regulatory element 
binding proteins (SREBPs), carbohydrate responsive 
element binding protein (ChREBP), liver X receptor α 
(LXRα), farnesoid X receptor (FXR) and peroxisome 
proliferator-activated receptors (PPARs)[14].

Liver fatty acid oxidation occurs primarily within 
the mitochondria, and a little part in peroxisomes 
and microsomes. Fatty acids are transported into the 
mitochondrial matrix by a carnitine-dependent enzyme 
shuttle. Mitochondrial β-oxidation implies a series of 
dehydrogenation, hydration and cleavage reactions 
catalyzed by membrane-bound and soluble enzymes 
transcriptionally regulated by PPARα[15]. Each cycle of 
β-oxidation shortens the acyl-CoA molecule by two 
carbon units. The released acetyl-CoA then enters the 
Krebs cycle if the supply of oxaloacetate is sufficient; 
alternatively, it can be utilized for the production of 
ketone bodies. Reducing equivalents (FADH2 and 
NADH), that derived from the β-oxidation reactions 
then transfer their electrons to oxygen through 
the respiratory chain. Liver fatty acids may also be 
esterified to TGs and then stored as within hepatocytes 
or secreted into the blood as VLDL.

Metabolism of fatty acids plays a key role in 
the development of hepatic steatosis. Liver lipid 
accumulation is, therefore, the result of prolonged 
positive energy balance (de novo lipogenesis is the 
preferred mechanism to stock excess energy), adipose 
tissue dysfunction and insulin resistance, defects in 
fatty acid oxidation and mitochondrial metabolism, or 
imbalances in lipoprotein trafficking. 

Hepatic TG accumulation (i.e., steatosis) is the 
“first hit” and the basis for hepatocyte damage that 
leads to a variety of “second hits”, such as cytokines, 
adipokines, bacterial endotoxins, mitochondrial 
dysfunction and/or endoplasmic reticulum stress. 
In fact, the traditional “two-hit” pathophysiological 
theory[16] is now being replaced by the “multiple 
parallel hits” hypothesis, which comprises lots of 
different parallel hits, represented by insulin resistance, 
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oxidative stress, genetic and epigenetic mechanisms, 
cytokines and microbiota modifications, along with 
environmental elements[17].

DYSFUNCTIONAL MITOCHONDRIAL 
BIOENERGETICS IN THE FATTY LIVER
Several lines of evidence indicate that structural and 
functional alterations in mitochondria are crucial to the 
development of NAFLD[18-20]. The structural alterations 
include depletion of mitochondrial DNA (mtDNA), as 
well as morphological and ultrastructural changes, 
whereas the functional alterations include defects 
in mitochondrial β-oxidation and respiration[21]. The 
functional alterations lead to a decrease in ATP levels, 
leakage of deleterious reactive oxygen species (ROS) 
and excessive depots of fat[22]. A study describing 
the pathogenesis of NAFLD[23] proposed that the 
overflow of FFAs to hepatocytes leads to an increase in 
mitochondrial energetic metabolism, to support energy 
demand for TG storage and droplet growth. Later, it 
was hypothesized that accumulation of intermediate 
lipids could lead to mitochondrial stress and cell 
apoptosis. 

Defects in the activities of key mitochondrial 
enzymes have been investigated using animal 
models[24,25], in which a diet rich in fat (high-fat diet, 
HF diet) has been shown to induce hyperglycemia, 
hyperinsulinemia and the onset of obesity and fatty 
liver. Carnitine palmitoyl-CoA transferase (CPT) activity, 
which is involved in fatty acid oxidation, was inhibited 
in animals fed the HF diet and showing NAFLD. The 
observed reduction in CPT activity was associated with 
the concomitant modulation of the activity of citrate 
synthase, a Krebs cycle enzyme that catalyses the 
reaction between acetyl-CoA and oxaloacetate to form 
citrate. 

Reducing equivalents (NADH and FADH2) produced 
in the reactions of oxidation of fatty acids and Krebs 
cycle are used by the respiratory chain complexes to 
generate ATP. In fatty liver, mitochondrial respiration 
efficiency was decreased and this effect could 
be due to a possible uncoupling effect between 
ATP synthesis and transport through respiratory 
complexes. Expression of respiratory proteins are 
significantly increased to compensate the reduced 
activity of the respiratory complexes. Uncoupling 
between mitochondrial respiration and ATP synthesis 
could be the result of a different expression profile 
of the mitochondrial carriers responsible for proton 
conductance[25]. In accordance with this hypothesis, 
an increase in expression of the uncoupling protein 
(UCP) 2 isoform was found in rats with NAFLD[25,26]. In 
those animals, the expression of ATP/ATP carrier (AAC), 
another mitochondrial carrier which plays an important 
role in the mitochondrial permeability transition pore, 
was also found to be up-regulated[25]. Therefore, in 
uncoupled mitochondria, where proton gradient is 

dissipated by the entry of protons into the matrix via 
UCP2, an overexpression of AAC could compensate 
the reduced flux of ATP from mitochondria when 
membrane potential is reduced. 

Alteration in mitochondrial function (Figure 1) leads 
to increased ROS production. The accumulation of lipid 
peroxidation and inactivation of key enzymatic activities 
leads to ROS-induced oxidative damage to cardiolipin. 
This phospholipid, which is almost exclusively present in 
the inner mitochondrial membrane, plays an important 
role in mitochondrial bioenergetics, as well as in the 
apoptosis[27,28].

As cytosolic fatty acids accumulate as a consequence 
of an impairment of the oxidative capacity of the 
mitochondria, alternative pathways are activated 
in the peroxisomes (β-oxidation) and microsomes 
(ω-oxidation) and additional ROS are produced[29]. In 
fact, in the initial step of peroxisomal β-oxidation, acyl-
CoA oxidase donates electrons directly to molecular 
oxygen, producing hydrogen peroxide; ROS are also 
formed during the microsomal ω-oxidation of fatty 
acids via flavoprotein-mediated donation of electrons 
to molecular oxygen. In addition, during fatty acids 
ω-oxidation, the corresponding dicarboxylic acids of 
the metabolized fatty acids can uncouple oxidative 
phosphorylation. Therefore, extramitochondrial fatty 
acid oxidation leads to a further increase in oxidative 
stress, contributing to mitochondrial dysfunction.

CONTRIBUTION OF OXIDATIVE STRESS 
TO STEATOSIS PATHOGENESIS
Oxidative stress is one of the key mediators of hepatic 
damage and is a major contributor to the progression 
from simple steatosis to steatohepatitis[30]. The 
oxidative stress condition encompasses the various 
deleterious processes that result from an imbalance 
between the excessive formation of pro-oxidants 
(i.e., ROS and/or reactive nitrogen species, RNS) 
and the counteracting antioxidant mechanisms. 
In mitochondria, increased ROS production can 
cause mtDNA depletion, attack biomolecules (i.e., 
proteins, carbohydrates and lipids), and damage 
the mitochondrial membrane. It is worth noting that 
mitochondria have a substantial concentration of 
phospholipids containing polyunsaturated fatty acids 
(PUFAs). The PUFAs are more prone to oxidative 
damage, because of the double bonds in their 
chemical structure, which lead to lipid peroxidation. In 
turn, peroxidation of these mitochondrial membrane 
components, especially docosahexaenoic acid 
which is necessary for a functional assembly of the 
mitochondrial complexes[31], could lead to further 
impairment of the activity of the respiratory chain, 
with consequent decreased ATP synthesis and 
overproduction of ROS. PUFA peroxidation seems 
to be able to enhance post-endoplasmic reticulum 
presecretory proteolysis of ApoB, thereby reducing 
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accumulation, mitochondrial dysfunction and oxidative 
balance impairment facilitates the development 
of specific interventions aimed at preventing the 
progression of hepatic steatosis. Food bioactive 
compounds, which modulate the activation of genes 
and the function of proteins involved in steatosis 
pathogenesis, represent a new attractive therapeutic 
approach for this condition[34]. 

General recommendations include reducing 
intakes of total fat, saturated and trans fatty acids 
and fructose[35,36]. Conversely, increasing intakes of 
PUFAs, especially of the long-chain n-3 fatty acids, and 
monounsaturated fatty acids is advised[12,37,38].

Many dietary natural compounds isolated from 

VLDL secretion[32]; this may further contribute to TG 
accumulation in the liver.

Moreover, aldehydes formed through PUFA 
peroxidation impair cellular homeostasis[33], because 
these molecules affect nucleotide and protein 
synthesis, reduce hepatic glutathione content and 
increase production of the proinflammatory cytokine 
TNF-α. These effects lead to hepatocyte death and 
necrosis, inflammation, and liver fibrosis.

NUTRITIONAL MANAGEMENT OF 
HEPATIC STEATOSIS
Elucidation of the molecular mechanisms leading to fat 
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fruits, vegetables and edible plants may be suggested 
as promising agents for treatment of fatty liver, since 
they are able to target mitochondria and to restore 
their function. Other molecules have not yet been 
tested for their potential effects on liver mitochondria, 
but they show potential for improving or restoring 
defective mitochondrial function in cells from different 
tissues. Since mitochondrial function is compromised 
in hepatic steatosis, in the following paragraphs we 
summarize the most recent data evidencing the 
mitochondrial targeting capabilities of new bioactive 
compounds. 

POLYPHENOLS
Polyphenols are secondary metabolites of plants 
that have been studied primarily for their potential 
roles to combat oxidative stress and inflammatory 
processes. They contain at least one aromatic ring in 
their structure that is/are linked to different chemical 
groups, including phenolic, hydroxyl or carbon groups. 
Polyphenols can be broadly divided into flavonoids 
and nonflavonoids, based on their chemical structure. 
The flavonoids include flavonols (i.e., quercetin), 
flavones (i.e., luteolin), flavanols (i.e., catechins), 
flavanones (i.e., hesperetin, hesperidin naringenin and 
naringin), isoflavones (i.e., genistein and daidzein), 
anthocyanidins (i.e., cyanidin, malvidin, pelargonidin 
and delphinidin) and proanthocyanidins (i.e., condensed 
tannins), while the nonflavonoids include stilbenes, 
phenolic acids and hydroxycinnamates[39].

Flavonoids are the most abundant natural antioxi-
dants present in the human diet, and their antioxidant 
activity is due to the presence of hydroxyl groups in the 
phenolic structure of flavonoids[40]. These compounds 
exert their numerous beneficial and antioxidative effects 
through several mechanisms; indeed, they are able to 
target different pathways that are possibly involved in 
the pathogenesis of liver diseases. Flavonoids are able to 
control de novo lipogenesis, inhibiting lipogenic proteins 
(i.e., ACC, SREBP-1, FAS and LXRα) and increasing 
lipolytic proteins (i.e., AMPK, PPARα and CPT-1). They 
are also effective scavengers of ROS and RNS (i.e., 
superoxide, hydrogen peroxide, hydroxyl radicals and 
peroxynitrite) that are elevated in pathological states 
and metabolic disorders such as NAFLD[41].

As mitochondria are an important source of 
ROS, redox-active compounds can be targeted 
to these organelles to counteract ROS production 
and its associated oxidative damage. However, as 
antioxidants, polyphenolic compounds may act directly 
by scavenging reactive species; alternatively may 
act indirectly by controlling the redox environment. 

In particular, findings from studies in several cellular 
models have indicated the abilities of polyphenols 
to modulate mitochondrial biogenesis and to control 
the mitochondrial membrane potential and oxidative 
phosphorylation[42].

Resveratrol
Resveratrol (trans-3,4’,5-trihydroxystilbene) is a stil-
bene naturally found in various food stuffs, such as 
grapes, berries, red wine and nuts. This molecule has 
been shown to control energetic metabolism in obese 
mice, improving the glucose homeostasis, increasing 
the fatty acid oxidation and inducing the expression of 
genes associated with the regulation of mitochondrial 
biogenesis[43,44]. The effects of high resveratrol doses 
(10-100 µmol/L) on mitochondrial metabolism have 
been evaluated in different models where it has been 
shown that resveratrol is able to increase the number 
of mitochondria in the tissues studied, and that this 
occurs via a sirtuin-dependent mechanism. 

The sirtuins are a family of proteins that act as 
NAD-dependent deacetylases; three sirtuins are 
exclusively located in the mitochondrial compartment: 
SIRT3, -4 and -5[45]. However, the main target of 
resveratrol appears to be SIRT1. Although not found in 
the mitochondria, SIRT1 plays an important role in the 
regulation of metabolism, since it is able to stimulate 
both mitochondrial biogenesis and energetic metabolic 
fluxes via allosteric post-translational modifications 
of key enzymes[43]. A possible link between activation 
of SIRT1 and mitochondria could be the modulation 
of NAD+ concentration[46,47], because a significant 
portion of the cellular NAD+ pool is concentrated in the 
mitochondria[48]. In accordance with that hypothesis, 
a recent study[49] demonstrated that resveratrol can 
induce a mitochondrial complex I-dependent increase 
in NADH oxidation resulting in sirtuin activation in 
hepatocytes; moreover, this finding was obtained 
in different experimental models, including in vitro 
studies of isolated enzymes and HepG2 cells treated 
with resveratrol, as well as in vivo study of an aging 
model of mice fed with resveratrol. In particular, in 
the HepG2 cells (resveratrol administration at 1-5 
µmol/L) and in the liver mitochondria from resveratrol-
fed animals (administration of 50 mg/kg per day), 
complex I activation increased the mitochondrial 
NAD+/NADH ratio and, in turn, the higher NAD+ 
concentration initiated a SIRT3-dependent stimulation 
of the mitochondrial substrate supply pathways (i.e., 
the Krebs cycle and β-oxidation of fatty acids)[49]. 
We can therefore hypothesize - as already has been 
suggested for the aging process[50] - that mitochondrial 
complex I activity may be involved in fatty liver 
through at least two mechanisms: a ROS-dependent 
mechanism, which is related to the control of complex 
I activity, and a ROS-independent mechanism via the 
regulation of the ratio NAD+/NADH. 

Quercetin
Quercetin is a type of flavonoid antioxidant that is 
found in plant foods, including leafy greens, tomatoes, 
berries and broccoli. Recent studies have shown that 
the beneficial effects of quercetin include the activation 
of mitochondrial biogenesis[42,51] through PGC-1α, which 
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is a transcriptional coactivator of genes associated with 
oxidative phosphorylation and mtDNA replication. In 
HepG2 cells, the observed increase in mitochondrial 
biogenesis is associated with cytochrome oxidase 
subunit IV (COXIV) overexpression[52]. Interestingly, 
an increase in cytochrome c concentration is typically 
associated with similar increases in other mitochondrial 
proteins involved in the respiratory chain, Krebs cycle 
and fatty acid oxidation pathway. The result is an 
overall increase in mitochondrial capacity[52,53]. 

Results obtained in animal models have suggested 
that 50 mg/kg and 100 mg/kg doses of quercetin 
significantly affect the mitochondrial biogenesis; more-
over, mice treated with up to 3000 mg/kg quercetin 
did not show any toxic effects[53]. However, the effect of 
oral administration of quercetin on liver mitochondria 
has not been tested. This is an intriguing aspect, 
because there are several reports indicating that 
quercetin exhibits both antioxidant and pro-oxidant 
activity, in a concentration dependent manner[54,55]. 
Therefore, further studies are needed to determine the 
therapeutic efficacy of oral quercetin administration.

Coumestrol
Coumestrol is the most commonly studied coumestan, 
and is a natural organic compound present in some 
plants, including alfalfa, legumes, Brussels sprouts, 
spinach, clover and soybeans. Recent data[56] have 
suggested that coumestrol induces an increase in 
mitochondria number and function, by activating 
SIRT1. By promoting mitochondrial content, cou-
mestrol appears to be able to increase cellular ATP 
levels and glucose uptake, thereby improving energy 
metabolism at the same time. Moreover, coumestrol 
stimulation has been shown to augment the protein 
expression of respiratory chain components, such as 
NADH dehydrogenase 1α subcomplex 9 (NDUFA9), 
succinate dehydrogenase complex subunit A (SDHA), 
ubiquinol cytochrome c reductase core protein 2 
(UQCRC2), cytochrome oxidase subunit 1 (COX1) and 
ATP synthase mitochondria F1 complex α subunit 1 
(ATP5a), and of the transcriptional regulators that are 
responsible for mitochondrial biogenesis[56].

Coumestrol has also been shown to decrease the 
mRNA expression of lipogenic genes in adipocytes 
and hepatocytes and to increase fatty acid oxidation 
in myocytes. It has been proposed that SIRT1 and 
AMPK might reciprocally activate each other. AMPK 
enhances SIRT1 activity by increasing cellular NAD+ 
levels[57], whereas SIRT1 mediates the deacetylation 
of liver kinase B1[58] (an upstream regulator of AMPK), 
thereby assembling a positive feedback loop that 
serves to enhance energy catabolism. It might, 
therefore, be possible for coumestrol to activate AMPK, 
itself a regulator of SIRT1; further studies are needed 
to determine which one - SIRT1 or AMPK - is the 
upstream regulator of the other[56].

Anthocyanins 
Anthocyanidins are water-soluble pigments of coloured 
berries, fruits and vegetables. They can protect 
hepatocytes against injury caused by high glucose-
induced oxidative damage, by improving antioxidant 
status and inhibiting the mitochondria pathways of 
apoptosis. The proposed mechanism has been shown 
to involve the prevention of hyperglycemia-induced 
mitochondrial depolarization, which helps mitochondria 
to maintain their function[59]. 

In addition, other studies have suggested that 
treatment with anthocyanins increases mitochondrial 
fatty acid oxidation via activation of genes participating 
in this metabolic pathway (i.e., PPARα, PPARδ, UCP-2, 
UCP-3 and mitochondrial transcription factor A)[60].

Recent studies have suggested that these molecules 
can attenuate mitochondrial defects caused by inhibition 
of complex I in human and rat tissues[61,62]. In isolated 
mitochondria from ischemic hearts, anthocyanins were 
found to recover complex I activity, thereby enhancing 
the rate of ATP synthesis[63]. A normal functioning 
of respiratory complex I is necessary to ensuring 
mitochondrial ATP synthesis and its supply to cells. In 
fact, it is widely accepted that inhibition of complex I 
results in a decrease of oxidative phosphorylation[64]. 
The suggested mechanism of action of anthocyanins 
has been associated with their redox potential, since 
these molecules can act as electron acceptors in a 
similar way as endogenous coenzyme Q. 

Epigallocatechin gallate
Epigallocatechin gallate is the ester of epigallocatechin 
and gallic acid. It is a flavonoid belonging to the 
chemical class of flavan-3-ols (catechins) and it is the 
most abundant catechin in green tea (Camellia sinensis 
L.), accounting for about 50% of its total polyphenols. 

Some studies have suggested that epigallocate-
chin gallate can promote fat oxidation and energy 
expenditure[65]. At a cellular level, reduced energy 
uptake could activate the AMPK signalling pathway, 
which may further affect energy metabolism, inducing 
chronic alterations in mitochondrial architecture 
(morphology and mass). This may represent a crucial 
step for the generation of oxidative damage[66]. Such 
modifications also include increase in the levels of 
porin and mitochondrial respiratory proteins, and in 
mtDNA content. Therefore, epigallocatechin gallate 
is able to modulate systemic energy use by inducing 
mitochondrial changes[67]. On the other hand, this 
bioactive molecule has been reported to induce fatty 
acid β-oxidation through an increase in mRNA levels of 
CPT-1 and UCP2[68]. 

Curcumin
Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione] is a yellow polyphenol isolated 
from the rhizome of Curcuma longa, a characteristic 
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plant of tropical and subtropical regions, which has 
been used as a spice and traditional medicine in Asia 
for centuries due to its antioxidant, antiinflammatory, 
antimutagenic, antimicrobial and anticancer properties. 

The antioxidant properties of curcumin have been 
shown to protect against mitochondrial dysfunction in 
several experimental models[69]. In particular, curcumin 
has been reported to increase oxygen consumption 
and respiratory chain complexes’ activities, to prevent 
oxidative stress and to restore ATP content. Such an 
improvement in mitochondrial function was also shown 
to be associated with prevention against the decrease 
in the activity of aconitase[70], an oxidative stress 
marker. In addition, curcumin facilitated β-oxidation 
in in vitro experiments (by up-regulation of CPT-1), 
reducing lipogenesis at the same time[64]. 

CAROTENOIDS
Carotenoids are lipophilic pigments responsible for 
the yellow, orange or red colours of flowers and fruits. 
Their scavenging activity of ROS is well known, as 
well as the ability of β-carotenes to be the primary 
dietary source of provitamin A. The most prevalent 
carotenoids in the diet are α- and β-carotene, lutein, 
lycopene, zeaxanthin and cryptoxanthin. 

Carotenoids accumulate mainly in the liver where 
they are incorporated into lipoproteins and released 
into the circulation in the form of lipoproteins. Dietary 
carotenoids may physiologically scavenge free radical 
species in the liver, thus inhibiting the development of 
hepatic dysfunction[71].

They are considered potent antioxidants and 
antiinflammatory micronutrients, and have been 
used in the prevention and treatment of NAFLD. 
Carotenoids are also critical regulators of macrophage 
polarization and thereby inhibit the development and 
the progression of NASH[72]. The molecular mechanism 
by which carotenoids exert their effects in NAFLD is 
not well defined, but it has been proposed that they 
may act through multiple mechanisms.

Lycopene 
Lycopene is a carotenoid that lacks provitamin A 
activity and is responsible for the red to pink colours 
seen in tomatoes, red grapefruit, watermelon and 
apricots. 

Epidemiological and experimental studies have 
suggested that lycopene may have chemopreventive 
properties against certain types of cancers, including 
NASH-promoted hepatocarcinogenesis, mainly as 
a consequence of oxidative stress decrease, which 
could be imparted through different mechanisms[73]. 
Moreover, lycopene also reduces the development of 
hepatic steatosis induced by an HF diet[74]. The key 
role of this carotenoid in protection against fatty liver 
was confirmed by the reduced plasma lycopene levels 
in subjects affected by NASH, suggesting a possible 

link between low lycopene levels and the development 
of liver diseases[75].

A possible effect of lycopene on mitochondrial 
function has been proposed in cardiomyocytes, where 
the protective effects of this molecule have been attri-
buted to its roles in improving mitochondrial function[76]. 
An important factor associated with mitochondrial 
dysfunction is activation of the mitochondrial perme-
ability transition pore (mPTP). Activation of mPTP 
leads to functional breakdown, and subsequently 
morphological disintegration of the mitochondria 
progresses to cell death. Lycopene was shown to 
suppress the activation of mPTP by reducing intracellular 
ROS levels and inhibiting oxidative damage[76]. In 
this way, the impairment of mitochondrial membrane 
potential and decrease in ATP levels were alleviated, 
suggesting that the cell protection is, in part, due to the 
prevention of mitochondrial dysfunction. 

In accordance with this hypothesis, some studies 
have shown the ability of lycopene to enhance the 
mitochondrial activity in HepG2 cells that were exposed 
to aflatoxin B1[77] and to improve the mitochondrial 
function in nervous system of rats that were exposed 
to 3-nitropropionic acid[78]. Therefore, the antioxidative 
potential of lycopene should account for its ability 
to preserve the activity of endogenous free radical 
scavengers and of respiratory chain complexes directly, 
thus preventing ROS production and secondary 
oxidative damage. 

Astaxanthin 
Astaxanthin is a xanthophyll carotenoid found in 
various marine organisms, such as yeast, salmon, 
shrimp, crayfish and green microalga Haematococcus 
pluvialis. It is well demonstrated that this carotenoid 
has strong antioxidant properties[79], since it is 100-fold 
to 500-fold more effective than vitamin E in preventing 
lipid peroxidation and in reducing lipid accumulation 
in liver[80]. In mice models it has also been reported 
that astaxanthin can down-regulate genes involved in 
lipogenesis and lipid-uptake, without influencing fatty 
acid oxidation-related genes in the liver[80]. Moreover, 
it has also been shown to reduce hepatic levels of TGs 
and cholesterol in mice[81]. 

A role has been suggested for astaxantin in im-
provement of mitochondrial function. This molecule 
appears to be able to increase mitochondrial mem-
brane potential and respiratory control[82], which are 
important measures of mitochondrial health when 
investigating isolated mitochondria. We can hypothesize 
that the increase in mitochondrial respiration efficiency 
observed in astaxanthin-treated cells is due to the 
increase in mitochondrial membrane potential. 

Interestingly, astaxanthin is also present in krill oil, 
a dietary source of n-3 long-chain PUFAs, the effects 
of which in reducing liver lipids were more pronounced 
than that found with fish oil-fed rats[83]. Moreover, 
astaxanthin induces fatty acid catabolism. Acyl-CoA 
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oxidase (ACOX1) is a target gene of PPARα, a regulator 
of mitochondrial and peroxisomal β-oxidation, which 
can be activated by this carotenoid[84]. 

Fucoxanthin
Fucoxanthin is one of the most abundant marine carote-
noids, accounting for more than 10% of the estimated 
total carotenoids in nature. It is a xanthophyll, the 
distinct structure of which includes an unusual allenic 
bond and some oxygenic functional groups in a polyene 
chain. 

The hypolipidemic effects of fucoxanthin might 
be mediated by down-regulation of various lipogenic 
enzyme activities and up-regulation of fatty acid 
β-oxidation activity in fat tissues[85,86].

Recent literature[86] suggests that this carotenoid 
has also anti-obesity properties, mainly by stimulating 
UCP-1 expression in white adipose tissue. This 
mitochondrial protein is usually found in brown 
adipose tissue and is not expressed in white adipose 
tissue in the absence of any stimulation. The role of 
UCP-1 is the dissipation of the proton gradient created 
by respiration and this leads to heat generation 
(thermogenesis).

GLUCOSINOLATES
Glucosinolates are a family of sulphur-containing 
plant secondary metabolites usually found in cru-
ciferous plants. They have a common structure 
containing a thioketal-linked glucose molecule and are 
hydrolysed by specific enzymes (i.e., myrosinases) to 
produce biologically active sulfureted aglycones, the 
isothiocyanates. Glucosinolates and their respective 
enzymatic hydrolysis scavange harmful radicals and 
modulate enzymes involved in detoxification processes, 
thus preventing oxidative damage.

Preliminary studies have suggested that these 
molecules can suppress the activation of hepatic 
macrophages and also contribute to decrease liver 
damage and to protect against the development of 
liver tumorigenesis[87].  

Glucoraphanin and sulforaphane
Glucoraphanin (4-methylsulfinylbutyl glucosinolate) is 
the major glucosinolate found within broccoli and is the 
precursor of sulforaphane. Indeed, the biologically active 
sulforaphane is not present as such in Brassicaceae, 
but is produced by enzymatic hydrolysis upon tissue 
disruption, such as the chewing of raw vegetables, 
which brings the endogenous enzyme β-thioglucoside 
glucohydrolase (a myrosinase) into contact with the 
glucosinolate. Several factors determine the degree of 
conversion from glucoraphanin to sulforaphane and, 
therefore, its cellular activity and protective effects[88]. 

Studies on in vitro and animal models have 
demonstrated that broccoli sulforaphane can miti-
gate some of the effects produced by inducers of 
inflammation and cell damage, such as carcinogens, 

toxins and ROS. The proposed molecular mechanism 
involves the inhibition of enzymes responsible for 
reactions related to oxidation, reduction and hydrolysis 
(i.e., cytochrome P450 enzymes), and the induction 
of antioxidant and detoxification enzymes (i.e., 
quinone reductase, thioredoxin reductase 1, and 
heme oxygenase 1)[89,90]. These last enzymes, known 
as phase II antioxidant enzymes, plays an important 
protective role in the maintenance of redox state 
in mammalian cells by providing a precise balance 
between the level of ROS and endogenous thiol 
buffers, which protect cells from oxidative stress-
induced damage. They also play a critical role in 
maintaining the NAD+/NADH and NADP+/NADPH 
ratios[91]. As a consequence, dietary supplementation 
with the sulforaphane precursor glucoraphanin 
represents a potent method for improving liver 
function and for maintaining good liver condition[92,93].

Recently, a role has been suggested for glucora-
phanin in the modulation of mitochondrial function. 
Metabolomic studies have supported the proposal 
that such a modulation may be mediated by control 
of FAD levels[94]. FAD, a redox cofactor, takes part in 
several important reactions in energetic metabolism 
(i.e., fatty acid oxidation and Krebs cycle). Moreover, 
FAD acts as cofactor of lysine-specific demethylase-1, 
which, through epigenetic regulation, modulates 
the expression of genes involved in mitochondrial 
metabolism and energy expenditure[95]. Thus, when 
FAD levels are relatively high, expression of genes 
associated with mitochondrial respiration is down-
regulated and export of citrate from the Krebs cycle 
is enhanced; this modulation results in elevated 
concentrations of fatty acids, lipids and steroids. 

Sinigrin and allyl-isothiocyanate 
Sinigrin is a major component of commonly consumed 
cruciferous vegetables, such as horseradish and 
wasabi. Its degradation product allyl-isothiocyanate is 
responsible for the characteristic pungent taste[96].

The potential of sinigrin to inhibit the growth of 
several types of cancer cells has been well investigated. 
In particular, sinigrin was shown to significantly prevent 
the proliferation of liver tumour cells, inducing apoptosis 
and gradually restoring liver functions[97]. 

A recent study suggested that allyl-isothiocyanate 
can improve mitochondrial respiration efficiency, 
reducing, at the same time, metabolic dysfunctions[98]. 
The effects of this molecule have been evaluated in 
muscle cells, which showed a higher mitochondrial 
activity after allyl-isothiocyanate treatment. In 
particular, increases in mitochondrial membrane 
potential, in mtDNA content and in respiratory capacity 
were observed.

CONCLUSION
Hepatic steatosis has become a very common cause 
of liver diseases in Western word. So far, there are 
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no approved drugs for the treatment of this disease. 
Therefore, identification of the molecular mechanisms 
leading to the fat accumulation in liver may provide 
new avenues for the development of new diagnostic 
and therapeutic approaches.

Food bioactive compounds, which are important 
regulators of expression and activity of proteins 
associated with lipid homeostasis and metabolism, 
represent a novel therapeutic approach for fatty 
liver disease. In fact, there is evidence that several 
classes of antioxidants (i.e., polyphenols, carotenoids 
and glucosinolates) are able to reverse hepatic 
steatosis. Although the mechanism of action remains 
understood, an indirect effect of bioactive molecules 
on mitochondrial function is expected (Table 1).

We believe that gaining a more complete under-
standing of the biochemical mechanisms underlying 
the hepatoprotective roles of the bioactive compounds 
such as those ones included in this review will lead to 
more targeted and effective therapeutics for hepatic 
steatosis.
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Abstract
Helicobacter pylori  (H. pylori ) as a causative agent 
of gastric complications, is well adapted for the 
colonization of gastric mucosa. Although the infectious 
process depends on several factors, the adhesion to the 
gastric mucosa is the first and important step. Among 
several outer membrane proteins, BabA is one of the 
significant protein involving in many inflammatory 
processes in addition to its role in the attachment for 
the persistent colonization. We performed a PubMed 
search using the key words: “babA”, “pylori”, “gastric 
complications”, “homologous recombination”, “slipped 
strand mispairing”; a total of 249 articles were 
displayed. Of these we mainly focused on articles with 
the full text in English and published between 2005 
and 2016. H. pylori  BabA is involved in binding with 
receptors; however, its synthesis is regulated by phase 
variation. In this review we confirm that H. pylori babA 
can be modulated at the molecular and functional 
levels to adapt to the stress within the gastro-intestinal 
tract.

Key words: BabA; Gastric complications; Helicobacter 
pylori ; Homologous recombination; Slipped strand 
mispairing
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Core tip: Helicobacter pylori  are well adapted to 
colonize the gastric mucosa. Although the infectious 
process depends on several factors, adhesion to the 
gastric mucosa is the first and critical step. Among 
outer membrane proteins, BabA is an important protein 
involved in many inflammatory processes in addition 
to playing a role in the aforementioned attachment 
process. In this review, we have summarized the 
current, published knowledge regarding its functional 
and molecular aspects by which the pathogen can 
attach to the host cell receptors.

Ansari S, Yamaoka Y. Helicobacter pylori BabA in adaptation 
for gastric colonization. World J Gastroenterol 2017; 23(23): 
4158-4169  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4158.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4158

INTRODUCTION
The Helicobacter pylori (H. pylori) is a helical, Gram-
negative bacterium that chronically infects the stomach 
of half of the world’s population[1]. Since this bacterium 
is strongly associated with the development of 
duodenal ulcer and gastric cancer, International Agency 
for Research on Cancer categorized this bacterium 
under strong carcinogen (group I carcinogen) in 
1994[2,3]. The global burden of gastric cancer is high 
which accounts for 6.2% of cancer burden worldwide[4]. 
However, the appearance of new cases of gastric 
cancer has been found variable in developing (8.4%) 
and developed countries (4.5%)[5]. Mortality rate due 
to the gastric cancer is the third most common cause 
among all cancer related deaths[6,7].

Although the exact means of transmission of this 
bacterium is not understood clearly the evidences 
suggest that this bacterium is transmitted from 
person to person contact between family members 
via fecal-oral or oral-oral route and mostly the 
infections are acquired in childhood[8-10]. The data 
from epidemiological studies conducted support the 
transmission of infection by exposure to contaminated 
water or food as well[11,12]. The socio-economic status 
of family highly reflects the infection rate among 
peoples as the infection rate tends to be higher in 
peoples belonging to family with low socio-economic 
status[13]. This contribution highly suggests the higher 
prevalence rate of H. pylori infection in developing 
countries than the developed countries. The infection 
rate ranging from 70%-90% and 25%-50% in 
developing and developed countries respectively[14].

H. pylori related clinical outcomes also depend on 
the ancestral relation between human and bacterium 
as suggested recently. The individuals infected with 
non-ancestral strains that are not evolutionarily 
adapted to their host develop severe histo-pathological 

damage and clinical outcomes than infected with co-
evolutionarily developed strains[15]. However, being 
a truly opportunistic pathogen, the H. pylori utilizes 
the various virulence factors such as CagA and 
VacA as the effector protein for the development of 
gastric diseases[16] and the outer membrane proteins 
(OMPs) such as blood group antigen binding adhesion 
(BabA), sialic acid binding adhesin (SabA), and outer 
inflammatory protein (OipA) found on the surface 
(adhesins) of bacterial cell envelop for the attachment 
to the mucus layer of the gastric epithelium playing 
an important and initial step for the colonization and 
development of persistent infection for decades or for 
entire life time[17-19]. 

LITERATURE SEARCH
We conducted a PubMed search using the key terms 
“babA”, “pylori”, “gastric complications”, “homologous 
recombination”, “slipped strand mispairing”; 249 
articles were found during the search. We focused 
on, but did not limit ourselves to, articles with the 
full text in English and published between 2005 and 
December 2016. For greater clarity and insight we 
considered few articles published between 1989 and 
2005. We retrieved a total of 98 articles that studied 
BabA and its paralogs, presence, function, production, 
and role in the development of gastric complications, 
attachment to host cells, and adaptation. Abstract 
only publications, case reports, editorials, and review 
articles were excluded. While performing the search, 
irrelevant articles with authors’ family names as ‘Baba’ 
were also excluded. We also performed a literature 
search in Google using the terms: “pylori”, “gastric 
cancer”, and “slipped strand mispairing”. Through this, 
we selected three reports that were not indexed in 
PubMed.

bab paralogous genes and their chromosomal location
H. pylori colonization elicits humoral and cellular 
immune responses although, ineffective in the 
bacterial clearance. However, despite of the peristaltic 
movement of the intestinal tract and movement of 
the chyme, the bacterium establishes the strong 
interaction with the epithelial surfaces. The bacterial 
attachment on the epithelial surface is the interaction 
between the receptor molecules on the host cell 
surface and adhesin molecules found on the bacterial 
cell envelope and this interaction is the first and 
important step of the H. pylori related pathogenicity. 
The Gram-negative bacterial cell envelope consists 
of two concentric lipid bilayers, the inner membrane 
(cytoplasmic membrane) and the outer membrane. 
More than 50% of the outer membrane mass consists 
of OMPs. H. pylori genome encodes a large number 
of OMPs and most of them are surface exposed and 
consists of transport channels (porins), and adhesins. 
The closely related (at least partially redundant) 
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proteins are grouped into paralogous families[20].
Among the large group of adhesins identified 

BabA, SabA, adherence associated lipoprotein A and 
B (AlpA/B), OipA, and HopZ[17,18,21-24], BabA (or HopS 
or OMP28) is around 75-80 kDa major OMP which 
was the first identified member of adhesin family[25]. 
Two other closely related paralogs to BabA has been 
found, the BabB (HopT or OMP19) and BabC (HopU 
or OMP9)[26]. The function of BabB and BabC is not 
known yet and needs to be determined. The bab gene 
sequence analysis revealed that there is extensive 5’ 
and 3’ region homology particularly between babA and 
babB but the variability in middle region of sequence 
suggests that the middle divergent region of babA 
likely mediates the binding function[26,27]. 

The babA, babB and babC genes can be located 
in at least 3 different chromosomal loci. The three 
marker genes hypD, s18 and heme oxygenase gene 
hp0318 represent the chromosomal location of bab 
genes. The bab gene found downstream of hypD, 

s18 and hp0318 is said to be located at locus A, locus 
B and locus C respectively[28]. For example; in strain 
J99 (where babC is absent), babA (jhp0833) and 
babB (jhp1164) are located downstream of hypD 
and s18 (locus A and locus B) respectively whereas 
in strain 26695, the locations for babA and babB are 
reversed; babA (hp1243), babB (hp0896) and babC 
(hp0317) are located downstream of s18, hypD and 
hp0318 (locus B, locus A and locus C) respectively. 
Similarly, in strain HPAG1, the babA, babB and babC 
are located downstream of hypD, hp0318 and s18 
(locus A, locus C and locus B) respectively whereas 
in strain G27 (where babB is absent), babA and babC 
are located downstream of hp0318 and hypD (locus 
C and locus A) respectively and in strain 51 (where 
babC is absent), the babA and babB are located 
downstream of hypD and s18 (locus A and locus B) 
respectively[29-31] as shown in Table 1. We made an 
attempt to find the bab genes in respective to their 
genomic locus in different strains deposited in gene 
bank. Among H. pylori deposited in gene bank by 30 
November 2016, we randomly selected the 33 strains 
for the characterization of chromosomal locations of 
bab genes (babA, babB and babC) (Table 1). Although, 
the chromosomal locations of babA, babB and babC 
in few strains such as J99, 26695, HPAG1, G27 and 
51 already have been described yet in other strains 
we made an effort to document the chromosomal 
location of these genes. In strain P12 there is a babB 
homologous gene at locus C but due to the insertion 
of one adenine (A) at position 679 resulted the shift 
in the nucleotide frame and the stop codon at position 
230 and premature termination of the amino acid 
sequence. The reports of several studies from various 
parts of the world depicts that in majority of the 
strains babA and babB prefers to be located at locus 
A and locus B respectively[28-30,32]. Despite of the three 
identified loci there can be an unidentified locus. In 
a study, Hennig et al[29] found babA sequences from 
2 strains not located at locus A, B or C and they 
hypothesized that there may be a yet not identified 
chromosomal locus for babA.

Production of BabA
As discussed in previous section, the babA can be 
located in at least three different identified loci. The 
BabA production has been claimed to be influenced 
by its genomic location. In strain J99, babA located 
at locus A is expressed and binds with Lewis blood 
group (Leb) antigen whereas in strain 26695; babA 
located at locus B is not expressed and does not bind 
to Leb antigen[33,34]. The detailed mechanisms involved 
in the expression of babA have not been depicted in 
detail. However, we have summarized the possible 
mechanisms published in several literatures. 

The strain CCUG17875 was reported to possess 
two alleles of babA denoted as babA1 found at locus B 
and babA2 found at locus A[34]. The allelic form babA1 
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Table 1  Chromosomal location of babA , babB  and babC 
genes in different strains

Strain Locus A Locus B Locus C

26695 babB babA babC
J99 babA babB No corresponding gene
HPAG1 babA babC babB
G27 babC No corresponding 

gene
babA

51 babA babB No corresponding gene
Shi470 babA babB No corresponding gene
P12 babA babB babB homolog1

52 babA babB No corresponding gene
B38 babA No corresponding 

gene
No corresponding gene

v225d babA babB No corresponding gene
SJM180 babB babC babA
PeCan4 babA babB No corresponding gene
Sat464 babA babB No corresponding gene
35A babA babB No corresponding gene
India7 babA babB No corresponding gene
Gambia94/24 babA babB No corresponding gene
SouthAfrica7 babA babA No corresponding gene
Oki112 babA babA No corresponding gene
Oki154 babA babB No corresponding gene
Oki828 babA babA No corresponding gene
J166 babA babB No corresponding gene
SNT49 babA babB No corresponding gene
Puno120 babA babB No corresponding gene
Puno135 babA babB No corresponding gene
B8 babA babA No corresponding gene
83 babA babB No corresponding gene
ELS37 babB babA No corresponding gene
HUP-B14 babA babC No corresponding gene
F16 babA babB No corresponding gene
F30 babA babB No corresponding gene
Hp238 babA babB No corresponding gene
BM013A babB babB No corresponding gene
29CaP babA babA No corresponding gene

1Although the gene is homologous to babB but due to the insertion 
of adenine (A) caused the formation of stop codon and premature 
termination. 
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Occurrences of babA containing H. pylori
Most epidemiological studies have reported the 
babA functional status using the babA2 specific 
primers designed to detect the 10-bp deletion in the 
signal region of the babA1 allele and its association 
with increased risk for gastric inflammation[41]. The 
reported prevalence of H. pylori containing babA 
shows great variation across different parts of the 
world[28,32,42-55] as shown in Table 2. However, we 
previously reported the BabA expression level by 
immunoblotting and Leb binding in diverse collection 
of H. pylori strains and divided in to high, low, and non 
BabA expressing strains[52]. The strains expressing low 
level of BabA were associated with higher incidence of 
gastrointestinal damages as compared to BabA with 
high expression and BabA negative strains. It was 
concluded that although, the babA2 detection provides 
an indication of functional babA status, it may not 
reliably reflect the complete information of genetic 
variants for babA expression.

BabA and its binding receptors
Adherence of H. pylori to the host cell receptor 
provides several benefits to the bacteria such as 
protection from the washing out during mucus 
shedding, provides nutrient access from damaged 
host epithelial cells, promotes delivery of the bacterial 
toxins and other effector molecules to the host cells 
for development of pathogenicity and facilitates 
the development of persistent infections[56-58]. The 
attachment of bacteria to the host cells also elicits 
immune response; however, no longer protective in H. 
pylori infection. Several functional molecules serving 
as a receptor for the binding of H. pylori through BabA 
has been reported (Table 3).

Since the postulated transmission for the H. pylori 
infection takes place through oral route, the possible 
initial attachment could be occurred with the salivary 
proteins. The BabA mediates the attachment by binding 
with difucosylated glycans found on Leb antigens of 
the salivary mucin MUC5B serving as a receptor for 
BabA[59,60]. The surface immobilized salivary agglutinin; 
glycoproteins-340 (gp-340) also provides the platform 
for the attachment of BabA[61]. Salivary prolin rich 
glycoprotein (PRG) is the major component of parotid 
and submandibular saliva containing several repeats 
of short prolin rich sequence. Salivary PRG containing 
Fucα1-2Galβ motif also provides the access for the 
attachment of BabA[59]. The secretory immunoglobulin 
A (s-IgA) is the major immunoglobulin found in the 
mucus secretions which protects the mucus membrane 
from invading organisms. However, the fucose-
containing oligosaccharide motifs on s-IgA could play 
a role in the binding phenomena of BabA[17]. However, 
in a study this phenomenon was not confirmed 
suggesting that the variation in the glycosylation and 
sialylation between the salivary and gastric s-IgA 
or the proportions of s-IgA1 and s-IgA2 subclasses 

does not contain the translation initiation codon ATG 
because of the deletion of 10 bp including start codon 
in its signal sequence and is not expressed whereas 
the babA2 containing the translation initiation codon 
ATG is expressed and involved in the Leb binding 
activity[34]. The expression of babA can be influenced 
on transcriptional as well as translational level. 
The absence of translation initiation codon ATG in 
babA1 influence the translation, but this phenomenon 
is quite uncommon. Nonetheless, unfortunately, 
several epidemiological studies still use the methods 
to characterize babA2 as the functional status of 
babA by using primers specific for the signal region 
to differentiate babA1 and babA2. The presence 
of variable number of cytosine-thiamidine (CT) 
dinucleotide in the 5’-region of the babA sequence due 
to the intra-genomic recombination with babB leads 
to the phase variation and affects the expression of 
babA (discussed in latter section). The characteristics 
of the promoter sequence also play a critical role in 
the expression of babA. During protein expression 
all mRNAs are not synthesized in the same amount 
because of the promoter characteristics which controls 
the expression on transcriptional level. In a study, the 
presence of additional 4 adenines between the -10 and 
-35 motif in babA located at locus B could diminished 
the strength of the promoter of babA[34]. The nucleotide 
structure of -10 and -35 motifs sequence and the 
characteristics of nucleotides present between the -10 
and -35 motifs tend to make the promoter strong or 
weak. For example, the promoter region of one of the 
OMP gene sabA contains a thymidine (T) nucleotide 
repeat tract adjacent to the -35 motif and the length 
of this T-tract varies between strain to strain and this 
variation have been suggested to affect the expression 
of sabA[35-37]. Recently it has been also suggested that 
the T-tract modulates the binding of RNA polymerase 
σ-factor and α-factor resulting in the alteration of SabA 
expression[38]. The nucleotide repeat motifs located 
between the -35 and -10 promoter motifs influence the 
docking of RNA polymerase σ-factor and the nucleotide 
repeat motif located upstream of -35 motif alters the 
binding of regulatory factors of RNA polymerase[38]. 
However, the detailed studies are needed to evaluate 
the characteristics of promoter regions responsible for 
the variation in expression of babA in loci A/B/C. 

H. pylori babA is highly polymorphic being sus-
ceptible for the changes in their regulatory and coding 
sequence that leads to the loss of BabA expression 
in multiple animal models including mice, gerbils and 
macaques; therefore, it is difficult to study the role 
of BabA contribution in the development of gastric 
damages[39]. However, it has been shown that in H. 
pylori isolated from the chronically infected persons, 
the BabA expression was maintained in three quarter 
of the isolates surveyed over time and it suggests that 
there is selective advantage for BabA expression in 
human host[40].
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which are known to be differently glycosylated may 
play this role[62]. Similarly, a salivary agglutinin called 
the deleted in malignant brain tumors 1 (DMBT1) is 
expressed in saliva and composed of highly fucosylated 
oligosaccharide. The salivary DMBT1 was found to act 
as the receptor to interact with BabA[63].

After transit to the stomach, the bacterium localizes 
to the specific locations and mediates adaptation 
through several ways. The gastrointestinal epithelium 
is covered by a semi-permeable mucus layer primarily 
consists of secreted mucins that protects the gastric 
epithelial surface by trapping the invading materials[64]. 
However, the attachment of bacteria to the epithelial 

surface mediates the survival adaptation and per-
sistent infections. The di-fucosylated glycan found 
on Leb and mono-fucosylated glycans found on H1-
antigen, A-antigen and B-antigen of blood group O, A 
and B respectively binds with BabA[17,33,65]. However, 
the binding affinity of BabA with H1 antigen is low 
because it lacks the Leb Fuc4 residue that forms a 
hydrogen bond with amino acid asparagine (N) at 206 
position of BabA[66] as described below in next section. 
These antigens are expressed on the mucus surface 
and gastric epithelial surface of which the Leb antigen 
is the dominant antigen found on the surface of gastric 
epithelial cells and it is also the most studied receptor 

Table 2  Prevalence of babA in different Asian and other countries

Ref. Countries Criteria for babA positive Prevalence Year

Asia
Abdullah et al[43] Iraq Positive with babA2 specific primers 33.7% in NUD and 58.8% in PUD 2012
Karabiber et al[44] Turkey Positive with babA2 specific primers 49% in gastritis 2014
Abadi et al[45] Iran Positive with babA2 specific primers Overall-40.6% 2013

95%-GC, 18.1-DU, 26.1-NUD
Yadegar et al[46] Iran Positive with babA2 specific primers Overall-96.7% 2014

94.4%-NUD, 100%-PUD, 100%-GE, 100%-GC
Saberi et al[42] Iran BabA expression Overall-62% 2016
Osman et al[47] Malaysia Positive with babA2 specific primers 41%-NUD 2015
Boonyanugomol et al[48] Thailand Positive with babA2 specific primers Overall-66.2%, 2012

70.7%-CCA, 54.5%-Cholelithiasis
Chomvarin et al[49] Thailand Positive with babA2 specific primers Overall-92% 2008

92%-NUD, 85%-GU, 100%-DU, 94%-GC
Ghosh et al[50] India Positive with babA2 specific primers Overall-67.5% 2016

65.6%-NUD, 70%-DU
Con et al[51] Japan Positive with babA2 specific primers Overall-96.8% 2010
Fujimoto et al[52] Japan Leb binding activity Over all-88.0% 2007
Kim et al[32] South Korea Positive with babA specific primers Overall-47.5% 2015

Other countries
Kim et al[32] United States Positive with babA specific primers Overall-90% 2015
Biernat et al[53] Poland Positive with babA2 specific primers Overall-23.1% 2014

18%-NUD, 30%-PUD, 31.8%-GERD
Homan et al[54] Slovenia Positive with babA2 specific primers Overall-47.9% 2014
Boyanova et al[55] Bulgaria Positive with babA2 specific primers Overall-48.8% 2010

59.3%-PUD, 43.5%-NUD
Matteo et al[28] Argentina Positive with babA specific primers Overall-67% 2011
Con et al[51] Costa-Rica Positive with babA2 specific primers Overall-73.7% 2010
Fujimoto et al[52] Colombia Leb binding activity Overall-83.0% 2007

NUD: Non-ulcer disease; PUD: Peptic ulcer disease; GC: Gastric cancer; DU: Duodenal ulcer; GE: Gastric erosion; CCA: Cholangiocarcinoma; GERD: 
Gastroesophageal reflux disease; GU: Gastric ulcer. 

Table 3  BabA receptors found on oral cavity and in stomach

Receptors identified Localization Ref.

Mucin MUC5B Saliva Walz et al[59] and Prakobphol et al[60]

Agglutinin glycoprotein-340 (gp-340) Saliva Prakobphol et al[61]

Prolin rich glycoprotein containing Fucα1-2Galβ motif Saliva Walz et al[59]

Secretory immunoglobulin A containing fucose-oligosaccharide 
motifs

Saliva Borén et al[17] and Royle et al[62]

Salivary agglutinin DMBT1 Saliva Issa et al[63]

Lewis b blood group antigen (Leb) and terminal fucose, 
H1-antigen, A-antigen and B-antigen 

Gastric epithelia Borén et al[17] and McGuckin et al[64]

Mucin MUC5AC with N-acetylgalactosamine-β-1,4-N-
acetylglucosamine

Gastric mucus Lindén et al[68] and Kenny et al[69]

Mucin MUC1 Gastric mucus Lindén et al[71]

Mucin MUC2 Gastric mucus Cohen et al[72]
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for BabA attachment[67].
Similarly, other molecules have also been reported 

to play a crucial role in the binding of BabA. The 
gastric mucin MUC5AC with N-acetylgalactosamine-
β-1,4-N-acetylglucosamine residues on O-linked 
oligosaccharides from gastric MUC5AC has also 
been reported to act as receptor for BabA[68,69]. Most 
recent immunohistochemistry laden tissue profiling 
assay using mice model showed that the expression 
of Leb structure is a mucin α 1,2-fucosyltransferase 
(FUT2) enzyme dependent and consequently identified 
MUC5AC as the carrier molecule of the Leb structure[70].

The MUC1 is also notable to discuss. In case when 
bacteria do not bind to MUC1, an extracellular mucin 
domain of 200-500 nm long appears that physically 
distances the bacteria from the host cell surface and in 
case when it does bind MUC1, the extracellular mucin 
domain is released from the epithelial surface[71]. In 
another study by Cohen et al[72] conducted in children, 
the gastric mucin MUC2 was reported to be expressed 
in few foleolar cells and it was shown to participate 
in binding with BabA but only in 11.11% of children. 
Therefore, fucosylated glycans found on several 
glycoprotein molecules serve as the receptor.

Insight into BabA binding with receptors
The detailed molecular determination of BabA binding 
with its receptor Leb was studied recently by Hage 
et al[66]. They depicted that the Leb oligosaccharide 
molecules involving in the binding with BabA consists 
of two fucose residues (Fuc1 and Fuc4), two galactose 
residues (Gal2 and Gal5), an N-acetylglucosamine 
residue (GlcNAc3), and a glucose residue (Glc6). Using 
strain J99 as an experimental model they found that 8 
highly conserved amino-acids of BabA involved in the 
interaction with Leb by hydrogen bond formation. The 
bond formation occurs between amino acid cysteine 
(C) at position 189 and Fuc1 (C189:Fuc1), glycine (G) 
at position 191 and Fuc1 (G191:Fuc1), asparagine (N) 
at position 194 and Fuc1 (N194:Fuc1), asparagine (N) 
at position 206 and Fuc4 (N206:Fuc4), aspartic acid 
(D) at position 233 and GlcNAc3 (D233:GlcNAc3), 
aspartic acid (D) at position 233 and Gal5 (D233:
Gal5), serine (S) at position 234 and Gal5 (S234:
Gal5), serine (S) at position 244 and GlcNAc3 (S244:

GlcNAc3, Gal5), serine (S) at position 244 and Gal5 
(S244:Gal5) and threonine (T) at position 246 and 
Fuc1 (T246:Fuc1) (Table 4). They also elaborated that 
the binding of N at position 206 with Fuc4 determines 
the binding affinity and substitution of N with alanine 
(A) at position 206 resulted in the reduction of binding 
affinity by about 2.3-fold and the binding of BabA 
with H-1 which lacks Fuc4 residue of Leb showed 
about 2.4 fold reduction in binding affinity[66]. Despite 
of the role of Leb for providing the binding receptor 
and enhancing the colonization, the several reports 
indicate the antagonistic effect of Leb. In a study led 
by Lindén et al[73] found that the individuals with Leb-
negative showed significantly higher H. pylori density 
than Leb-positive, which is in accordance with the 
result obtained in a study using Rhesus monkey[74]. 
Therefore, it can be said that although, the attachment 
of bacterium via BabA-Leb is important but not elusive.

Based on their ABO blood group antigen binding 
preferences, BabA bearing H. pylori strains can 
be classified as “specialists” and “generalists”. The 
specialist strains prefer to bind only on blood group 
O specific glycans whereas generalist strains bind 
blood group O as well as blood group A and B specific 
glycans[65]. Till recently the detailed insight concept 
about the binding of specialists and generalists with 
the mono-fucosylated glycan on A, B and O blood 
group was unknown. However, recently the X-ray 
structures of the BabA specialist and generalist 
adhesins have been revealed according to the O and 
ABO blood group preferences[75]. The preference 
shifting was found to be due to the single amino acid 
substitution in its carbohydrate binding domain. The 
carbohydrate binding domain contains one conserved 
loop (CL2) and two diversity loop (DL1 and DL2). The 
loop DL1 is responsible for making the BabA to be 
either specialist or generalist. Binding of specialists 
with blood group O antigen involves only CL2 and DL2 
loops while the binding of generalists involve CL2, DL2 
as well as DL1 loops. In specialists BabA, the domain 
DL1 contains the amino acid leucin (L) at 198 position 
which makes the DL1 to be inaccessible for binding 
with larger glycans present on blood group A and 
B. The replacement of L to serine (S) in generalists 
makes the DL1 to be accessible for the glycans found 
on blood group A and B as well as O (Figure 1). In 
this way the generalists can bind with glycans found 
on blood group A, B as well as O antigen whereas 
the specialists can bind the glycan found on blood 
group O antigen only[75]. Therefore, this capability of 
binding explains why the peoples of blood group O 
are more prone to develop duodenal ulcers[65]. The 
fucosylated oligosaccharide residue found on the H1 
antigen is abundantly expressed by the healthy gastric 
mucosa of most Western peoples which makes them 
more susceptible to colonize by generalists as well as 
specialists and for the development of peptic ulcer[17,76].

The binding of BabA to the Leb receptor is severely 
affected by the level of BabA production which is 

Table 4  Oligosaccharides found in Leb involving in binding 
with amino acid of BabA

Oligosaccharide in Leb Amino acid in BabA Position of amino acid 
in BabA

Fuc1 Cysteine (C) 189
Fuc1 Glycine (G) 191
Fuc1 Asparagine (N) 194
Fuc4 Asparagine (N) 206
GlcNAc3 or Gal5 Aspartic acid (D) 233
Gal5 Serine (S) 234
GlcNAc3 or Gal5 Serine (S) 244
Fuc1 Threonine (T) 246

Ansari S et al . H. pylori  and BabA



4164 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

mediated on transcriptional and translational level. 
We detected that the strains expressing low levels 
(less than 10% to that of J99) of BabA protein did not 
mediate the enough Leb binding activity whereas, the 
strains expressing high level (more than 20% to that 
of J99) of BabA did enough Leb binding[52]. However, 
Saberi et al[42] categorized the H. pylori strains in four 
types depending on the BabA expression and Leb-
binding, strains expressing high level BabA showed 
high Leb-binding, strains expressing low level BabA 
showed low Leb-binding whereas strains with no BabA 
expression showed no Leb-binding (8%) as well as low 
Leb-binding (30%) activity. 

Homologous recombination and bab chimera formation
Recombination between similar sequences is called the 
homologous recombination. Homologous recombination 
takes part in the double strand DNA repair caused 
by environmental stress and it aids adaptation advan-
tage for the development of persistent colonization 
to H. pylori to the changing gastric environment 
within a single host or to the new host[77-79]. H. pylori 
exhibits the highest genetic recombination rate than 
any other known bacterial species[80] and it suggests 
that the bacteria has a selective advantage of genetic 
recombination for long term survival and colonization 
in human stomach[81].

The allelic diversity in H. pylori is remarkable and 
it exhibits high transformation mediated homologous 
recombination[77]. Recent analyses of sequential 
sampling of H. pylori from the same individual 
elaborated the OMPs futB, babA and hopZ to be 
the genes with high recombination events whereas 
the hopQ with low recombination[82,83]. Although the 
function of the most closely related babA paralogs; 
the babB and babC, is unknown yet but extensive 
sequence similarity shows the intra-genomic re-
combination between these genes and the evolution 
of bab chimera[35]. The RecA-dependent intragenomic 
recombination between homologous genes causing 
fusion of portions of two or more coding regions results 
in the formation of chimeric genes. In H. pylori the 

recombinational gene conversion occurs in homologous 
genes babA, babB and babC. The formation of chimeric 
babB/A can lead to a non Leb binding strains regain 
Leb binding activity or it can abolish babA-dependent 
adhesion[35,84]. Varying proportions of chimeras have 
been reported from different studies across the world. 
In a study by Matteo et al[28], the chimeric babA/B 
gene was observed in 20% whereas chimeric babB/A 
gene was observed in 15%. Similarly, in another study 
among American and Korean strains, the babA/B 
chimera, babB/A chimera and babB/C chimera was 
identified in 28.7%, 2.5% and 1.25% respectively 
among American strains whereas babA/B chimera and 
babB/A chimera was identified from 6.25% and 1.25% 
respectively from Korean strains. The babA/B was 
most prevalent type of bab chimera among all types of 
chimera reported[32].

Slipped strand mispairing and phase variation
Slipped strand mispairing (SSM) is a phenomenon 
of either deletion or insertion of nucleotides during 
DNA replication because of the short, contiguous 
homogenous or heterogeneous repetitive DNA sequence 
of 6 base pairs or less. This repetitive sequence, 
susceptible for mispairing is designated as short 
sequence repeats (SSR), microsatellites or variable 
number of tandem repeats (VNTR)[85,86]. SSM is one of 
the mechanisms resulting in the phase variation that 
produces nucleotide mispairing between the mother 
and daughter strand during the DNA replication[87,88]. 
The OMP genes such as babB, hopZ, oipA that possess 
the dinucleotide CT-repeats in the 5’-coding region, 
likely undergo SSM to regulate their expression by 
phase variation[18,89,90]. Nucleotide slippage can be 
occurred in replicating or template strand. If slippage 
occurs in replicating strand, there is insertion of one 
CT-dinuleotide and if slippage occurs in template 
strand, there is deletion of one CT-dinucleotide (Figure 
2)[91]. This phenomenon leading to the variation in the 
number of CT-dinucleotides over time may provide 
certain advantages for adaptation to different niches 
and stomach micro-environments via immune evasion 
or adhesion. In H. pylori, the fragments of babB 
containing CT repeats may recombine with babA or 
babC resulting in the formation of chimeric genes. 
According to the Bäckström et al[34] the strains with 
in-frame protein expression (ON) status contain 8-CT 
repeats whereas out of frame protein expression (OFF) 
phenotypes contained 7 or 9 CT repeats. The gain or 
loss of one CT-dinucleotide creates frame shifts and 
loss of expression of babA.

The number of CT-repeats in the 5’coding region 
of nucleotide sequence decides whether the protein 
expression is ON or OFF. The protein expression 
becomes in-frame if the number of CT-repeats is 5, 
8, 11 and 14 whereas if the number of CT-repeats 
is 6, 7, 9, 10, 12, 13 it makes protein expression 
out of frame[30,34,84]. Out of frame status of protein 

AB-specific      O-specific              AB-specific          O-specific

Glycans                                               Glycans

DL1        CL2       DL2                   DL1       CL2      DL2

BabA generalist                                    BabA specialist

Figure 1  In BabA generalists the serine (S) at position 198 makes the DL1 
domain to be accessible for the glycan found on blood group A, B as well 
as O antigen whereas in BabA specialists the replacement of S to leucine 
(L) makes DL1 to be inaccessible for binding with larger glycans present 
on blood group A and B antigen.
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expression evolved due to the insertion or deletion of 
one nucleotide resulting in the truncated (immature) 
proteins whereas if the status is in-frame it results in 
the full-length protein expression[92].

The genes containing variable number of nucleotide 
repeats may go to the phase variation. Phase variation 
is an adaptation mechanism that provides advantages 
for colonization[93]. In a study, the BabA expression 
was lost during the experimental infection in rhesus 
macaques by phase variation or allele replacement 
with BabB and in subsequent follow up study in 
mouse, the BabA expression was found to be lost due 
to phase variation in 5’-CT repeat regions of H. pylori 
strain J166[39]. The Leb binding clones from OFF to 
ON phase conversion express BabA adhesin that are 
functionally equivalent to the wild type but the quantity 
of BabA adhesin less abundant than the wild type[34].

Other clinical significance of BabA mediated attachment
The attachment of H. pylori via BabA mediates several 
outcomes. H. pylori BabA binds with Leb and induces 
the double strand breaks in the host cells, which 
is thought to be independent of VacA, γ-glutamyl 
transpeptidase and the cag PAI[94]. However, it has 
been also confirmed that BabA-positive status of 
infecting strains is associated with CagA-positive, OipA-
positive (oipA “on”) and vacA s1 genotype for the 
development of intestinal metaplasia[95]. The infection 
with BabA-positive strains has been associated with 

the increased risk for development of peptic ulcer 
diseases in Western countries[41,96]. However, the 
association of BabA with peptic ulcer diseases has not 
been confirmed in patients from East Asian or some 
other Western countries[97-99]. It has been claimed that 
the BabA-mediated attachment to gastric epithelial 
cells might enhance CagA translocation and the 
enhancement of inflammation[100]. Furthermore, the 
triple-positive (BabA, CagA and vacA s1-positive) 
strains of H. pylori shows greater colonization den-
sities, elevated levels of gastric inflammation and a 
higher incidence of intestinal metaplasia in patients 
in contrast with the only CagA and vacAs1 positive 
strains[101,41]. Despite of the association of high level 
BabA with severe clinical outcomes, surprisingly, it has 
been also found that low level BabA expressing strains 
could more likely be associated with increased mucosal 
inflammation and severe clinical outcomes compared 
to that of high level BabA-positive and Leb binding 
strains[42,52]. Although, the underlying mechanisms 
remains unclear, it has been hypothesized that during 
adulthood, the induced hyperacidity may enhance 
the development of gastric metaplastic patches in the 
duodenum and the H. pylori expressing low levels of 
BabA and Leb attachment are able to detach from the 
gastric niche and reattached to the gastric metaplastic 
patches in the duodenum and develop the ulcers 
at the gastric-duodenal tissue border[42]. The BabA 
adhesin expression also seems tightly associated 

5'      C    T      C    T     C    T       3'

3'      G    A      G    A     G    A       5'
Three CT-dinucleotides in mother strain

First generation DNA replication

Slippage in replicating strand Slippage in template strand

5'      C    T      C    T     C    T       3'

3'      G    A      G    A     G    A       5'

G    A 3'      G    A      G    A     5'

5'      C    T      C    T     3'

C    T

5'      C    T      C    T     C    T       3'

3'      G    A      G    A     G    A       5'

5'      C    T      C    T     C    T       3'

3'      G    A      G    A     G    A       5'

3'      G    A      G    A     G    A    G    A     5'

5'      C    T      C    T     C    T    C    T     3'

3'      G    A      G    A       5'

5'      C    T      C    T       3'

Second generation DNA replication

No change in CT-dinucleotides repeats

Insertion of one CT-dinucleotides Deletion of one CT-dinucleotides

Figure 2  Cytosine-thiamidine-dinucleotide repeats and slipped strand mis-pairing. Both replicating and template strands are prone to undergo 
for slippage mis-pairing. Slippage occurring in replicating strand during first generation of replication causes insertion of one CT-dinucleotide in replicating 
strand whereas the template strand contains original number of CT-dinucleotide. If slippage occurs in template strand during first generation replication, 
one CT-dinucleotide is deleted in replicating strand to make base paring. During second generation of DNA replication, out of two progeny generating from 
slippage in replicating strand, one progeny contains DNA with one CT-dinucleotide more than the mother strain while the other progeny contains same 
number of CT-dinucleotide as mother strain. During second generation of DNA replication, out of two progeny generating from slippage in template strand, 
one progeny contains DNA with one CT-dinucleotide less than the mother strain while other progeny contains DNA with same number of CT-dinucleotide as 
do mother strain. CT: Cytosine-thiamidine.
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with the onset of type 4 secretory system (T4SS)-
related host response in vivo[100]. In an in vivo study, 
using the Mongolian gerbils, the BabA-mediated 
adherence of H. pylori to the epithelial cells has been 
shown to augment the cag PAI dependent H. pylori 
pathogenicity. The BabA-Leb interaction can trigger the 
production of pro-inflammatory cytokines and some 
factors that can enhance the cancer development[101].

CONCLUSION
H. pylori infection is a major cause of gastric com-
plications including gastric cancer which is the third 
leading cause for mortality among all cancer related 
deaths. H. pylori being a Gram-negative organism, the 
OMP present in the cell envelope provides the initial 
step binding with the Leb antigen for the persistent 
colonization. BabA is capable of binding with receptors 
found on the oral mucosa and gastric mucus layer. 
The closer insight of bab genes revealed the presence 
of dinucleotide (CT) repeats in 5’-region which causes 
SSM leading to the phase variation. The formation 
of chimera with the homologous genes babB and 
babC causes the regulation of protein expression 
on transcriptional level. In addition to the high level 
BabA expression associated with the severe clinical 
outcomes many reports have also suggested the low 
level expression with severe outcomes where the 
underlying mechanism is not clear yet. Even though 
many roles of BabA in disease process have been 
evaluated, the role of BabB and BabC has not been 
assessed yet. Further study is under demand for the 
assessment of the role of BabB and BabC as well as to 
elaborate the underlying mechanism of low expression 
BabA and severe clinical outcomes.
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Abstract
Locally recurrent rectal cancer (LRRC) is a complex 
disease with far-reaching implications for the patient. 
Until recently, research was limited regarding surgical 
techniques that can increase the ability to perform 
an en bloc  resection with negative margins. This has 
changed in recent years and therefore outcomes for 
these patients have improved. Novel radical techniques 
and adjuncts allow for more radical resections thereby 
improving the chance of negative resection margins 
and outcomes. In the past contraindications to surgery 
included anterior involvement of the pubic bone, sacral 
invasions above the level of S2/S3 and lateral pelvic 
wall involvement. However, current data suggests that 
previously unresectable cases may now be feasible 
with novel techniques, surgical approaches and re-
constructive surgery. The publications to date have 
only reported small patient pools with the research 
conducted by highly specialised units. Moreover, the 
short and long-term oncological outcomes are currently 
under review. Therefore although surgical options for 
LRRC have expanded significantly, one should balance 
the treatment choices available against the morbidity 
associated with the procedure and select the right 
patient for it. 

Key words: Recurrent rectal cancer; Sacrectomy; Pelvic 
exenteration; Pelvic sidewall; Radical resection

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This article provides an up-to-date review of 
the current international trends in surgical approaches 
for locally recurrent rectal cancer (LRRC), specifically 
highlighting the novel radical techniques that are 
now used in cases previously deemed unresectable. 
We have described these approaches according to 
anatomical locations of the recurrences and reviewed 
the respective oncological and functional outcomes. In 
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addition, laparoscopic surgeries for LRRC are discussed 
and their outcomes are outlined.  
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INTRODUCTION
The incidence of locally recurrent rectal cancer 
(LRRC) has undergone a dramatic decline since the 
application of total mesorectal excision and addition 
of preoperative radiotherapy[1-4]. Current studies 
have reported 5-year recurrence rates of between 
5%-10% as compared to previously published figures 
of 20%-30%[5-7]. The majority of these recurrences 
occur within the first 2 years after surgery[8,9]. With-
out subsequent treatment these patients have an 
extremely poor prognosis. A recurrence has the 
capacity to significantly reduce a patient’s quality of 
life by causing refractory pain as well as potentially 
resulting in a malodorous, fungating or fistulating 
mass. Non-operative approaches such as radiotherapy 
or chemoradiotherapy have been shown to offer little 
symptomatic relief, or survival benefit, and are often 
associated with significant side-effects[10-12]. Surgery 
offers the best hope in providing improved survival 
rates or as the best form of palliation. 

In order to achieve clear resection margins radical 
surgery for pelvic recurrences often requires extended 
resection involving at least one organ that is adjacent 
to or involved by the tumour. Due to the morbidity 
associated with these procedures, LRRC cases 
previously received scant attention from the surgical 
world, except for a couple of notable exceptions[13,14]. 
Consequently, patients would often resort to palliative 
care either via systemic chemotherapy or a few 
boosts of radiotherapy. Since then, more specialised 
centres have taken the effort to provide and refine 
the provision of radical surgery for this condition. 
These together with improvements in perioperative 
intervention, extended resection or exenterative 
surgeries are now accepted management options in 
order to achieve a cure[15]. Results from several of 
these centres have demonstrated a 5-year survival 
rate of 35% to 50% after surgery for LRRC[16]. 

It should be noted that the surgical approach during 
resection of LRRC depends on the site of recurrence. 
There is significant variation in both techniques and 
outcomes. Although there is no standard classifi-
cation system for recurrent rectal cancer, the general 
consensus amongst colorectal cancer surgeons 
generally describes a pattern of pelvic invasion based 

on the anatomic region of the pelvis involved with the 
disease (Figure 1). (1) Central: Tumour is localised 
to pelvic organ(s) and adjacent soft tissue structures 
without adherence to bone; (2) Sacral: Tumour 
presents in the presacral space and abuts or invades 
the sacrum or coccyx; and (3) Lateral pelvic sidewall: 
Tumour involves the soft tissue and structures of the 
pelvic sidewall (iliac vessels, lateral pelvic lymph nodes, 
pelvic ureters, pelvic nerves, sidewall musculature) and 
lateral bony pelvis. 

Central recurrences have the most favourable 
prognosis as these recurrences have the highest 
chance of achieving clear margin resections[17,18]. If 
the recurrence has spread beyond the soft tissue 
structures and becomes adherent to or invades into 
the bony structures (sacrum, ischium, pubic ramus) or 
extends into the pelvic sidewall structures then en bloc 
resection becomes more challenging. 

In recent times, there has been a steady increase in 
the number of centres worldwide having vested interest 
in LRRC. These centres are exploring new techniques in 
order to improve the likelihood of adequate oncological 
resection. Due to this peaked interest in LRRC, 
previously deemed contraindications[19] (Table 1) are 
now proven by certain specialized centres to be feasible 
and safe for so called “ultra-radical resection[15]”. In 
addition, improved reconstructive techniques allow 
for better functional outcomes. Therefore the surgical 
approach to LRRC is currently limited by the surgeon’s 
ability to achieve R0 resection margins with acceptable 
morbidity, and the patient’s fitness for surgery. This 
review aims to present an update on the current 
international trends in surgical approaches as well as 
to assess the outcome and/or success of such radical 
procedure with emphasis on ultra-radical resections. 

PREOPERATIVE IMAGING
Surgical planning includes preoperative review of 
imaging by a specialized multidisciplinary team. 
The roles of preoperative imaging are three-fold: 
(1) to exclude metastatic disease; (2) to determine 
resectability of the tumour; and (3) to guide in 
surgical planning particularly on the extent of margin 
resection. The metastatic work-up includes dedicated 
computed tomography (CT) scan of the chest, 
abdomen and pelvis, and more recently positron 
emission tomography (PET) scan. PET/CT can be used 
also to assess for uptake in areas of concern especially 
in cases of equivocal recurrence. Next, magnetic 
resonance (MR) imaging is used to assess resectability 
of the tumour, owing to its excellent delineation of 
soft tissue structures. It serves as a road map for 
the surgical procedure and increases the chances of 
margin clearance. The extent of resection is decided 
on the basis of organs, pelvic sidewall, and pelvic floor 
involvement, which MR imaging has been shown to 
accurately demonstrate[20,21]. The primary challenge 
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would be to distinguish between fibrotic tissues from 
actual tumour invasion, particularly at the pelvic 
sidewalls. PET/MR hybrid, which is not widely available 
yet, is likely to be the modality of choice in future as 
it has been shown to improve interpretation of the 
radiologists in detecting bladder or pelvic sidewall 
invasion in gynaecologic malignancy[22]. 

MULTIMODALITY TREATMENT 
APPROACH
In general, cases of LRRC are discussed in a multi-
disciplinary team (MDT) meeting which consists of 
surgeons, radiation oncologists, medical oncologists, 
pathologists, and radiologists. The important key 
aspects discussed are: the likelihood of obtaining R0 
resection; the need for neoadjuvant therapies, and the 
appropriate approaches. In resectable, isolated local 
disease with previous history of pelvic radiotherapy, 
it is recommended to proceed straight to surgery. 
In radiotherapy naïve patients, one should consider 
preoperative chemoradiation and subsequently proceed 
with surgery 6-wk following completion of preoperative 
chemoradiation to allow maximum tumour response. 

About 50% of patients with LRRC have synchronous 
distant disease[23], but this does not necessarily 
preclude surgical intervention. As experience has grown 
with the management of metastasectomy in primary 
disease, curative surgeries are increasingly being 

offered to recurrent cases. Hartley et al[24] reported 
on the outcome in a series of 42 patients with LRRC 
and synchronous resectable metastasis. Thirteen (13) 
patients had synchronous resection, and 9 patients 
had staged resection, resulting in a total of 22 patients 
rendered disease free (R0). When R0 is achieved (52% 
of patients), the median survival is 23 mo, compared 
to 7-mo in the non-RO group. One must take note 
that such benefits may be seen only in highly selected 
patients. The optimal sequence of surgery in the 
setting of resectable metastasis and LRRC remains to 
be clarified.

The use of preoperative chemoradiotherapy 
(CRT) for treatment of LRRC has been extrapolated 
from benefits seen in locally advanced primary 
rectal cancer. However, there is still a lack of good 
data in the literature, in particular there is a lack 
of prospective randomised trials, that justify the 
benefit of preoperative CRT. Yu et al[25] compared 
radiological response in patients with primary rectal 
cancer and recurrent rectal cancer after neoadjuvant 
CRT. Interestingly, their study showed that recurrent 
rectal cancer is 2.4 times less likely to show a > 50% 
reduction in tumour size following CRT. They concluded 
that recurrent rectal cancers appear to be relatively 
radioresistant compared with primary rectal cancer. The 
limited response may be due to the use of conventional 
dosages and methods of delivery via external beam 
radiotherapy. Recent advances in this aspect is seen 
in the development of more conformal radiotherapy 
techniques, such as intensity-modulated radiotherapy 
(IMRT) or intraoperative brachytherapy (IORT), which 
aims to deliver more targeted and higher dosage 
radiotherapy[26,27]. Whether such techniques, with a 
combination of chemosensitization, would achieve 
better tumour response in LRRC remains to be seen. 

SURGERY FOR LRRC
The exact procedure performed is dictated by the 
anatomical location of the recurrence. The operating 
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Table 1  Conditions previously deemed contraindication to 
surgery for recurrent rectal cancer

Distant metastases

Stage Ⅳ primary disease
Sacral invasion above S2-S3
Diffuse/circumferential pelvic sidewall involvement resulting in 
hydronephrosis
Encasement (> 180°)of external iliac vessels
Invasion to anterior pubic bone
Extension of tumour through the sciatic notch

1A

1C

1B

2

1A

2

1C

3

Figure 1  Patterns of pelvic recurrence. 1: Central; 1A: Anastomotic site; 1B: Perineal region, seen after abdominal perineal resection; 1C: Invasion to adjacent soft 
tissue involving genitourinary organs, or to pubic bone; 2: Lateral Pelvic Side Wall; 3: Posterior/Sacral Recurrence.
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Most specialised colorectal surgeons tend to prefer an 
augmented wide resection margin and will potentially 
sacrifice the possibility of restoring intestinal continuity 
in order to obtain a superior oncological resection 
margin. 

If the genitourinary tract is involved, an en bloc 
resection is recommended[28]. Limited involvement 
of structures such as dome of bladder and posterior 
vagina can be treated adequately with partial resection 
provided negative margins are achieved. Tumours 
involving the bladder trigone or the prostate in men 
and cervix in women usually require a total pelvic 
exenteration (Figure 2). Posterior pelvic exenteration 
involves en bloc resection of the rectum (or tumour 
recurrence) and reproductive organs, sparing the 
bladder and distal ureters. Pelvic exenteration is still 
reported to have a 2%-14% operative mortality rate 
and a 33%-75% morbidity rate despite improved 
surgical techniques and perioperative care[33]. Hence, 
this procedure should only be attempted if the surgeon 
concerned is confident of achieving R0 resection 
margin. 

A recent study by Bhangu et al[34] reviewed cases of 
pelvic exenteration performed for both locally advanced 
primary rectal cancer (LAPR) and LRRC done at a 
specialised colorectal centre with extensive experience 
in managing LRRC. In this study, R0 resections were 
achieved in 62% of LRRC cases, compared to 91% of 
primary rectal cancer cases. The ability to achieve a 
R0 resection margin status was found to be associated 
with improved disease-free-survival and local re-
currence free survival on multivariate analysis. In the 
subgroup analysis of cases with R0 resection margin, 
the survival rate between LRRC and LAPR cases are 
comparable (79% vs 85%, respectively, P = 0.766). 
Although LRRC is at higher risk of positive resection 
margin, a good radical operation can still ensure a 
significant survival benefit provided negative resection 
margins are achieved.

To ensure a good functional outcome, after a 
radical resection, reconstructive measures of resected 
viscera and soft tissue are often required. Examples of 
reconstructive surgery after radical en bloc resection 
include bladder reconstruction, the formation of an 
ileal conduit and the reconstruction of perineal defects. 
Local rotation and pedicle myocutaneous flaps are 
particularly useful in reconstructing the perineum and 
filling the dead-space in the exenterated pelvis (Figure 
3). A vertical rectum abdominis myocutaneous (VRAM) 
flap would be the more sensible option when patients 
have been subjected to radiotherapy or after sacrificing 
the gluteal vessels which significantly compromise the 
flap perfusion. However these procedures are complex 
and it is recommended that they are performed by 
an experienced team[35-37]. It is important to discuss 
with plastic surgeons preoperatively to decide on 
the side of the VRAM flap that is best utilised. Most 
plastic surgeons would prefer to harvest the flap 

surgeon must be experienced working in anatomic 
planes outside of those required for conventional 
resection in order to perform a complete resection in 
a safe manner. In addition, extended resection often 
requires expertise from other specialties such as 
urology, oncoplastic surgery, neurosurgery, vascular 
surgery, orthopaedic surgery and gynaecology. Aids 
such as ureteric stents, radiological tattooing of 
surface markings to identify the level of sacrectomy, 
and vascular bypass shunts are adjuncts for some 
of these surgeries. Special consideration should be 
given to patients with prior irradiation, especially if 
delivered in the distant past, as the dissection may be 
difficult due to fibrotic tissue. In cases of bulky tumour, 
tumours in close proximity to major vessels or when a 
difficult dissection was anticipated with no possibility of 
vascular control, preoperative arterial embolization of 
internal iliac artery can be considered.

In the next section, the different procedures are 
reviewed according to disease location and novel 
techniques are described. 

SURGICAL APPROACH BASED ON 
LOCATION OF DISEASE
Central recurrences
The surgical principle for central recurrence is straight-
forward. It is to resect as wide as possible to avoid 
positive margins to avoid leaving residual cancer post-
resection. If the recurrence is at the anastomosis 
or in a mesorectal region without involvement of 
genitourinary organs, the standard operation would 
be an abdominal perineal resection or a ultralow 
Hartmann’s procedure[28]. During the pelvic phase, the 
plane of dissection is directed more laterally than the 
usual mesorectal plane to provide adequate margins 
from the centrally located anastomotic recurrence. A 
re-do anterior resection has been shown to be risky 
and has only been reported in selected patients with 
a high rate of recurrence[29-32]. It is usually difficult to 
accurately determine the extent of tumour spread 
due to the disruption of normal planes from previous 
operation(s) and from radiotherapy related fibrosis. 

Figure 2  Central recurrence rectal cancer (T) involving the bladder (B).

B

T

B

T
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from the right side (unless a prior ileostomy or ileal 
conduit has been performed) in anticipation of citing 
a colostomy of the left side. When a locoregional flap 
is not possible, either due to the presence of infection 
or an ileo-regional flap is being utilized in an index 
operation, free flaps such as a latissimus dorsi flap can 
be considered.

Anterior involvement of the pubic bone
Tumour recurrences infiltrating anteriorly into the 
pubic bone are surgically challenging, and in the past 
were considered inoperable[38,39]. However, Solomon 
et al[40] have described a surgical approach for 
composite resection of the anterior pubic bones as 
part of exenteration procedure. This surgical technique 
typically involves an abdominal and perineal phase. 
The key step during abdominal phase is to mobilize the 

bladder en bloc with the pubic bone and separate the 
anterior abdominal wall from the symphysis pubis. The 
level of pubic bone transection delineates the extent 
of resection inferiorly. The superior and inferior pubic 
rami are fully exposed during the perineal phase. They 
are then transected using either an oscillating or Gigli 
saw. The pelvis is structurally stable even after pubic 
bone resection and does not require reconstruction. 
The same group of surgeons have reported an ac-
ceptable quality of life after pelvic exenteration with 
or without en bloc pelvic bone excision[41]. While this 
technique has proven feasible, the short and long-term 
oncological outcomes are currently under review. 

Sacral invasions
A number of possible treatment options are available 
when the tumour recurrence extends posteriorly. 
When sacral involvement is limited to the sacral 
fascia (Figure 4), an en bloc resection with periosteal 
elevation may achieve negative margins. However, 
this method carries an increased risk of intraoperative 
haemorrhage. A reasonable method to assess the 
haemorrhage risk is to attempt a trial dissection and to 
have a low threshold for sacrectomy. As an individual 
surgeon gains experience with sacrectomies, the intra-
operative blood loss can be minimized by resecting 
the sacrum en bloc with the attached presacral venous 
plexus[19].

When bony invasion is present (Figure 5), sacrec-
tomy is mandatory and is performed via a 2-stage 
composite abdomino-sacral approach. A number of 
series have reported the safety and feasibility for 
sacral resection, but sacrectomies were limited to 

Figure 4  Posterior recurrence involving the presacral fascia (outlined in 
red).
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Figure 3  Various myocutaneous flaps used to cover perineal/sacral defect. A: Vertical rectus abdominis myocutaneous flap; B: Gluteal muscle flap; C: Latissimus 
dorsi free flap. 
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recurrence below the S2/S3 junction. These series 
reported promising oncological outcomes that translate 
to a survival benefit (Table 2). In these studies, 
wound-related complications are the most common 
and the majority were managed conservatively[42-46]. 
Postoperative morbidity is reduced by limiting the 
resection to no higher than the S2/S3 junction. This 
technique maintains the patient’s urogenital function 
via preservation of the S2/S3 nerve roots as well as the 
motor function of S1 nerve roots. Sacral involvement at 
or above the level of S2 from LRRC was considered by 
many as a contraindication for resection[47].

Considering the oncological outcomes of low 
sacrectomy, there are now considerations made 
regarding the risk-benefit ratio of a high sacrectomy. 
This is in spite of the associated high morbidity, 
particularly neurologic injury and spinopelvic ins-
tability[48]. Several publications have demonstrated 
oncological benefit of high sacral resection for primary 
sacral tumours[49-51]. Wanebo et al[52] were the first 
to report on high sacral resection for LRRC. In their 
series of 53 patients, an R0 resection was achieved 
in 85% with a 5-year survival of 31%. Subsequently, 
Dozois et al[53] reported on a series of nine patients 
that underwent high sacral resection, in which all cases 
had a R0 resection with a 5-year survival rate of 30%. 
This represents a promising oncological outcome with 
regards to high sacrectomies.

More recently, Milne et al[54] compared both high 
and low sacrectomies. The study found that both have 
comparable rate of R0 resection (76% high sacrectomy 

vs 71% low sacrectomy). Interestingly, they found that 
the level of sacrectomy did not significantly increase 
the risk of neurological complications (P = 0.112). 
In addition, high sacrectomies are not associated 
with higher rate of major complications (43% for 
high sacrectomies vs 36% for low sacrectomies, P = 
0.612)[54]. 

Sacrectomies are typically completed in the prone 
jack-knife position. There are few limitations to this 
approach which includes difficult access to the lateral 
compartments of the pelvis, inability to gain vascular 
control of major intra-pelvic vessels, and anaesthetic 
concerns when ventilating in the prone position. These 
risks are especially significant for high sacral resection. 
An abdominal-only approach, first described by 
Solomon et al[55] in 2014, is an alternative. This route 
offers the distinct advantage of allowing definitive 
vascular control and access to major arteries at all 
times throughout the procedure. However, exposure 
to the muscular and ligamentous attachments of 
the sacrum can be limited in this approach. To offset 
this, the authors suggested placing a rolled towel at 
the lower back of the patient during pre-operative 
positioning. This allows for elevation of the lumbar 
sacral curve towards the operative field and facilitates 
a safer and more measured dissection of the sacrum 
during the perineal phase. 

One of the technical challenges of a high sa-
crectomy is that it requires reconstructive surgery to 
restore pelvic stability. The aim of reconstruction is to 
ensure a stable fixation between the lumbar spine and 
the pelvis. This can be achieved with either titanium 
rod fixation or occasionally via lumbopelvic bony fusion 
using bone allograft bone fusion[56,57]. Perineal and 
sacral defects can be quite extensive after en bloc 
sacral resection of the tumour recurrence. Primary 
closure may be achieved without tension and may be 
reinforced with a biological mesh[19,42,58,59]. Alternatively, 
there are various myocutaneous flaps that can be used 
for soft tissue reconstruction, as discussed above. 

Lateral/pelvic sidewall involvement
Recurrences involving the lateral pelvic side wall often 
adhere to the bony pelvis or involve key structures 
such as the ureters, iliac vessels and the sciatic nerve 
(Figures 6 and 7). This makes it least likely to achieve 
negative surgical resection margins and therefore 
results in a poorer prognosis compared to central, 
anterior and posterior diseases[17-18,31]. Resection of 
the tumour would encompass en bloc resection of 
attached structures with subsequent reconstruction. 
These procedures are technically challenging and their 
roles are still debatable. Two recent Delphi studies[60,61], 
have confirmed the views of many world experts that 
extensive lateral side wall involvement still remains a 
relative contraindication to curative surgery. 

Austin et al[62] from the Sydney group have described 

S2

S3

Figure 5  Posterior recurrence invading into distal sacrum.

Table 2  Results of previous studies of composite abdominal-
sacral resection for recurrent rectal cancer

Studies n Morbidity Mortality R0 Survival

Sagar et al[42] 40 60% 2.5% 50% 56% (3-yr)
Ferenschild et al[43] 17 68%    0% NA 46% (3-yr)

30% (5-yr)
Melton et al[44] 29 58% 3.4% 62% 63% (2-yr)

20% (5-yr)
Moriya et al[45] 57 58%   4% 84% 54% (3-yr)
Weber et al[46] 23 78%    0% 91% 51% (3-yr)
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a promising approach to extensive lateral sidewall 
disease, with dissection in the plane between the bony 
pelvis and the sidewall musculature. The surgery begins 
with mobilization of the common and external iliac 
vessels from the main bifurcation of the aorta and vena 
cava. The ureter is identified and mobilized distally to 
the vesico-ureteric junction. If the ureter is involved 
with tumour, en bloc resection is required and the ureter 
is divided proximal to the level of tumour involvement. 
The internal iliac artery and vein are ligated and divided 
at their origins. This will mitigate the risk of heavy pelvic 
haemorrhage when dissection of the tumour is carried 
out. The external iliac vessels are mobilized down to the 
level of the inguinal ligaments.

When the external iliac vessels are involved with 
either adherence or encasement of the tumour, the 
involved segment is to be removed en bloc with the 
tumour to achieve a clear margin. Various vascular 
reconstruction methods have been described using 
autologous and synthetic grafts[63,64]. The key is 
immediate reconstruction to prevent compartment 
syndrome and thrombosis. Once the major vessels 
are reflected away, and with medial retraction of the 
tumour mass, a posterolateral plane of dissection will 
lead to the lumbar-sacral trunk and sacral nerve roots 
and then on to the piriformis and obturator muscles as 
appropriate. An energy device can be used to better 
achieve hemostasis. If required, lateral recurrence 
within the greater sciatic notch, the bony ischium, the 
sacrotuberous and sacrospinatus ligaments could be 
resected en bloc. 

En bloc resection of the sciatic nerve is an estab-
lished practice for pelvic and lower limb soft tissue 
sarcoma with acceptable postoperative functional 
outcomes[65,66]. In the 1990s, Kameyama et al[67] 
reported on three patients with LRRC involving the 
sciatic nerve that underwent pelvic exenteration with 
en bloc sciatic nerve resection. All showed improved 
quality of life and an ability to walk unassisted with the 
help of below-the-knee braces. 

As expected, the literature is limited regarding the 
outcomes of patients undergoing surgery for LRRC 
involving the lateral pelvic side wall. One othe earlier 
reports from is from Japan. Yamada et al[17] showed no 
survivors at 5 years for 17 patients with lateral recurrent 
disease that underwent radical resection. Moore and 
colleague at Memorial Sloan-Kettering Cancer Centre[18] 
demonstrated that in cases where pelvic side wall 
recurrence was suggested preoperatively, there was 
a 19% rate of R0 resection rate and a similar poor 
oncological outcome as the study by Yamada. A more 
recent study, the largest series to date, has reported a 
hundred cases of pelvic exenteration with lateral pelvic 
wall excision for LRRC[68]. This was the same group 
that described the novel approach to lateral pelvic wall 
excision mentioned above. With the use of this radical 
technique, they could achieve R0 resection in 62% of 
patients with LRRC and this has translated to a median 
overall survival of 35 mo and overall 3-year survival rate 
of 45%. The authors have observed improved results 
following experience with this technique and progressive 
support from multidisciplinary experts. 

An alternative approach has been recently des-
cribed by the St Mark’s group[69]. It involves an initial 
transgluteal approach to the sciatic notch which 
is performed with patient in prone position. Once 
the lateral recurrence has been fully excised, the 
patient is turned supine to complete the operation 
via laparotomy. The group successfully achieved R0 
resection margin in all their 6 patients. In our opinion, 
this technique is feasible only in selected patients. 
It does not permit adequate vascular access and 
hence would not be suitable for patients with disease 
involving the iliac vessels. 

LAPAROSCOPIC SURGERY FOR LRRC 
Open surgery for laparoscopic surgery for LRRC is 
considered by many as technically challenging, let 
alone a laparoscopic approach. To date, there are only 

Figure 6  Recurrent rectal cancer in the lower left lateral compartment 
invading the obturator internus muscle (white arrow) and posteriorly 
involving the superior gluteal nerve (red arrow).

Figure 7  Recurrent rectal cancer at right lateral side wall (yellow arrow), 
with close proximity to iliac vessels (red arrow); this requires excision of 
involved vascular segment and reconstruction.
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a few reporting the safety and feasibility of laparoscopic 
surgery for LRRC (Table 3). The key factors for cases 
deemed suitable for laparoscopic surgery (all reported 
cases were non-exenterative surgeries) are (1) 
centrally located tumour or at most with lateral pelvic 
nodal recurrence; and (2) surgeons who are skilled in 
laparoscopic rectal surgery particularly in laparoscopic 
lateral pelvic node dissection. The authors of these 
studies[70-74] commented on the advantage of the high-
definition magnified view obtained during laparoscopy 
that facilitates precise dissection in the deep pelvis with 
distorted anatomical plane. The laparoscopic approach 
also demonstrated reduced blood loss and earlier 
return of bowel function[72-74]. From the oncological 
point of view, all the laparoscopic cases have achieved 
R0 resection. 

CONCLUSION
Management strategies for LRRC cases have evolved 
over time with more surgeons expanding the criteria 
in offering curative surgery. With the continuously 
evolving techniques in radical surgery, as evident in the 
literature, there has been significant improvement in 
achieving an R0 margin status. The prospect of survival 
for these patients has therefore improved significantly. 
However, due to the complexity of the disease, there 
is no “one-size-fits-all” surgical approach. LRRC is 
usually not confined to a single compartment within 
the pelvis. It is therefore of paramount importance to 
have a good understanding of the complex anatomy of 
the pelvis in order to formulate the most appropriate 
surgical approach. The extent of the radical resection 
should be tailored to the needs of the patient. A few 
novel techniques have been developed to encompass 
a “wider” and “higher” excision, including en bloc 
resections of the sciatic notch and composite high 
sacral (S1 and S2) resection. The preliminary data 
is promising, but the patient pool in each case series 
is small. In addition, the studies were conducted in 
highly specialised units. Understandably, there is a 

lack of substantial research and/or evidence in terms 
of long-term outcomes. Although surgical options for 
LRRC have expanded significantly, one should balance 
the treatment choices available against the morbidity 
associated with the procedure and select the right 
patient for it.
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Abstract
AIM
To evaluate a calcium activated potassium channel 
(KCa3.1) inhibitor attenuates liver disease in models of 
non-alcoholic fatty liver disease (NAFLD).

METHODS
We have performed a series of in vitro  and in vivo  
studies using the KCa3.1 channel inhibitor, Senicapoc. 
Efficacy studies of Senicapoc were conducted in 
toxin-, thioacetamide (TAA) and high fat diet (HFD)-
induced models of liver fibrosis in rats. Efficacy and 
pharmacodynamic effects of Senicapoc was determined 
through biomarkers of apoptosis, inflammation, 
steatosis and fibrosis. 

RESULTS
Upregulation of KCa3.1 expression was recorded in 
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TAA-induced and high fat diet-induced liver disease. 
Treatment with Senicapoc decreased palmitic acid-
driven HepG2 cell death. (P  < 0.05 vs  control) 
supporting the finding that Senicapoc reduces lipid-
driven apoptosis in HepG2 cell cultures. In animals 
fed a HFD for 6 wk, co-treatment with Senicapoc, 
(1) reduced non-alcoholic fatty liver disease (NAFLD) 
activity score (NAS) (0-8 scale), (2) decreased steatosis 
and (3) decreased hepatic lipid content (Oil Red O, P  
< 0.05 vs  vehicle). Randomization of TAA animals and 
HFD fed animals to Senicapoc was associated with a 
decrease in liver fibrosis as evidenced by hydroxyproline 
and Masson’s trichrome staining (P  < 0.05 vs  vehicle). 
These results demonstrated that Senicapoc mitigates 
both steatosis and fibrosis in liver fibrosis models. 

CONCLUSION
These data suggest that Senicapoc interrupts more 
than one node in progressive fatty liver disease by its 
anti-steatotic and anti-fibrotic activities, serving as a 
double-edged therapeutic sword. 

Key words: High fat diet; Liver; Steatosis; Fibrosis; 
KCa3.1 channel; Senicapoc; Inflammation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Given the large numbers of people with 
fatty livers and even relatively indolent steatosis can 
result in a significant population progressing to non-
alcoholic steatohepatitis (NASH), NASH with fibrosis 
and cirrhosis. We report for the first time that a KCa3.1 
channel inhibitor exerts an anti-steatotic effect in the 
setting of fatty liver disease which can be harnessed 
for the treatment of liver fibrosis. Second, we are the 
first to report that Senicapoc, a drug that has been 
through Phase Ⅲ clinical trials, can be repurposed for 
the treatment of fatty liver disease and potentially for 
the treatment of other lipid disorders.

Paka L, Smith DE, Jung D, McCormack S, Zhou P, Duan B, Li 
JS, Shi J, Hao YJ, Jiang K, Yamin M, Goldberg ID, Narayan P. 
Anti-steatotic and anti-fibrotic effects of the KCa3.1 channel 
inhibitor, Senicapoc, in non-alcoholic liver disease. World J 
Gastroenterol 2017; 23(23): 4181-4190  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i23/4181.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i23.4181

INTRODUCTION
Obesity, diabetes and metabolic syndrome drive non-
alcoholic fatty liver disease (NAFLD), the accumula-
tion of fat in hepatocytes not caused by excessive 
consumption of alcohol. Twenty-five percent of the 
adult United States population is thought to suffer 
from NAFLD, which can progress to nonalcoholic 
steatohepatitis (NASH) or accumulation of fat within 

the liver accompanied by inflammation[1]. Left un-
treated, NASH, which affects several million persons in 
the United States alone, can progress to liver fibrosis, 
the precursor to cirrhosis and decompensated organ 
failure[2]. The development of new therapies that 
prevent the transition from steatosis and inflammation 
to fibrosis would have substantial clinical value.

The intermediate-conductance Ca2+-activated 
K+ channel KCa3.1/KCNN4 is expressed in non-ex-
citable tissues affecting proliferation, migration and 
vascular resistance and plays an important role in 
the modulation of Ca2+ signaling and cell function[3]. 
Modulators of this channel have been reported to 
confer therapeutic benefit in models of inflammatory 
bowel disease and chronic kidney disease[4-6]. In 
activated hepatic stellate cells (HSC) and fibrotic 
livers, KCa3.1 channel expression is upregulated and 
in liver disease the KCa3.1 channel inhibitor TRAM-34 
downregulated fibrosis-associated gene expression 
and reduced portal perfusion pressure[7]. These results 
suggest that the KCa3.1 channel might represent 
a novel target for the treatment of hepatic fibrosis. 
Interestingly, long-term KCa3.1 blockade therapy 
with clotrimazole or TRAM-34 reduced atherosclerosis 
in the murine aorta and carotid arteries[8]. These 
data suggest that inhibition of KCa3.1 might impact 
events upstream of and leading to extracellular matrix 
accumulation. 

Senicapoc (C20H15F2NO; 323.34 Da) is an orally 
bioavailable, potent and selective blocker of the KCa3.1 
channel[9]. A clinical stage compound, Senicapoc was 
deemed safe and generally well-tolerated in Phase Ⅰ, 
Ⅱ and Ⅲ clinical trials[9-13]. We herein test the hypothesis 
that in NASH with fibrosis, the KCa3.1 inhibitor 
Senicapoc mitigates interstitial collagen accumulation 
via a reduction in steatosis.

MATERIALS AND METHODS
Lipid uptake and cell death
HepG2 cells (ATCC) were maintained in DMEM/10% FCS 
supplemented with L-glutamine. For the experiment, 
cells were seeded onto a 96 well plate using 10K cells/
well. Cells were allowed to attach overnight. On the day 
of the study, cells were incubated with DMEM/0.2%FCS/
L-glutamine. Senicapoc (OX-CHEM Corp., CA, United 
States) was added to final concentrations of 0, 0.1, 1.0 
or 10 µmol/L and incubated for 30 min following which 
palmitic acid (hexadecanoic acid; C16H32O2; Sigma) 
coupled to fatty acid-free BSA (Sigma) was added to 
a final concentration of 0, 75 or 150 µmol/L[14,15]. Cells 
were incubated overnight and apoptosis measured 
using the Caspase Glo 3/7 reagent (Promega).

Animal studies
All studies relating to animals were approved by our 
institutional animal use and care committee. Animals 
had access to drinking water ad libitum throughout the 
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experimental protocols. 

Hepatic KCa3.1 channel expression
Biliary obstruction: Adult male Wistar rats (175-200 
g; n = 3) were submitted to biliary occlusion using a 
previously reported method[16]. Briefly, after general 
anaesthesia (25/5 m/kg ketamine/xylazine, ip), 
laparotomy was performed by using midline abdominal 
skin and muscle incisions. The common bile duct 
was exposed and ligated with 6-0 silk sutures, the 
abdominal wall sutured closed and the animal returned 
to its cage. Twenty-eight days after surgery, animals 
were anesthetized and the livers removed. Sham-
operated rats (n = 3) were used as control. 

Thioacetamide administration: Adult male Wistar-
Furth rats (225-250 g) were administered thio-
acetamide (TAA) (150 mg/kg; n = 3) twice a week for 
8 wk[17] after which some animals were sacrificed and 
the livers removed. Sham (saline-administered; n = 3) 
rats were used as control.

Senicapoc efficacy studies
Intervention with senicapoc in TAA model: Adult 
male Wistar-Furth rats (225-250 g) were administered 
TAA (150 mg/kg, IP) or saline (0.5 mL, IP) twice 
a week for 8 wk after which some animals (n = 
6/group) were sacrificed and the livers retrieved to 
confirm disease. TAA-administered animals were then 
randomized to vehicle (Cremaphor 10% and PEG400 
10% in water; n = 12) or Senicapoc (50 mg/kg, PO, 
BID; n = 12) for 8 wk. Animals were sacrificed 16 wk 
into TAA administration following which livers were 
retrieved for analysis.

Diet-induced liver disease: Adult male C57BL/6 
mice (18-22 g) were randomized to standard laboratory 
rodent diet (5001 LabDiet, MO; sham group) or a 
modified HFD - an L-amino acid diet with 60 kcal% fat 
with 0.1% methionine and no added choline (CDAHFD; 
Research Diets, NJ, United States)[18] - for 8 wk after 
which animals (n = 3/group) were sacrificed and livers 
retrieved for analysis.

Intervention with Senicapoc in CDAHFD model: 
Adult male C57BL/6 mice (18-22 g) were randomized 
to standard laboratory rodent diet (sham group) or 
CDAHFD. After 4 wk on these diets, animals (n = 
6/group) were sacrificed and the livers retrieved for 
confirmation of disease. Animals on the special diet 
were randomized immediately to vehicle (n = 12) 
or Senicapoc (10 mg/kg, PO, BID; n = 12) for 4 wk 
following which they were sacrificed and their livers 
harvested.

Pretreatment with Senicapoc in CDAHFD model: 
Adult male C57BL/6 mice (18-22 g) were randomized 
to standard laboratory rodent diet (sham group; n = 8) 
or CDAHFD (n = 16) for 7 d after which animals were 

sacrificed and livers retrieved for analysis. Treatment 
with vehicle (n = 8) or Seniapoc (10 mg/kg, PO, BID; 
n = 8) was started on day 1 of CDAHFD and continued 
until sacrifice. 

Pretreatment with Senicapoc in HFD model: Adult 
male C57BL/6 mice were randomized to standard 
laboratory rodent diet or a high fat diet fat (HFD) 
containing 10% lard, 5% corn oil and 2% cholesterol 
(Research Diets, NJ, United States)[19]. Animals on the 
special diet were randomized immediately to vehicle 
or Senicapoc (10 mg/kg, PO, BID). After 6 wk days on 
this diet, animals were sacrificed and livers retrieved 
for analysis.

KCa3.1 channel expression
As described by Freise et al[7] KCa3.1 protein 
expression (normalized to GAPDH) was determined in 
liver homogenates using anti-KCa3.1 (12 hr incubation, 
K4, IKCa1, #APC-06, Alomone Labs) antibody followed 
by incubation with anti-rabbit secondary antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, United 
States). The signal was detected by enhanced che-
miluminescence (Amersham Pharmacia Biotech, 
Piscataway, NJ, United States) and densitometry was 
performed using Bioquant. Immunohistochemical 
staining of liver sections were performed with the 
same antibody as described previously.

Liver hydroxyproline: Liver tissues (approximately 
200 mg) were prepared and analyzed for hydroxyproline 
as described by Zhang et al[20]. The total hydroxyproline 
within each liver tissue was determined by total wet 
liver mass.

Liver fibrosis
Fibrosis was detected histologically by Masson’s 
trichrome and picrosirius red staining of collagen by 
using digital slide scanning and associated image 
analysis software as described previously[21].

NAFLD activity score, steatosis and inflammation
An observed blinded to the treatment groups assigned 
NAFLD activity score (NAS) (0-8 scale), steatosis (0-3 
scale) and inflammation (0-3 scale) values to H&E-
stained liver sections as described previously[22]. 

Liver triglycerides: Triglyceride content in liver 
homogenates was measured using a commercial 
enzyme-linked immunosorbent assay kit (ELI Tech, 
Seoul, South Korea). 

Liver histopathology: For hematoxylin and eosin 
(H&E) staining, formalin-fixed liver was embedded 
into paraffin and cut into 4 µm sections. For Oil Red-O 
staining, liver tissue was dehydrated before embedded 
into OCT compound (Sakura, Tokyo, Japan), and cut 
into 4 µm frozen sections. Commercially available 
kits (Beyotime, Shanghai, China) were used to stain 
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4 wk (Figure 1A), in livers from animals fed CDAHFD 
for 8 wk (Figure 1B) and in fibrotic livers from animals 
administered TAA for 8 wk (Figure 1C and D). 

Anti-fibrotic effect of senicapoc
Consistent with published literature[3,7] and having 
confirmed a potential role for KCa3.1 channels in 
liver disease we evaluated whether intervention with 
Senicapoc decreases hepatic collagen accumulation. 
Drug effects were evaluated in 2 etiologically distinct 
models of liver fibrosis. Rats administered TAA for 
8 wk exhibited significant increase in liver collagen 
(hydroxyproline, Figure 2A) at which time they were 
randomized to Senicapoc or vehicle. As seen in Figure 
2A and B, treatment with Senicapoc with continued 
administration of TAA, blocked the increase in liver 
collagen from weeks 8 through 16. 

Animals fed CDAHFD for 4 wk exhibited he-
patomegaly evidenced by increased liver to body mass 
ratio (7.5% ± 0.2% vs 4.8% ± 0.1%, standard diet; 
P < 0.05). Furthermore, animals on this diet exhibited 
a NAS (0 to 8 scale) of 5.1 ± 0.9 vs 1 ± 0.2, standard 
diet; P < 0.05. Randomization of animals on CDAHFD 
to Senicapoc for 4 wk was associated with a decrease 
in liver fibrosis as evidenced by hydroxyproline (Figure 
3A) and Masson’s trichrome staining (Figure 3B). 

Anti-steatotic effect of senicapoc
We sought to evaluate whether the anti-fibrotic effects 
of Senicapoc in diet-induced liver disease, is mediated, 

sections. Analysis was performed by an observer 
blinded to the treatment groups. Lipid vacuoles in 
H&E sections and lipid content in Oil Red O sections 
were semi-quantified using Bioquant Image analysis 
software program (Nashville, TN, United States). 

Hepatic inflammation (F4/80) and lipid pero-
xidation (4-hydroxynonenal): Five-µm-thick paraffin 
sections of liver tissue were prepared from the center of 
each hepatic lobe. Sections were subsequently stained 
with antibodies against F4/80 (anti-F4/80; sc-59171, 
Santa Cruz, CA, United States) and 4-hydroxynonenal 
(4-HNE) (anti-4HNE antibody; JaICA, Shizuoka, Japan). 
Staining was quantified (Bioquant) by an observer 
blinded to the treatment groups. 

statistical analysis
Data are expressed as mean ± SEM. Differences 
between groups were measured by one-way ANOVA 
with Tukey’s posthoc test for multiple comparisons. P 
values less than 0.05 were considered significant. 

RESULTS
KCa3.1 channel expression in liver disease
Upregulation of KCa3.1 has been reported in fibrotic 
liver[18]. We evaluated hepatic KCa3.1 expression in 
3 distinct rodent models of liver fibrosis. As seen in 
Figure 1, hepatic KCa3.1 expression was elevated in 
livers from animals submitted to biliary occlusion for 

0.25

0.20

0.15

0.10

0.05

0.00

KC
A3

.1
/ 

G
AP

D
H

Standard diet       CDAHFD diet

NASHKI-1 KCA3.1

40

30

20

10

0

KC
a3

.1
 p

os
iti

ve
 %

 a
re

a

Sham                BDL

P  < 0.01

KCa3.1 IHC RBDL1

5

4

3

2

1

0

%
 p

ic
ro

si
riu

s 
re

d 
st

ai
ni

ng

Sham          TAA

C-Collagen
a

40

30

20

10

0

KC
a3

.1
 p

os
iti

ve
 %

 a
re

a

Sham         TAA

KCa3.1 IHC RTAA

Sham           TAA

A B

C D
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at least, in part, via a reduction in liver lipid levels. 
To this end, we first compared NAS and steatosis (0 
to 3 scale) in CDAHFD (8 wk) animals randomized to 
vehicle or Senicapoc (weeks 4 through 8). Intervention 
with Senicapoc, reduced both NAS (Figure 4A) and 
steatosis (Figure 4B). Next, we evaluated the effect of 
Senicapoc on liver triglycerides, the main form of fat 
stored in the liver. Intervention with Senicapoc reduced 
hepatic triglyceride content (Figure 4C) in the CDAHFD 
model. 

Lipid accumulation occurring in NAFLD can trigger 
a cascade including hepatocyte apoptosis, hepatic 
inflammation and extracellular matrix deposition. 

The effect of Senicapoc on steatosis was further 
investigated in models of diet-induced liver disease. In 
animals fed CDAHFD for 7 d and concomitantly treated 
with Senicapoc, a reduction in NAS was observed in 
comparison to the CDAHFD+vehicle cohort (Figure 
5A). Again, Senicapoc reduced steatosis (Figure 5B). 
To further verify this effect of Senicapoc on hepatic 
lipid homeostasis, we analyzed the lipid vacuole area 
in hepatic sections stained with H&E from vehicle and 
drug-treated animals. As seen in Figure 5C, treatment 
with Senicapoc was associated with decreased hepatic 
lipid vacuole area. Furthermore, Senicapoc reduced 
hepatic lipid peroxidation, a measure of macrophage 
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oxidative burst and early inflammation as evidenced 
by 4-HNE staining (Figure 5D). 

To confirm that the anti-steatotic effect of Seni-
capoc was not unique to the CDAHFD model, we 
evaluated use of this drug in the HFD model of NAFLD-
NASH[18,19]. As seen in Figure 6A, treatment with 

Senicapoc reduced NAS observed in this model of 
metabolic insult. Senicapoc reduced steatosis (Figure 
6B) which was also evident in the extent of Oil Red 
O staining of the liver (Figure 6C). Since 6 wk on this 
diet is sufficient to trigger an inflammatory response 
in the liver, we investigated whether the anti-steatotic 
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effect of Senicapoc translates to a reduction in hepatic 
inflammation. Senicapoc reduced inflammation (Figure 
6D, 0-3 scale) which was also evident by decreased 
hepatic F4/80 staining (Figure 6E), a marker of active 
macrophage population.

While lipid accumulation in hepatocytes is a critical 
event in the genesis and progression of fatty liver 
disease, hepatocytes overloaded with saturated free 
fatty acids such as palmitic acid undergo apoptosis[14,15]. 
Cell death is therefore a surrogate marker of hepatocyte 
lipid accumulation. We determined whether the anti-
steatotic effect of Senicapoc translates to reduced 
apoptosis in eHpG2 cells challenged with increasing 
concentrations of palmitic acid. Senicapoc was without 
effect on cells alone (without palmitic acid; data not 

shown). As seen in Figure 7, at each concentration 
of palmitic acid tested, Senicapoc dose-dependently 
decreased HepG2 apoptosis.

DISCUSSION
Left untreated, NAFLD can progress to NASH, fibrosis, 
cirrhosis and decompensated liver failure. The 
continuum between steatosis, hepatitis and fibrosis 
lends itself to therapeutic intervention at any one of 
these nodes. This study is the first to demonstrate 
that Senicapoc, a KCa3.1 channel inhibitor, exerts an 
anti-fibrotic effect in the liver and that in diet-induced 
liver disease this anti-fibrotic effect is mediated via a 
reduction in steatosis. 
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Given the obesity, diabetes and metabolic syndrome 
epidemics, in the United States alone approximately 
81 million people are suspected to have some under-
lying steatosis; approximately 16 million people are 
suspected to have NASH of which approximately 5 
million are suspected to have NASH with fibrosis[1]. Left 
untreated, the disease can progress to cirrhosis and 
decompensated liver failure. Non-clinical and clinical 
reports[2,3] indicate that in this form of liver disease 
there is continuum from steatosis to inflammation 
to fibrosis. In an elegant proof-of-concept study[22], 
mice fed a fatty diet for 49 wk, presented with stea-
tosis but not inflammation at 8 wk, progressed to 
steatohepatitis and early fibrosis at 27 wk and then to 
steatohepatitis, fibrosis and hepatocellular carcinoma 
by week 49. The investigators hypothesized that 
the gradual progression to fibrosis associated with 
prolonged metabolic insult results from “multiple hits” 
including steatosis and activation of pathways involving 
inflammatory cytokines and inflammatory cells. In a 
clinical sample set, Leandro et al[23] reported that the 
association between steatosis and fibrosis invariably 
was dependent on a simultaneous association between 
steatosis and hepatic inflammation. Together, these 
findings suggest that the fibrotic program secondary 
to metabolic insult can be interrupted at a number of 
nodes including steatosis.

There is increasing recognition of the role ion channels 
play in both health and disease (channelopathies) and 
in the modulation of these channels to therapeutic 
benefit[2,3,24]. Freise et al[7] was the first to report that the 
KCa3.1 channel is upregulated in activated HSCs and 
the fibrotic liver and that the KCa3.1 inhibitor TRAM-34 
blocks proliferation and TGF-β1-induced activation of 
HSCs and reduces portal hypertension in cholestatic 
liver disease. This group of investigators argued that 
KCa3.1 inhibition may provide a novel therapeutic 
rationale for treatment of progressive hepatic fibrosis 

and recommended further study of the therapeutic 
potential of this target in other models of hepatic 
fibrosis. Consistent with these findings, we found that 
KCa3.1 channel expression is indeed upregulated in 
liver disease. In fact, this phenomenon is independent 
of disease etiology as channel upregulation was 
observed in 3 distinct models of liver disease viz. 
diet-, cholestasis- and toxin-induced. To the best of 
our knowledge, this study is the first to report hepatic 
KCa3.1 channel expression in metabolic insult-induced 
liver disease.

Unlike clotrimazole or TRAM-34 that are ac-
companied by severe cytochrome P450 liability[1], 
Senicapoc is a clinical trial ready, potent (IC50 6-20 
nmol/L) and selective (IC50 > 1 µmol/L for Kv1.5, 
hERG, Na (tetrodotoxin-sensitive), IKs, KvLQT and 
h-H1) blocker of the KCa3.1 channel[24]. Senicapoc was 
safe and generally well tolerated in multiple clinical 
trials involving healthy volunteers or patients with 
sickle cell anemia or asthma over a dosing period of up 
to 1 year[10-13]. It has a half-life of approximately 13 d 
in human. Clinical development of this compound for 
sickle cell anemia was discontinued for lack of efficacy 
and not safety[9]. 

Based on the afore-referenced findings of KCa3.1 
channel upregulation in liver disease and successful 
intervention with a KCa3.1 inhibitor, the objective of the 
present study was to evaluate the effects of Senicapoc 
on the progression of fatty liver disease. Specifically, 
we sought to determine whether Senicapoc mitigates 
liver disease, at least, in part, via reducing steatosis. 
Our findings from both the cell culture studies and the 
in vivo studies support this notion. Palmitic acid is a 
major form of fatty acid stored in the body. Multiple 
studies have shown a direct relation between uptake of 
palmitic acid and hepatocyte and HeG2 cell death[14,25]. 
While we did not measure lipid accumulation in HepG2 
cells, their protection from palmitic acid-induced death 
by.

Senicapoc is a surrogate for the anti-steatotic 
activity of this drug. Our results from diet-induced, but 
mechanistically distinct, models of fatty liver disease 
suggest that Senicapoc decreases lipid accumulation 
within the liver. The aggressive CDAHFD model 
has been demonstrated to mimic human NASH in 
rodents by sequentially producing steatohepatitis 
and liver fibrosis[22]. Steatosis in this model is more 
than likely a defect in the export of triglycerides from 
the liver to peripheral tissue[22]. The HFD model by 
contrast is associated primarily with a more gradual 
accumulation of lipid within the hepatocytes followed 
by inflammation. Liver fibrosis in this model takes 
months to appear and is manifest with picrosirius red 
staining as a fine filigree network rather than a bridging 
phenotype[19]. Senicapoc’s effect on lipid accumula-
tion in both models appears to be very consistent as 
evinced by multiple different readouts including cell 
apoptosis, NAS, lipid vacuole measurement (H&E), lipid 
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content measurement (Oil Red O) and liver triglycerides 
across the diet-induced models studied. In fact, these 
anti-steatotic effects are consistent with similar effects 
of TRAM-34 on the development of lipid-rich lesions 
within the vascular bed of atherosclerosis-prone mice[8]. 
Furthermore, associated with this reduction in hepatic 
steatosis by Senicapoc was a reduction in markers of 
hepatic inflammation - the inflammatory component 
of NAS, 4-HNE and F4/80. While the present study did 
not seek to determine whether this anti-inflammatory 
effect derived from the upstream anti-steatotic effect 
or was a direct effect of KCa3.1 inhibition on Kupffer 
cells as reported previously, our results with Senicapoc 
are in line with that of TRAM-34 in a model of murine 
airway inflammation and remodeling[26]. In that study, 
TRAM-34 inhibited the generation and maintenance 
of inflammation and subepithelial extracellular matrix 
deposition.

The other major finding in this study was that 
Senicapoc mitigates hepatic collagen accumulation 
evidenced in two etiologically distinct models of liver 
fibrosis viz. diet- and toxin-induced. Importantly, 
these effects of Senicapoc were interventional since 
animals on the CDAHFD for 4 wk exhibited significant 
liver pathology prior to initiation of therapy and livers 
from TAA-treated animals exhibited fibrosis prior to 
randomization. This anti-fibrotic effect of Senicapoc 
appears to derive from both its anti-steatotic effect, 
evidenced in the CDAHFD model as well as a direct 
anti-fibrotic effect, evidenced in the TAA study. 
While association between steatosis, inflammation 
and fibrosis has been documented and observed in 
the present study, the direct anti-fibrotic effects of 
Senicapoc might relate to an effect of KCa3.1 channel 
inhibitors on hepatic stellate cells (HSCs). Freise 
et al[25] reported that KCa3.1 inhibition with TRAM-34 
reduced HSC proliferation by induction of cell cycle 
arrest and reduced TGF-β1- induced gene expression 
of collagen Ⅰ, α-SMA and TGF-β1 itself. Furthermore, 
TRAM-34 blocked TGF-β1-induced activation of TGF-β1 
signaling in HSCs. 

In conclusion, together, our study and data suggests 
that Senicapoc interrupts more than one node in 
progressive fatty liver disease, perhaps serving as a 
double-edged therapeutic sword. 

COMMENTS
Background
Nonalcoholic steatohepatitis (NASH), a potentially serious form of the disease 
due to liver inflammation, which may progress to scarring and irreversible 
damage. This damage is similar to the damage caused by heavy alcohol use. 
In severe cases NASH can progress to cirrhosis and liver failure risk factors 
being obesity, diabetes and aging. Nonalcoholic fatty liver disease (NAFLD) is 
increasingly common around the world, especially in Western nations. In the 
United States, it is the most common form of chronic liver disease, affecting an 
estimated 80 to 100 million people.

Research frontiers
Given the large numbers of people with fatty livers and the generally increased 

life expectancy even relatively indolent steatosis can result in a significant 
population progressing to NASH, NASH with fibrosis and finally cirrhosis. The 
development of new therapies that prevent the transition from steatosis and 
inflammation to fibrosis would have substantial clinical value.

Innovations and breakthroughs
The authors report for the first time that a KCa3.1 channel inhibitor exerts 
an anti-steatotic effect in the setting of fatty liver disease which can be 
harnessed for the treatment of liver fibrosis. Second, we are the first to report 
that Senicapoc, a drug that has been through Phase III clinical trials, can 
be repurposed for the treatment of fatty liver disease and potentially for the 
treatment of other lipid disorders. 

Applications
Based on its selectivity for the KCa3.1 channel, its half-life in humans, it’s highly 
favorable safety profile and its activity against steatosis, Senicapoc is an ideal 
candidate to be repurposed for NASH or other lipid-related disorders.

Terminology
The continuum between steatosis, hepatitis, fibrosis and cirrhosis lends itself 
to therapeutic intervention at any one of these nodes. This study is the first to 
demonstrate that Senicapoc, a KCa3.1 channel inhibitor, exerts an anti-fibrotic 
effect in the liver and that in diet-induced liver disease this anti-fibrotic effect is 
mediated via a reduction in steatosis.

Peer-review
The authors aimed to determine the anti-fibrotic effects of Senicapoc (a 
KCa3.1 channel inhibitor) in different animal models. Senicapoc therapeutic 
effect seems to be mediated by a reduction in steatosis suggesting that fat 
accumulation in the hepatocytes might be directly related to the development of 
inflammation and in turn of fibrosis. The authors conclude that Senicapoc could 
be a good candidate for the treatment of NASH for the improvement of both 
steastosis and fibrosis.
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Abstract
AIM
To analyze time intervals of inflammation and re-
generation in a cholestatic rat liver model.

METHODS
In 36 Lewis rats, divided into six groups of 6 animals 
(postoperative observation periods: 1, 2, 3, 4, 6, 8 
wk), the main bile duct was ligated with two ligatures 
and observed for the periods mentioned above. 
For laboratory evaluation, cholestasis parameters 
(bilirubin, γ-GT), liver cell parameters (ASAT, ALAT) 
and liver synthesis parameters (quick, albumin) were 
determined. For histological analysis, HE, EvG, ASDCL 
and HMGB-1 stainings were performed. Furthermore, 
we used the mRNA of IL-33, GADD45a and p-21 for 
analyzing cellular stress and regeneration in cholestatic 
rats.
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RESULTS
In chemical laboratory and histological evaluation, 
a distinction between acute and chronic cholestatic 
liver injury with identification of inflammation and 
regeneration could be demonstrated by an increase 
in cholestasis (bilirubin: 1-wk group, 156.83 ± 34.12 
µmol/L, P  = 0.004) and liver cell parameters (ASAT: 
2-wk group, 2.1 ± 2.19 µmol/L.s, P  = 0.03; ALAT: 
2-wk group, 1.03 ± 0.38 µmol/L.s, P  = 0.03) after bile 
duct ligation (BDL). Histological evaluation showed an 
increase of bile ducts per portal field (3-wk group, 48 
± 6.13, P  = 0.004) during the first four weeks after 
bile duct ligation. In addition to inflammation, which 
is an expression of acute cholestasis, there was an 
increase of necrotic areas in the histological sections 
(2-wk group, 1.38% ± 2.28% per slide, P  = 0.002). 
Furthermore, the inflammation could be verified by 
ASDCL (4-wk group, 22 ± 5.93 positive cells per portal 
field, P  = 0.041) and HMGB-1 [2-wk group, 13 ± 
8.18 positive cells per field of view (FoV), P  = 0.065] 
staining. Therefore, in summary of the laboratory 
evaluation and histological studies, acute cholestasis 
could be found during the first four weeks after bile 
duct ligation. Subsequently, the described parameters 
declined so that chronic cholestasis could be assumed. 
For quantification of secondary biliary cirrhosis, eosin 
staining was performed, which did not reveal any signs 
of liver remodeling, thus precluding the development of 
a chronic cholestasis model. Additionally, to establish 
the chronic cholestasis model, we evaluated liver 
regeneration capacity through measurements of IL-33, 
p-21 and GADD45a mRNA.

CONCLUSION
We created a chronic cholestasis model. The point 
of inflammatory and regenerative balance was 
reached after four weeks. This finding should be used 
for experimental approaches dealing with chronic 
cholestatic liver damage.

Key words: Rats; Cholestasis; Chronic cholestasis; Rat 
liver model 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Animal research models mostly address either 
acute cholestasis or secondary biliary cirrhosis, neither 
of which reflect the clinical reality of central liver 
tumors with cholestatic liver damage without secondary 
liver cirrhosis. In this work, we present our data from a 
model simulating chronic cholestatic liver damage in an 
otherwise healthy liver.

Dondorf F, Fahrner R, Ardelt M, Patsenker E, Stickel F, Dahmen 
U, Settmacher U, Rauchfuß F. Induction of chronic cholestasis 
without liver cirrhosis - Creation of an animal model. World J 
Gastroenterol 2017; 23(23): 4191-4199  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i23/4191.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i23.4191

INTRODUCTION
Liver resection is performed as a first-line treatment 
for certain types of benign and malignant liver 
tumors, especially hepatocellular carcinoma (HCC), 
cholangiocellular carcinoma (CCC) and colorectal liver 
metastases. In most patients, this procedure can be 
performed safely with low morbidity and mortality. 
However, in a subgroup of patients with impaired 
regenerative capacity or in those undergoing extended 
resection, the risk of post-resection liver failure is 
significant[1,2].

Obstructive cholestasis is a well-known risk factor 
for complications after liver surgery. Thus, patients 
with cholestasis, for example, those with cancer 
of the extrahepatic bile ducts, are at greater risk 
for postoperative liver failure, sepsis, and death[3]. 
Cholestasis, which is often a symptom of central 
bile duct carcinoma, considerably disturbs liver 
function and regenerative ability and contributes to 
perioperative morbidity and mortality[4]. The clinical 
situation is usually characterized by subacute or 
chronic cholestasis. Condensed cholestasis increases 
the risk of postoperative hepatic insufficiency[5]. In 
2007, Yokoyama et al[4] presented various theses 
on the pathophysiological background of attenuated 
regenerative response established by cholestasis, 
including decreased portal venous inflow, decreased 
production of proliferation associated factors, 
decreased or absent enterohepatic circulation, and an 
increased rate of apoptosis.

Rodent models have been established especially 
for hepatobiliary surgery experiments focusing on 
extended liver resections, additionally, rat models are 
often used for other experimental procedures, such as 
examination of liver regeneration after BDL (bile duct 
ligation)[6]. For larger animals, logistical, financial, and 
ethical conditions are particularly limiting. Therefore, 
these approaches play a minor role in the experimental 
setting of advanced liver resections[7]. Therefore, most 
of our knowledge about liver regeneration originates 
from studies of rats after 2/3 hepatectomy[7,8]. 

In experimental liver surgery, induction of cholestasis 
with subsequent treatment of liver regeneration is often 
used[9]. It is especially remarkable that models with 
induction of acute cholestasis are used in literature. 
There are no rat models of chronic cholestasis without 
induced secondary biliary cirrhosis found in the current 
literature. 

To consider the acute phase of cholestatic liver 
damage and the transition to chronic hepatic paren-
chymal damage (fibrosis/cirrhosis), the establishment 
of a rat model is essential to approach clinical reality as 
closely as possible.  

MATERIALS AND METHODS
Animals
Male Lewis rats (Charles River, Sulzfeld, Germany) 
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aged 11 ± 1.18 wk, with body weights of 310 ± 27 
g, were kept under standard animal care conditions 
and were fed with rat chow and water ad libitum. Six 
animals were in each group (observation time 1, 2, 3, 4, 
6 and 8 wk).

Surgery 
For the implementation of anesthesia, isoflurane 
(3.0%-4.0%) in combination with oxygen (0.5 L/min) 
was used. After laparotomy, the main bile duct was 
separated and double ligated (Prolene 6-0, Ethicon, 
Norderstedt, Germany) at the liver hilum with secure 
protection of the pancreatic duct.

After the observation period (1, 2, 3, 4, 6 and 8 wk), 
the animals were harvested through blood collection 
(inferior caval vein), hepatectomy and subsequent 
exsanguination under anesthesia. 

Body and liver weights
Animal body weights were measured before the 
operation, during the observation period (daily during 
the first post-operative week, and every second day 
afterwards) and before harvesting. The wet liver 
weight was measured after hepatectomy.

Laboratory measurements
The collected blood was analyzed to obtain the 
following parameters: bilirubin, ASAT, ALAT, γ-GT, 
quick, albumin. Collected blood samples were analyzed 
using ARCHITECT ci16200 (Abbott, Wiesbaden, 
Deutschland) and a Scil Vet ABC Hematology Analyzer 
(Scil Animal Care Company Inc., Viernheim, Germany).

Histologic examination
3-4 µm paraffin-embedded liver sections were stained 
using several methods: H&E (hematoxylin and 
eosin), EvG (van Gieson stain), ASDCL (Naphtol AS-D 
chloroacetate esterase) and HMGB-1 (high-mobility 
group box 1).

The images were scanned by the Digital Slide 
Scanner Nano Zoomer 2.0-HT (Hamamatsu Photonics, 
Herrsching am Ammersee, Germany) and were 
analyzed using the Histologic viewer NDP.view. 2.3.1 
(Hamamatsu Photonics, Herrsching am Ammersee, 
Germany).

Furthermore, the histology examination program 
Histocad Virtual liver (Fraunhofer MEVIS, Bremen, 
Germany) was used[10]. 

mRNA analysis (p-21, GADD45a, IL-33)
Total RNA was isolated from 30 mg of snap frozen 
liver tissues using the RNeasy kit (Qiagen, Basel, 
Switzerland) according to the manufacturer’s ins-
tructions. cDNA was transcribed from 1 µg of RNA 
using M-MLV reverse transcriptase (Invitrogen, Basel, 
Switzerland) with a random hexanucleotide mix (Roche). 
Quantitative real-time PCR was performed using an ABI 
7700 sequence detector (Applied Biosystems, Rotkreuz, 

Switzerland). Primers and probe sequences for all 
genes measured came from ready-to-use kits produced 
by Applied Biosystems (Rotkreuz, Switzerland), 
for which the sequences were not provided. For 
normalization, the housekeeping gene glycerinaldehyd-
3-phosphat-dehydrogenase (GAPDH) was amplified 
in a parallel reaction (5’-ACTGGCATGGCCTTCCG; 
3’-CAGGCGGCACGTCAGATC; Probe - TTCCTACCCCCAAT 
GTGTCCGTCGT).

Ethical consideration
Since this study is an animal research project, an 
institutional review board statement is not needed in 
our institution.

Animal care and use statement
The animal handling protocol was designed to minimize 
pain or discomfort to the animals. The animals were 
acclimatized to laboratory conditions for two weeks 
before experimentation. The animals were kept under 
defined conventional conditions (temperature: 19-21 
℃, humidity: 30%-70%, day-night cycle of 12 h with 
light changes at 6:00 am and 6:00 pm) with up to 
three animals per cage. The conditions were recorded 
hourly by sensor and were personally controlled daily. 

The animals had access to food (1324 TPF - totally 
pathogen-free, Altromin) and water ad libitum. For the 
implementation of anesthesia, isoflurane (3.0%-4.0%) 
was used in combination with oxygen (0.5 L/min). 
All animals were euthanized by exsanguination under 
general anesthesia.

Statistical analysis
Data were presented as the mean ± SD. The results 
were analyzed using the non-parametric Mann-Whitney-
U-Test. Differences between two groups with P values 
< 0.05 were considered statistically significant. For 
analysis, SPSS (IBM; Version 23.0.0.0) was used.

RESULTS
Body weight
The average preoperative body weight was 310 ± 27 g. 
Body weight loss was measured during the immediate 
postoperative course. The minimum body weight was 
286 ± 21 g. Based on the preoperative body weight; a 
body weight loss percentage of 7.62% ± 2.46% was 
calculated. After four days, an increase in weight was 
recorded. Preoperative body weights were reached 
after 15 ± 2.55 d. 

Laboratory measurements 
Laboratory measurements are displayed in Table 1.

Necrosis 
No extensive necrosis was detected in any animals. 
Nevertheless, a dynamic pattern was identified during 
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ASDCL 
Regarding neutrophil infiltration in the portal fields, 
an increase during the first week with maximal 
increase until the second postoperative week could 
be measured. Afterwards, a decrease in neutrophil 
infiltration was shown (Table 1 and Figure 1).

HMGB-1 
Regarding evaluation of the portal fields, an increase 
of HMGB-1 positive cells could be seen during the first 
two weeks. Thereafter, counting revealed a transition 
period until the fourth postoperative week, after which 
a decrease of HMGB-1 positive cells was shown. In 
contrast to the results described above, the HMGB1-
positive cells in liver tissue but not directly located 
near a portal field reached maximum levels seven 
days after BDL with a subsequent continuous decrease 
observed (Table 1 and Figure 1).

IL-33, p-21, GADD45a 
Regarding p-21 mRNA in liver tissue, an increase could 

the period of observation. Specifically, during the 
first three weeks, an increase in the percentage of 
necrosis per section was seen. Subsequently, a decline 
of necrosis at week three was recorded (Table 1 and 
Figure 1). 

Bile ducts 
Quantifying the bile ducts, an increase in the number 
of bile ducts per portal field was seen during the first 
four weeks. Thereafter, from week 4, a decrease in 
recorded bile ducts per portal field was observed (Table 
1, Figures 1 and 2).

Connective tissue/fibrosis/cirrhosis 
To evaluate the formation of biliary cirrhosis, EvG 
staining was performed. During the entire observation 
period, an increase of connective tissue was shown 
with a maximum increase during the 4th wk after BDL. 
Subsequently, during the 6th to 8th wk groups, a slight 
reduction of connective tissue was seen in the liver 
(Table 1 and Figure 1).

Control 7 d 14 d 21 d 28 d 42 d 56 d 

Bilirubin (µmol/L)      2 ± 0 156.83 ± 34.12 37.34 ± 54.39   43.6 ± 61.49        20.5 ± 38.02      20 ± 40.25      2 ± 0
P = 0.004 P = 0.004 P = 0.008 P = 0.429 P = 0.690 P = 1.000

Albumin (g/L)        8.4 ± 0.89   5.83 ± 0.41      7 ± 1.09   7.6 ± 1.34           8 ± 1.22 9.25 ± 0.96        9.2 ± 0.84
P = 0.004 P = 0.052 P = 0.421 P = 0.329 P = 0.690 P = 0.222

Quick (%)       127 ± 3.13      137 ± 10.33  126 ± 5.02  126 ± 8.94       128 ± 4.49      96 ± 30.89       107 ± 4.79
P = 0.052 P = 1.000 P = 0.548 P = 0.429 P = 0.095 P = 0.016

ASAT (µmol/L.s)      0.91 ± 0.06     5.9 ± 0.66   2.1 ± 2.19 4.05 ± 2.55        1.9 ± 1.94 2.06 ± 1.82      1.07 ± 0.23
P = 0.004 P = 0.030 P = 0.008 P = 0.009 P = 0.151 P = 0.095

ALAT (µmol/L.s)      0.74 ± 0.09   2.11 ± 0.29 1.03 ± 0.38 1.95 ± 0.48      1.09 ± 0.18 0.93 ± 0.24      0.96 ± 0.15
P = 0.004 P = 0.030 P = 0.008 P = 0.004 P = 0.310 P = 0.032

γ-GT (µmol/L.s) 0.07 ± 0     0.4 ± 0.09 0.22 ± 0.36 0.35 ± 0.31      0.12 ± 0.11 0.12 ± 0.12 0.07 ± 0
P = 0.004 P = 0.662 P = 0.151 P = 0.662 P = 0.690 P = 1.000

GADD45a (GADD45a/
GAPDH mRNA)

          1 ± 0.58   0.84 ± 0.15 0.91 ± 0.35 3.25 ± 0.36 2.37 ± 1 0.99 ± 0.38        0.9 ± 0.43

P = 0.841 P = 0.931 P = 0.008 P = 0.030 P = 1.000 P = 0.393
p-21 (p21/GAPDH mRNA)           1 ± 0.64 7.06 ± 1.8   7.1 ± 2.55 1.93 ± 1.19      3.04 ± 1.33 1.52 ± 1.44      3.07 ± 1.24

P = 0.008 P = 0.004 P = 0.151 P = 0.009 P = 0.841 P = 0.036
IL-33 (IL33/GAPDH mRNA)           1 ± 0.21 0.91 ± 0.2 1.33 ± 0.44 4.14 ± 1.93      2.41 ± 0.82 2.58 ± 0.17      1.23 ± 0.26

P = 0.841 P = 0.329 P = 0.008 P = 0.004 P = 0.008 P = 0.036
Bile ducts (bile ducts per PF)        8 ± 0.65    17 ± 3.47    48 ± 6.13         14 ± 2.76      4 ± 0.24           5 ± 0.46

P = 0.002 P = 0.004 P = 0.015 P = 0.126 P = 0.004
Necrosis (% per slide)   0.29 ± 0.14 1.38 ± 2.28 1.31 ± 1.03      0.47 ± 0.21 0.09 ± 0.07    0.21 ± 0.2

P = 0.002 P = 0.004 P = 0.065 P = 0.004 P = 0.662
Fibrosis (% per slide)   1.09 ± 0.61 1.3 ± 0.9 1.22 ± 1.33      2.32 ± 1.67 1.76 ± 0.61      1.53 ± 0.83

P = 1.000 P = 1.000 P = 0.132 P = 0.247 P = 1.000
ASDCL (PF) (positive cells 
per PF)

     36 ± 5.38 43 ± 13    34 ± 2.15         22 ± 5.93    11 ± 1.74           6 ± 1.01

P = 0.394 P = 0.931 P = 0.041 P = 0.004 P = 0.004
HMGB-1 (PF) (positive cells 
per PF)

     17 ± 7.07    18 ± 7.67    12 ± 5.91       13 ± 5.2      8 ± 4.39           6 ± 3.78

P = 0.394 P = 0.329 P = 0.310 P = 0.009 P = 0.004
HMGB-1 (SF) (positive cells 
per FoV)

     25 ± 13.1    13 ± 8.18    10 ± 4.17           9 ± 8.43   5.4 ± 3.42           4 ± 3.09

P = 0.065 P = 0.052 P = 0.002 P = 0.009 P = 0.004

Table 1  Group-wise description of mean laboratory measurements + standard deviations (bilirubin, γ-GT, ASAT, ALAT, albumin, 
quick), laboratory measurements + standard deviation of IL-33, p-21 and GADD45a mRNA, mean measurements + standard 
deviation of histology

P values of Mann-Whitney-U-Test (P < 0.05).

Dondorf F et al . Induction of chronic cholestasis animal model



4195 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

be measured seven days after BDL with a decline in 
p-21 values after four weeks, as seen in Table 1 and 
Figure 3. In contrast to p-21, the levels of GADD45a 
and IL-33 mRNA increased, reaching a peak 21 d after 
BDL (Table 1 and Figure 3).

DISCUSSION
This experimental study aimed to induce chronic 
cholestasis without the development of liver cirrhosis 
in a rodent model. We showed a balance between 
hepatic inflammation and liver regeneration four weeks 
after BDL. Thus, our work provides an important 
contribution to further experimental studies of chronic 
cholestatic liver damage.

Animals were followed up for 1-8 wk. These ob-
servation time points were chosen on the basis of the 
current literature. As described by Georgiev et al[11], 
the best time point to evaluate acute cholestatic liver 
injury after BDL in mice should be after one week. To 
evaluate chronic cholestatic injury after BDL, follow-up 
periods greater than 2 wk were selected. In a review 

by Marques et al[12], BDL was seen as a safer method 
for induction of cirrhosis in the rat compared to the use 
of carbon tetrachloride (CCl4), which induces cirrhosis 
after 4-6 wk. Therefore, to exclude the possible 
transition to secondary biliary cirrhosis (which should 
be avoided in our setting), an observation period of up 
to eight weeks was selected. 

It must be mentioned that there is a difference 
between the results of BDL and BDL + transection 
of the main bile duct. In 1957, Symeonidis et al[13] 
reported that there is a reconstitution of laboratory 
measurements and histologic findings after BDL in rats 
in contrast to the results after BDL with simultaneous 
transection between two ligatures. Wright et al[14] also 
found that there is a reconstitution of biliary flow after 
BDL in the rat. 

Overall, with regard to this methodology, it can 
be stated that bile duct ligation or double bile duct 
ligation with subsequent separation of the bile duct 
between the ligatures would produce more clear 
results. However, there is no clinical relevance because 
in clinical practice, central liver tumors rarely lead to 

Figure 1  Graphics of histologic sections (H&E, EvG, ASDCL, HMGB-1), divided by group. 
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rapid and complete occlusion of the extrahepatic bile 
ducts. In contrast, severe stenosis of the bile duct with 
residual flow is seen in clinical practice. Therefore, 
double ligature was performed without transecting 
the bile duct to establish potential relevance to clinical 
practice. In a subsequent study it could be interesting 
to compare both approaches (double ligation vs 
transection) but the direct comparison was not aim of 
the present work.

Measurements and monitoring of body weight 
after BDL showed a regain of body weight 2-4 d 
after BDL and a return to preoperative body weight 
after 15 d. Comparing this with the results of other 
research groups, similar time periods can be seen in 
rats after BDL[15-17]. Regarding liver weight, Geerts 
et al[18] observed an increase one week after BDL in 
a murine model, which was best achieved through 
ductal proliferation. Our data also showed an increase 
after one week with a peak after three weeks. This 
correlated with the bile duct measurements; therefore, 
the hypothesis of ductal proliferation is representative. 

Additionally, Kountouras et al[15] noted an increase 
in bilirubin after BDL, which stabilized around the 
15th postoperative day with subsequent decline. 
Symeonidis et al[13] assessed the same findings in 
1957. In addition to these reports, Abdel-Aziz et al[19] 
detected the same changes in bilirubin after BDL. They 
noticed an acute cholestasis during the first week and 
a significant decline after two weeks of observation.

Regarding the development of cholestasis, it can be 
stated that cholestasis arises acutely during the first 
week after BDL and then changes into a chronic state. 
This was also described in a review by Marques et al[12] 
in 2012. During the development of acute cholestasis, 
transaminases also rose during the observation period. 
Laboratory measurements showed an increase of 
transaminase levels during the first week after BDL, 
and acute liver cell damage was clearly visible by way 
of cholestasis. Similar findings were also generated by 
Woolbright et al[20]. In a study by Lessa et al[21] an 
additional increase of transaminases during the third 
week after BDL was visible (but not significant), which 
was also detectable in our data. This phenomenon 
might be explained by the small number of animals 

in each group. Furthermore, a second process of 
cell injury or regeneration might lead to a release of 
transaminases, as at this time, markers of cellular 
stress and inflammation increased in tissue mRNA 
levels, and histological changes from caused by 
necrotic and regenerative processes were detected. 

In addition to the liver cell damage, hepatic 
synthesis was restricted after BDL due to acute 
cholestasis, as represented by the serum albumin 
levels. Therefore, the results regarding these values 
displayed a reduction in albumin levels seven days 
after BDL, reflecting impaired synthesis due to acute 
cholestasis, with a subsequent increase in values 
over time. Additionally, Krähenbühl et al[17] described 
hypoalbuminemia after BDL in rat with a subsequent 
increase during the observation period. Contrary to 
the impaired albumin synthesis, the values of the 
hepatically metabolized clotting factors, measured by 
the quick value, remained stable throughout the entire 
observation period. 

Histologic analysis, in correlation with the labo-
ratory measurements, revealed inflammation during 
the first four weeks. During this time, levels of the 
proinflammatory cytokine IL-33 increased further, 
with a peak after day 21, followed by decline during 
subsequent weeks.

No significant rate of necrosis could be detected; 
however, a dynamic variation over time could be 
observed, with an increase during the first two 
weeks after BDL. This increase of necrotic areas in 
the stained sections can be seen as an expression 
of acute liver cell damage due to cholestasis. After 
three weeks, the reduction of necrosis can be 
interpreted as a reduction in acute injury caused by 
cholestasis. Additionally, Johnstone et al[22] were able 
to determine the formation of necrosis immediately 
after biliary obstruction, which reversed during follow 
up. Furthermore, the formation of necrosis was 
demonstrated by Prado et al[23] after BDL in mice. 
In the process of biliary obstruction, necrosis is the 
expression of dead liver cells resulting from an acute 
metabolic disorder, which depletes ATP[24].

The results of bile duct quantification with the 
described increase until the first four weeks of 
observation can be seen as a histologic manifestation of 
cholestasis, but the subsequent drop after four weeks 
must be discussed as a reconstitution of biliary flow 
despite BDL. Therefore, according to Steiner et al[25] 
and Cameron et al[26], an insufficient ligature must 
be considered in this discussion. Furthermore, the 
formation of new bile ducts in the area of ligature must 
also be discussed in this context. 

The radiological cholangiography to examine this 
hypothesis was not performed in this study because 
the primary focus was placed on hepatic regeneration 
ability. Accordingly, radiological cholangiography by 
opening the bile ducts would have brought a possible 
change of data.

Wright et al[14] observed the formation of new bile 

Figure 2  Bile duct quantification, mean bile ducts per portal field + 
standard deviations, divided by group. 
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ducts by using contrast agents, both proximal and 
distal to the ligature, and noticed the formation of 
new bile ducts around a sufficient ligature. According 
to the results of the research group, new bile ducts 
formed between the 14th and 20th d postoperatively 
with reconstruction of biliary flow from day 28, which 
is comparable to the findings reported in this work. 

In their review from 2012, Marques et al[12] 
determined that cholestasis occurs two weeks after 
BDL in the rat, and after 4-6 wk, the transition to a 
secondary biliary cirrhosis could be seen. In contrast to 
that, Johnstone et al[22] could not find secondary biliary 
cirrhosis after double ligation of the bile duct after an 
observation period of 40 d. 

The results of this study showed an increase in 
connective tissue during the period of observation with 
an increase in the fourth week, followed by a recorded 
decline in the six and eight-week groups. Overall, 
our findings indicate the incipient reconstruction of 
hepatic tissue after induction of cholestasis without the 
development of fibrosis. 

There was a peak in the number of neutrophil 
granulocytes in the area of the portal fields after 14 

d of observation period using ASDCL staining. This 
supports the hypothesis of an acute inflammatory 
reaction within the first two weeks after BDL, which 
regresses subsequently. 

High mobility group box 1 acts as a mediator 
of early organ damage and inflammation[27]. Thus, 
HMGB-1 will be released from ischemic liver cells to 
mediate inflammation and damage[28]. In this context, 
a translocation of nuclear HMGB-1 can be seen in the 
cytoplasm as an important first step in response to 
damage[27]. Direct injury in the liver parenchyma was 
measured by an increase of HMGB-1 positive cells 
after seven days. 

Comparable to our results, Woolbright et al[20]. 
also detected an increase of HMGB-1 immediately 
after BDL in mice and declared their results as an 
expression of the acute inflammatory response to 
cholestatic liver injury. In the present work, a decline 
of HMGB-1 positive cells was recorded during the 
subsequent observation period. This fact reveals that 
the HMGB-1 cytokine is one of the early responses 
to injury. Following the course of acute inflammation 
as mentioned above, these results clearly show that 
liver regeneration occurs after 2-3 wk during the 
observation period.

The role of p-21 in the regulation of liver regeneration 
is complex and not completely understood[29]. Several 
studies have shown that overexpression of p-21 can 
inhibit liver regeneration[29]. Furthermore, several 
genetic studies in mice confirmed the importance of 
p-21 for the regulation of liver regeneration as well as 
its ability to delay tumor development in the liver[30]. 
We detected an increase of p-21 immediately after 
BDL. We explain this up-regulation as a result of the 
acute cholestatic liver injury. Hui et al[29] demonstrated 
in 2002 that impaired liver regeneration is associated 
with up-regulation of the cyclin dependent kinase 
inhibitor p-21. Additionally, Lehmann et al[31] found 
that p-21 mediates a transient physiological barrier to 
the progression and completion of the cell cycle, thus 
inhibiting liver regeneration. We demonstrated that 
p-21 is a marker for impaired liver regeneration with 
up-regulation immediately after BDL. The decrease 
of p-21 after 14 d could be viewed as the reduction 
of inflammation and a shift to chronic cholestatic liver 
injury with liver regenerative capacity.

The results of the IL-33 and GADD45a mRNA 
in liver tissue after two weeks provide evidence of 
incipient chronic liver tissue damage. In correlation 
with the other recorded parameters, this hypothesis 
can be supported. According to the literature, up-
regulated IL-33 can be seen in acute as well as in 
chronic liver injury. The first step of IL-33 up-regulation 
can be seen in acute liver injury, such that IL-33 has 
a function as an alarm protein[32]. The second up-
regulation of IL-33 is described in chronic liver injury, 
and its positive correlation with liver fibrosis is revealed 
by the up-regulation of collagen expression[32-34]. We 
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could confirm these findings: IL-33 increases during 
chronic cholestasis, in correlation with the number 
of bile ducts and the increase of connective tissue 
observed in histological analysis. 

Concerning the acute IL-33 up-regulation during 
the 24-48 h period[34], it must be critically noted that 
this was not addressed due to the study design, in 
which the first time point of measurement occurred 
seven days after BDL. 

The growth arrest and DNA damage 45 (GADD45) 
family genes regulate DNA repair, the cell cycle, 
cell survival, apoptosis, senescence, and DNA de-
methylation within cells under various stress stimuli. 
The GADD45 gene family encodes three proteins: 
GADD45A, GADD45B, and GADD45G[35]. The GADD45 
genes are located on different chromosomes, and their 
cognate proteins are small, highly homologous, and 
localized to both the cell nucleus and cytoplasm[35]. 
The cellular senescence process involves several steps, 
including promotion of DNA damage, generating a 
DNA repair signal, eliciting permanent cell cycle arrest, 
and the final entry into senescence[35]. Therefore, 
according to literature, we conclude that GADD45a is 
part of the cellular senescence pathway. Accordingly, 
the up-regulation of GADD45a in chronic cholestatic 
rats can be seen as a kind of cellular senescence with 
a junction to an early sign of liver fibrosis.

Summarizing the present study in the overall 
context of experimental hepatobiliary surgery, it can 
be held that the work illuminates a significant aspect 
of liver parenchymal remodeling in the cholestatic liver. 
However, there are limitations to the work because the 
considered animal group is not compared with a group 
of BDL + transection. In our opinion, this limitation 
of the experimental setup is not essential toward 
achievement of the primary goal, as the model should 
be representative of chronic cholestasis. In clinical 
practice, chronic cholestasis plays a relevant role in a 
subgroup of patients undergoing liver resection. This 
issue has not yet been investigated in experimental 
designs. This investigation in a rat BDL model has 
revealed the first insights into this problem.

COMMENTS
Background
The aim of the present work was to develop an animal model with chronic 
cholestasis without inducing secondary biliary cirrhosis, in order to investigate 
liver conditioning with the following liver regeneration in this model (similar to 
the clinical situation).

Research frontiers
For the evaluation of new therapeutic approaches, in case of conditioning of the 
liver parenchyma, rodent models are offered. However, there are no defined 
approaches in rat models that represent a chronic cholestatic damage in a 
standardized way without the formation of a secondary biliary cirrhosis. In order 
to take account of the acute phase of cholestatic damage and a transition to 
chronic hepatic parenchyma damage, the establishment of a rat model is useful 
in order to approach the clinical reality as closely as possible.

Innovations and breakthroughs
In summary of all the parameters and histological results obtained in this work, 
an acute cholestasis with the following regeneration could be determined. 
An acute cholestasis was observed after 7 d. The inflammation parameters 
recorded during the first four weeks show an inflammation in the first 3 wk after 
cholestasis induction. Subsequently, a decrease in inflammation and tissue 
damage was observed, so that a regeneration of the cholestatic parenchyma 
can be assumed. Thus, a chronic cholestasis from the 3-4 wk after cholestasis 
induction was detected. This time is thus to be regarded as a transition from an 
acute to a chronic cholestasis, which was the primary question of the present 
work.

Applications
Overall, the authors were able to establish a chronic cholestastic rat model 
without inducing secondary biliary cirrhosis with this present study. It must be 
noted that the experimental work in the cholestatic liver is of great relevance for 
clinical practice in the establishment of new therapeutic concepts.

Terminology
Cholestasis refers to an accumulation of bile acid due to an obstruction of 
bile ducts or bile formation disorder. A distinction is made between acute and 
chronic cholestasis due to intra- and extrahepatic causes, with functional or 
mechanical genesis. Liver regeneration is significantly impaired by chronic 
cholestasis. Often patients with a central liver tumor have to be operated in 
the situation of cholestasis, with impaired liver regeneration capacity after 
liver resection, which results in increased morbidity as well as mortality due to 
postoperative hepatic failure. 

Peer-review
The authors described an animal model of cholestasis and they evaluated 
parameters of parenchymal a biliary tree damage and regeneration. The text is 
brief and well-arranged.
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Abstract
AIM
To improve anti-inflammatory activity while reducing 
drug doses, we developed a nanoformulation carrying 
dexamethasone and butyrate.

METHODS
Dexamethasone cholesteryl butyrate-solid lipid nano-
particles (DxCb-SLN) were obtained with the warm 
microemulsion method. The anti-inflammatory activity of 
this novel nanoformulation has been investigated in vitro  
(cell adhesion to human vascular endothelial cells and 
pro-inflammatory cytokine release by lipopolysaccharide-
induced polymorphonuclear cells) and in vivo  (disease 
activity index and cytokine plasma concentrations in a 
dextran sulfate sodium-induced mouse colitis) models. 
Each drug was also administered separately to compare 
its effects with those induced by their co-administration 
in SLN at the same concentrations. 
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RESULTS
DxCb-SLN at the lowest concentration tested (Dx 
2.5 nmol/L and Cb 0.1 µmol/L) were able to exert 
a more than additive effect compared to the sum 
of the individual effects of each drug, inducing a 
significant in vitro  inhibition of cell adhesion and a 
significant decrease of pro-inflammatory cytokine (IL-
1β and TNF-α) in both in vitro  and in vivo  models. 
Notably, only the DxCb nanoformulation administration 
was able to achieve a significant cytokine decrease 
compared to the cytokine plasma concentration of the 
untreated mice with dextran sulfate sodium-induced 
colitis. Specifically, DxCb-SLN induced a IL-1β plasma 
concentration of 61.77% ± 3.19%, whereas Dx or Cb 
used separately induced a concentration of 90.0% ± 
2.8% and 91.40% ± 7.5%, respectively; DxCb-SLN 
induced a TNF-α plasma concentration of 30.8% ± 
8.9%, whereas Dx or Cb used separately induced ones 
of 99.5% ± 4.9% and 71.1% ± 10.9%, respectively.

CONCLUSION
Our results indicate that the co-administration of dexa-
methasone and butyrate by nanoparticles may be 
beneficial for inflammatory bowel disease treatment.

Key words: Nanoparticles; Dexamethasone; Butyrate; 
Inflammatory bowel disease; Drug delivery systems

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The oral treatment with dexamethasone and 
butyrate co-loaded into nanoparticles was effective in 
achieving strong anti-inflammatory effects at doses 
significantly lower than those required for each single 
drug. This nanoformulation may open a new window on 
the treatment of chronic inflammatory conditions such 
as inflammatory bowel disease, where dose- and time-
dependent side effects can limit the drug’s therapeutic 
usefulness. Notably, dexamethasone cholesteryl 
butyrate-solid lipid nanoparticles significantly relieved 
and repaired colon inflammation in a colitis mouse 
model thanks to the nanoformulation, which displayed 
an additive synergism among the corticosteroid, dexa-
methasone, and the short-chain fatty acid, butyrate.

Dianzani C, Foglietta F, Ferrara B, Rosa AC, Muntoni E, Gasco 
P, Della Pepa C, Canaparo R, Serpe L. Solid lipid nanoparticles 
delivering anti-inflammatory drugs to treat inflammatory bowel 
disease: Effects in an in vivo model. World J Gastroenterol 2017; 
23(23): 4200-4210  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4200.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4200

INTRODUCTION
Inflammation is a physiological process that involves 
different cells, such as leukocytes and endothelial 
cells that establish adhesive interactions in order 

to transverse the vascular wall and migrate to the 
damaged tissue. Inflammatory bowel diseases 
(IBDs), including ulcerative colitis and Crohn’s di
sease, are comprised of chronic and deregulated 
inflammation of the intestinal mucosa characterized by 
active inflammation, tissue destruction and repeated 
attempts at tissue repair that lead to a waxingwaning 
course. This persistent inflammation is triggered by 
neutrophil and macrophage infiltration, with activated 
macrophages producing a potent mixture of broadly 
active inflammatory cytokines, including interleukin (IL)-
1β and tumor necrosis factor (TNF)α[1,2]. In response 
to such proinflammatory cytokines, endothelial cells 
undergo inflammatory activation, resulting in an 
increased surface expression of cell adhesion molecules 
(CAMs), such as ICAM1, VCAM1 and Eselectin[3]. 
These endothelial CAMs play a fundamental role 
in leukocyte recruitment from the blood for tissue 
infiltration. Chronic induction of these CAMs leads to 
abnormal leukocyte recruitment, like that observed 
in chronic inflammatory diseases characterized by 
profound tissue remodeling and loss of function[4]. 

Recently, the traditional therapeutic approach 
of IBD, with the introduction of biologic agents, has 
moved away from nonspecific immunomodulators, 
including corticosteroids, thiopurines, and methotrexate 
toward a pathway-based anti-inflammatory approach. 
Even though the introduction of TNF inhibitors such as 
infliximab, as well as anti-integrins, has initiated a new 
therapeutic era, these biologics are clinically effective 
only in a subgroup of IBD patients[5,6]. Therefore, IBD 
treatment is still a difficult challenge, and efforts to 
facilitate effective drug treatment are still necessary. 
Corticosteroids exert their antiinflammatory and 
immunosuppressive effects by reducing the expression 
of cytokines and adhesion molecules, inhibiting 
leukocyte traffic and access to the inflammation site. 
In particular, dexamethasone (Dx) has been used for 
decades in the treatment of IBD flares, even if a such 
lifelong treatment might produce several adverse 
reactions that are mostly time and dosedependent, 
limiting its clinical usefulness[1,7,8]. Hence, attempts to 
maintain the IBD therapeutic effects of corticosteroids 
while minimizing their systemic side effects might 
provide a major therapeutic improvement.

With regard to corticosteroids and pharmaceutical 
technology, to date only the novel oral formulation of 
budesonide using multimatrix (MMX) drug delivery 
technology has been introduced as a treatment option 
for patients with ulcerative colitis, allowing a wider 
colonic targeting with low systemic bioavailability. The 
MMX strategy is an extension of the pHresponsive 
polymer technique that allows the sustained release of 
a drug enclosed within a gastroresistant, pHdependent 
coating[9]. However, it seems likely that all such systems 
relying on pHresponsive polymers will not be truly 
colon site-specific[10]. 

Recent advances in nanotechnology have enabled 
the development of new corticosteroid formula
tions with a nanometric approach to ameliorate 
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pharmacological properties, resulting in increased 
efficacy and reduction of side effects[11]. Different 
from the MMX strategy, the nanoparticle drug delivery 
strategy relies on the nanosize as the cardinal property 
for interaction with biological systems. Indeed, the 
nanosize determines the ability to penetrate cell 
membranes, thus facilitating the passage across 
biological barriers, interaction with the immune 
system, uptake, absorption and distribution[12]. For 
instance, the size of orally assumed nanoparticles 
may somehow determine their fate, addressing the 
kind of cell with which to interact (i.e., epithelial or 
phagocytic cells), or the depth level in the intestinal 
mucosa. Moreover, nanoparticles can directly enter 
into phagocytic cells populating the inflamed tissue, 
thus providing a wider distribution and an additional 
mechanism for drug targeting[13].

Furthermore, the potential inhibitory effect of 
nanoparticle formulations of Dx on cyclooxygenase2 
(COX2) expression is interesting. Although the 
physiological activity of COX-2 may provide a benefit 
to the organism, its aberrant expression has been 
implicated in the pathogenesis of many diseases, 
such as chronic inflammation and carcinogenesis[14]. 
Moreover, the effective inhibitory activity displayed by 
nanoparticle formulations of Dx on CAM expression 
by “inflamed” endothelial cells may be beneficial in 
blunting detrimental inflammatory reactions[15,16]. 
In particular, the incorporation of Dx into solid lipid 
nanoparticles (SLN) showed a significant improvement 
of its antiinflammatory activity in a human IBD 
whole-blood model. SLN loaded with Dx exerted 
earlier antiinflammatory effects and at lower doses 
than free Dx, highlighting how this nanoparticle for
mulation may be of therapeutic interest[17]. It is well
known that nanoparticles are efficiently taken up 
by immunocompetent cells, so that nanoparticulate 
drug carriers may be useful in targeting the inflamed 
regions. Indeed, in the presence of IBD there is a 
strong cellular immunoresponse from the inflamed 
regions, and the nanoparticle passive targeting may 
allow for the accumulation of the drug loaded into the 
nanoparticulate carrier in the inflamed area[11]. 

Furthermore, our group investigated whether the 
association between Dx and another antiinflamma
tory agent such as butyrate might be of therapeutic 
interest in IBD. Butyrate is a shortchain fatty acid 
(SCFA) normally released by intestinal epithelial cells, 
which exhibit several physiological and immunological 
functions[18]. Like other SCFA, such as acetate and 
propionate, butyrate has regulatory effects on the 
proliferation, differentiation, gene expression and 
immune regulation of colon epithelial and immune 
cells. In particular, in experimental models, butyrate 
has been demonstrated to stimulate mucus production 
by colon epithelial cells, to inhibit colon inflammation 
and oxidative stress, and to improve the colon defense 
barriers, inhibiting colon carcinogenesis as well[1921]. 
Butyrate has emerged as a modulator of adaptive 
responses, owing to its multiple biofunctions, i.e., 

restoring transforming growth factorβ (TGFβ) and 
IL-10 production in the colonic mucosa, inducing T 
cell apoptosis and dampening interferonγ (IFNγ) 
secretion[22,23]. Clinical trials have shown the 
effectiveness of butyrate monotherapy and/or in 
combination with conventional treatment in patients 
with diversion colitis, acute radiation proctitis, as 
well as ulcerative colitis[2427]. In this regard, in 
the 1990s noncontrolled pilot clinical trials using 
oral administration or enemas of butyrate yielded 
promising results in ulcerative colitis patients[28]. 
However, extended confirmatory studies have not yet 
been performed. On the other hand, in a randomized, 
doubleblind, placebocontrolled study on ulcerative 
colitis patients, the combined treatment of oral sodium 
butyrate tablets in combination with mesalazine 
significantly decreased the disease activity index 
score and improved disease outcomes with respect to 
mesalazine alone[26].

Therefore, owing to partial patient compliance 
or restricted indications, these treatments were not 
established as a standard of care. Recent studies have 
renewed the expectations in regard to strategies related 
to intestinal SCFA. The administration of probiotic 
bacteria with the capacity to produce butyrate has 
been shown to improve the symptoms in IBD models 
in vivo[29]. Moreover, the treatment with butyrate has 
been shown to increase apoptosis and differentiation, 
and to inhibit proliferation in colon, breast, gastric, 
lung, brain and pancreas cancer cells[30,31]. Butyrate 
is characterized by a short half-life, due to its rapid 
metabolism and excretion through the liver. Therefore, 
continuous administration of the drug is required in 
order to maintain therapeutic concentrations[32]. In 
addition, the use of butyrate in therapy is limited by 
its dosedependent side effects, such as anemia, 
headache, nausea, diarrhea and abdominal cramps. 

In order to overcome these limitations, SLN have 
been proposed for improving butyrate therapy, in 
that they constitute a drug delivery system able to 
ensure high drug loading, enhanced drug pharmacoki
netic profile, good biocompatibility and scaleup 
feasibility[3335]. The use of SLN has been under 
investigation in various preclinical and clinical trials, 
especially in cancer therapy, and their employment 
has been approved for clinical use in some cases[36]. 
Cholesteryl butyrate (Cb) as a butyrate SLN formulation 
has been evaluated in several in vitro and in vivo 
studies as an anticancer agent[3741] and only in in vitro 
studies as anti-inflammatory agent[17,42]. 

Thus, our group sought to develop a new SLN 
formulation carrying dexamethasone and cholesteryl 
butyrate (DxCb) and investigated the efficacy of this 
strategy in strengthening the effect of each single 
drug in the treatment of inflammation. Specifically, 
investigations of this new anti-inflammatory SLN 
formulation were carried out in the following IBD 
models: (1) in vitro, evaluating the effects on cell 
adhesion to human vascular endothelial cells and on 
pro-inflammatory cytokine release by lipopolysaccharide 
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by tangential flow filtration (cutoff 30100 kDa) to 
remove components and drug not incorporated into 
SLN, and the final product can then be filtered at 0.2 
µm for sterility or can be subjected to freeze drying. 

The Cb was prepared from cholesteryl butyrate 
(Asia Talent Chemical, Shenzen China), Epikuron 200 
(Cargill, Milano, Italy) and sodium glycocholate (PCA, 
Basaluzzo, Italy). In this formulation, cholesteryl 
butyrate lipid matrix acts as a prodrug of butyrate. 
For preparation of the DxCb-SLN, Dx 21-acetate 
(hereafter referred to as Dx; SigmaAldrich, Milano, 
Italy) was previously added and dissolved into melted 
cholesteryl butyrate matrix before adding other 
excipients as by the preparation protocol of Cb. The 
full compositions of warm microemulsions used to 
prepare Cb and DxCb-SLN are reported in Table 1. 
The temperature of these warm microemulsions was 
85 ℃ for both. After clear microemulsions had been 
obtained, they were dispersed in cold water (2 ℃) 
under stirring, at a 1:5 volume ratio. The dispersions 
obtained were then washed by tangential flow 
filtration (Vivaflow50 membrane with cutoff of 100 
kDa; Sartorius Stedim Biotech GmbH, Goettingen, 
Germany) by adding and removing the same volume 
of water 4 times (4 washings); the final concentrations 
of the main components are reported in Table 2. In 
both formulations, 2phenylethanol was added to aid 
in microemulsion formation. In particular, it works 
mainly to reduce viscosity and further helps in the 
formation of an interface between the oil phase and 
the lipid phase. Due to the multiple washings applied 
to purify the final products - four washings in this case 
 the concentration of 2phenylethanol was strongly 
reduced in the final dispersion, where it finally acted as 
a preservative. Dx (water:ethanol 9:1, 1 mmol/L) was 
also prepared as a free drug reference. 

Physical characterization was performed by 
dynamic light scattering (DLS) (Malvern Zetasizer 
- Nano ZS; Malvern Instruments, Malvern, United 
Kingdom). The data are reported in Table 3. Finally, 
electron microscopy analysis by ZEISS Supra 40 Field 
Emission Scanning Electron Microscopy confirmed the 
regular shape and nanosize of the particles (Figure 1) 
(courtesy of Prof. Pirri, Laboratory FESEM Microscopy, 
DISAT, Politecnico of Torino).

Cell lines
Leukemic human T cells (Jurkat, clone E6-1) were 
obtained from American Type Culture Collection (ATCC) 
(Manassas, VA, United States), and were cultured in 
RPMI 1640 medium supplemented with 10% fetal 
calf serum (FCS) (v/v), 2 mmol/L Lglutamine and 
antibiotics (100 U/mL streptomycin and 200 U/mL 
penicillin) (SigmaAldrich). 

Human vascular endothelial cells (HUVECs) were 
isolated from human umbilical veins from healthy 
parturients aged between 1835 years undergoing a 
natural birth (informed consent was obtained from 
all donors). The umbilical cord was collected at birth 

(LPS)-induced polymorphonuclear cells; and (2) in vivo, 
evaluating the effects in dextran sulfate sodiuminduced 
mouse colitis.

MATERIALS AND METHODS
Preparation and characterization of DxCb-SLN
Cb and DxCb-SLN were obtained with the warm 
microemulsion method (patent WO0030620). This 
process is based on mixing, in precise ratio, the melted 
lipid matrix loaded with hydrophobic drug with water 
phase (maintained at the same melting temperature 
as the lipid matrix) which contains surfactants, mainly 
phospholipids, and other cosurfactants, like SCFA, bile 
salts or shortchain fatty alcohols. When a clear warm 
microemulsion is obtained, it is dispersed in cold water 
(2 ℃) to generate nanoparticles by solidifying the lipid 
matrix. The SLN dispersion obtained is then washed 

Dianzani C et  al. Nanoparticles delivering dexamethasone-butyrate for IBD

Molar composition of warm 
microemulsion

Cb, mmol/L DxCb-SLN, mmol/L

Dexamethasone 21-acetate -     8.1
Cholesteryl butyrate 273.7 273.7
Epikuron™ 200 (purified 
phosphatidylcholine 92%)

335.5 335.5

Sodium glycocholate 194.8 194.8

Cb: Cholesteryl butyrate; DxCb-SLN: Dexamethasone cholesteryl butyrate-
solid lipid nanoparticles.

Table 1  Composition of warm microemulsion for cholesteryl 
butyrate and dexamethasone cholesteryl butyrate-solid lipid 
nanoparticles formulations

Molar composition of final 
dispersion after washing

Cb, mmol/L DxCb-SLN, mmol/L

Dexamethasone 21-acetate -   1.1
Cholesteryl butyrate 36.0 38.5
Phosphatidylcholine 48.4 49.2
Sodium glycocholate 12.5 11.2

Cb: Cholesteryl butyrate; DxCb-SLN: Dexamethasone cholesteryl butyrate-
solid lipid nanoparticles.

Table 2  Concentration of main components of water 
dispersion of cholesteryl butyrate and dexamethasone 
cholesteryl butyrate-solid lipid nanoparticles formulations 
after 4 washing steps (HPLC method determination)

Physical characterization 
DLS analysis

Cb DxCb-SLN

Zave in nm 79.6 72.9
Polydispersity index     0.25     0.28

Cb: Cholesteryl butyrate; DxCb-SLN: Dexamethasone cholesteryl butyrate-
solid lipid nanoparticles.

Table 3  Average value of hydrodynamic diameter (Zave) 
and polidispersity index of cholesteryl butyrate and 
dexamethasone cholesteryl butyrate-solid lipid nanoparticles 
formulations
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and stored at 4 ℃ until the isolation procedure by 
trypsin treatment (1%). HUVECs were cultured in 
M199 medium with the addition of 20% FCS (v/v) 
and 100 U/mL penicillin, 100 mg/mL streptomycin, 5 
UI/mL heparin, 12 mg/mL bovine brain extract and 
200 mmol/L glutamine (Sigma-Aldrich). HUVECs were 
grown to confluence in flasks and used between the 
second and fifth passages; HUVEC viability was not 
affected by the drug treatment. 

Peripheral blood mononuclear cells (PBMCs) were 
isolated from heparinized peripheral rat blood samples 
by densitygradient centrifugation over FicollPaque 
(Pharmacia Biotech, Uppsala, Sweden) according to the 
method of Liu et al[43] (the study was approved by the 
Ethics Committee of the University of Torino). PBMCs 
were cultured in RPMI 1640 medium supplemented with 
10% FCS (v/v), 2 mmol/L Lglutamine and antibiotics 
(100 U/mL streptomycin and 200 U/mL penicillin). All 
the cell lines were cultured at 37 ℃ in a humidified 5% 
CO295% air incubator.

In vitro cell adhesion assay
HUVECs were grown to confluence in 24-well culture 
plates, washed and rested for 1 d in M199 medium 
plus 10% FCS (v/v). Cells were preactivated with 
IL-1β (0.01 µmol/L) for 1 h and then exposed or not 
exposed to increasing concentrations of Dx (2.5, 25 
and 250 nmol/L), Cb (0.1, 1 and 10 µmol/L) and DxCb-
SLN (2.5 nmol/L:0.1 µmol/L, 25 nmol/L:1 µmol/L and 
250 nmol/L:10 µmol/L) for 24 h, washed with fresh 
medium twice and incubated for 1 h with Jurkat cells (1 
× 105 per well). The 1 h incubation time was chosen 
to allow full sedimentation of the adhering cells, but 
similar results were obtained with shorter incubation 
times (10 and 20 min). After incubation, nonadherent 
cells were removed by being washed three times with 
M199 medium. The center of each well was analyzed 
by fluorescence imaging[42]. Adherent cells were 
counted by the ImagePro Plus Software for micro
imaging (version 5.0; Media Cybernetics, Bethesda, 
MD, United States). Single experimental points were 
assayed in triplicate, and the standard error of three 
replicates was always below 10%. Data are shown 
as the percentage of inhibition of treated cells vs the 
control adhesion measured on untreated cells (control 
adhesion was 65 ± 5 cells per microscope field; n = 5). 

In vitro PBMC assay
PBMC viability was assayed by trypan blue dye 
exclusion, and 5 × 105/mL viable cells were cultured in 
24well culture plates with culture medium containing 
1 µg/mL LPS (Sigma-Aldrich) for 24 h. PBMCs were 
then incubated with increasing concentration of Dx 
(2.5, 25 and 250 nmol/L), Cb (0.1, 1 and 10 µmol/L) 
and DxCb-SLN (2.5 nmol/L:0.1 µmol/L, 25 nmol/L:1 
µmol/L and 250 nmol/L:10 µmol/L) for 24 h. In order 
to exclude the possibility that the drugs might affect 
cell viability, 24 h after drug incubation a trypan blue 
dye exclusion assay was performed for each condition. 

The IL-1β and TNFα protein concentrations in 
culture supernatants of PBMCs were determined at 24 
h incubation by specific enzyme-linked immunosorbent 
assay (ELISA) (eBioscience, Thermo Fisher Scientific, 
Milano, Italy) according to the manufacturer’s 
instructions. Data are shown as the percentage of the 
cytokine secretion of LPS-treated PBMCs after each 
drug treatment vs the cytokine secretion of control 
cells, i.e., LPS-stimulated PBMCs.

Animals
Male, 8 wk-old BALB/c mice, with an average weight 
of 18 g, were obtained from Charles River (Milano, 
Italy). The mice were housed in a specific pathogen-
free environment, and a 12 h light/dark cycle was 
maintained. The mice had access to water and rodent 
laboratory chow ad libitum; the weights of the mice as 
well as diarrhea were recorded daily. The procedures 
for the care and handling of the animals used in the 
study were approved by the local “Animal Use and Care 
Committee” (protocol number 12201), and they were in 
accordance with the European Directive 2010/63/EU on 
the protection of animals used for scientific purposes.

In vivo model of colitis 
Colitis was induced in mice by adding 4% (w/v) 
dextran sulfate sodium salt (DSS, molecular weight 
40000) (SigmaAldrich) to the drinking water and 
allowing ad libitum access, starting from day 0 for 5 
d. Groups of mice (at least 5 mice per group) were 
then orally treated (by gavage) daily with Dx (0.0001 
mg/g bw), Cb (0.004 mg/g bw) or DxCb-SLN (0.0001 
mg/g bw:0.004 mg/g bw) starting from day 6 for 3 
d. Moreover, in a group in which colitis was induced, 
as a sham treatment mice were administered orally 
with sterile phosphatebuffered saline solution (150 
µL/mouse per day) starting from day 6 for 3 d (DSS 
group), whereas in another group colitis was not 
induced (control group). All groups were sacrificed on 
day 10. There were at least 5 mice per group, and two 
separate experiments were carried out. There was no 
significant difference in the water consumption and food 
intake of each group during all experimental periods. 

Assessment of in vivo inflammation
The mice were weighed and inspected for diarrhea 
and rectal bleeding every day. The disease activity 
index (DAI) (i.e., the combined score of weight 
loss and bleeding) was determined according to a 
standard scoring system, as previously described by 
Rachmilewitz et al[44]. Specifically, the scores were 
defined as follows: (1) bodyweight (bw) loss (0: no 
bw loss; 1: 5%10% bw loss; 2: 10%15% bw loss; 
3: 15%20% bw loss; 4: > 20% bw loss); (2) fecal 
occult blood (0: no blood; 2: positive; 4: gross blood); 
and (3) diarrhea (0: no diarrhea; 1: mild diarrhea, 2: 
severe diarrhea). All groups were sacrificed on day 10.

The IL-1β and TNFα plasma concentrations were 
determined on day 9, i.e., 24 h after the different 
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treatments by specific sandwich enzyme immunoassay 
(eBioscience, Thermo Fisher Scientific) according 
to the manufacturer’s instructions. Data are shown 
as the percentage of the cytokine secretion of DSS
treated mice after each drug treatment vs the cytokine 
secretion of DSStreated mice.

Statistical analysis
Results are expressed throughout as mean ± SD of 
three independent experiments for in vitro studies and 
of two independent experiments for in vivo studies. 
Statistical analyses were performed on GraphPad Prism 
6.0 software (La Jolla, CA, United States). The two-way 
or oneway analysis of variance and Bonferroni’s test 
were used to determine statistical significance in the 
different treatment groups. The statistical significance 
threshold was set at p < 0.05.

RESULTS
Effects of DxCb-SLN on in vitro cell adhesion
First, we analyzed the effect of DxCb-SLN on the 
adhesion of Jurkat cells, a widely used continuous 
model of human T lymphocytes, to HUVECs comparing 
it with the effect of the drug separately, i.e., Dx and Cb. 
In order to reproduce an inflammatory environment, 
we pre-activated HUVECs with 0.01 µmol/L IL-1β for 1 
h. The treatment with IL-1β increased Jurkat adhesion 
by 180%, and this value was used as control. The 
concentration used for each drug had been found not 
to be toxic for HUVECs.

HUVECs were treated with increasing con-
centrations of each single drug, i.e., Dx (2.5, 25 and 
250 nmol/L) and Cb (0.1, 1 and 10 µmol/L), and of 
the DxCb nanoformulation (DxCb-SLN with a Dx:Cb 
concentration of 2.5 nmol/L:0.1 µmol/L, 25 nmol/L:1 
µmol/L and 250 nmol/L:10 µmol/L) for 24 h, washed 
and used in the adhesion assay with Jurkat cells. 
Figure 2 shows that DxCb SLN inhibited cell adhesion 
to HUVEC in a concentration-dependent manner. A 
significant 43.1% ± 7.3% inhibition of cell adhesion 
was already determined at the lowest concentration 
tested of the DxCb nanoformulation (DxCb-SLN with 
a Dx:Cb concentration of 2.5 nmol/L M:0.1 µmol/L), 
reaching an 81.8% ± 11.7% inhibition of cell adhesion 
at the highest concentration tested (DxCb-SLN with 
a Dx:Cb concentration of 250 nmol/L:10 µmol/L). 
Considering the inhibition of cell adhesion determined 
by the single drugs, Dx produced a 4.2% ± 0.8% 
inhibition at the lowest concentration tested (2.5 
nmol/L), reaching a 15.4% ± 0.9% inhibition at the 
highest concentration tested (250 nmol/L) and Cb 
determined a 14.9% ± 4.3% inhibition at the lowest 
concentration tested (0.1 µmol/L), reaching a 51.6% ± 
7.8% inhibition at the highest concentration tested (10 
µmol/L). Therefore, taking all the data together, the 
nanoformulation containing Dx 2.5 nmol/L and Cb 0.1 
µmol/L was able to exert an inhibition of cell adhesion 
in a more than additive manner with respect to the 
sum of the individual effects of each drug if they had 
been used separately (Figure 2).

Effects of DxCb-SLN on in vitro cytokine production
With respect to the effects on IL-1β production in 
PBMC culture supernatant, 24 h after the incubation a 
statistically significant (p < 0.05) higher decrease of 
IL-1β compared to the effect induced by each single 
drug was observed only with the nanoformulation 
containing the lowest concentrations tested (DxCb-SLN 
with a Dx:Cb concentration of 2.5 nmol/L:0.1 µmol/L; 
Figure 3A). Assuming as 100% the IL-1β production 
of untreated PBMCs, an IL-1β production of 74.3% 
± 8.7% was observed with the nanoformulation, in 
contrast to a 98.7% ± 9.8% and a 89.1% ± 8.2% 
production with Dx (2.5 nmol/L) and with Cb (0.1 
µmol/L), respectively. On increasing the concentrations, 
no significant differences on the IL-1β production were 

H 1 = 24.49 nm

Pa 1 = 58.20 nm

Pa R1

100 nm

Figure 1  FeSEM micrograph of dexamethasone cholesteryl butyrate-solid 
lipid nanoparticles. Electron microscopy analysis showed regular shape and 
nanosize of particles by height (H) or radius (R) measurements.

Figure 2  Effect of  dexamethasone, cholesteryl  butyrate and 
dexamethasone cholesteryl butyrate-solid lipid nanoparticles on human 
vascular endothelial cell adhesiveness to Jurkat cells. Human vascular 
endothelial cells were pre-activated with IL-1β (0.01 µmol/L) for 1 h and then 
exposed or not exposed to increasing concentrations of Dx (2.5, 25 and 250 
nmol/L), Cb (0.1, 1 and 10 µmol/L) and DxCb-SLN (2.5 nmol/L:0.1 µmol/L, 25 
nmol/L:1 µmol/L and 250 nmol/L:10 µmol/L) for 24 h and then incubated with 
Jurkat for 1 h. bP < 0.01, vs Dx; dP < 0.01, vs Cb. Dx: Dexamethasone; Cb: 
Cholesteryl butyrate; DxCb-SLN: Dexamethasone cholesteryl butyrate-solid 
lipid nanoparticles.
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observed using either the DxCb nanoformulation or 
each single drug (Figure 3A).

Regarding the effects on TNFα production in the 
PBMC culture supernatant, 24 h after incubation a 
statistically significant (p < 0.001) higher decrease of 
TNFα compared to the effect induced by single Dx 
was observed only with the nanoformulation at the 
lowest concentrations tested (DxCb-SLN with a Dx:
Cb concentration of 2.5 nmol/L:0.1 µmol/L; Figure 
3B). Assuming as 100% the TNFα production of 
untreated PBMCs, a TNFα production of 19.2% ± 2.8% 
was observed with the nanoformulation, compared 
to a 58.4% ± 5.3% and a 101.3% ± 11.3% produc
tion with Dx (2.5 nmol/L) and with Cb (0.1 µmol/L), 
respectively. On increasing the concentrations, no 
significant differences on TNFα production were 
observed using either the DxCb nanoformulation or Dx 
single drug (Figure 3B). Therefore, in regard to all the 
data, the nanoformulation containing Dx 2.5 nmol/L 
and Cb 0.1 µmol/L was able to exert a strong decrease 
of TNFα production in a more than additive manner 
with respect to the sum of the individual effects of each 
drug if they had been used separately (Figure 3B).

Effects of DxCb-SLN on in vivo mice colitis 
In order to evaluate the effect of the DxCb na
noformulation on a mouse colitis model, the mice 
were divided into groups, and each was given drugs 
separately or as DxCb-SLN at the same concentrations. 
Specifically, doses of Dx (0.0001 mg/g bw), Cb (0.004 
mg/g bw) or DxCb-SLN (0.0001 mg/g bw:0.004 mg/g 
bw) per day were administered orally from day 6 to 
day 8 after the colitis induction from day 0 to day 5. 
In addition, another group was composed of untreated 
mice (DSS group), and another of mice in which colitis 
was not induced (control group). Changes in mice bw 
were significantly different between the control group 

and the DSS group starting from day 7 and between 
groups treated with Dx or Cb and the control group 
starting from day 9 (Figure 4A). Instead, a slight but 
significant change in mice bw between DxCb-SLN 
treatedgroup and control group was recorded only 
at the last day of observation, i.e., day 10 (p < 0.05; 
Figure 4A). According to the DAI score determined 
for each treatment group, we observed that Dx alone 
was able to induce a significant decrease of the score 
compared to untreated mice (DSS group), with a 25% 
reduction of the disease symptoms (i.e., 6.0 vs 4.5, 
p < 0.05; Figure 4B). Notably, DxCb-SLN was able 
to induce a higher significant decrease of the disease 
score compared to untreated mice, with a 42% 
reduction of the disease symptoms (i.e., 6.0 vs 3.5, p 
< 0.01; Figure 4B).

Considering the cytokine plasma concentration on 
day 9, i.e., 24 h after drug treatment, only the DxCb 
nanoformulation administration was able to achieve a 
significant cytokine decrease compared to the cytokine 
plasma concentration of the DSS group. Assuming 
as 100% the IL-1β or TNFα production of mice with 
DSSinduced colitis on day 9, 24 h after the 3 d of oral 
treatments, only DxCb-SLN (0.0001 mg/g bw:0.004 
mg/g bw) were able to induce a significant decrease 
(Figure 5). Specifically, DxCb-SLN induced a IL-1β 
plasma concentration of 61.77% ± 3.19%, whereas 
Dx or Cb used separately induced a concentration of 
90.0% ± 2.8% and 91.40% ± 7.5%, respectively 
(Figure 5A); DxCb-SLN induced a TNF-α plasma 
concentration of 30.8% ± 8.9%, whereas Dx or Cb 
used separately induced ones of 99.5% ± 4.9% and 
71.1% ± 10.9%, respectively (Figure 5B). Thus, DxCb
SLN significantly ameliorated DSS-induced colitis in 
the mice compared to the treatments with each drug 
separately, given that the observed anti-inflammatory 
effect was higher than what would be expected from a 

Figure 3  In vitro effect of dexamethasone, cholesteryl butyrate and dexamethasone cholesteryl butyrate-solid lipid nanoparticles on interleukin-1β and 
tumor necrosis factor-α secretion. Cells were treated with increasing concentrations of Dx (2.5, 25 and 250 nmol/L), Cb (0.1, 1 and 10 µmol/L) and DxCb-SLN 
(2.5 nmol/L:0.1 µmol/L, 25 nmol/L:1 µmol/L and 250 nmol/L:10 µmol/L) for 24 h. IL-1β (A) and TNF-α (B) secretion in culture supernatant of PBMCs stimulated with 
lipopolysaccharide (LPS; 1 µg/mL for 24 h) were analyzed by ELISA. bP < 0.01, vs Dx; dP < 0.01, vs Cb. Dx: Dexamethasone; Cb: Cholesteryl butyrate; DxCb-SLN: 
Dexamethasone cholesteryl butyrate-solid lipid nanoparticles; IL: Interleukin; TNF: Tumor necrosis factor.
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simple additive effect (Figures 4 and 5).

DISCUSSION
In a previous work, we observed that the incorporation 
of butyrate and Dx separately into SLN was effective 
in enhancing the antiinflammatory activity of the 
drugs on PBMCs of IBD patients[17]. In the research 
presented herein, we observed that the combination 
therapy of Dx and butyrate coloaded into an oral 
nanoformulation, namely DxCb-SLN, was effective in 
reducing the disease activity in a mouse model of DSS
induced colitis, as verified by its effect on macroscopic 
and biochemical parameters. 

Before moving to an in vivo IBD model, we first 
tested DxCb-SLN on in vitro inflammation models. In 
a IL-1βstimulated leukocyteendothelial cell adhesion 
model, where the use of the cytokine allowed us to 
reproduce the initiation phase of IBD, the combination 
treatment with DxCb-SLN was able to significantly 
inhibit cell adhesion already at the lowest concentration 
tested, showing a significant inhibition at doses 10-fold 
lower than the dose required to achieve the same 
effects with each single drug. In a LPS-stimulated 

PBMC model, DxCb-SLN demonstrated a significant 
decrease of cytokine release that was higher for 
TNFα rather than IL-1β secretion. Once again, the 
combination treatment was more effective at doses 
10fold lower than the dose required to achieve the 
same effects with the single drug treatment, i.e., 2.5 
nmol/L:0.1 µmol/L Cb for DxCb-SLN with respect to 25 
nmol/L for Dx and 1 µmol/L for Cb. We did not observe 
significant further decreases of both cytokine release 
at the highest concentration tested of DxCb-SLN 
because the free drugs, especially Dx, had a strong 
anti-inflammatory activity by themselves.

We then investigated this novel oral nanoformulation 
on a DSSinduced colitis in vivo model, which is one 
of the experimental models most frequently used in 
investigation of novel treatments for IBD[45]. Confirming 
the data observed in vitro, the in vivo pro-inflammatory 
cytokine release was significantly decreased by the 
DxCb-SLN oral administration, the decrease for 
TNFα being more pronounced than IL-1β plasma 
concentration, 24 h after a daily treatment for 3 d. It 
is interesting that, on comparing the in vitro cytokine 
release at the lowest concentration of DxCb-SLN, we 
observed the same more pronounced decrease for 
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Figure 5  In vivo effect of dexamethasone, cholesteryl butyrate and dexamethasone cholesteryl butyrate-solid lipid nanoparticles on interleukin-1β and 
tumor necrosis factor-α secretion. Animals were treated with DSS alone (DSS), or a combination of DSS and Dx (Dx, 0.0001 mg/g bw for 3 d), DSS and Cb (Cb, 
0.004 mg/g bw for 3 d) and DSS and DxCb-SLN (DxCb-SLN, 0.0001 mg/g bw:0.004 mg/g bw for 3 d). IL-1β and TNF-α secretion in mice plasma were analyzed by 
ELISA at day 9, 24 h after drug treatment. bP < 0.01, vs Dx; dP < 0.01, vs Cb. Dx: Dexamethasone; Cb: Cholesteryl butyrate; DxCb-SLN: Dexamethasone cholesteryl 
butyrate-solid lipid nanoparticles; DSS: Dextran sulfate sodium; IL: Interleukin; TNF: Tumor necrosis factor.
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TNFα than IL-1β secretion. 
This anti-inflammatory activity was consistent with 

the decreased DAI determined by the oral treatment 
with DxCb-SLN compared to the effects induced by the 
treatment with each drug separately. Notably, the bw 
loss induced by DSS was recovered significantly only 
after the oral treatment with DxCb-SLN. Therefore, 
thanks to this novel oral nanoformulation, the 
combination therapy of Dx and butyrate had better 
effects than any other single treatment, as specifically 
revealed by the significant decrease of plasma pro
inflammatory cytokines, i.e., IL-1β and TNFα, and of 
the DAI. The efficacy of DxCb-SLN demonstrated in 
these in vitro and in vivo models may be explained 
by various mechanisms, such as particular abilities of 
nanoparticulate drug delivery systems and positive 
interaction mechanisms between Dx and butyrate. 

However, further research is necessary to exa
mine in depth the mechanism underpinning the 
enhanced anti-inflammatory effect determined by the 
simultaneous oral administration of Dx and butyrate 
as SLN formulation rather than as free drugs. For 
instance, a pharmacokinetic study comparing the 
simultaneous administration of the two drugs as free or 
loaded into the same SLN will be necessary to evaluate 
if the drug delivery system is effective in improving 
the bioavailability and inflamed tissue targeting. Also, 
molecular investigations will be necessary to evaluate 
differences in modulating inflammatory pathways by 
administering, at the same time, the two drugs as free 
or SLN formulation.

Thanks to pharmaceutical technology, we had 
the opportunity to develop an efficient drug delivery 
system able to improve the treatment of such a 
disease mediated by inflammation[11,46]. The use of 
a nanoparticulate drug carrier is useful to prevent 
early drug biological environmental degradation, to 
modulate drug pharmacokinetics, but also to enhance 
the treatment selectivity by targeting. Indeed, 
nanoparticles depending on their physicochemical 
properties can preferentially accumulate in areas of 
intestinal inflammation when delivered orally[11,12]. 
They are particularly wellsuited to the treatment 
of IBD through the local delivery of drugs to areas 
of inflammation, allowing sitespecific delivery and 
minimizing side effects in other organs. 

Targeting IBD sites is a challenging task to ensure 
the release of an intact and quantitatively clear amount 
of the administered drugs. Since drugs encounter a 
harmful environment after oral administration, high 
doses and/or frequent administration are usual to 
counter the degradation by stomach acidic pH or 
small intestine digestive enzymes; on the other hand, 
the occurrence of side effects are more likely[11,47]. In 
particular, SLN have been one of most studied carriers 
worldwide for drug delivery, since this nanosystem is 
mainly composed of solid lipid core and lecithin, has 
very low toxicity profile, good affinity for biological 
membrane, ability to facilitate uptaking/overcoming, 
and capacity to improve drug pharmacokinetics[48,49].

Therefore, the therapeutic potential of this novel 
anti-inflammatory drug nanoformulation in IBD is due 
to: (1) time protection of the loaded drug, especially 
for butyrate; (2) controlled release of the loaded drug, 
allowing a prolonged drug exposure; and (3) passive 
targeting of IBD sites, as a result of the abnormal 
permeability of inflamed colonic mucosa and the 
nanoparticle preferential uptake by immunocompetent 
cells.

Moreover, because some studies have reported the 
ability of butyrate to enhance the antiinflammatory 
activity of corticosteroids or nonsteroidal drugs[50,51], 
we decided to evaluate the effect of a combination 
therapy of Dx and butyrate. It is wellknown that 
butyrate may play an important role in regulating 
intestinal inflammation[52,53]. As reported by Place 
et al[22], butyrate influences NF-κB activity by preventing 
the proteasomedependent degradation of IκBα. This 
inhibition appears to arise from butyrate’s ability to 
inhibit histone deacetylase (HDAC)[54]. Specifically, the 
selective changes in gene expression induced by HDAC 
inhibitors, such as butyrate, arise from the enhanced 
acetylation of histone proteins and generegulatory 
transcription factors (e.g., p53, Sp1 and Sp3)[22]. 

NFκB is a central mediator of the immune and 
inflammatory response and, upon activation, it rapidly 
enhances the expression of proinflammatory genes 
such as those encoding cytokines and cell adhesion 
molecules[55]. Dx effect on cytokine modulation in IBD 
is achieved through the translocation and activation of 
the glucocorticoidreceptor complex that can both bind 
to, and inactivate, key pro-inflammatory transcription 
factors, such as NFκB[56]. Therefore, the greater effect 
observed in both in vitro and in vivo inflammation 
models by DxCb-SLN on TNF-α rather than IL-1β 
secretion might be modulated by a gene transcriptional 
regulation of NFκB. Thus, according to our data we 
can speculate that an additive synergistic effect on 
NFκB modulation due to the coadministration of 
Dx and butyrate might be responsible for the higher 
antiinflammatory effect observed compared to the 
use of each drug separately, even if further molecular 
investigations are needed to confirm this hypothesis. 

DxCb-SLN may provide a novel approach to 
treating IBD by taking advantage of a combination 
treatment achieved by coloading Dx and butyrate 
into the same nanoparticle, which is able to exert a 
more than additive anti-inflammatory effect. Moreover, 
the pronounced antiinflammatory activity of the 
DxCb-SLN oral treatment may be also due to passive 
targeting of the inflamed IBD sites, with the potential 
to reduce systemic side effects of each single drug in 
addition to the reduced amount of each drug required 
to achieve such an important anti-inflammatory activity.
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COMMENTS
Background
Dexamethasone has been used for decades in the treatment of inflammatory 
bowel disease (IBD) flares, even if such a life-long treatment might produce 
several adverse reactions that are mostly time- and dose-dependent, limiting 
its clinical usefulness. Hence, attempts to maintain the IBD therapeutic effects 
of corticosteroids while minimizing their systemic side effects might provide a 
major therapeutic improvement.

Research frontiers
Nanotechnology can be used to improve the pharmacokinetic and 
pharmacodynamic properties of such a powerful drug. The authors have 
developed a nanoformulation carrying dexamethasone and the short-chain fatty 
acid, butyrate, to improve anti-inflammatory activity while reducing drug doses.

Innovations and breakthroughs
The authors developed a new solid lipid nanoparticle formulation carrying 
dexamethasone and butyrate highlighting the efficacy of this strategy in 
strengthening the effect of each single drug in the treatment of inflammation. 

Applications
This nanoformulation may open a new window on the treatment of chronic 
inflammatory conditions such as inflammatory bowel disease, where dose- and 
time-dependent side effects can limit the drug’s therapeutic usefulness. Notably, 
dexamethasone cholesteryl butyrate-solid lipid nanoparticles significantly 
relieved and repaired colon inflammation in a colitis mouse model thanks 
to the nanoformulation, which displayed an additive synergism among the 
corticosteroid, dexamethasone, and the short-chain fatty acid, butyrate.

Terminology
Solid lipid nanoparticles are mainly composed of solid lipid core and lecithin, 
have very low toxicity profile, good affinity for biological membrane, ability to 
facilitate up-taking, and capacity to improve drug pharmacokinetics.

Peer-review
This is a very interesting article discussing a novel drug delivery using 
dexamethasone cholesteryl butyrate-solid lipid nanoparticles in in vitro and in 
vivo models.
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Abstract
AIM
To compare liver proteolysis and proteasome activation 
in steatotic liver grafts conserved in University of 
Wisconsin (UW) and Institut Georges Lopez-1 (IGL-1) 
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solutions.

METHODS
Fatty liver grafts from male obese Zücker rats were 
conserved in UW and IGL-1 solutions for 24 h at 4 ℃
and subjected to “ex vivo ” normo-thermic perfusion 
(2 h; 37 ℃). Liver proteolysis in tissue specimens 
and perfusate was measured by reverse-phase high 
performance liquid chromatography. Total free amino 
acid release was correlated with the activation of 
the ubiquitin proteasome system (UPS: measured as 
chymotryptic-like activity and 20S and 19S proteasome), 
the prevention of liver injury (transaminases), mito-
chondrial injury (confocal microscopy) and inflammation 
markers (TNF 1 alpha, high mobility group box-1 
(HGMB-1) and PPAR gamma), and liver apoptosis 
(TUNEL assay, cytochrome c and caspase 3).

RESULTS
Profiles of free AA (alanine, proline, leucine, isoleucine, 
methionine, lysine, ornithine, and threonine, among 
others) were similar for tissue and reperfusion effluent. 
In all cases, the IGL-1 solution showed a significantly 
higher prevention of proteolysis than UW (P  < 0.05) 
after cold ischemia reperfusion. Livers conserved 
in IGL-1 presented more effective prevention of 
ATP-breakdown and more inhibition of UPS activity 
(measured as chymotryptic-like activity). In addition, 
the prevention of liver proteolysis and UPS activation 
correlated with the prevention of liver injury (AST/
ALT) and mitochondrial damage (revealed by confocal 
microscopy findings) as well as with the prevention of 
inflammatory markers (TNF1alpha and HMGB) after 
reperfusion. In addition, the liver grafts preserved in 
IGL-1 showed a significant decrease in liver apoptosis, 
as shown by TUNEL assay and the reduction of cyto-
chrome c, caspase 3 and P62 levels. 

CONCLUSION
Our comparison of these two preservation solutions 
suggests that IGL-1 helps to prevent ATP breakdown 
more effectively than UW and subsequently achieves a 
higher UPS inhibition and reduced liver proteolysis.

Key words: Liver proteolysis; Proteasome activation; 
Fatty liver preservation; Institut Georges Lopez-1; 
University of Wisconsin; High mobility group box 1; 
Cold ischemia reperfusion injury

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Although several reports have confirmed that 
proteolytic activity during cold storage determines graft 
outcome after transplantation, the effect of preservation 
solution on steatotic liver graft proteolysis and on the 
activation of ATP-dependent proteasome during cold 
ischemia injury has not been fully investigated. Here, 
we compared the effect of two preservation solutions 
Institut Georges Lopez-1(IGL-1) and University of 
Wisconsin on liver proteolysis and ubiquitin-proteasome 

activation when steatotic liver grafts were subjected to 
cold storage. We provide evidence for a protective role 
of proteasome and proteolysis inhibition using IGL-1 
during steatotic liver graft preservation.

Zaouali MA, Panisello-Roselló A, Lopez A, Castro Benítez 
C, Folch-Puy E, García-Gil A, Carbonell T, Adam R, Roselló-
Catafau J. Relevance of proteolysis and proteasome activation 
in fatty liver graft preservation: An Institut Georges Lopez-1 vs 
University of Wisconsin appraisal. World J Gastroenterol 2017; 
23(23): 4211-4221  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4211.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4211

INTRODUCTION
Functional graft recovery remains one of the major 
complications after liver surgery. Cold static preservation 
is an inherent feature of liver transplantation (LT) 
and is strongly associated with graft outcome after 
transplantation[1]. Despite continued attempts to 
improve preservation solutions, success in liver trans
plantation is always hampered by the complexity 
of ischemia reperfusion (I/R) injury[2,3]. In addition, 
exacerbated I/R injury is due, to a large extent, to 
the quality of the graft and to its conservation in 
preservation solutions[4,5]. In the liver, the presence 
of steatosis makes the graft more vulnerable to cold 
I/R injury[6] and thus aggravates the detrimental 
effects of cold I/R injury in fatty liver grafts preserved in 
commercial solutions. 

University of Wisconsin (UW) solution is considered 
to be the standard solution for liver graft preservation. 
However, alternative preservation solutions have 
been used in clinical liver transplantation, such as 
Institut Georges Lopez1 (IGL1), histidinetryptophan
ketoglutarate (HTK) and Celsior solutions. Briefly, IGL-1 
is a new preservation solution whose differences visà
vis UW are the oncotic agent used (PEG35, instead of 
HES) and its lower potassium and lower viscosity. HTK 
and Celsior solutions have no oncotic agent[2,7]. 

The ubiquitinproteasome system (UPS) is the 
principal nonlysosomal proteolytic system and is 
thought to contribute to a large variety of pathologies, 
including I/R injury associated with LT[810]. Recently, 
we showed that UPS modulation is a pharmacological 
target for improving graft preservation and for 
reducing I/R injury in the liver[10].

Moreover, it is has been well established that 
proteolysis is necessary to control protein concentra
tion and to prevent its abnormal accumulation[8]. 
Proteasomes also perform multiple intracellular func
tions, such as the degradation of damaged proteins 
and the modulation of many regulatory proteins that 
are involved in inflammatory processes including the 
cell cycle, metabolism, growth and differentiation[8]. In 
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fact, proteolytic activity is necessary for amino acid (AA) 
recycling of proteins that are no longer needed, thus 
preventing their accumulation in the cytoplasm[11,12].

The first evidence that proteolysis has a detrimental 
effect on liver graft outcome after transplantation 
was provided by Calmus et al[13] who showed that 
the degree of proteolytic activity detected by the free 
amino acids in the effluent of human liver grafts is a 
good predictive marker for postoperative graft function 
when using UW solution. Later, Upadhya et al[14] proved 
that the composition of the preservation solution may 
be relevant for the prevention of liver proteolysis. 
These authors demonstrated that lactobionate, a 
component of the UW solution, is a key factor for 
preventing the release of matrix metalloproteinases, 
particularly gelatinases, during cold preservation[15]. 
More recently, other solutions such as IGL1 have also 
been considered as potential alternatives to UW[1,16]. 
Despite the proven efficiency of IGL1, especially 
in steatotic liver preservation, its effects on graft 
proteolysis have not been investigated to date.

It is well known that energy breakdown following 
oxygen deprivation in liver graft is the main event 
during cold storage, and that its effects are concomitant 
with a significant decrease in ATP content which leads 
to severe graft damage[2]. It was recently reported that 
this ATP decline may activate a subset of 26S protea
somes, a celldestructive protease that contributes to 
myocardial injury during cold ischemia[17,18]. Moreover, 
this proteasome inhibition contributes to prolonging 
myocardial viability in hypothermic preservation[19]. 
Recently, we demonstrated that proteasome inhibitors 
such as MG132 and bortezomib protected fatty liver 
grafts when they were used as additives to UW 
and IGL1 solutions[10,20]. However, the role of the 
UPS system and liver proteolysis in fatty liver graft 
preservation has not been fully investigated. 

The aim of this study is to assess the potential 
relationship between proteolysis, energy breakdown 
and liver injury using UW and IGL1 solutions, in 
order to shed new light on the molecular and cellular 
mechanisms involved in liver cold I/R injury.

MATERIALS AND METHODS
Animals
Homozygous (obese [Ob]) Zücker rats aged 1618 wk 
were purchased from IffaCredo (L’Abresle, France). 
An “ex vivo” perfused rat liver model was used, as 
previously described. All procedures were performed 
under isofluorane inhalation anesthesia according to 
the European Union regulations (Directive 86/609 
EEC) for animal experiments[21].

Preservation solutions 
We used UW (gold standard) and IGL1 solutions. 
IGL1 solution is a modification of UW solution in 
which hydroxyethyl starch (HES) is substituted by 
polyethylene glycol 35 (PEG 35) and the ionic K/Na ratio 

is also reversed. 

Experimental groups and isolated perfused liver model 
Briefly, 24 rats were randomly divided into three 
groups. The abdomen was opened by midline incision, 
following cannulation of the common bile duct, and 
the portal vein, the splenic and gastroduodenal veins 
were ligated. After organ recovery the livers were 
flushed with UW (UW group) and IGL-1 (IGL-1 group) 
preservation solutions respectively, and then stored 
in each solution for 24 h at 4 ℃. Next, the preserved 
livers were flushed with a perfusion liquid consisting 
of a cell culture medium (William’s medium E, Bio 
Whitaker, Barcelona, Spain), with a KrebsHenseleit
like electrolyte composition enriched with 5% albumin 
as osmotic support. For the reperfusion, livers were 
connected via the portal vein to a recirculating 
perfusion system for 2 h at 37 ℃. The third study 
group was a Control group (Cont) in which livers were 
flushed and immediately perfused ex vivo without 
ischemic preservation. Time 0 was the point at which 
the portal catheter was satisfactorily connected to the 
circuit. During an initial equilibration period of 15 min 
of perfusion, the flow was progressively increased 
in order to stabilize the portal pressure at 12 mmHg 
(Pression Monitor BP1, Instruments, Inc., Sarasota, 
FL, United States). In order to maintain the portal 
pressure at 12 mmHg, the flow rate was modified 
using a peristaltic pump (Minipuls 3, Gilson, France). 
The buffer was continuously ventilated with a 95% O2 
and 5% CO2 gas mixture. It was subsequently passed 
through a heat exchanger (37 ℃) and a bubble trap 
prior to entering the liver[21,22].

Protocol I Proteasome activity and ATP levels 
after 24 h cold storage: In order to evaluate the 
proteasome activity and ATP breakdown in steatotic 
liver grafts following 24 hcold storage in UW or IGL1, 
aliquots of the flush effluents and liver tissue samples 
were collected and stored at 80 ℃ for subsequent 
measurement. Control livers (Cont 1 group) were 
flushed with Ringer’s lactate solution via the portal vein 
without ischemic preservation.

Protocol II Evaluation of proteasome activity and 
liver viability after 2 h reperfusion: To examine 
the role of UW and IGL1 solutions in proteasome 
activation and their subsequent effect on proteolysis, 
liver function and also liver damage, fatty livers were 
subjected to two hours of normoxic reperfusion. Then, 
the perfusate effluent and the liver tissue sample were 
collected and stored at 80 ℃ for later measurement. 
In control group (Cont 2) livers were flushed with 
Ringer’s lactate and immediately perfused ex vivo 
without ischemic preservation.

Biochemical determinations
Nucleotide analysis and ATP content: Livers 
were homogenized in perchloric acid solution, and 
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and a near infrared Titanium:Saphire laser (MaiTai, 
SpectraPhysics) for twophoton excitation running at 
800 nm. Images were acquired with resonant scan at 
8000 lines/s. Twophoton excitation was performed 
at 800 nm and emission of the different fluorescent 
dyes was captured at the following wavelength ranges: 
Evans blue dye (515560 nm), and rhodamine 123 
(500550 nm)[28,29].

Western blotting analysis of PPARγ , HMGB-1, Caspase3, 
cytochrome C, 20S5beta and 19S proteasome subunit 
and β -Actin
Liver tissue was homogenized as described else
where[30], and proteins were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and 
transferred to polyvinylidene fluoride membranes. 
Membranes were immunoblotted with antibodies 
against 20S5beta and 19S proteasome subunits 
(BMLPW 8895,and BMLPW8825 respectively, ENZO 
Life Sciences, Madrid, Spain), PPARγ and HMGB1 
(Abcam, United Kingdom), cleaved caspase 3 and 
cytochrome C (Cell Signaling, Beverly, MA, United 
States), and βActin (Sigma Chemical, St. Louis, MO, 
United States). Signals were detected by enhanced 
chemiluminescence and quantified by scanning 
densitometry[10]. 

Terminal deoxynucleotidyl transferase-mediated dUTP 
nick end-labeling method[31]

To detect apoptotic cells, 16μmthick frozen sections 
from livers were collected on polyLlysinecoated glass 
slides, and the nuclear DNA fragmentation of apoptotic 
cells was labeled in situ by the TUNEL method using 
an ApopTag Peroxidase In Situ Apoptosis Detection Kit 
(Intergen Co. Purchase, NY, United States). Briefly, the 
sections were fixed in 1% paraformaldehyde in PBS, 
pH 7.4 for 10 min at room temperature and, after 
washing in PBS, they were postfixed in precooled 
ethanol:acetic acid 2:1 for 5 min at 20 ℃. After 
rinsing in distilled water, the sections were treated 
with 3% hydrogen peroxide in 10% methanol for 5 
min, washed with distilled water and incubated in the 
equilibration buffer provided for 10 min. Then, the 
sections were incubated with terminal deoxynucleotide 
transferase (TdT) in the reaction buffer provided 
with digoxigenindUTP, in a humidifier chamber at 
37 ℃ for 1 h. The incorporated digoxigenindUTP was 
detected by peroxidaseconjugated antidigoxigenin 
antibody and the signal developed by incubation 
with 3,3diaminobenzidine (DAB) in the presence 
of H2O2. The slides were counterstained with Harris 
hematoxylin. Negative controls were prepared by 
replacing the antidigoxigenin antibody with phosphate 
saline buffer, and a case of breast carcinoma was 
included as positive control.

Statistical analysis
Data are expressed as means ± SD and were com
pared statistically by variance analysis, followed by the 

the adenine nucleotide pool was measured by high
performance liquid chromatography (HPLC) as pre
viously reported[23,24].

Assessment of liver proteolysis[7]: Free amino 
acid content in ex vivo eluates and tissue specimens 
was measured by HPLC techniques, as previously 
described[25]. Briefly, effluent and tissue homogenization 
samples were first deproteinized by ultrafiltration and 
then derivatized with phenylisothiocyanate (PITC) 
to produce phenylthiocarbamyl (PTC) amino acids. 
Amino acids were determined by automated gradient 
reverse phase HPLC and ultraviolet detection at 254 
nm. Quantitative analysis of total free amino acids was 
performed using the PICO.TAG Amino Acid Analysis 
System[25]. 

Transaminase assay: Hepatic injury was evaluated 
according to transaminase levels using a commercial 
kit from Boehringer Mannheim (Munich, Germany)[10].

Proteasome chymotryptic-like activity assay[9,10]: 
ATPdependent chymotryptic activity of the proteasome 
was measured using the substrate NSucLeuLeuVal
Tyraminomethylcoumarin (ENZO Life Sciences). The 
cleavage products AMC were analyzed in a fluorimeter 
(excitation/emission 380/460 nm). Product formation 
was linear with time (at least for 60 min). Background 
activity (caused by nonproteasomal degradation) was 
determined by the addition of the proteasome inhibitor 
epoxomicin at a final concentration of 20 μmol/L (ENZO 
Life Sciences). 

Glutamate dehydrogenase activity[10]: Liver 
mitochondrial damage was measured by GLDH activity 
levels at the end of reperfusion, as previously reported.

Inflammatory mediators: TNF alpha and IL-1/IL10 
TNF alpha levels were measured using a commercial 
immunoassay kit for rat TNF alpha from Biosource 
(Caramillo)[10,26]. IL1 beta and IL10 were measured 
by enzymelinked immunosorbent assay as previously 
reported[10,27]. Commercial kits from Amersham 
LifeScience (Amersham, United Kingdom) were used.

Confocal microscopy for mitochondrial damage
During 2 h of normothermic preservation, fatty 
livers were perfused with Krebs supplemented with 
rhodamine 123 (0.11 mg/L, Sigma, R8004) for 
mitochondrial membrane potential staining and 1% 
Evans blue dye used as a viability assay on the basis 
of its penetration into nonviable cells. Fatty livers 
were then carefully sectioned (0.5 cm3 fragments) 
and the internal side of the liver was exposed on the 
glass coverslip mounted on the stage of a Leica TCS 
SP5 resonant scan multiphoton confocal microscope 
(Leica Microsystems Heidelberg GmbH) equipped 
with a HCX IR APO L 25 × water immersion objective 
(Numerical Aperture 0.95), scanner at 400 lines/s, 
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StudentNewmanKeuls test. P < 0.05 was considered 
significant.

RESULTS
We evaluated the relevance of proteasome activity 
and proteolysis in fatty livers preserved in IGL1 
and UW solutions when subjected to normothermic 
reperfusion. As Figure 1A shows, chymotrypticlike 
proteasome activity increased in steatotic liver grafts 
during cold preservation in UW solution compared 
with control nonpreserved livers. However, steatotic 
livers preserved in IGL1 solution showed lower 
chymotrypticlike proteasome activity than those 
preserved in UW solution. 

Given the close relationship between proteasome 
activity and the ATP contents during cold preservation[18], 
we next evaluated the ATP concentration during liver 
preservation. Lower ATP levels during cold storage were 
observed in steatotic livers preserved in UW solution 
than in nonpreserved livers. ATP breakdown was more 
effectively prevented by the use of IGL1 solution (Figure 
1B). 

With these results in mind, we also evaluated the 
chymotrypticlike proteasome activity and the 19S 
and 20S proteasome protein levels after reperfusion. 
As indicated in Figure 2A, the chymotrypticlike 
proteasome activity after reperfusion follows the same 
pattern profile as those observed for cold storage. 
The 20S proteasome protein levels were reduced only 
when IGL1 preservation solution was used. In contrast, 
the 19S subset protein levels remained unchanged 

across all experimental groups (Figure 2B and C). 
Also, the AA profiling studies confirmed that 

IGL-1 offered more efficient prevention of AA release 
in tissue graft specimens and effluents after 2 
hreperfusion at 37 ℃. The AA profiles obtained in 
liver tissue (Figure 3B) and eluate samples (Figure 3A) 
were similar but were seen more in tissue samples 
than in ex vivo eluates, thus confirming the relevance 
of proteolysis (measured as free AA release) after cold 
I/R injury. The better prevention of liver proteolysis 
in grafts preserved in IGL1 solution than in UW 
was consistent with significant reductions in other 
parameters associated with the pathophysiology of 
liver I/R injury, such as transaminases (ALT and AST) 
and GLDH release as sensitive and specific markers of 

Figure 2  Chymotryptic-like activity (A) and 20S (B) and 19S (C) protein 
levels after reperfusion. Representative Western blot at the top and 
densitometric analysis at the bottom of 20S (B) and 19S (C). aP < 0.05 vs 
Cont1, cP < 0.05 vs UW. Cont2: Liver flushed and perfused ex vivo without cold 
preservation; UW: Liver preserved in UW solution; IGL-1: Liver preserved in 
IGL-1 solution; UW: University of Wisconsin; IGL-1: Institut Georges Lopez-1.
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Figure 1  Chymotryptic-like proteasome activity (A) and ATP content (B) 
in steatotic livers after cold preservation. aP < 0.05 vs Cont1, cP < 0.05 vs 
UW. Cont1: Liver flushed without cold preservation; UW: Liver preserved in UW 
solution; IGL-1: Liver preserved in IGL-1 solution; UW: University of Wisconsin; 
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mitochondrial damage (Table 1). 
Given that proteasome activity plays a crucial 

role in the modulation of many of the regulatory 
proteins involved in inflammatory processes in fatty 
liver grafts[8], we evaluated the involvement of other 
inflammatory markers in fatty liver, such as PPARγ, in 
the proteasome changes and proteolysis inhibition in 
steatotic liver grafts subjected to cold I/R injury. As 
shown in Figure 4A, PPARγ protein levels in steatotic 
liver grafts preserved in UW solution remained 
unchanged compared with control non preserved 
grafts, but increased significantly in grafts preserved 
in IGL1 preservation solution. We also measured the 
effect of preservation solution on other cytokines such 
as high mobility group box 1 (HMGB1) which was 
recently shown to be involved in fatty liver preservation 

and transplantation[32]. IGL1 showed lower levels 
of HMGB1 than UW (Figure 4B) concomitant with 
a significant reduction in the release of other in
flammatory cytokines such as TNFα but not for IL1. 
IGL1 also increased the concomitant release of anti
inflammatory IL10 in fatty livers after reperfusion 
(Table 2). 

Next, we evaluated the effect of proteasome 
activity and proteolysis modulation on apoptosis and 
autophagy induction. Figure 5 shows a significant 
increase in cytochrome C and cleaved caspase 3 
protein levels in steatotic livers preserved in UW 
solution compared with nonpreserved ones. However, 
preservation in IGL1 solution significantly reduced 
both apoptotic markers. In addition, the autophagy
related ubiquitinbinding protein SQSTM1/p62, which 
is involved in aggresome formation and degradation 
through autophagy, is increased in steatotic livers 
preserved in UW solution compared with those pre
served in IGL1 solution (Figure 5C).

This effect on liver apoptosis in both IGL1 and UW 
solutions was also corroborated by the percentage of 
TUNELpositive hepatocytes (Figure 6). Only a few 
sinusoidal lining cells were positive to TUNEL staining 
in control nonpreserved steatotic livers (Figure 
6B). After preservation with UW and reperfusion, 
the number of positive cells significantly increased 
(Figure 6B). Preservation with IGL1 reduced apoptotic 

Table 1  ALT and AST (Liver injury) and GLDH (mitochondrial 
damage) in steatotic liver grafts preserved in University of 
Wisconsin and Institut Georges Lopez-1 solutions and then 
subjected to two hours of normothermic reperfusion

Liver injury Cont2 UW IGL-1

ALT, U/L   26.76 ± 4.095   172.1 ± 10.81a 92.99 ± 8.64a,c

AST, U/L 24.92 ± 2.42 280.93 ± 14.14a 202.24 ± 24.71a,c

GLDH, U/L 26.13 ± 6.83   425.22 ± 156.92a      143 ± 31.16a,c

aP < 0.05 vs Cont, cP < 0.05 vs UW. UW: University of Wisconsin; IGL-1: 
Institut Georges Lopez-1.

Zaouali MA et  al. Proteolysis and liver preservation

Figure 3  Proteolysis in effluent and liver grafts after reperfusion. Amino acid levels in the effluent and tissue after reperfusion. cP < 0.05 vs UW. UW: Liver 
preserved in UW solution; IGL-1: Liver preserved in IGL-1 solution; UW: University of Wisconsin; IGL-1: Institut Georges Lopez-1.
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cell death (Figure 6B). In all cases, single (but 
not clustered) TUNELstained cells were observed 
more extensively in periportal and midzonal areas. 
Finally, the confocal microscopic study confirmed that 
steatotic livers preserved in IGL1 solution conserved 
the membrane potential of liver mitochondria more 
efficiently, as shown by an increase in the rhodamine 
123 cell viability marker (in green) and a decrease in 
Evans blue labeling (in red), indicating the albumin 
content and the disrupted mitochondrial membranes 
(Figure 6A).

DISCUSSION
At present, a considerable number of fatty donor livers 
have to be discarded, a situation that accentuates even 
further the critical shortage of human donor livers. 

A better knowledge of the preservation mechanisms 
of steatotic liver grafts is urgently needed to reduce 
their high vulnerability to cold I/R injury, and thus to 
improve their viability after transplantation[33,34]. 

In this study, we investigated the involvement 
of UPS activation and liver proteolysis and their 
relationship with the breakdown energy metabolism in 
steatotic liver grafts preserved in different commercial 
preservation solutions such as IGL1 and UW. We 
also associated the changes in UPS activation during 
cold I/R injury with the inflammatory events and liver 
apoptosis. Our data demonstrate that IGL1 prevented 
liver proteolysis more effectively than UW. In all cases, 
free AA levels determined in tissue specimens and 
eluates were lower in IGL1 than in UW after cold 
I/R. This improved prevention of liver proteolysis with 
IGL1 is consistent with its more effective protection 
against I/R injury. This could be explained, in part, 
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Figure 5  Liver graft apoptosis and autophagy after reperfusion. 
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of protein levels of cleaved caspase 3 (A), cytochrome C (B) and P62 (C) in 
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Inflammation Cont2 UW IGL-1

TNFα (pg/mL) 26.17 ± 5.85   1285.89 ± 231.32a   1005.83 ± 101.94a,c

IL-1β (pg/mL)   4.29 ± 1.66     89.01 ± 10.53a 84.69 ± 7.79a

IL-10 (pg/mL) 134.89 ± 14.84 109.33 ± 17.3a 192.13 ± 7.73a,c

aP < 0.05 vs Cont, cP < 0.05 vs UW. UW: University of Wisconsin; IGL-1: 
Institut Georges Lopez-1.

Table 2  TNFα, IL-1 and IL-10 levels (inflammation) in 
steatotic liver grafts preserved in University of Wisconsin and 
Institut Georges Lopez-1 solutions and then subjected to two 
hours of normothermic reperfusion
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by the presence of different oncotic agents: PEG35 
in IGL1, and HES in UW. In fact, we have recently 
demonstrated that the addition of PEG35 to washout 
solution protects the liver against I/R injury by the 
inhibition of metalloproteinases MMP9 and MMP2, 
a finding that may explain its role in preventing 
liver proteolysis[21]. The presence of lactobionate (a 
common ingredient of the UW and IGL1 solutions) 
may also help to prevent liver proteolysis due its 
strong inhibitory effect on gelatinases, presumably 
via calcium or zinc chelation[13,14]. This effective pre
vention of proteolysis is also consistent with the 
significant reduction in proteasome activity reflected 
by decreases in chymotrypticlike proteasome activity 
and 20S proteasome protein levels and the better 
prevention of energy metabolism breakdown with 
IGL1 solution. In fact, a recent report established a 
functional link between 26S proteasome activity and 
ATP depletion in tissue during cold I/R injury[18]. Those 
authors advanced that ATP depletion during ischemic 
insult appears to activate the 26S proteasome which 
is formed from a multimeric proteasome core particle 
(20S proteasome) which is singly or doubly capped at 
its ends by a 19S regulator complex[17]. Taking this into 
account, we suggest that the reduced 20S proteasome 
protein levels in steatotic livers preserved in IGL1 
solution are to do some extent the consequence of the 
better preservation of ATP content in this group, which 
thus affects 26S assembly and activity. Furthermore, 
our results are in accordance with previous studies 

which have demonstrated the relevance of proteasome 
inhibition in protecting steatotic liver grafts against I/R 
injury when preservation solutions were supplemented 
with proteasome inhibitors MG132 and bortezomib[10,20].

In order to explain the mechanisms by which pro
teasome modulation and proteolysis inhibition protect 
steatotic livers against cold I/R injury, we also assessed 
levels of PPARγ and HMGB1 proteins, which are 
both involved in the modulation of the inflammatory 
response after I/R injury[3537]. It is clear that PPARγ 
belongs to the hormone nuclear receptor superfamily 
of ligandactivated transcription factors which are 
major regulators of postischemic liver injury[35]. Its 
protective effect is mediated by its anti-inflammatory 
properties via the inhibition of pro-inflammatory gene 
expression[35] in which the UPS has recently been 
implicated; the UPS is responsible for PPAR turnover 
and is also involved in the modulation of the ligand
dependent activity of these nuclear receptors[38].

The fact that the UPS is the major system for 
selective degradation of shortlived proteins in eukaryotic 
cells such as PPARγ[38] suggests that proteasome 
inhibition after steatotic liver graft preservation in IGL1 
solution may be responsible for the PPARγ accumulation 
induced, thus leading to a reduction in the expression of 
pro-inflammatory proteins[39]. These findings were also 
confirmed by the lower HMGB-1 protein levels in livers 
preserved in IGL1 solution than in livers preserved in 
UW. HMGB1 is a wellknown extracellular signaling pro
inflammatory mediator which, when released from cells, 
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leads to cell death in several pathologies including liver 
I/R[32]. Our results corroborate those of a previous study 
which demonstrated that PPARγmediated upregulation 
of miR1423p inhibits HMGB1 expression, which, 
in turn, is a novel antiinflammatory mechanism of 
PPARγ and plays an important role in the treatment 
of inflammatory diseases[40]. Moreover, HMGB1 is 
associated with apoptotic cell death[41] and autophagy 
modulation[42,43].

Next we evaluated both parameters after cold I/R 
injury in steatotic livers preserved in UW and IGL1 
solutions. Our results demonstrated that the use of 
IGL1 reduced apoptotic cell death, as reflected by 
decreases in cleaved caspase3 and cytochrome C 
protein levels when compared with UW solution. The 
relevance of cytochrome c as a reliable biomarker 
of mitochondrial damage in fatty liver disease was 
also reported by another study[44]. These results 
were correlated with a better prevention of liver 
mitochondrial damage and were also consistent with 
the finding that IGL1 solution efficiently prevented 
liver apoptosis in rat liver transplantation[45]. 

Finally, in order to explore the effect of proteasome 
modulation on autophagy, we determined the levels 
of autophagyrelated ubiquitinbinding protein 
SQSTM1/p62. This protein is involved in aggresome 
formation and degradation through autophagy which 
is associated with the liver graft selfresponse to cold 
I/R injury (the SQSTM/p62 substrate that accumulates 
in autophagydeficient cells)[46,47]. Our results de
monstrated that UW solution increased SQSTM1/
p62 protein levels, which are inversely correlated to 
autophagy, while the use of IGL1 solution reduced 
SQSTM1/p62 protein levels, thus showing autophagic 
activation, as a response to better preservation 
mechanisms. These results corroborate our previous 
finding that impaired autophagic clearance after 
steatotic liver preservation is correlated with increased 
liver injury[31].

In conclusion, we show that liver graft proteolysis 
and proteasome activation are dependent on the organ 
preservation solutions used for liver transplantation such 
as UW and IGL-1. Our results confirm the relevance of 
both markers for evaluating the graft damage caused 
by cold I/R injury in fatty liver preservation.
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COMMENTS
Background
Cold ischemia reperfusion (I/R) injury is a multifactorial process that 
can interfere with graft function after liver transplantation (LT). A better 
understanding of the pathophysiology of this injury is fundamental for the 
development of protective strategies able to improve the outcome of LT. The 

ischemic graft damage that occurs during cold storage of fatty liver grafts 
depends in part on the ATP-energy breakdown. It is well known that the 
prevention of ATP-breakdown during cold static preservation is associated with 
inhibition of ubiquitin-proteasome system (UPS) activity, which helps to protect 
the liver graft against reperfusion. In this context the selection of commercial 
organ solution seems crucial for modulating the UPS, as well as the graft 
proteolysis against cold I/R injury. We demonstrate that Institut Georges 
Lopez-1 (IGL-1) solution reduces cold I/R injury more efficiently by helping to 
prevent ATP- breakdown and subsequently achieving a higher UPS inhibition 
than University of Wisconsin (UW). Both these factors are modulated by the 
organ preservation solution and determine the degree of proteolysis in the liver 
graft.

Research frontiers
The authors focused on strategies for interfering with the mechanisms 
responsible for hepatic I/R injury associated with LT, and on strategies for 
enhancing the endogenous mechanisms that protect against cold ischemic 
damage. UW and IGL-1 solutions are widely used in LT. They demonstrate 
that the nature of the oncotic agent present in UW and IGL-1 solutions is 
responsible, in part, for the modulation of energy breakdown and its subsequent 
inhibitory action on the UPS, which are key factors in graft protection against I/
R insult. In the present study IGL-1 showed more hepato-protective effects than 
UW, due, in part, to the presence of the oncotic agent PEG-35.

Innovations and breakthroughs
This study demonstrates for the first time that UPS inhibition is a key factor in 
fatty liver preservation using different commercial organ preservation solutions 
such as UW and IGL-1. UPS inhibition may explain the better prevention of the 
proteolysis observed in IGL-1 than in UW, thus favoring the use of IGL-1 in fatty 
liver graft preservation.

Applications
UPS inhibition and the degree of proteolysis can be used to predict the viability 
of steatotic liver grafts after prolonged static preservation.

Terminology
The UPS system and proteolysis are involved in the complex pathophysiology of 
hepatic cold I/R injury. Both are helpful for evaluating the fatty liver preservation 
using either static or dynamic preservation (with machine perfusion) strategies.

Peer-review
The manuscript is about Relevance of proteolysis and proteasome activation in 
fatty liver graft preservation. There must be possible prospective achievement in 
this basic studies. The authors try to solve the problem of preservation of fatty 
donor liver from ischemic injury in liver transplantation, and the study design 
was reasonable. The results were also good and provided some scientific hints.
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Abstract
AIM
To report naturally occurring mutations in the reverse 
transcriptase region (RT) of hepatitis B virus (HBV) 
polymerase from treatment naïve Korean chronic 
patients infected with genotype C2.

METHODS
Here, full-length HBV reverse transcriptase RT 
sequences were amplified and sequenced from 131 
treatment naïve Korean patients chronically infected 
with hepatitis B genotype C2. The patients had two 
distinct clinical statuses: 59 patients with chronic 
hepatitis (CH) and 72 patients with hepatocellular 
carcinoma (HCC). The deduced amino acids (AAs) at 
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42 previously reported potential nucleos(t)ide analog 
resistance (NAr) mutation positions in the RT region 
were analyzed. 

RESULTS
Potential NAr mutations involving 24 positions were 
found in 79 of the 131 patients (60.3%). Notably, AA 
substitutions at 2 positions (rt184 and rt204) involved 
in primary drug resistance and at 2 positions (rt80 and 
rt180) that functioned as secondary/compensatory 
mutations were detected in 10 patients (1 CH patient 
and 9 HCC patients) and 7 patients (1 CH and 6 HCC 
patients), respectively. The overall mutation frequencies 
in the HCC patients (3.17%, 96/3024 mutations) were 
significantly higher than the frequencies in the CH 
patients (2.09%, 52/2478 mutations) (P  = 0.003). In 
addition, a total of 3 NAr positions, rt80, rt139 and 
rt204 were found to be significantly related to HCC 
from treatment naïve Korean patients. 

CONCLUSION
Our data showed that naturally occurring NAr mutations 
in South Korea might contribute to liver disease 
progression (particularly HCC generation) in chronic 
patients with genotype C2 infections. 

Key words: Hepatitis B virus; Polymerase; Reverse 
transcriptase; Potential nucleos(t)ide analog resistance; 
Chronic hepatitis; Hepatocellular carcinoma 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To date, naturally occurring mutations in 
hepatitis B virus (HBV) reverse transcriptase region 
(RT) in genotype C2-infected patients have rarely 
been introduced in terms of clinical severity. So, 
this study characterized the AA substitutions at the 
aforementioned 42 potential NAr mutation positions 
in HBV RT sequences from a cohort of 131 Korean 
treatment-naïve CHB patients with genotype C2 
infections. Notably, AA substitutions at positions 
involved in primary (rt184 and rt204) or secondary 
drug resistance (rt80 and rt180) were detected in 10 
patients [1 CH patient and 9 hepatocellular carcinoma 
(HCC) patients] and 7 patients (1 CH and 6 HCC 
patients), respectively. The overall mutation frequencies 
in the HCC patients (3.17%, 96/3024 mutations) were 
significantly higher than the frequencies in the CH 
patients (2.09%, 52/2478 mutations), suggesting that 
naturally occurring NAr mutations in South Korea might 
contribute to liver disease progression (particularly 
HCC generation) in chronic patients with genotype C2 
infections. In addition, a total of 3 NAr positions, rt80, 
rt139 and rt204 were found to be significantly related 
to HCC from treatment naïve Korean patients.

Kim JE, Lee SY, Kim H, Kim KJ, Choe WH, Kim BJ. Naturally 
occurring mutations in the reverse transcriptase region of 
hepatitis B virus polymerase from treatment-naïve Korean 

patients infected with genotype C2. World J Gastroenterol 2017; 
23(23): 4222-4232  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4222.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4222

INTRODUCTION
Despite the availability of an effective vaccine, more 
than 240 million people are chronic carriers of the 
virus[1]. The annual number of deaths caused by 
hepatitis B virus (HBV)-related diseases, including 
cirrhosis and hepatocellular carcinoma (HCC), is 
estimated to be approximately 786000 worldwide[2]. 
HBV infection is endemic in South Korea; based on the 
Korean National Health and Nutrition Survey of 2011, 
the prevalence of hepatitis B virus surface antigen 
(HBsAg) positivity was 3.4% among men and 2.6% 
among women[3]. There is increasing evidence that 
specific HBV genotypes may play significant roles in 
the development of different disease profiles during 
chronic hepatitis B (CH) infection[4,5]. Notably, an 
extraordinary prevalence of genotype C2, which is 
more virulent than genotype B[4], has been reported 
in South Korea[6-8]. Furthermore, the high prevalence 
of basal core promoter (BCP) double mutations and 
the presence of a distinct immune response against 
HBV proteins in the Korean population can lead to 
the generation of unique HBV variants that are rarely 
encountered in other areas, resulting in distinct clinical 
manifestations in Korean chronic patients[9]. Indeed, 
several unique types of HBV mutations related to the 
progression of liver disease (particularly HCC) that are 
rarely, if ever, encountered in other areas have been 
found in South Korea[10-27].

HBV has an incomplete double-stranded DNA 
genome that is approximately 3.2 kb in length and 
contains 4 overlapping open reading frames (ORFs) 
encoding the polymerase (P), core (C), surface antigen 
(S), and X protein[28]. The HBV reverse transcriptase 
(RT) lacks proofreading ability, which can lead to HBV 
mutations that occur at a 10-fold higher frequency 
compared to other DNA viruses[29]. The high rate of 
mutations in the HBV genome compromises antiviral 
therapy with nucleos(t)ide analogues (NAs), leading 
to the generation of drug-resistant viral strains and 
disease. Although antiviral therapy using NAs is 
an effective control measure[30], obstacles remain, 
including the limited types of NAs available and the 
inevitable emergence of antiviral resistance conferred 
by viral mutations during long-term treatment[31]. Thus, 
elucidating the mechanisms underlying the evolutionary 
basis of the drug resistance mutations is important for 
their prevention and control. Drug resistant mutations 
in RT have been extensively explored during antiviral 
therapy using NAs, including lamivudine (LMV)[32], 
adefovir (ADV)[33], entecavir (ETV)[34], telbivudine 
(LdT)[35] and tenofovir (TNF). 
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Recently, RT mutations from treatment-naïve 
Chinese patients has been reported via analysis of 
42 RT positions that were previously reported to be 
NArs[36]. These mutations could be divided into 4 
categories [i.e., primary drug resistance mutation 
(Category 1), secondary/compensatory mutation 
(Category 2), putative NAr mutation (Category 3) and 
pretreatment mutation (Category 4)]. 

To date, naturally occurring mutations in HBV RT 
in genotype C2-infected patients have rarely been 
introduced in terms of clinical severity. Therefore, 
this study characterized the AA substitutions at the 
aforementioned 42 potential NAr mutation positions 
in HBV RT sequences from a cohort of 131 Korean 
treatment-naïve CHB patients with genotype C2 
infections. The clinical characteristics and significance 
of these identified NAr mutations were also investigated 
in the present study.

MATERIALS AND METHODS
Patients
Serum samples were collected from 135 chronic 
hepatitis B patients who visited Konkuk University 
Hospital and met the inclusion criteria of hepatitis 
B surface antigen (HBsAg) positivity and HBV DNA 
positivity and were LMV, ADV, ETV, LdT and TNF 
treatment-naïve. All patients had negative tests for 
hepatitis C virus, human immunodeficiency virus and 
markers for coexisting autoimmune liver disease. 
Among 135 patients, the 131 patients proved to be 
infected with genotype C2, which showed two clinical 
statuses: chronic hepatitis (CH, 59 patients) and 
hepatocellular carcinoma (HCC, 72 patients), were 
used in the NAr mutation analysis. This study was 
approved by the Institutional Review Boards (IRB) of 
Seoul National University Hospital (IRB-1605-065-761) 
and Konkuk University Hospital (KUH-1010544). The 
experiments were primarily based on extracted virion 
DNA from isolates; hence, the study did not require 
informed consent and the waiver of informed consent 
was agreed upon by the IRBs. 

HBV DNA extraction and PCR amplification
HBV DNA was extracted from the secured 200 µL of 
serum samples using the QIAamp DNA Blood Mini 
Kit (QIAGEN Inc, Hilden, Germany). To analyze the 
mutation patterns and the frequencies of mutations in 
the RT region, a nested PCR based sequencing protocol 
was used as previously described[37]. The first-round 
PCR was performed using the sense primer Pol-RT-F1 
(5’-CAGCCTACTCCCATCTCTCCACCTCTAAG-3’) and the 
antisense primer Pol-RT-R1 (5’-GCTCCAGACCGGCT 
GCGAGC-3’) to yield a 1375-bp amplicon between 
positions 3157 nt and 1316 nt of the HBV genome. 
The second-round PCR was performed using the sense 
primer Pol-RT-F2 (5’-CCTCAGGCCATGCAGTGGAA-3’) 
and the antisense primer Pol-RT-R2 (5’-GTATGGA 
TCGGCAGAGGAGC-3’) to yield a 1291-bp amplicon 

between positions 3196 nt and 1271 nt of the HBV 
genome. The PCR was initiated in a 20 µL PCR mixture 
containing 1.5 mmol/L MgCl2, 250 µmol/L dNTPs, and 
1.0 U of the ProFi Taq DNA polymerase (Bioneer). For 
both rounds, the protocol was as follows: 95 ℃ for 
10 min, followed by 15 cycles at 94 ℃ (15 s), 55 ℃ 
(15 s) and 68 ℃ (3 min). A final extension step was 
performed at 72 ℃ for 5 min. The second-round PCR 
protocol used 2 µL of the product from the first-round 
PCR and was identical to the conditions described 
above except that 30 cycles were performed. The PCR 
products were analyzed by electrophoresis on 1.0% 
agarose gels, stained with ethidium bromide, and 
visualized on a UV transilluminator.

HBV genotyping
For genotyping, a phylogenetic analysis based on entire 
sequences of the RT region (1032 bp) was performed 
for PCR-positive 135 HBV strains. The 1032-bp RT 
sequences of the 135 HBV strains were compared with 
the sequences of eight reference strains representing 
each of the genotypes (A-F including the C2 strains) 
obtained from GenBank [accession numbers M57663 
(A), AB100695 (B), AB074755 (C1), AY247032 (C2), 
AY641559 (C2), X02496 (D), AB106564 (E), and 
X75663 (F)]. Phylogenetic trees were inferred using 
the neighbor-joining method in MEGA version 7.0.14[38]. 
A mutation was defined through comparisons with the 
consensus sequence of the HBV strains in our cohort 
and the eight reference strains. The RT sequences of 
131 patients with HBV genotype C2 infections were 
registered at GenBank [CH patients (GenBank Nos: 
KX264864-KX264922) and HCC patients (GenBank 
Nos: KX264792-KX264863)]

Mutation analysis and definitions
Generally, the mutation definition and analysis were 
performed as previously described. Briefly, 42 potential 
NAr-relevant AA positions in RT were analyzed for AA 
mutations and concomitant HBsAg mutations. The 
AA mutations were identified by comparing HBV RT 
sequences with the genotype C-matched consensus 
sequence generated based on the HBV sequences 
obtained in this study and the reference sequences 
reported in previous studies[39]. A mutation type referred 
to the replacement of the consensus AA of genotype C 
with a novel AA.

Statistical analyses
The results were expressed as means ± SD, per-
centages. Differences between categorical variables 
were analyzed using Fisher’s exact test or the χ2 test. 
For continuous variables, Student’s t-test was used 
when the data showed a normal distribution, and the 
Mann-Whitney U test was used when the data were 
not normally distributed. The level of significance of 
each test was adjusted for multiple tests via Bonferroni 
correction. The P value < 0.05 (two-tailed) was con-
sidered statistically significant. To adjust P values for 
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mutation positions in the RT region[36]. The correlation 
between the frequency of potential NAr mutation in 131 
patients and clinical features were summarized in Table 
2. The analysis indicated that potential NAr mutations 
were present in 79 of the 131 patients (60.3 %). Of 
these, 32 (40.5%) and 47 patients (59.5%) belonged 
to the CH and HCC patient groups, respectively and 42 
(53.2%) and 37 patients (46.8%) were HBeAg-positive 
and negative, respectively. Of the 79 patients with NAr 
mutations, 34 patients (43.03%) had a single mutation 
and 45 patients (56.96%) had multiple mutations, 
including 28 patients (35.44%) with double mutations, 
11 patients (13.92%) with triple mutations, 5 patients 
(6.3%) with a quadruple mutation, and 1 patient 
(1.26%) with a quintuple mutation. No significant 
difference in clinical factors was observed between the 
patients with potential NAr mutations (79 patients) and 
those without mutations (52 patients) (Table 2). 

Characterization of potential NAr mutation from 
treatment naïve patients 
All AA substitutions detectable in the 79 patients with 
NAr mutations at the 42 positions previously reported 
to be potential NArs that could be grouped into 4 
categories[36], and a total of 24 NAr mutation sites 
were detectable among the 79 patients. Two dominant 
mutation sites rt128 in Category 3 and rt224 in 
Category 4 were present in 16 patients (20.25%, CH: 
11 and HCC: 5) and 16 patients (20.25%, CH: 4, HCC: 
12), respectively (Table 3). The AA substitutions at 2 
positions (rt184 and rt204) in Category 1 consisting of 
8 primary NAr mutation positions (rt169, rt181, rt184, 

multiple testing and control the false discover rate for 
multiple testing was used[40]. We appreciate statistical 
consultation from the Medical Research Collaborating 
Center at the Seoul National University Hospital and 
the Seoul National University College of Medicine.

RESULTS
Genotype distribution and clinical features of treatment-
naïve patients 
The 131 patients were proved to be infected with 
genotype C2 by phylogenetic analysis based on 
1032bp RT sequences and were used for the NAr 
mutation analysis. The clinical features of our cohort are 
summarized in Table 1. The patient cohort consisted 
of CH (45%, 59 patients) and HCC patients (55%, 
72 patients) and included 85 males (64.8%) and 46 
females (35.1%) with a median age of 45 years (range 
22-73 years). The main characteristics of the CH and 
HCC patients were compared. The HCC patients were 
significantly older (P < 0.001), included a significantly 
higher number of male patients (P < 0.001), have a 
lower number of HBeAg-positive patients (P = 0.037) 
and had significantly lower HBV DNA (P < 0.001) and 
secreted HBsAg levels (P < 0.001) compared to the CH 
patients. 

Correlation between the frequency of potential NAr 
mutation and clinical features
Using sequence analysis of the full-length HBV RT from 
131 patients, we deduced the amino acids (AAs) at 
42 previously reported potential NA resistance (NAr) 

Table 1  Comparison of clinical data between chronic hepatitis and hepatocellular carcinoma patients

Clinical factors CH (n  = 59) HCC (n  = 72) Total (n  = 131) P  value 

Age, yr, mean ± SD 38.9 ± 11.1 52.3 ± 9.7   45.7 ± 12.3 < 0.001
Gender, male  47.40% 79.10% 64.80% < 0.001
HBeAg negative 35.50% 54.10% 45.80% 0.04%
ALT (IU/L), mean ± SD   94.5 ± 105.6   74.2 ± 85.1   106.8 ± 191.2 NS
AST (IU/L), mean ± SD 70.4 ± 92.0   127.1 ± 139.8   113.2 ± 141.0 < 0.001
HBV DNA 6.5 ± 2.0   5.3 ± 1.1 6.53 ± 1.7 < 0.001
HBsAg 3.7 ± 0.6   3.3 ± 0.7 3.43 ± 0.6 < 0.001

HbsAg: Hepatitis B virus surface antigen.

Table 2  Correlation between the frequency of potential nucleos(t)ide analog resistance mutation and clinical features

No. of mutations CH/HCC HBeAg (positive/negative) ALT (IU/L) AST (IU/L) HBV DNA HBsAg

0 27/25 29/23   108.51 ± 105.8 122.92 ± 106.8 6.50 ± 6.5 3.97 ± 3.8
1 18/16 21/13   101.61 ± 108.7    71.42 ± 126.1a 6.91 ± 6.4 3.95 ± 3.8
2   9/19 15/13     81.10 ± 113.8 113.75 ± 113.0 6.65 ± 6.1  3.65 ± 3.9a

3 4/7 3/8 211.45 ± 97.3  205.18 ± 104.8a 6.84 ± 6.5 3.84 ± 3.8
4 1/4 2/3     56.60 ± 108.8   72.00 ± 114.8 5.85 ± 6.5 3.68 ± 3.8
5 0/1 1/0 24.23 39.05 7.49 2.83
≥ 1 (n = 79) 32/47 42/37     105.81 ± 216.19   106.86 ± 131.51   5.11 ± 1.55   3.37 ± 0.77
Total (n = 131) 59/72 71/60     107.21 ± 191.16     113.2 ± 141.06   4.98 ± 1.51   3.43 ± 0.73

The significant values were shown in boldface and marked with asterisk (aP < 0.05). HbsAg: Hepatitis B virus surface antigen; HCC: Hepatocellular 
carcinoma.
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rt194, rt202, rt204, rt236 and rt250) were detected 
in 10 patients (1 CH patient and 9 HCC patients). The 
mutation frequency in primary drug resistance Category 
was significantly higher in the HCC patients than in 
the CH patients (P = 0.021). The AA substitutions at 2 
positions (rt80 and rt180) in the second Category, which 
included 3 secondary/compensatory NAr mutation 
positions (rt80, rt173 and rt180), were detected in 7 
patients (1 CH patient and 6 HCC patients), indicating 
that the mutation frequency in Category 2 tended to be 
higher in the HCC patients than in the CH patients (P = 
0.109). Potential NAr mutations in Categories 3 and 4 
were found in 54 patients (23 CH patients and 31 HCC 
patients) and 48 patients (17 CH patients and 31 HCC 
patients), respectively, but had no significant difference 
in the variant frequencies in Categories 3 and 4 were 
found between the CH and HCC patients (Table 3).

Mutation rates of potential NAr mutation in terms of 
clinical stages 
Mutation rates of 79 patients with NAr mutations were 
compared in terms of clinical liver disease stages. The 
mean values of potential NAr mutation rates at the 42 

positions of 131 our cohort was 2.68% (148/5502) 
(Table 3). Overall, mutation frequencies in the HCC 
patients (3.17%, 96/3024), were significantly higher 
than in those of CH patients (2.09%, 52/2478) (P = 
0.003) (Table 3). 

Mutation distribution and frequency in different RT 
sections
HBV RT region consists of 7 functional domains (G, F, 
A, B, C, D and E) and 6 interdomains (G-F, F-A, A-B, 
B-C, C-D and D-E) connecting domains (Figure 1)[41]. 
Our mutation distribution analyses revealed that of 11 
domains, mutations within A-B interdomain were the 
most frequently found in our cohort (58.22%, 46/79 
patients). The mutations in this region were detected 
in all 6 reported sites (6/6, 100%), rt124 (10 patients), 
rt126 (11 patients), rt128 (16 patients), rt134 (12 
patients), rt139 (8 patients) and rt153 (2 patients) 
(Figure 1 and Table 4). The mutation frequency of A-B 
interdomain (7.50%, 59/786) was also higher than 
those of the domain (1.07%, P = 0.008) and non A-B 
interdomain (3.16%) (Table 4), in line with the previous 
report that potential NAr positions within this region 

Kim JE et al . Naturally occurring HBV RT mutations

Table 3  Characterization of potential 42 NAr mutation from treatment naive Korean patients of genotype C2 infections

Category Mutation Drug resistance CH HCC P  value

Primary drug resistance T184A/C/F ETV   1 - 0.021
M204I/V LMV, ETV, TNF -   9

Mutation number (%)/no. of patients number 1/472 (0.21%) 9/576 (1.56%)
  1 9 patients 

Secondary mutation L80I LMV -   5 NS
L180M LMV, ETV, LdT   1   2

Mutation number (%)/no. of patients number 1/177 (0.56%) 7/216 (3.24%)
  1   6

Putative NAr mutation S53N LMV   1   1 N.S
L82M/V LMV -   1
V84M/I ADV   1 -

H126C/Y/Q ADV   5   6
I128I/N/A LMV 11   5
R/W153Q LMV   2 -
V191I/D LMV, ADV   2   3

V207I LMV -   1
S213T ADV -   3

Q215P/S/H LMV, ADV -   2
L217R ADV   1 -
F221Y ADV   3   9

L229G/V/W LMV -   2
P237H ADV -   2

N238D/S/T ADV   3   6
Mutation number (%)/no. of patients number 29/1475 (1.96%) 41/1800 (2.27%)

23 31
Pre-treatment mutation T38A   9   5 NS

Y124H Found   4   6
D134E/N/C Before   4   8

N139K/H Therapy -   8
I224V   4 12

Mutation number (%)/no. of patients number 21/351 (5.93%) 39/432 (9.02%)
17 31

Total Mutation number (%)/no. of patients (%) 52/2478 (2.09) 96/3024 (3.17) 0.003
32 patients (54.2) 47 patients (65.2)

148/5502 (2.68) 
79 (60.3) 

ETV: Entecavir; LMV: Lamivudine; TNF: Tenofovir; ADV: Adefovir; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma.
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might be hotspots of naturally occurring mutation in 
this treatment-naïve population[36]. The RT include the 
complete HBsAg region[42]. In this study, 35 out of 42 
mutated positions in RT were within the corresponding 
region of HBsAg positions (except mutations at rt236, 
rt237, rt238, rt242, rt245, rt256 and rt250). Our data 
showed that the AA mutations at 10 of 42 NAr positions 
were accompanied by 15 types of AA changes of HBsAg 
in 32.06% (42/131) patients. It should be noted that 
the 15 AA mutations at 3 NAr positions, rt134, rt139 
and rt153 were found in the “a” determinant region 
of s126,s131 at HBsAg in 11.45% (15/131) patients 
(Figure 1) and these region had significantly higher 
mutation frequency, compared to non-“a” determinant 
(3.81%: 0.55%, P < 0.001, Table 4).

Identification of NAr and overlapped HBsAg mutations 
related to HCC
Of detected 24 mutated positions, a total of 3 NAr 

positions, rt80, rt139 and rt204 were found to be 
significantly related to HCC from treatment naïve 
Korean patients (Figure 2 and Table 5). Of these, two, 
rt139 and rt204 except rt80 led to simultaneous HCC 
related mutations in overlapped HBsAg, s131 and s196. 
In this study, 2 mutation type of M204I (8 patients) and 
M204V (1 patient) at rt204 in Category 1, leading to 
YMDD motif mutations were found from 9 HCC patients 
but not from CH patients (P = 0.004), which also led 
to the simultaneous W196L (7 patients) and W196S (1 
patient) HBsAg mutations in 8 HCC patients. The only 
one type mutation, L80I at rt80 in Category 2 were 
also found only in HCC patients (5 patients), but not 
in CH patients (P = 0.036). The third mutation types, 
N139K (4 patients), N139H (3 patients) and N139T (1 
patient) at the rt139 in the Category 4 mutations were 
found from 8 HCC patients, but not in CH patients (P 
= 0.008), which also led to the simultaneous T131N (4 
patients) and T131P (1 patients) HBsAg mutations in 5 
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Figure 1  Mutations identified in reverse transcriptase region and the overlapped hepatitis B virus surface antigen. The identified NAr mutations in this study 
in the hepatitis B virus (HBV) reverse transcriptase (RT) sequence (1-344 aa) and overlapped HBsAg (1-227 aa) were shown. RT consists of 6 functional domains, 
G (24-36 aa), F (37-47 aa), A (71-91 aa), B (163-189 aa), C (200-210 aa), D (230-241 aa) and E (247-270 aa). HBsAg contains MHR region (100-160 aa) including 
“a” determinant region (124-147 aa). Lower box indicated 24 identified NAr mutations in this study and comparison of mutation types between CH and hepatocellular 
carcinoma patients. CH: Chronic hepatitis; HCC: Hepatocellular carcinoma.

Table 4  Mutation site distributions and mutation rate in different sections of hepatitis B virus RT and overlapped hepatitis B surface 
antigen regions

Region (amino acid) No. of mutation site Mutation frequency P  value

Reverse transcriptase Domain (22)   9 (40.9) 1.07% 0.008
A-B interdomain (6)  6 (100) 7.50% -

Non A-B interdomain (14) 10 (71.4) 3.16% NS
Total (42) 25 (59.5) 2.68% -

HBsAg A-determinant (3)   2 (66.6) 3.81%
Non A-determinant (37)   8 (21.6) 0.55% < 0.001

Total (40) 10 (28.5) 0.80% -

Statistics were calculated between Domain/Non A-B interdomain and A-B interdomain in reverse transcriptase region. In category 2, the statistical 
significant showed between A-determinant and Non-A-determinant in HBsAg region. 
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HCC patients (Table 5).

DISCUSSION
Naturally occurring RT mutations associated with HBV 
drug resistance have been reported from treatment 
naïve chronic patients from several countries[43-46]. 
In South Korea, higher mutation rates and unique 
mutation patterns related to clinical implications in 
several HBV ORFs (the HBsAg, preS, X, and preC/C 
regions) compared to other countries have been 
reported to date[10-15]. Furthermore, higher relapse 
rates after antiviral therapy in Korean chronic patients 
have also been reported[47]. However, there have been 
no reports regarding potential NAr mutations from 
Korean treatment naïve patients to date. In this study, 
we analyzed potential NAr mutations from 131 Korean 
treatment naïve patients with genotype C2 infections 
using direct sequencing protocols.

There are three notable findings in our study. First, 
our data demonstrated that the prevalence of patients 
with potential NAr mutations was 60.3% (79/131) 
(Table 3), which was almost two times higher than the 
prevalence of these mutations [30.73% (59/192)] in 
a treatment naïve Chinese cohort[36] using the same 
direct sequencing protocols applied for the detection 
of potential NAr mutations in the treatment naive 
Korean cohort. The difference in the mutation rates 
between the 2 cohorts was more pronounced with 
the Korean and Chinese cohorts [2.68% (148/5502) 
(Table 3) and 0.94% (76/8064)[36], respectively]. In 
particular, we found primary NA mutations at Category 
1 positions from 10 patients (7.8%) [rt184 related 
to ETV resistance (1 patient) and rt204 related to 
LMV resistance (9 patients)] and the so called YMDD 
mutation or secondary/compensatory mutations at 
Category 2 positions [rt80 and rt180 from 7 patients 
(5.3 %)] (Table 3). These findings were in contrast to 

Table 5  Frequency and patterns of 3 types of NAr Mutations related to hepatocellular carcinoma

Mutations No. of patients Nucleotide sequences Codons in RT genes 
(patients)

Codons in HBsAg genes (patients) P  value

CH HCC
rtL80I 0 5 GGCTAT→GGATAT CTA(L)→ATA(I) (5) TAT(Y)→TAT(Y) (5) 0.036
rtN139K/T/H 
(sT131N/P)

0 8 GGAACC→GGAAAC AAC(N)→AAA(K) (4) ACC(T)→AAC(N) (4)
→GGCACC →CAC(H) (3) →ACC(T) (3) 0.008
→GGACCC →ACC(T) (1) →CCC(P) (1)

rtM204I/V 
(sW196L/S/W)

0 9 ATATGG→ATATTG ATG(M)→ATT(I) (7) TGG(W)→TTG(L) (7)
→ATATCG →ATC(I) (1) →TCG(S) (1) 0.004
→ATGTGG →GTG(V) (1) →TGG(W) (1)

The point mutation bases of the three truncations are shown in bold and italic. H: Histidine; I: Isoleucine; K: Lysine; L: Leucine; M: Methionine; N: 
Asparagine; P: Proline; S: Serine; T: Threonine; V: Valine; W: Tryptophan; Y: Tyrosine; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma.
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Figure 2  Comparison of nucleos(t)ide analog resistance variants frequency between chronic hepatitis and hepatocellular carcinoma patients. Of identified 
24 mutations, mutation frequency at the 3 sites, rt80, rt139 and rt204 was significantly higher in hepatocellular carcinoma patients than in CH patients. aP < 0.05. CH: 
Chronic hepatitis; HCC: Hepatocellular carcinoma.
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the two previous reports of Chinese cohorts[36,46] which 
showed that any mutations were not found within both 
regions. This findings may partially provide a likely 
explanation for why relapse after antiviral therapy is so 
prevalent in Korean patients[48] and also suggest that 
these patients should be treated with newer NAs, such 
as tenofovir (TDF), which is very potent and has a high 
genetic barrier to antiviral resistance. 

Second, potential NAr mutations in our cohort 
were distributed in a non-random manner, as was 
shown in other studies[36]. The potential NAr mutations 
were found more frequently in the A-B interdomain 
overlapped with the HBsAg MHR region than in domain 
regions (7.50% vs 1.07%, P = 0.008) (Table 4), which 
was in line with the previous report[36] that potential 
NAr positions within this region might be hotspots of 
naturally occurring mutations in this treatment naïve 
population. Notably, significantly higher mutation 
frequencies were found in 2 overlapped “a” determinant 
positions (3.81%, 15/393) compared to non-“a” 
determinant region (0.55%, 27/4847, P < 0.001) (Table 
4). These findings suggest that host immune pressure 
against B cells could contribute to the generation of 
potential NAr mutations[36]. 

Third, our data showed there was significant 
difference in overall frequency of potential NAr mu-
tations between CH patients (2.09%) and HCC 
patients (3.17%, P = 0.003, Table 3). In particular, 
mutations at the 3 NAr positions (rt80, rt139, and 
rt204) seemed to be the most pronounced contributors 
to hepatocarcinogenesis in the Korean Cohort [CH (0%, 
0/59) vs HCC (30.6%, 22/72), P < 0.001]. Of these, 
the YMDD-motif mutation at rt204 was reported to 
naturally occur in chronic HBV patients without antiviral 
treatment, such as lamivudine therapy, by several 
studies[49,50]. The other HCC-related mutation (rtL80I) 
was first introduced as a mutation associated with LMV 
resistance[51]. These authors found that these mutants 
were associated with increased viral loads accompanied 
by an elevation in serum aminotransferase activity 
and exacerbation of liver disease in every case. In line 
with the previous report[51,52], our data indicated that 
L80I might have contributed to clinical deterioration[52]. 
Notably, our findings that L80I was combined with 
the rtM204I/V mutations in all 5 patients (data not 
shown) and L80I was also significantly related to 

increased HBV replication (Table 6) suggested that 
this mutation might play a role in compensating 
for the defective replication of rtM204I/V. Thus, our 
finding regarding relationships of exacerbation of 
liver disease with rtL80I and rtM204I/V in treatment 
naïve patients may be primarily attributed to the co-
selection of these two mutation types. These results 
suggest that potential NAr mutations may contribute 
to hepatocarcinogenesis, possibly via increases in 
HBV replication fitness or evasion of B cell immune 
responses against HBsAg.

In conclusion, our data showed that potential NAr 
mutations, including the classical antiviral resistance 
mutations, were very prevalent in treatment naïve 
Korean patients compared to populations from other 
countries. Naturally occurring potential NAr mutations 
may contribute to liver disease progression (particularly 
HCC generation) in Korean chronic patients with 
genotype C2 infections and provide a likely explanation 
for why patients with advanced liver disease are 
difficult to treat with NAs. Additionally, we identified 
3 HCC-related NAr mutations (L80I, N139K/T/H and 
M204I/V).
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COMMENTS
Background
Naturally occurring reverse transcriptase mutations associated with hepatitis B 
virus (HBV) drug resistance have been reported from treatment naïve chronic 
patients from several countries. However, there have been no reports regarding 
potential nucleos(t)ide analog resistance (NAr) mutations from Korean 
treatment naïve patients to date.

Research frontiers
Here, they found naturally occurring potential NAr mutations may contribute 
to liver disease progression in Korean chronic patients with genotype C2 
infections.

Hotspots or important area
Notably, the authors identified 3 hepatocellular carcinoma (HCC)-related NAr 

Table 6  Comparison of clinical features between patients with or without L80I

Clinical factors Wild type (n  = 126) L80I (n  = 5) Total (n  = 131) P  value 

Age, yr, mean ± SD 45.8 ± 12.2 57.2 ± 8.1 45.7 ± 12.3 0.043
Gender, Male 63.50% 100% 64.80% NS
HBeAg negative 45.20% 60.00% 45.80% NS
ALT (IU/L), mean ± SD 84.0 ± 96.8   68.6 ± 19.7 100.8 ± 191.2 NS
AST (IU/L), mean ± SD 100.9 ± 125.3 118.6 ± 65.0 113.2 ± 141.0 NS
HBV DNA 5.8 ± 1.7   6.7 ± 0.2 6.5 ± 1.7 < 0.001
HBsAg   3.4 ± 0.65     3.5 ± 0.32 3.4 ± 0.6 NS
CH: HCC, HCC (%) 59/67 (53.9) 0/5 (100) 59/72 (54.9) 0.036

HBV: Hepatitis B virus; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma.
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mutations (L80I, N139K/T/H and M204I/V).

Applications
The three HCC-related NAr mutations (L80I, N139K/T/H and M204I/V) found 
in this study could be applied as markers of molecular detection method for the 
HCC of HBV infected chronic patients in the future.

Peer-review
The authors showed that potential NAr mutations, including the classical 
antiviral resistance mutations, were very prevalent in treatment naïve Korean 
patients and naturally occurring potential NAr mutations may contribute to liver 
disease progression in Korean chronic patients with genotype C2 infections. In 
addition, authors identified 3 HCC-related NAr mutations (L80I, N139K/T/H and 
M204I/V).
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Abstract
AIM
To investigate the inhibitory effect of Liuwei Dihuang 
Pill (LDP) on gastric tumorigenesis induced by 
N-methyl-N-nitrosourea (MNU) in diabetic mice.

METHODS
Four-week-old mice were divided into four groups: 
A, 12 db/m mice treated with MNU and saline, as the 
non-diabetic control; B, 12 db/db mice treated with 
MNU and saline, as the diabetic control; C, 12 db/db 
mice treated with MNU and metformin, as the positive 
control; and D, 12 db/db mice treated with MNU and 
LDP. MNU was administrated for 20 wk to induce 
gastric carcinogenesis. LDP was administrated for 10 
wk for improvement of insulin resistance. Body weight 
and food intake were measured every week. Blood 
samples were collected for assays of fasting blood 
glucose, insulin, insulin-like growth factor (IGF)-1, 
adiponectin and leptin. Stomach tissues were collected 
for histopathological analysis, immunohistochemical 
staining of Ki67, quantitative reverse transcription-
polymerase chain reaction and western blotting. 

RESULTS
The incidence of MNU-induced gastric dysplasia was 
significantly elevated in diabetic (db/db) mice relative 
to the control (db/m) mice. The incidence of gastric 
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dysplasia was significantly reduced by LDP with 
suppression of cell proliferation, as demonstrated 
by a decrease in Ki67 staining. Hyperglycemia, 
hyperinsulinemia and serum IGF-1 were inhibited by 
LDP. Expression of IGF-1 and insulin receptor mRNAs 
was decreased, phosphorylation of IGF-1 receptor and 
AKT protein was reduced in the stomach tissues by 
LDP. In addition, adiponectin was increased and leptin 
was decreased in the serum by LDP. 

CONCLUSION
LDP decreased risk of gastric dysplasia in type 2 
diabetic mice by down-regulation of IGF and insulin 
activity and correction of adipokines disorders.

Key words: Diabetes; Gastric cancer; Liuwei Dihuang 
Pill; Insulin; Insulin-like growth factor 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Type 2 diabetes is reported to increase risk 
of gastric carcinogenesis, partly by hyperinsulinemia, 
hyperglycemia, excessive activation of insulin-like 
growth factor (IGF)-1, and disorders of adipokines. 
In this study, we demonstrated that Liuwei Dihuang 
Pill decreased the risk of gastric tumorigenesis in 
type 2 diabetic mice by alleviating insulin resistance 
and decreasing IGF-1 and insulin activity, followed by 
down-regulation of the IGF-1/AKT signaling pathway. 
The improvement in adiponectin and leptin may also 
contribute to the effects. 

Zhuang S, Jian YM, Sun Yn. Inhibition of n-methyl-n-
nitrosourea-induced gastric tumorigenesis by Liuwei Dihuang Pill 
in db/db mice. World J Gastroenterol 2017; 23(23): 4233-4242  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i23/4233.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i23.4233

INTRODUCTION
Gastric cancer is one of the most common malignancies, 
particularly among populations of East Asia. The 
prevention and treatment of gastric cancer remain a 
challenge due to the absence of effective strategies. 
Multiple risk factors, such as Helicobacter pylori 
infection, high salt intake, smoking and obesity, 
contribute to the initiation of gastric cancer[1,2]. Recent 
studies in humans have demonstrated that type 2 
diabetes may be a new risk factor for gastric cancer. 
The incidence of gastric cancer is affected by duration 
of diabetes and some anti-diabetic drugs. Given the 
high prevalence of type 2 diabetes and gastric cancer 
worldwide, control of gastric cancer in diabetic patients 
has become a new challenge.

The etiology of gastric cancer remains unknown in 
type 2 diabetic patients. However, hyperinsulinemia and 

insulin-like growth factor (IGF) may play a central role in 
the promotion of tumorigenesis. A large Japanese case-
control study has demonstrated that hyperinsulinemia 
and serum C peptide are positively correlated with 
increased risk of gastric cancer[3]. A high level of insulin 
increases the bioavailability of serum IGF-1. Both insulin 
and IGF-1 activate the mitogenic signaling pathways, 
including the phosphoinositide 3-kinase/protein kinase 
B (PI3K/AKT) and mitogen-activated protein kinase 
pathways[4]. In addition, imbalance of adipokines in 
diabetes and obesity, such as the high level of leptin 
and low level of adiponectin, is associated with the risk 
of cancer[5]. 

Strategies targeting those factors may decrease 
the risk of cancer. Metformin is an effective drug in 
the control of insulin resistance in type 2 diabetes. 
Population studies have revealed that long-term use 
of metformin can decrease the risk of gastric cancer[6]. 
The antitumor effect of metformin may be mediated 
by activation of the AMP-activated protein kinase 
pathway or inhibition of the IGF-1 receptor signaling 
pathway[7,8]. In the present study, metformin was 
selected as a positive control in the control of gastric 
tumorigenesis. 

The choice of effective and safe drugs remains 
limited for gastric cancer. Low-grade gastric dysplasia 
is a precancerous lesion in the early phase of gastric 
cancer. Inhibition of the dysplasia is able to block 
advancement of the precancerous lesion into gastric 
cancer[9]. We propose that this strategy may be used 
in the control of gastric cancer in diabetes and obesity. 
Traditional Chinese medicine (TCM) represents a rich 
resource in the treatment of diabetes and cancer[10,11], 
and Liuwei Dihuang Pill (LDP) is one of the examples. 

LDP is made from a TCM formula that is often 
prescribed for treatment of diabetes. Studies in rodents 
have suggested that LDP reduces serum insulin as 
well as leptin via weight loss and fat reduction[12,13]. 
LDP also has beneficial effects against certain types of 
cancers. Several studies have demonstrated that LDP 
inhibits spontaneous tumorigenesis and suppresses 
liver tumors[14,15]. In clinical practice, long-term appli-
cation of LDP prevents epithelial dysplasia of the 
esophagus[16]. These results suggest that LDP is an 
effective therapy for both type 2 diabetes and cancer. 
Despite this knowledge, there is no report on LDP 
activity in the risk control of gastric cancer in patients 
with type 2 diabetes. 

In the present study, we addressed the issue in 
diabetic db/db mice, which have a high susceptibility 
to the carcinogen N-methyl-N-nitrosourea (MNU) for 
gastric cancer[17-19]. The mice were treated with MNU 
in drinking water to induce gastric dysplasia. LDP was 
tested for its ability to inhibit gastric tumorigenesis in 
the model. 

MATERIALS AND METHODS
Animals
Thirty-six male db/db mice and 12 control (db/m) mice 
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at age 4 wk were obtained from the Nanjing University 
Animal Laboratories, China (Certification No. SCXK 
2015-0001). The animal protocol was designed to 
minimize pain or discomfort to the animals. The mice 
were maintained in specific pathogen-free conditions 
with a 12-h light-dark cycle, room temperature of 
25 ℃ ± 1 ℃, and relative humidity of 60% ± 5% in 
the animal facility of Shanghai Jiao Tong University. 
The mice had free access to regular chow diet and 
water. All the experimental protocols were approved 
by the Institutional Animal Care and Use Committee of 
Shanghai Jiao Tong University.

LDP water extract and dosage
LDP was purchased from Tongrentang Group 
(Beijing, China). LDP is made of six raw medicinal 
materials (Table 1) and manufactured in accordance 
with the quality control standards in the Chinese 
Pharmacopoeia. The bioactive components of LDP 
were certified according to the high-performance liquid 
chromatography-fingerprints, which included loganin, 
paeoniflorin, paeonol, gallic acid, and morroniside[20,21]. 
The LDP was ground, extracted ultrasonically with 
distilled water for 30 min, and filtered through a screen 
with 90 μm aperture. LDP is taken orally at 0.15 g/kg 
per d of herbal materials in humans, and this dosage is 
equal to 1.8 g/kg per d in mice. LDP was administrated 
through the drinking water at a final concentration of 
0.09 g/mL (about 9 g/kg per d) for 10 wk. Metformin 
(Sino-American Shanghai Squibb Co., Shanghai, China) 
was dissolved in distilled water at a concentration of 5 
mg/mL, as described in a previous report[22].

Gastric tumor model 
MNU (Sigma, St. Louis, MO, United States) was 
administered to the mice through drinking water 3 
times weekly at a concentration of 120 ppm in light-
shielded bottles. The administration was performed 
every other week for 20 wk as described previously[23].

Study design and samples collection
Following 1-wk acclimation, the mice were randomly 
divided into four groups. Group A, 12 control (db/m) 
mice were treated with MNU for 20 wk followed by 
saline treatment for 10 wk to serve as the non-diabetic 
control. Group B, 12 diabetic (db/db) mice were treated 

with MNU for 20 wk followed by saline treatment for 
10 wk to serve as the diabetic control. Group C, 12 
diabetic mice were treated with MNU for 20 wk followed 
by metformin treatment for 10 wk, as the positive 
control. Group D, 12 diabetic mice were treated with 
MNU for 20 wk followed by LDP treatment for 10 wk. 
At the end of treatment (30 wk), all mice were fasted 
for 12 h and blood samples were collected from the left 
ventricle for fasting blood glucose (FBG) measurement. 

All animals were euthanized with 1% pentobarbital 
sodium. Serum was collected and stored at -80 ℃ for 
biochemical analysis after centrifugation of the blood 
at 1000 g for 10 min. The stomach was removed and 
divided into two parts along the greater curvature. 
One part was quickly frozen in liquid nitrogen and then 
stored at -80 ℃ for quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) and western blot 
analysis. The other part was fixed in neutral-buffered 
formalin (40 g/L) for 24 h for histological assessment.

Histological examination of gastric lesions
Fixed stomach tissue was cut longitudinally into three 
strips. After dehydration and rinsing in xylol, the 
strips were embedded in paraffin, sectioned at 4-μm 
thickness, and stained with hematoxylin and eosin. 
Gastric lesions were classified as chronic gastritis, 
gastric dysplasia and gastric carcinoma. These lesions 
were determined independently by two pathologists. 
The incidence of gastric lesions in each group was 
presented as percentage of mice with gastric lesions. 
If two gastric lesions were found in the same stomach, 
each lesion was counted. 

Immunohistochemistry 
Paraffin-embedded stomach sections were depa-
raffinized, rehydrated, and then immersed in 3% 
hydrogen peroxide to quench endogenous peroxidase. 
The sections were blocked with 10% goat serum for 
20 min followed by incubation with a rabbit anti-Ki67 
antibody (1:100; Proteintech, Rosemont, IL, United 
States) at 4 ℃ for 12 h. After washing, the tissue 
sections were incubated with a biotin-conjugated 
secondary antibody for 60 min and were visualized 
using diaminobenzidine. Ki67-positive cells were 
stained brown in the nucleus and were counted in ≥ 
10 fields in each slide to obtain the average value. 

Biochemical analyses 
FBG was measured using a OneTouch glucometer 
(ACCU-CHEK Performa; Roche, Shanghai, China). 
Serum IGF-1 and fasting insulin (FINS) were deter-
mined with enzyme-linked immunosorbent assay 
(ELISA) kits (Shibayagi Co. Ltd., Shibukawa, Japan). 
Serum adiponectin and leptin concentrations were 
determined with ELISA kits from Crystal Chem 
(Downers Grove, IL, United States). The homeostatic 
model assessment of insulin resistance (HOMA-IR) was 
used to determine insulin resistance by the formula: 
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Table 1  Compositions of Liuwei Dihuang Pill

Chinese name Latin name Parts used Weight, g

Shu di huang Rehmannia glutinosa Libosch Root 160
Shan zhu yu Cornus officinalis Sieb Fruit   80
Shan yao Dioscorea opposite Thunb Rootstock   80
Ze xie Alisma orientale 

(G. Samuelsson) Juz
Rootstock   60

Fu ling Poria cocos (Schw.) Wolf Sclerotium   60
Mu dan pi Paeonia suffruticosa Andrews Bark   60

Plant name as verified at http://www.theplantlist.org.
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normalized to β-actin (loading control). 

Statistical analysis
Data were expressed as mean ± SE and analyzed 
using SPSS version 19.0 software (IBM Corp., Armonk, 
NY, United States). Differences among the groups 
were evaluated with ANOVA, Bonferroni multiple 
comparisons test, and Fisher’s exact test. Results 
were considered to be statistically significant at P < 
0.05 and highly significant at P < 0.01. The statistical 
methods were reviewed by Xu-Hong Hou from the 
Clinical Epidemiology Center of Shanghai Diabetes 
Research Institution. 

RESULTS
General observations 
The diabetic mice had higher body weights than non-
diabetic mice. There was no significant reduction in 
body weight in the diabetic mice treated with LDP 
compared to the untreated mice (Table 3). In the 
positive control, the body weight was significantly 
reduced by metformin. The diabetic mice had higher 
level of serum ALT relative to the non-diabetic mice. 
Moreover, both LDP and metformin significantly 
reduced serum ALT (Table 3). There was no significant 
difference in serum AST, BUN and Cr among the four 
groups, suggesting that LDP did not cause toxicity in 
the liver and kidney. LDP-treated mice had normal 
appearance without hair depilation, subcutaneous 
hematoma, and skin ulcers. There was no difference in 
mortality between LDP-treated and untreated groups 
(Table 4). All these data suggest that the mice had 
good tolerance to LDP without toxicity.

Reduction of gastric dysplasia by LDP
It is reported that diabetes increases and metformin 
decreases the incidence of gastric cancer[24]. The 
incidence of gastric dysplasia was significantly 
increased in the diabetic mice compared to the non-
diabetic mice (67% vs 17%; Table 4, Figure 1A and 
1B). The incidence was markedly reduced by LDP 
(10% vs 67%; Table 4 and Figure 1E) or metformin 
(10% vs 67%; Table 4 and Figure 1D). Metformin was 
used as the positive control for suppression of gastric 
tumorigenesis in the diabetic mice. Two diabetic mice 
had gastric tumors in the untreated group (Figure 1C), 
while tumors were not observed in the treated groups. 

HOMA-IR = (FBG × FINS)/22.5. The liver function 
was examined with serum aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT). The renal 
function was evaluated by measuring the levels of 
blood urea nitrogen (BUN) and creatinine (Cr) using 
commercial kits (Nanjing Jiancheng Bioengineering, 
China).

RNA extraction and qRT-PCR 
Total RNA was extracted from the stomach tissues 
with TRIzol reagent (Invitrogen, Carlsbad, CA, United 
States) and subjected to treatment with DNase I 
(Takara, Tokyo, Japan) to avoid genomic DNA con-
tamination. RNA (1 μg) was reverse transcribed into 
cDNA using the RevertAid First Strand cDNA Synthesis 
Kit (Takara). Real-time PCR was conducted with SYBR 
Green PCR Master Mix (Takara) using ABI 7500 Fast 
real-time PCR system (Applied Biosystems, Foster 
City, CA, United States). Primers sequences are shown 
in Table 2. Gene expression was normalized to the 
expression of GAPDH gene using the 2-ΔΔCt method.

Western blotting 
The stomach tissues were ground in liquid nitrogen, 
homogenized on ice using lysis buffer containing 
protease inhibitors, and centrifuged at 12000 rpm for 
15 min to obtain the supernatant. The concentration 
of total protein was determined with a BCA protein 
assay kit (Beyotime Biotechnology Company, Beijing, 
China). Protein from each mouse was separated at 50 
μg/sample using 8% SDS-PAGE and electrotransferred 
onto polyvinylidene difluoride membranes (Millipore, 
Billerica, MA, United States). The membrane was 
blocked in tris-buffered saline with 0.1% Tween-20 
and 5% fat-free milk, incubated with anti-phospho-
IGF-1R (Tyr1135/1136; Cell Signaling Technology, 
Danvers, MA, United States), anti-IGF-1R (Proteintech), 
anti-phospho-AKT (Ser473; Cell Signaling Technology), 
anti-AKT (Proteintech), and β-actin (Cell Signaling 
Technology) at 4 ℃ overnight. After being washed 
in tris-buffered saline with 0.1% Tween-20 3 times, 
the membranes were incubated with horseradish-
peroxidase-conjugated anti-rabbit antibodies at room 
temperature for 1 h, and then visualized using an 
enhanced chemiluminescence kit (Millipore). The 
protein abundance was determined using the intensity 
of protein bands using Image-J 1.46r software (National 
Institutes of Health, Bethesda, MD, United States), and 

Table 2  Sequences of primers for qRT-PCR

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

IGF-1 CTGGACCAGAGACCCTTTGC GGACGGGGACTTCTGAGTCTT
IGF-1R CATGTGCTGGCAGTATAACCC TCGGGAGGCTTGTTCTCCT
IGF-2 ACAACTTCGATTTGAACCACATTC GAGAGCTCAAACCATGCAAACT
IGF-2R TGAATGGTGATCCTTGCCCTC CCGGTAGCTGTTGGTCTGTC
Insulin receptor TCAAGACCAGACCCGAAGATT TCTCGAAGATAACCAGGG
GAPDH CCAATGTGTCCGTCGTGGATCT GTTGAAGTCGCAGGAGACAACC

Zhuang S et al . Liuwei Dihuang inhibits diabetes-related gastric tumorigenesis
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However, the difference was not significant among the 
four groups, which may have been related to the small 
number of mice in each group. The incidence of chronic 
gastritis did not differ among the four groups. These 
data suggest that the incidence of gastric dysplasia 
was markedly decreased by LDP in the diabetic mice. 

Decreased expression of Ki67 by LDP
Ki67 is a well-known antigen located in the nucleus 
and a marker of cell proliferation. We examined the 

marker to measure dysplasia. The percentage of 
Ki67-positive cells was significantly increased by the 
carcinogen MNU. The induction was attenuated by 
LDP or metformin (Figure 2). These results suggest 
that diabetes promoted gastric mucosal proliferation 
in the MNU tumor model. The proliferative activity was 
inhibited by LDP and metformin. 

Decrease in fasting insulin and IGF-1 by LDP
Hyperinsulinemia, hyperglycemia and IGF-1 elevation 

Table 4  Incidence of gastric dysplasia and carcinoma in the experimental mice

Group Survival Mortality Histopathology findings (no. of mice)

Chronic gastritis Gastric dysplasia Gastric carcinoma
db/m + MNU + saline 12 0 5 (42)  2 (17)a 0
db/db + MNU + saline   9 3 (25) 6 (67) 6 (67) 2 (22)
db/db + MNU + metformin 10 2 (17) 6 (60)  1 (10)a 0
db/db + MNU + LDP 10 2 (17) 5 (50)  1 (10)a 0

Data are presented as n (%). aP < 0.05 vs incidence of gastric dysplasia in db/db + MNU + saline group. Fisher’s exact test was used for comparison among 
groups. LDP: Liuwei Dihuang Pill; MNU: N-methyl-N-nitrosourea.

Table 3  Effects of Liuwei Dihuang Pill on body weights and serum biochemical parameters

Group Body weights at 
week 20, g

Body weights at 
week 30, g

ALT, U/L AST, U/L BUN, mmol/L Cr, μmol/L

db/m + MNU + saline 24.80 ± 1.08 25.56 ± 1.78    8.98 ± 1.78e   8.91 ± 1.45 4.80 ± 0.26 13.94 ± 4.17
db/db + MNU + saline 59.22 ± 5.61 61.18 ± 2.10 53.31 ± 8.31 10.23 ± 0.90 4.65 ± 0.52 18.44 ± 6.28
db/db + MNU + metformin 59.44 ± 3.38  48.90 ± 4.99b  23.40 ± 2.37b 10.79 ± 1.52 4.64 ± 0.51   9.45 ± 3.07
db/db + MNU + LDP 62.79 ± 5.03 57.96 ± 3.34  38.08 ± 4.81a 11.30 ± 1.14 4.85 ± 0.45   9.00 ± 1.50

Data are presented as mean ± SE. aP < 0.05, bP < 0.01, eP < 0.001 vs db/db + MNU + saline group by one-way ANOVA. ALT: Alanine aminotransferase; AST: 
Aspartate aminotransferase; LDP: Liuwei Dihuang Pill; MNU: N-methyl-N-nitrosourea.

Zhuang S et al . Liuwei Dihuang inhibits diabetes-related gastric tumorigenesis

db/m + MNU (dysplasia)                                  db/db + MNU (dysplasia)                                  db/db + MNU (cancer)

db/db + MNU + metformin (dysplasia)                  db/db + MNU + LDP (dysplasia)

A B C

D E

Figure 1  Hematoxylin and eosin staining of stomach tissue. A: Gastric dysplasia in non-diabetic control group (db/m); B: Gastric dysplasia in diabetic control 
group (db/db); C: Gastric cancer in diabetic control group (db/db); D: Gastric dysplasia in metformin-treated group (db/db); E: Gastric dysplasia in LDP-treated group 
(db/db). The black arrows indicate cell dysplasia with irregular and hyperchromatic cell nuclei. The red arrows show invasive gastric cancer cells in the submucosa. 
Bar represents 50 μm. LDP: Liuwei Dihuang Pill; MNU: N-methyl-N-nitrosourea.
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are important pathological characteristics of type 2 
diabetes. These factors have potent activity in the 
promotion of tumor growth and their activity was 
significantly elevated in diabetic mice. The elevation 
was significantly inhibited by LDP or metformin (Figure 
3). Insulin resistance was significantly improved by 
LDP or metformin, as suggested by a reduction in 

HOMA-IR (Figure 3), indicating that the LDP activity is 
related to improvement of insulin sensitivity. 

Expression of IGF and insulin receptor 
IGF-1 and insulin exert mitogenic effects on cancer 
cells through activation of their receptors. In this study, 
their receptor mRNAs were examined by qRT-PCR. The 
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Figure 3  Effects of Liuwei Dihuang Pill on fasting blood glucose, insulin, insulin-like growth factor and insulin resistance. The fasting blood glucose 
at baseline (weeks 1 and 20) and week 30 was measured. The levels of insulin and IGF-1 were measured with ELISA kits. HOMA-IR was calculated for insulin 
resistance. Data represent the mean ± SE (n = 9). aP < 0.05, bP < 0.01 vs control. ELISA: Enzyme-linked immunosorbent assay; HOMA-IR: Homeostatic model 
assessment of insulin resistance; IGF-1: Insulin-like growth factor-1.

Zhuang S et al . Liuwei Dihuang inhibits diabetes-related gastric tumorigenesis

db/m + MNU                                                db/db + MNU

db/db + MNU + metformin                                db/db + MNU + LDP

100

80

60

40

20

0

Ki
67

 p
os

iti
ve

 c
el

ls
 (

%
)

               db/m      db/db     db/db    db/db
Metformin    -            -            +           -
LDP              -            -              -           +

b b
b

A B

C D

Figure 2  Cell proliferation assay with immunohistological staining of Ki67 in gastric dysplasia. A: Ki67 expression in non-diabetic control group (n = 2); B: Ki67 
expression in diabetic control group (n = 6); C: Ki67 expression in metformin-treated group (n = 1); D: Ki67 expression in LDP-treated group (n = 1); E: Ki67-positive 
cells in each group. Results are presented as mean ± SE. bP < 0.01 vs control. Bar represents 25 μm. LDP: Liuwei Dihuang Pill; MNU: N-methyl-N-nitrosourea.
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diabetic mice exhibited an increase in the expression of 
IGF-1, IGF-1 receptor (IGF-1R), insulin receptor, and 
IGF-2 mRNAs (Figure 4). LDP inhibited the increases 
in IGF-1 and insulin receptor, but not in IGF-1R, IGF-2 
and IGF-2R (Figure 4). A similar activity was observed 
for metformin in the regulation of gene expression 
(Figure 4).

Decreased activation of IGF-1R and AKT proteins in 
stomach 
Insulin and IGF-1 activate their receptor signaling 
pathways during promotion of carcinogenesis. As 
a key signaling molecule, AKT plays a central role 
in cell growth, cell survival, cancer progression and 
metastasis. Phosphorylation of AKT and IGF-1R was 
examined along with total AKT and IGF-1R proteins. 
Phosphorylation was significantly higher in the diabetic 
mice than in the non-diabetic mice. The signals were 
significantly down-regulated by LDP or metformin 
(Figure 5). These data suggest that LDP inhibits 
activation of the IGF-1/IGF-1R/AKT signaling pathways 
in the gastric dysplasia tissue of diabetic mice. 

Decreased serum leptin and increased serum 
adiponectin 
Adipokine change in the context of type 2 diabetes 
may be associated with gastric carcinogenesis. Serum 
adiponectin and leptin were examined in this study 
to investigate adipokine activity. Adiponectin was 

decreased and leptin was increased in diabetic mice 
compared with non-diabetic mice (Figure 6). Metformin 
significantly reduced the level of leptin, but did not 
markedly increase serum adiponectin. LDP significantly 
increased adiponectin and decreased leptin in the 
serum of diabetic mice (Figure 6). These data imply 
that LDP may significantly improve imbalance of 
adipokines in the diabetic mice.

DISCUSSION
In this study, we established a model of gastric 
dysplasia in diabetic mice by administration of MNU. 
Gastric dysplasia was enhanced by type 2 diabetes, 
which was associated with hyperinsulinemia and IGF-1 
elevation. The carcinogenic change was significantly 
inhibited by LDP in the diabetic mice, as indicated by 
the reduction in Ki67 signaling. The inhibition was 
associated with a reduction in serum insulin and IGF-1, 
suggesting improvement of insulin sensitivity by LDP. 
Insulin sensitivity was improved by LDP as indicated 
by the HOMA-IR and the pattern of adipokine change 
in LDP-treated diabetic mice. These data suggest 
that LDP may reduce the risk of gastric cancer by 
improvement of insulin sensitivity in diabetic mice. 

Our results suggest that LDP may improve insulin 
sensitivity in the absence of weight loss. Hyperin-
sulinemia is the most prominent feature of type 2 
diabetes, as a result of insulin resistance. The high 
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Figure 4  Effects of Liuwei Dihuang Pill on gene expression in gastric tissues. mRNA expression of IGF-1, IGF-1R, IGF-2, IGF-2R and insulin receptor was 
determined in stomach tissues by qRT-PCR. mRNA expression was normalized to that of GAPDH. Data represent the mean ± SE. aP < 0.05, bP < 0.01 vs control. 
IGF-1/2: Insulin-like growth factor-1 or 2; IGF-1/2R: Insulin-like growth factor-1 or 2 receptor; LDP: Liuwei Dihuang Pill; qRT-PCR: Quantitative reverse transcription-
polymerase chain reaction.
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level of insulin is a risk of gastric cancer for promotion 
of cell proliferation[3]. This possibility is supported by 
a study in mice, in which hyperinsulinemia promoted 
gastric tumor growth in diet-induced obesity[25]. 
LDP increased insulin sensitivity and reduced 
hyperinsulinemia through weight loss in one study[12]. 
However, weight loss was not observed in our study. 
The discrepancy might be a result of differences in 
LDP dosage and the animal models. Our data suggest 
that LDP improves insulin sensitivity without weight 
loss, although weight loss may contribute to the effect 
under certain conditions.

A reduction in IGF-1 may have contributed to the 
cancer preventive effect of LDP in diabetic mice. IGF-1 
is a potent growth factor in tumor cells in addition to 
insulin. IGF-1 promotes cell proliferation and inhibits 
apoptosis through activation of IGF-1R. Both IGF-1 
and IGF-1R are overexpressed in human gastric 
cancer in most conditions[26]. Inhibition of the signaling 

pathway is associated with suppression of gastric 
cancer growth and cancer metastasis[27]. IGF-1 level 
was elevated in the serum, expression of IGF-1 and 
its receptor was increased in the lesion tissue of db/db 
mice. Those alterations were attenuated by LDP in the 
gastric cancer model. The conclusion was supported 
by the decrease in phosphorylation of IGF-1R and AKT. 
IGF-2 and IGF-2R are members of the IGF family. 
IGF-2 can promote gastric cancer proliferation like 
IGF-1, while IGF-2R has a tumor-suppressive effect 
through clearance of IGF-2[28,29]. Our results suggest 
that expression of IGF-2 and IGF-2R was not changed 
by LDP, although IGF-2 expression was elevated in 
the diabetic mice. These results suggest that inhibition 
of IGF-1 activity contributes to the LDP effect in the 
suppression of gastric dysplasia. 

AKT is activated by both insulin and IGF-1 in their 
signaling pathways. AKT promotes tumor formation 
by stimulation of cell proliferation and inhibition of 

12000

9000

6000

3000

0
                db/m        db/db       db/db      db/db
Metformin     -               -             +             -
LDP               -               -               -             +

Adiponectin

(n
g/

m
L)

b a 200

150

100

50

0
                db/m        db/db       db/db      db/db
Metformin     -               -             +             -
LDP               -               -               -             +

Leptin

(n
g/

m
L)

b
b

b

Figure 6  Effects of Liuwei Dihuang Pill on serum adiponectin and leptin. Serum levels of adiponectin and leptin were examined with ELISA kits. Values are the 
mean ± SE. aP < 0.05, bP < 0.01 vs control. ELISA: Enzyme-linked immunosorbent assay; IGF-1: Insulin-like growth factor; LDP: Liuwei Dihuang Pill.

Zhuang S et al . Liuwei Dihuang inhibits diabetes-related gastric tumorigenesis

p-IGF-1R

t-IGF-1R

p-AKT
(Ser 473)

t-AKT

β-actin

                 db/m          db/db         db/db         db/db
MNU             +               +               +               +
Metformin      -                -                +               -
LDPs              -                -                 -                +

2.5

2.0

1.5

1.0

0.5

0.0
              db/m   db/db  db/db  db/db
Metformin   -         -         +        -
LDP             -         -           -        +

a

p-
IG

F-
1R

/ β
-a

ct
in

 r
at

io a
a

2.0

1.5

1.0

0.5

0.0
              db/m   db/db  db/db  db/db
Metformin   -         -         +        -
LDP             -         -           -        +

p-
AK

T-
1R

/ β
-a

ct
in

 r
at

io b
b

2.0

1.5

1.0

0.5

0.0
              db/m   db/db  db/db  db/db
Metformin   -         -         +        -
LDP             -         -           -        +

t-
IG

F-
1R

/ β
-a

ct
in

 r
at

io 2.0

1.5

1.0

0.5

0.0
              db/m   db/db  db/db  db/db
Metformin   -         -         +        -
LDP             -         -           -        +

t-
AK

T/
β-

ac
tin

 r
at

io

Figure 5  Effects of Liuwei Dihuang Pill on insulin and insulin-like growth factor signaling pathways. A: A representative blot is presented. IGF-1R, AKT and 
their phosphorylated status were determined by western blotting. β-actin served as a loading control; B: Intensity of protein bands was determined with Image-J 1.46r 
software. The expression ratios of target proteins relative to β-actin were calculated. Data represent the mean ± SE. aP < 0.05, bP < 0.01 vs control. IGF-1R: Insulin-
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apoptosis. These activities are related to activation 
of cylin D1 and inhibition of caspase-9, respectively. 
In gastric cancer, abnormal activation of AKT is 
widely observed and AKT has become a key target of 
antitumor agents[30]. Inhibition of phospho-AKT may 
represent another antineoplastic mechanism of LDP.

In addition to the insulin/IGF signaling, alteration 
of adipokines may contribute to the chemopreventive 
effects of LDP in our model. Adiponectin and leptin are 
two important adipokines that link type 2 diabetes to 
cancer. Adiponectin has an anti-inflammatory activity in 
addition to regulation of cell metabolism, proliferation 
and apoptosis[31]. Contrary to adiponectin, leptin has 
proinflammatory activity[32], which may increase the 
cancer risk. Human studies have revealed that a 
low level of adiponectin and high level of leptin are 
associated with an increased risk of gastric cancer[33,34]. 
Correction of the adipokines’ imbalance may contribute 
to the inhibition of gastric carcinogenesis by LDP. In 
this study, the effects of LDP on the adipokines are 
consistent with those reported by Perry et al[12] in 
obese rats[35]. These findings suggest that restoration 
of the balance of adiponectin and leptin may contribute 
to LDP activity.

In our study, LDP did not exhibit toxicity, as 
determined by body weight, mortality, appearance and 
physical activity of the mice. In addition, there was no 
significant increase in other parameters including AST, 
BUN and Cr in LDP-treated mice, suggesting that our 
dosage of LDP did not generate any adverse effect on 
liver and renal function. These results suggest that LDP 
is safe for treatment of type 2 diabetes and control of 
gastric tumorigenesis.

In summary, LDP exhibited excellent activity in 
the risk control of gastric tumorigenesis in diabetic 
mice. The activity was observed without any toxicity. 
Inhibition of gastric tumorigenesis was associated with 
reduction in hyperinsulinemia, serum IGF-1, and local 
IGF-1 signaling in the gastric tissue. Improvement of 
adiponectin and leptin imbalance may also contribute 
to the tumor control effect of LDP. The current study 
shed light on the potential of LDP in the management 
of both gastric dysplasia and type 2 diabetes. 
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Liuwei Dihuang Pill (LDP) has a history of thousands of years in treating 
diabetes, and modern pharmacological research shows that LDP also prevents 
gastrointestinal tumors. However, it remains unknown whether and how LDP 
inhibits incidence and progression of diabetes-related gastric cancer in vivo.
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adipokines. Therefore, targeting these abnormal metabolic alterations may be a 
promising strategy for reducing risk of gastric cancer in type 2 diabetes. Recent 
studies suggest that LDP reduces insulin resistance and hyperinsulinemia, 
and improves imbalance of adipokines. Investigation of the effects of LDP on 
the insulin/IGF-1 axis and adipokines will facilitate our understanding of the 
underlying mechanism of LDP in preventing gastric tumorigenesis in type 2 
diabetes. 

Innovations and breakthroughs
In the present study, LDP inhibited the early phase of gastric carcinogenesis 
in diabetic and obese mice, partly by alleviating insulin resistance, reducing 
insulin/IGF-1 activity and restoring adipokine abnormality. To the best of our 
knowledge, this is the first study to show the chemopreventive effect of LDP on 
diabetes-related gastric tumorigenesis and the underlying mechanism.

Applications
LDP may be a potential candidate for preventing gastric tumorigenesis in type 2 
diabetic individuals and has value in clinical applications. 
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Abstract
AIM
To explore the effect of miR-382 on esophageal 
squamous cell carcinoma (ESCC) in vitro  and its 
possible molecular mechanism.

METHODS
Eca109 cells derived from human ESCC and Het-
1A cells derived from human normal esophageal 
epithelium were used. Lentivirus-mediated miR-382 was 
overexpressed in Eca109 cells. The effect of miR-382 
on cell proliferation was evaluated by MTT and colony 
formation assay. For cell cycle analysis, cells were 
fixed and stained for 30 min with propidium iodide 
(PI) staining buffer containing 10 mg/mL PI and 100 
mg/mL RNase A, and analyzed by BD FACSCalibur™ 
flow cytometer. For cell apoptosis assay, cells were 
stained with an Annexin V-FITC/PI Apoptosis Detection 
Kit according to the manufacturer’s instructions and 
analyzed by a dual-laser flow cytometer. Cell invasion 
and migration abilities were determined through use 
of transwell chambers, non-coated or pre-coated with 
matrigel. Levels of proteins related to cell growth and 
migration were examined by western blotting.
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RESULTS
Endogenous miR-382 was down-regulated in Eca109 
cells compared with Het-1A. Introduction of miR-382 
not only significantly inhibited proliferation and colony 
formation, but also arrested cell cycle at the G2/M 
phase, as well as promoted apoptosis and autophagy 
in Eca109 cells. Migration, invasion and epithelial-
mesenchymal transition of Eca109 cells were suppressed 
by overexpressing miR-382. Western blotting results 
showed that miR-382 inhibited the phosphorylation of 
mTOR and 4E-BP1. 

CONCLUSION
miR-382 functions as a tumor suppressor against ESCC 
development and metastasis, and could be considered 
as a potential drug source for the treatment of ESCC 
patients.

Key words: miR-382; Esophageal squamous cell 
carcinoma; Tumor suppressor; Proliferation; Migration; 
Invasion

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Our previous study revealed that miR-382 was 
significantly down-regulated in esophageal squamous 
cell carcinoma (ESCC) patients with short-term motility, 
implying that miR-382 may display antitumor function 
in ESCC development and metastasis. We present 
here that miR-382 functions as a tumor suppressor 
by inhibiting proliferation, migration, invasion and 
epithelial-mesenchymal transition, in addition to 
inducing cell cycle arrest, apoptosis and autophagy in 
Eca109 cells. Inhibitory influence on protein translation 
mediated by mTOR/4E-BP1 signaling might be 
involved in the antitumor activity of miR-382 against 
ESCC. Thus, manipulation of miR-382 level can be a 
potentially therapeutic intervention for ESCC.

Feng J, Qi B, Guo L, Chen LY, Wei XF, Liu YZ, Zhao BS. 
miR-382 functions as a tumor suppressor against esophageal 
squamous cell carcinoma. World J Gastroenterol 2017; 
23(23): 4243-4251  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4243.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4243

INTRODUCTION
MicroRNAs (miRNAs) are classes of small non-
coding, 17-25 nucleotides long, RNAs that bind to the 
3’-untranslated region of target genes to induce post-
transcription suppression or translational repression[1]. 
Evidence has demonstrated that miRNAs as either 
oncogenes or tumor suppressors are frequently 
dysregulated in many types of cancers and linked with 
its diagnosis and prognosis, implying that miRNAs 

play a substantial role in the pathogenesis of human 
cancers[2,3].

Esophageal cancer (EC) is one of the most common 
human malignancies[4] and can be pathologically 
classified into two major types, called esophageal 
squamous cell carcinoma (ESCC) and adenocarcinoma[5]. 
It is especially prevalent among Asian populations, 
with the most common type (90%) of EC in Asian 
countries being ESCC[6]. Despite improvement in 
diagnosis and treatment, ESCC has become one of the 
major diseases that negatively impact overall health 
and quality of life, as manifested by its rising incidence 
and poor 5-year survival rate (19%)[7]. ESCC is a 
complicated disease related to chromosomal instability, 
epigenetic variability, and expression abnormalities of 
genes, including both coding and noncoding genes[3]. 

miRNA as a noncoding gene has been demonstrated 
as having an expression signature associated with 
ESCC development and progression[8,9]. In our previous 
report, miRNA profiling results showed that 46 miRNAs 
were differentially expressed in ESCC tissues vs non-
tumorous esophageal tissues, with further research 
demonstrating that four of these miRNAs affect the 
direction of patient outcomes[10]. These results imply 
that altered expression of these miRNAs may be 
potential predictive biomarkers for both prognosis and 
treatment of ESCC. 

MicroRNA-382 (miR-382) is a member of the 
metastatic signature found in our previous study. 
Recent studies have demonstrated that miR-382 is 
dysregulated in multiple types of cancer, including 
breast, osteosarcoma, colorectal and ovarian 
cancers[11-14]. We found that miR-382 was significantly 
down-regulated in ESCC patients with short-term 
motility. Accordingly, in conjunction with relevant 
literature, our results indicate that low levels of miR-382 
may contribute to the development and metastasis of 
ESCC[15]. However, the possible roles and mechanisms 
of miR-382 in human ESCC are still not well established.

In the present study, we found that miR-382 
expression in the ESCC cell line was lower than that 
of the normal esophageal epithelial cell line. We 
determined a functional role of miR-382 in ESCC 
tumor progression using the in vitro cell model by 
lentivirus-mediated miR-382 overexpression. We found 
that overexpression of miR-382 inhibited ESCC cell 
proliferation by promoting cell cycle arrest at the G2/M 
phase as well as at apoptosis. Moreover, we observed 
that overexpression of miR-382 suppressed ESCC cell 
migration and invasion via the mechanism associated 
with blocking the epithelial-mesenchymal transition 
(EMT) process. The mammalian target of rapamycin 
(mTOR)/translation repressor 4E binding protein 1 
(4E-BP1) signaling pathway and autophagy process 
might be involved in the antitumor activity of miR-382 
on ESCC cells. Our study provides the evidence that 
miR-382 functions as a tumor suppressor against the 
development and metastasis of ESCC.
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MATERIALS AND METHODS
Reagents and antibodies
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT), the Propidium Iodide (PI) Cell Cycle 
Assay Kit and the Annexin V-FITC/PI Apoptosis 
Detection Kit were purchased from Beyotime (Jiangsu, 
China). The All-in-One™ First-Strand cDNA Synthesis 
Kit, the All-in-One™ miRNA qRT-PCR Detection Kit and 
miRNA primers were purchased from Genecopoeia 
(Rockville, MD, United States). DMEM and fetal bovine 
serum were obtained from Thermo Fisher Scientific 
(Waltham, MA, United States). All primary antibodies 
including p21Cip1/Waf1, E-cadherin, β-catenin, 
vimentin and snail, mTOR, p-mTOR (Ser2448), p-4E-
BP1 (Thr37/46), LC3 and β-actin were purchased 
from Cell Signaling Technologies (Danvers, MA, United 
States). All other common chemicals and buffers were 
from Boster (Wuhan, China).

Cell culture and lentivirus infection
Eca109 and Het-1A were obtained from Cobioer 
Biosciences (Nanjing, China). Both cell lines were 
cultured in DMEM medium containing 10% fetal bovine 
serum in a humidified atmosphere under 5% CO2 at 37 
℃. Lentiviral vectors LV10-(U6/RFP & Puro) expressing 
a scrambled control (LV-Con) and mature miR-382 
(MIMAT0000737, 5’GAAGUUGUUCGUGGUGGAUUC
G3’, LV-miR-382) were generated by GenePharma 
(Shanghai, China). The virus infection was carried 
out according to GenePharma’s recommendations. 
Expression of mature miR-382 was confirmed by real-
time reverse transcription (RT)-PCR.

RT and quantitative (q)PCR 
Total RNA was isolated using TRIzol reagent from 
Ambion (Austin, TX, United States) according to 
the manufacturer’s protocol. The All-in-One™ First-
Strand cDNA Synthesis Kit and the All-in-One™ 
miRNA qPCR Detection Kit were used for RT and qPCR 
respectively, and RT-qPCR was performed through 
Applied Biosystems QuantStudio™ 6 Flex Real-Time 
PCR System (Applied Biosystems, Foster City, CA, 
United States). Expression of U6 was used to normalize 
the miR-382 level.

Cell proliferation and colony formation assay
MTT was used to measure cell proliferation. Eca109 
cells (4 × 103 cells /well) were seeded in 96-well 
culture plates and incubated overnight at 37 ℃ in a 
humidified 5% CO2 incubator. At an indicated time, 
10 µL of MTT dye was added to each well at a final 
concentration of 5 mg/mL. After 4 h incubation, the 
blue MTT formazan crystal was then dissolved in 100 
µL/well of DMSO. The absorbance at 490 nm was 
measured on Multisken Spectrum (Thermo Fisher 
Scientific) microplate reader. The amount of viable 
cells after infection with LV-miR-382 and LV-Con was 
measured in triplicate. For the colony formation assay, 

cells were seeded into a 6-well plate with 1 × 103 
cells/well. After 10 d of culturing, cells were washed 
twice with phosphate-buffered saline (PBS), then fixed 
with 4% paraformaldehyde for 15 min and stained 
with 0.5% crystal violet. The number of colonies was 
calculated by use of ImageJ software. The experiment 
was performed in triplicate.

Cell cycle and apoptosis analyses
Cells were seeded into a 35-mm dish with 1 × 105 
cells/dish. After 72 h, harvested cells were washed with 
cold PBS for three times and fixed in 70% ethyl alcohol 
at 4 ℃ overnight. Cells were then treated with 10 µg/
mL RNase and stained with 50 µg/mL PI for 30 min at 
room temperature in the dark. The cell cycle was then 
measured by BD FACSCalibur™ (BD Biosciences, San 
Jose, CA, United States) and the cell cycle distribution 
was analyzed by ModFit software (BD Biosciences). 
For the apoptosis analysis, cells were stained using the 
Annexin V-FITC/PI Apoptosis Detection Kit according 
to the manufacturer’s instructions. The apoptotic cells 
were detected by BD FACSCalibur™.

Transwell migration and invasion assay 
A 24-well plate was used as a “feeder tray”. For the 
migration assay, 6.5-mm transwell chambers with 
8 µm micro-pores (Corning Costar, Manassas, VA, 
United States) were used. For the invasion assay, the 
same filters were pre-coated with BD Matrigel (BD, 
Franklin Lakes, NJ, United States). A total of 60 µL 
of 1 mg/mL matrigel was briefly added on top of the 
filter into the upper chamber of each 24-well transwell 
and incubated at 37 ℃ for 8 h, followed by removal 
of the excess solution. In both migration and invasion 
tests, 200 µL of cell suspension (at 1 × 105 cells/mL) 
in serum-free medium was seeded on top of the filter, 
which was then immersed into the feeder tray and 
incubated at 37 ℃ in 600 µL of complete medium. 
After allowing the cells to migrate for 24 h, the non-
migrated cells or non-invaded cells on the upper 
surface of each membrane were cleaned with a cotton 
swab. Cells adhering to the bottom surface of each 
membrane were fixed and stained with 0.1% crystal 
violet. Migrated or invaded cells in five different fields 
were counted through a phase contrast microscope. 
Both the migration assay and invasion assay were 
performed three times using triplicate wells.

Western blot analysis
Cell lysates were prepared with RIPA lysis buffer 
(50 mmol/L Tris-HCl, 150 mmol/L NaCl, 0.1% SDS, 
1% NP40, 0.5% sodium deoxycholate, 1 mmol/L 
phenylmethylsulfonyl fluoride, 100 µmmol/L leupeptin, 
and 2 µg/mL aprotinin, pH 8.0). A total of 30 µg protein 
extract was subjected to sodium dodecyl sulfate-
polyacrylamide gel and transferred onto nitrocellulose 

membranes (Amersham Biosciences, Piscataway, NJ, 
United States). After blocking with 5% nonfat dry milk, 
membranes were incubated at 4 ℃ overnight with each 
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1B, miR-382 levels of LV-miR-382 infected Eca109 cells 
were 24153.06-fold higher than that of LV-Con control 
cells. Therefore, we utilized this in vitro cell model to 
investigate the functional role of miR-382 in ESCC 
progression in the following experiments.

miR-382 inhibited Eca109 cell proliferation and colony 
formation
As the expression of endogenous miR-382 in Eca109 
cells was down-regulated, we speculated that miR-382 
might affect the proliferation rate of ESCC cells. Thus, 
we examined the effect of overexpression of miR-382 
on the proliferation of Eca109 cells. As shown in Figure 
2A, the cell proliferation rate of miR-382 overexpressed 
Eca109 cells was significantly inhibited when compared 
with that of the control cells at the 72-h culture time 
point (LV-miR-382 vs LV-Con, 312.01 ± 27.53 vs 
176.76 ± 18.49, P < 0.01). Moreover, colony formation 
assay shown in Figure 2B and C showed that enforced 
expression of miR-382 resulted in a more than 69% 
decrease in colony numbers in miR-382 overexpressed 
Eca109 cells compared with control cells (LV-miR-382 vs 
LV-Con, 421.00 ± 41.24 vs 127.33 ± 27.46, P < 0.01). 
These results indicated that miR-382 inhibited Eca109 
proliferation in vitro.

miR-382 induced cell cycle arrest at G2/M phase and 
apoptosis
To elucidate the possible mechanisms by which 
miR-382 inhibited the proliferation of ESCC cells, we 
studied the impact of miR-382 on Eca109 cell cycle 
progression and apoptosis. The cell cycle distribution 
analyzed by flow cytometry showed that the cell 
number at G2/M phase was increased in LV-miR-382 
infected cells compared with LV-Con cells (LV-miR-382 
vs LV-Con, 100% ± 10.14% vs 215% ± 16.60%, 
P < 0.05; Figure 3A-C). Western blot analysis was 
performed to determine the expression of p21Cip1/
Waf1, which is an important negative cell cycle re-
gulator. The result in Figure 3D clearly indicated that 
the expression level of p21Cip1/Waf1 was augmented 
by miR-382 overexpression. These data suggested that 
the miR-382-induced cell cycle arrest at G2/M phase in 
Eca109 cells may be mediated through p21Cip1/Waf1 
down-regulation. 

To investigate whether the anti-proliferative 
activity of miR-382 was related to an apoptotic effect, 
apoptosis was determined by flow cytometry after 
double staining with Annexin-V FITC/PI. As shown in 
Figure 4, either early or late apoptotic cell number of 
LV-miR-382 infected cells was clearly increased when 
compared to control cells (early: LV-miR-382 vs LV-
Con, 1.00 ± 0.09 vs 5.50 ± 0.00, P < 0.05; late: LV-
miR-382 vs LV-Con, 1.00 ± 0.72 vs 14.57 ± 1.84, P < 
0.01). These results suggested that the miR-382 inhibi-
tory effect of miR-382 on Eca109 proliferation may be 
related to increased G2/M cell cycle arrest and active 
apoptosis.

of the following primary antibodies: p21Cip1/Waf1, 
E-cadherin, β-catenin, vimentin, snail, mTOR, p-mTOR 
(Ser2448), p-4E-BP1 (Thr37/46), LC3 (all 1:1000 
dilution) and β-actin. Membranes were then washed 
with PBS-Tween and incubated with horseradish 
peroxidase-conjugated secondary antibodies. After 
incubation, the membranes were washed three times 
with Tris-buffered saline-Tween and processed with the 
SuperSignal West Pico Chemiluminescent Substrate 
Detection Kit (Thermo Fisher Scientific) in accordance 
with the manufacturer’s instructions. Chemiluminescent 
detection of western blots was performed using the 
AmershamTM Imager 600 System (GE Healthcare Bio-
Sciences, Pittsburgh, PA, United States).

Statistical analysis
Data was analyzed using Student’s t-test, and all 
data was expressed as the mean ± SD. P < 0.05 was 
considered statistically significant.

RESULTS
Endogenous miR-382 was down-regulated in Eca109 
cells
We have previously shown that miR382 level was 
explicitly down-regulated in ESCC patients with poor 
outcome compared to those with good outcome. 
However, the functional role of miR-382 in human ESCC 
remains elusive. In this study, we sought to confirm the 
miR-382 down-regulation in the Eca109 cell line derived 
from human ESCC tissue compared to the Het-1A cell 
line derived from human normal esophageal epithelium. 
As shown in Figure 1A, endogenous miR-382 in 
Eca109 was 7.69-fold lower than that in Het-1A cells 
(P < 0.01). This result is consistent with our previous 
clinical finding. In order to further explore the function 
of miR-382, Eca109 cells were infected with lentivirus-
mediated miR-382 (LV-miR-382). As indicated in Figure 
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Figure 1  miR-382 was down-regulated in the esophageal squamous cell 
carcinoma cell line Eca109. A: The expression of miR-382 in Het-1A cells 
and Eca109 cells was examined by RT-qPCR; B: The relative expression 
level of miR-382 after introduction of either lentivirus-mediated miR-382 (LV-
miR-382) or lentivirus-mediated scrambled control (LV-Con) into Eca109 cells 
was examined by RT-qPCR. The data in A and B is expressed as mean ± SD 
of three independent experiments. bP < 0.01, vs control. ESCC: Esophageal 
squamous cell carcinoma.
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miR-382 inhibited Eca109 cell migration and invasion
Cancer metastasis is greatly associated with cancer cell 
migratory and invasive abilities. To further investigate 
the influence of miR-382 over the migration and 
invasion of ESCC cells, migration transwell assay was 
initially performed to determine the migratory ability 
of the cells. As shown in Figure 5A and B, in the group 
infected with LV-miR-382 the rate of cell migration 
into the bottom chamber was significantly reduced 
by 32% compared with that of the scrambled control 
cells (LV-Con vs LV-miR-382, 433.50 ± 20.72 vs 
292.25 ± 18.02, P < 0.05). Subsequently, matrigel 
invasion assay, a three-dimensional model, was 
utilized to investigate the inhibitory effect of miR-382 
on the invasive potency of the cells. The result shown 
in Figure 5C and D demonstrates that miR-382 
significantly suppressed invasion of Eca109 cells by 
54% (LV-Con vs LV-miR-382, 603.80 ± 64.46 vs 
273.80 ± 54.99, P < 0.01). These data indicated that 
miR-382 exerted an inhibitory effect on the migration 
and invasion of ESCC cells.

The role of miR-382 in regulating EMT was further 
studied by investigation of the protein expression 
of several key EMT effectors, including E-cadherin, 
β-catenin, vimentin and snail. Interestingly, miR-382 
attenuated expressions of three mesenchymal markers 
(β-catenin, vimentin and snail). Moreover, we also 
observed that the expression of E-cadherin, which is one 

of the epithelial markers, was significantly augmented 
in LV-miR-382 cells, as shown in Figure 5E. Taken 
together, these results suggested that the inhibitory 
effect of miR-382 on the migration and invasion of 
ESCC cells may be mediated through restraining EMT 
processes in ESCC.

miR-382 inhibited mTOR signaling pathway and 
activated autophagy process
mTOR plays a key role in cell growth and homeostasis 
and may be abnormally regulated in tumors. To 
address the functional activation of mTOR regulated 
by miR-382, western blot analyses were performed 
to examine the phosphorylation level of both mTOR 
and 4E-BP1, a target of mTOR known to bind to 
translation initiation factor eIF4E to inhibit cap-
dependent translation. Overexpression of miR-382 
noticeably inhibited the phosphorylation of both mTOR 
(Ser2448) and 4E-BP1 (Thr37/46) (Figure 6). Previous 
studies have indicated that autophagy has roles in 
various cellular functions, including cell proliferation 
and apoptosis. During autophagy, LC3-I is converted 
to LC3-II and recruited into the membrane of the 
phagophore, a double membrane required for the 
recycling of protein aggregates and organelles. To 
determine whether miR-382 might induce autophagy 
in Eca109, we examined the level of LC3 protein in LV-
miR-382 infected Eca109 cells and control cells. As 
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shown in Figure 6, increased levels of either LC3-I or 
LC3-II were detected in LV-miR-382 cells compared 
to control cells, indicating that miR-382 activated 
the autophagy process. These data suggested that 
inhibition of the mTOR/4E-BP1 signaling pathway 
together with activation of the autophagy process may 
be important targets of miR-382 actions.

DISCUSSION
Accumulating evidence has revealed that miRNAs 
participate in the initiation and progression of human 
cancers. Thus, exploration of cancer-specific miRNAs 
contributes to the identification of novel biomarkers 
and therapeutic targets for human cancers. To date, 
correlation analyses between miRNAs and ESCC have 
shown that a number of dysregulated miRNAs levels 
correlate with ESCC patients’ outcomes. 

Human miR-382 (has–mir-382, MIMAT0000737, 
5’-GAAGUUGUUCGUGGUGGAUUCG-3’) resides in a 
miRNA cluster in the imprinted DLK1-DIO3 region on 
the 14q32 locus, which hosts one of the largest miRNA 
clusters in the genome. Many of these miRNAs are 
differentially expressed in several pathologic processes 
and various cancers, with recent studies reporting 
that miR-382 is aberrantly regulated in several types 
of human malignancies. miR-382 levels were found to 
be decreased in ovarian cancer[13] and osteosarcoma, 
but increased in breast cancer[16] and acute myeloid 
leukemia tumor tissue[17]. Based off these findings, the 
role of miR-382 in tumor development and metastasis 
is heterogeneous and it functions in a cell-driven and 
tissue-driven manner.

Our earlier study discovered that decreased miR382 
expression in tumor tissues from ESCC patients was 
clinically correlated with short-term motility, and 
significantly linked to poor patient outcome. This 
indicates that miR-382 may play antitumor functions 
in esophageal carcinogenesis, and could be a potential 
predictive biomarker for ESCC prognosis. On the other 
hand, the mechanism by which miR-382 functionally 

affects ESCC phenotype has not been elucidated; 
therefore, in this study, we began by evaluating 
the expression of endogenous levels of miR-382 in 
Eca109 tumor cell line and Het-1A normal esophageal 
epithelia cell line. Consistent with our previous clinical 
results, we found that miR-382 was reduced in Eca109 
cells compared with Het-1A. Moreover, we found 
that lentivirus-mediated overexpression of miR-382 
significantly inhibited Eca109 cell proliferation, colony 
formation, migration and invasion. These findings 
together with our previous result suggest that miR-382 
functions as a tumor suppressor in ESCC. 

Cell cycle arrest and apoptosis are closely linked 
to cell proliferation in mammalian cells. In the present 
study, we found that overexpression of miR-382 
significantly increased initiation of cell cycle arrest at 
G2/M phase and promoted the apoptotic process of 
Eca109 cells. Therefore, the inhibitory influence of 
miR-382 on Eca109 proliferation seems to be related 
with increased G2/M cell cycle arrest and active 
apoptosis. In addition, it is known that cell cycle pro-
gression and apoptosis are regulated by numerous 
proteins, with one of these proteins being the cyclin-
dependent kinase inhibitor p21Cip1/Waf1, which 
facilitates cell cycle arrest in response to a variety of 
stimuli[18]. Our results showed that miR-382 clearly 
increased p21Cip1/Waf1 expression, indicating that 
the miR-382-induced cell cycle arrest in G2/M phase 
may occur through regulation of p21Cip1/Waf1.

EMT comprises the process by which epithelial 
cells are transited into mesenchymal cells, and 
display reduced intracellular adhesion and increased 
motility[19]. Most evidence supports EMT playing 
the integral roles through which epithelial cancers 
invade and metastasize. The EMT process is related 
to a number of cellular and molecular events and is 
accompanied by the loss of epithelial markers (e.g., 
E-cadherin) and the gain of mesenchymal markers 
(e.g., vimentin, β-catenin and snail). Our study 
showed that miR-382 inhibited Eca109 cell migration, 
as well as invasion in vitro. Overexpression of miR-382 
enhanced the level of E-cadherin and reduced levels 
of vimentin, β-catenin, and snail. Accordingly, these 
data indicated that miR-382 might suppress the EMT 
process, so that Eca109 cell invasion and metastasis 
may be restrained.

Autophagy is a catabolic process for proteolytic 
degradation of damaged intracellular proteins and 
organelles in lysosomes. Autophagy dysfunction is 
associated with multiple human diseases, such as 
cancer. It has been reported that autophagy deficiency 
promotes cell proliferation, migration and invasion. 
Our data revealed that overexpression of miR-382 was 
able to up-regulate the expression of two distinctive 
hallmarks of autophagy, LC3-I and LC3-II[20], in Eca109 
cells, implying that miR-382 could induce autophagy in 
Eca109 cells. 

Regulation of translation is critical for controlling 
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many major cellular processes, including cell pro-
liferation, apoptosis and metastasis. The mTOR 
signaling pathway plays a pivotal role in regulation 
of the translation process, with one of the best-
characterized downstream effectors of mTOR being 
4E-BP1. mTOR phosphorylates 4E-BP1, which pro-
motes the dissociation of eIF4E from 4E-BP1, conse-
quently alleviating the inhibitory effect of 4E-BP1 on 
eIF4E-dependent translation initiation[21]. Therefore, 
overall translation levels are lowered when 4E-BP1 
is active, which is thought to be regulated by mTOR-
dependent phosphorylation. Our results showed that 
miR-382 dramatically inhibited the phosphorylation of 
mTOR as well as 4E-BP1. These results indicated that 
miR-382 might suppress the overall protein translation 
process through mTOR/4E-BP1, and could potentially 
function as a tumor suppressor against ESCC.

In conclusion, our results indicated that miR-382 
was dramatically down-regulated in ESCC cells. 
Overexpression of miR-382 inhibited proliferation, 
migration and invasion of Eca109 cells. mTOR/4E-
BP1 signaling mediated inhibitory influence on protein 
translation and may be involved in the antitumor 
activity of miR-382 against esophageal cancer. Our 
results could provide insights into a new therapeutic 
strategy for the treatment of ESCC through the up-
regulation of miR-382 expression.

COMMENTS
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MicroRNAs (miRNAs) are classes of small non-coding RNAs involved in the 
process of silencing gene expression. Evidence has shown that miRNAs are 
frequently dysregulated in many types of cancers and play a substantial role 
in the pathogenesis of human cancers. They previously found that miRNA-382 
(miR-382) was significantly down-regulated in esophageal squamous cell 
carcinoma (ESCC) patients with short-term motility, implying that miR-382 may 
contribute to the development and metastasis of ESCC. However, the possible 
roles and mechanisms of miR-382 in human ESCC are still not well established.

Innovations and breakthroughs
This study revealed that endogenous miR-382 was dramatically down-regulated 
in ESCC cells in comparison to normal esophageal epithelial cells. This is 
consistent with our previous clinical data. Overexpression of miR-382 inhibited 
cell proliferation, migration and invasion of Eca109 cells. The mTOR/4E-BP1 
signaling-mediated inhibitory influence on protein translation might be involved 
in the antitumor activity of miR-382 against esophageal carcinoma.

Applications
This study suggests that the miR-382 is down-regulated in ESCC and plays an 
inhibitory role in the growth and invasion of ESCC. Because of this, miR-382 
is considered a tumor suppressor of ESCC and provides new insights into a 
possible therapeutic strategy for ESCC through the up-regulation of miR-382 
expression.

Terminology
Previous literature indicates that miR-382 was reduced and associated with 
poor survival in osteosarcoma patients. In contrast, increased miR-382 levels 
were found in acute myeloid leukemia tumor tissue. These findings illustrate the 
role of miR-382 in tumor development and metastasis as a heterogeneous one 
that is cell-driven and tissue-driven. 
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functions of miR-382 on ESCC. The authors demonstrated that overexpression 
of miR-382 inhibited cell proliferation and invasion, and induced cell apoptosis 
and cell autophagy. The antitumor activity of miR-382 might be initiated by 
inhibition of an mTOR/4E-BP1-mediated protein translation process. Thus, 
manipulation of miR-382 level is a potential therapeutic strategy for ESCC.
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Abstract
AIM
To investigate the range of pathologies treated by 
pancreas preserving distal duodenectomy (PPDD) and 
present the outcome of follow-up.

METHODS
Neoplastic lesions of the duodenum are treated 
conventionally by pancreaticoduodenectomy. Lesions 
distal to the major papilla may be suitable for a 
pancreas-preserving distal duodenectomy, potentially 
reducing morbidity and mortality. We present our 
experience with this procedure. Selective intraoperative 
duodenoscopy assessed the relationship of the 
papilla to the lesion. After duodenal mobilisation and 
confirmation of the site of the lesion, the duodenum 
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was transected distal to the papilla and beyond the 
duodenojejunal flexure and a side-to-side duodeno-
jejunal anastomosis was formed. Patients were 
identified from a prospectively maintained database and 
outcomes determined from digital health records with a 
dataset including demographics, co-morbidities, mode 
of presentation, preoperative imaging and assessment, 
nutritional support needs, technical operative details, 
blood transfusion requirements, length of stay, 
pathology including lymph node yield and lymph 
node involvement, length of follow-up, complications 
and outcomes. Related published literature was also 
reviewed. 

RESULTS
Twenty-four patients had surgery with the intent 
of performing PPDD from 2003 to 2016. Nineteen 
underwent PPDD successfully. Two patients planned for 
PPDD proceeded to formal pancreaticoduodenectomy 
(PD) while three had unresectable disease. Median 
post-operative follow-up was 32 mo. Pathologies 
resected included duodenal adenocarcinoma (n  = 6), 
adenomas (n  = 5), gastrointestinal stromal tumours 
(n  = 4) and lipoma, bleeding duodenal diverticulum, 
locally advanced colonic adenocarcinoma and extrinsic 
compression (n  = 1 each). Median postoperative length 
of stay (LOS) was 8 d and morbidity was low [pain 
and nausea/vomiting (n  = 2), anastomotic stricture 
(n  = 1), pneumonia (n  = 1), and overwhelming post-
splenectomy sepsis (n  = 1, asplenic patient)]. PPDD 
was associated with a significantly shorter LOS than 
a contemporaneous PD series [PPDD 8 (6-14) d vs  
PD 11 (10-16) d, median (IQR), P  = 0.026]. The 30-d 
mortality was zero and 16 of 19 patients are alive to 
date. One patient died of recurrent duodenal adeno-
carcinoma 18 mo postoperatively and two died of 
unrelated disease (at 2 mo and at 8 years respectively).

CONCLUSION
PPDD is a versatile operation that can provide definitive 
treatment for a range of duodenal pathologies including 
adenocarcinoma.

Key words: Pancreas preserving distal duodenectomy; 
Duodenojejunostomy; Duodenal disease; Surgical 
technique; Adults; Indications; Treatment; Outcome

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Pancreas preserving distal duodenectomy 
is a versatile operation that can provide definitive 
treatment for a range of duodenal pathologies including 
adenocarcinoma. It avoids the morbidity and mortality 
of a pancreaticoenteric anastomosis and can be 
undertaken safely with shorter postoperative length of 
stay than pancreaticoduodenectomy.

Mitchell WK, Thomas PF, Zaitoun AM, Brooks AJ, Lobo DN. 
Pancreas preserving distal duodenectomy: A versatile operation 

for a range of infra-papillary pathologies. World J Gastroenterol 
2017; 23(23): 4252-4261  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i23/4252.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4252

INTRODUCTION
The duodenum gives rise to more neoplasia, and 
possibly pathology in general, per unit length, than 
does any other part of the small bowel[1,2]. The 
retroperitoneal position of the duodenum, its shared 
blood supply with the pancreas, and its relationship 
with the ampulla of Vater and the superior mesenteric 
vessels ensure that any duodenal resection is 
potentially a major undertaking. Pancreatico
duodenectomy (PD) constitutes the mainstay of 
surgical treatment of duodenal lesions[3] and up to 
10% of PDs are undertaken for lesions that actually 
arise in the duodenum[4]. However, PD is associated 
with significant morbidity and mortality, which is 
due in part to pancreatic resection and anastomosis. 
Moreover, it is likely that the actual risks associated 
with PD are widely underestimated[5]. 

Duodenal resection with pancreas preservation 
is possible and has been used in the treatment of a 
range of duodenal conditions. Pancreas preserving 
total duodenectomy is an option for the treatment of 
diffuse noninvasive mucosal disease such as FAP
associated polyposis[6,7] whilst pancreas preserving 
distal duodenectomy (PPDD) has been described in the 
treatment of a range of benign and malignant lesions 
arising distal to the papilla complex[8,9]. 

We describe how we perform a PPDD and present 
the longterm results of a series of 19 patients who 
underwent the procedure in a single centre for a 
variety of pathologies over a 14year period and also 
review the relevant literature.

MATERIALS AND METHODS
Preoperative investigations and preparation
This procedure is usually undertaken in an elective 
or scheduled capacity for patients with infrapapillary 
conditions that, in the opinion of the multidisciplinary 
team, warrant surgical resection. Criteria include M0 

duodenal adenocarcinoma; large adenomata or those 
in positions that prevent effective endoscopic mucosal 
resection; and gastrointestinal stromal tumours. 
Patients routinely undergo multislice pancreas pro
tocol computed tomography (CT) with occasional 
fluoroscopic investigations. Most have one or more 
modalities of endoscopic investigation. Poor nutritional 
status at presentation is considered an indication 
for nasojejunal feeding which is commenced 714 
d preoperatively. Representative CT and endoscopic 
findings are shown in Figures 13. The relationship 
of the tumour or lesion to the ampulla of Vater on 
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preoperative endoscopy or CT is vital in determining 
the feasibility of offering the patient a PPDD. 
Nevertheless, the procedure should only be undertaken 
in an institution with expertise and facilities to perform 
a PD, as a small number of patients will not be suitable 
for a PPDD on surgical exploration because of close 
proximity of a malignant pathology to the ampulla or 
involvement of the pancreas by the malignant process. 
This should be considered in the consent process and 
we usually obtain consent to perform a PPDD with a 
view to proceed to a PD or perform a bypass procedure 
in the event of unresectability.

Operative technique
Arterial, central venous, epidural and bladder cathe
terisations are performed for monitoring and pain 
relief. Flowguided intraoperative fluid therapy is 
used. In cases where there is concern regarding 
the proximity of the lesion to the ampulla, their 
relationship is confirmed intraoperatively with side
viewing duodenoscopy. A transverse upper abdominal 
incision with appropriate fixed table retraction is 
used. The key operative steps are shown in Figure 4. 
Wide Kocherisation of the duodenum is undertaken, 
facilitated by a variable degree of right medial visceral 
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A B

C D

Figure 1  Representative axial computed tomography imaging of duodenal adenocarcinoma. A and B: obstruction due to a large duodenal mass (same patient); 
C: exophytic mass without obstruction; D: subtle thickening of duodenum and periduodenal fat stranding reported as duodenitis, but in fact was a malignant tumour on 
post resection histology.

A B C

Figure 2  Representative coronal computed tomography imaging of duodenal adenocarcinoma. A: thickening of the duodenal wall with non-obstructive 
narrowing; B: mass in the distal duodenum, C: stricture of D2/3 junction with some obstructive features.
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A B

C D

Figure 3  Endoscopic features. A: pedunculated lesion (gastrointestinal stromal tumour); B: sessile lesion (large adenoma with previous endoscopic mucosal 
resection); C and D: malignant ulceration of a duodenal adenocarcinoma.

A B C

D E

Figure 4  Operative technique. After wide Kocherisation (A) the papilla and lesion are palpated. For benign pathology close to the papilla, the ampullary complex can 
be further protected by cannulation (B). The proximal jejunum is transected (C), the distal duodenum taken off its short vessels and the resection is completed (D). 
Reconstruction is by a retrocolic isoperistaltic side-to-side duodenojejunostomy (E).
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rotation (CattellBraasch manoeuver)[10]. Resectability 
is determined by excluding involvement of the pan
creas and peripancreatic vessels and by confirming 
macroscopic proximal clearance of at least 10 mm with 
preservation of the major papilla complex. Macroscopic 
nodal and distant metastatic disease are also excluded. 
Frozen section biopsies are taken when necessary. 
After confirming resectability, the proximal jejunum 
is transected with a transverse linear cutting stapler 
and its mesentery, along with the ligament of Treitz 
and the peritoneal attachments of the duodenojejunal 
junction, are divided to permit delivery of the proximal 
jejunum behind the superior mesenteric vessels into 
the supracolic compartment. The third part of the 
duodenum (D3) and distal second part (D2) are then 
separated from the pancreatic head and uncinate 
process. The mobile, devascularised distal duodenum 
is then excised, again with linear stapler. For benign 
lesions close to the papilla, the latter is cannulated with 
a 4F infant feeding tube via a duodenotomy to facilitate 
proximal transection with preservation of the ampullary 
complex. PD is undertaken if the lesion involved to 
papilla. The proximal, blind end of jejunum is delivered 
through a window in the transverse mesocolon to 
permit a sutured sidetoside isoperistaltic duodeno
jejunostomy, which is performed with 30 or 40 
polydioxanone (PDS®II, Ethicon, Edinburgh, United 
Kingdom) sutures in a single continuous layer. In cases 
assessed at risk of malnutrition or anticipated delayed 
gastric emptying, as in patients with preoperative 
gastric outlet obstruction, a fine bore nasojejunal 
feeding tube is placed across the anastomosis for 
postoperative feeding. A cholecystectomy is performed 
if the gallbladder is still in situ. A peritoneal drain is 
placed selectively if there is of a perceived risk of 
postoperative pancreatic fistulation following dissection 
on or close to the pancreas.

Postoperative management
Postoperative care is initially in a surgical high de
pendency unit and has, in recent years, proceeded 
according to enhanced recovery after surgery (ERAS) 
principles[11]. Somatostatin analogues are not used 
routinely. The peritoneal drain, if used, is removed on 
the third postoperative day provided fluid amylase 
does not exceed three times serum amylase and there 
is no evidence of enteric content.

RESULTS
All patients undergoing PPDD within a large teaching 
hospital were identified using a prospectively 
maintained database and crosschecked against a 
hospital database of pathology specimens. Electronic 
healthcare records were reviewed for relevant in
formation.

Between 2003 and 2016, 24 patients were 
explored with the intention of performing PPDD. In 

3 patients, malignant involvement of the superior 
mesenteric artery precluded resection and palliative 
gastroenterostomy was undertaken. Two patients 
had intraoperative findings that necessitated PD, as 
the malignant process was close to the papilla and 
adequate resection margins could not have been 
obtained without a PD. Thus, 19 patients proceeded 
to PPDD. Median Charlson comorbidity index was 
4 (range 06). Patient characteristics and modes of 
presentation and are shown in Table 1. Either of two 
surgeons (DNL, AJB) oversaw each operation.

All patients survived 30 d and to discharge home. 
Two of nineteen patients required blood products and 
median postoperative length of stay was 8 d (range 
421) The MannWhitney test was employed to 
compare length of stay (LOS) following PPDD vs PD 
undertaken in the same centre, using a continuous 
series of PD, February to August 2015 (n = 26). PPDD 
was associated with a significantly shorter LOS than 
PD [8 (614) d vs 11 (1016) d, median (IQR), P = 
0.026] No procedurerelated deaths were observed 
in this series and only 1 patient went on to die of 
related disease within the follow up period. This patient 
developed distant recurrence (transcoelomic spread to 
rectouterine pouch). Neoplastic conditions accounted 
for 17 (90%) of operations (Table 2). Median (IQR) 
followup was 36 (11114) mo. Representative images 
of pathological specimens are shown in Figure 5.

DISCUSSION
In our experience, PPDD provides a valuable surgical 
treatment for a range of infrapapillary pathologies, 
which were in the most part neoplastic, including 
duodenal adenocarcinomas (n = 6, 32%), adenomas (n 
= 5, 26%) and gastrointestinal stromal tumours (n = 4, 
21%).

PPDD avoids the potential complications associated 
with a pancreaticoenteric anastomosis. Although 
the infrequency of PPDD, along with differences in 
underlying disease, prevented meaningful comparison 
of morbidity and mortality between PD and PPDD, 
a significantly shorter median length of stay was 
observed following PPDD than PD.

Neither crosssectional imaging nor forward
viewing endoscopies provide a detailed description of 
the relationship of the lesion to the papilla. For this 
reason, patients had consented to PD and selected 
cases underwent sideviewing ontable endoscopy and 
duodenotomy/papillary cannulation. The authors would 
advocate that PPDD should only be undertaken where 
expertise and facilities support progression to PD.

Eight of the nineteen PPDD undertaken in this 
14year period were performed in the last two years. It 
is likely that this reflects changes in referral patterns to 
the centre and an increase in the population catchment 
area, and better awareness of the option of pancreas 
preservation may have contributed to this increase. 
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Table 1  Patient characteristics

No. Age Sex Presentation Comorbidities CCI Radiological 
assessment

Endoscopic 
assessment

Nutritional 
support

Year

1 67 M Asymptomatic (incidental on OGD) Coeliac disease   4 CT OGD, EUS 2011
2 56 F Weight loss, anaemia, vomiting Malnutrition   3 CT, Ba study OGD NJ 2004
3 66 F Vomiting Asthma, depression   4 CT - 2015
4 51 M Epigastric pain, weight loss, 

vomiting
Nil   3 CT OGD 2016

5 68 M Epigastric pain, vomiting Hiatus hernia   4 CT - 2015
6 77 M Epigastric pain, weight loss, 

vomiting, anaemia
Bronchiectasis, GORD   6 CT OGD, enteroscopy 2016

7 73 F Anaemia Metachronous colonic 
cancer

10 CT - 2016

8 61 M Asymptomatic (incidental on 
ultrasound)

GORD   4 CT OGD, EUS 2013

9 48 F Epigastric pain, weight loss, 
vomiting

Nil   2 CT OGD, EUS 2014

10 65 M Asymptomatic (incidental on 
aneurysm screening)

Nil   4 CT OGD, EUS 2016

11 83 F Epigastric pain, weight loss, 
vomiting

Glaucoma, 
hypothyroidism

  6 CT - 2016

12 76 F Dyspepsia/reflux NASH, cirrhosis, 
colectomy for cancer

  4 CT OGD 2008

13 76 M Epigastric pain, back pain Functional asplenia   3 CT OGD, EUS 2006
14 76 M HTN, Stroke, MI   5 - OGD 2007
15 64 F Dyspepsia/reflux Hiatus hernia   2 CT OGD, EUS 2004
16 68 F Epigastric pain, vomiting, early 

satiety
Stricture post EMR   1 CT, Wat Sol St OGD, EUS NJ 2016

17 36 M Recurrent pancreatitis Nil   0 CT OGD 2003
18 80 F Melaena Glaucoma   4 CT OGD 2004
19 39 F Epigastric pain, weight loss, 

vomiting
Nil   0 CT, Wat Sol St OGD 2016

Ba: Barium; CCI: Charlson comorbidity index; CT: Computed tomography; EMR: Endoscopic submucosal resection; EUS: Endoscopic ultrasound; 
GORD: Gastroesophageal reflux disease; HTN: Hypertension; MI: Myocardial infarction; NASH: Non-alcoholic steatohepatosis; NJ: Nasojejunal; OGD: 
Oesophagogastroduodenoscopy; Wat Sol St: Water soluble contrast study.

15 cm 3.4  cm

0    2    4    6    8   10 mm 0    2    4    6    8   10 mm 0 0.5 1 1.5 2 2.5 3 mm

A

B

C

D

E

F

Figure 5  Pathological findings. A and B: exophytic lesion in the duodenum shown to be a moderately differentiated duodenal adenocarcinoma on histology 
(haematoxylin and eosin stain); C and D: gastrointestinal stromal tumour confirmed on immunohistochemistry with CD117 and DOG1 staining; E and F: tubulovillous 
adenoma of the duodenum with low-grade dysplasia on histology (haematoxylin and eosin stain). 
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This raises the possibility that the technique of PPDD 
is underused and improved surgical awareness may 
prevent some patients undergoing unnecessary 
pancreatic resection with an associated longer hospital 
stay and likely increased morbidity and mortality.

To the knowledge of the authors, this series brings 
to 83 the total number of patients undergoing PPDD 
that have been reported in published literature, which 
comprises 4 other series and 10 reports of individual 
cases[3,8,9,1222]. These are summarized in Table 3. 
Represented pathologies include 27 adenocarcinomas 
of the duodenum (33%), 20 gastrointestinal stromal 
tumours (24%), 12 adenomas (14%) and 5 trauma 
(6%) as well as lipoma and liposarcoma, locally invading 
colon cancer, metastases from seminoma and lung 
cancer, Crohn’s disease, plasmacytoma and lymphoma. 
Technical variation includes different longitudinal extent 
of resection and different anastomotic technique 

with endtoend, endtoside and sidetoside all 
represented. Three deaths within 30 d of PPDD have 
been reported; 2 due to cholecystitis and one due to 
anastomotic leak; giving a periprocedural mortality 
of 3.7%. Of the 27 patients undergoing PPDD for 
adenocarcinoma, 10 deaths were recorded and of 
the 17 patients alive at the time of publication of the 
individual reports, 7 had survived more than 36 mo. 
Procedural morbidity included cholangitis/ cholecystitis, 
anastomotic bleeding, delayed gastric emptying and, 
unexpectedly, pancreatic fistulae. Overall, morbidity was 
reported in 32 patients (39%).

Laparoscopic[3,16] and laparoscopicassisted[23] 
approaches to distal duodenal resection have also 
been described and may offer patients the expected 
benefits of minimally invasive surgery. However, an 
open approach may be better to achieve adequate 
assessment and margins for lesions close to the papilla. 

Table 2  Pathology and outcome 

No. Diagnosis Total lymph 
nodes

Nodes 
+ve

Proximal 
margin (mm)

Blood transfusion 
(units)

Length of stay 
(d)

FU (mo) Complications Outcome

1 Adenocarcinoma Mod diff 
pT4 Nx Mx G2 V0 R0

  0 - 15 0   4   72 - Alive, disease 
free2

2 Adenocarcinoma Mod diff 
pT3 N0 Mx G2 V1 R0

  4   0 55 NR 14 155 - Alive, disease 
free

3 Adenocarcinoma Mod diff T4 
N1 Mx V0 G2 R0

11   1 30 0 13    181 Recurrence Died (distant 
metastases)2

4 Adenocarcinoma Poorly diff 
T4 N2 Mx V1 G3 R0

29 16 62 0   5   13 - Alive, disease 
free2

5 Adenocarcinoma Mod diff 
pT3 N0 M0 V1 G2 R0

  7   0 30 0 14   15 Incisional 
hernia at 1 yr

Alive, disease 
free

6 Adenocarcinoma Mod diff 
pT3 N0 Mx V1 G2 R0

19   0 25 0   6     7 - Alive, disease 
free

7 Adenocarcinoma of colon 10   1 2   7 100 - Alive, disease 
free2

8 GIST (low grade malignant 
potential)

  0   0 0   4   48 - Alive, disease 
free

9 GIST (low grade malignant 
potential)

  0   0 0 10   36 Anast. 
stricture; GJ at 

2 yr

Alive, disease 
free

10 GIST (low grade malignant 
potential)

  1   0 0   8   10 - Alive, disease 
free

11 GIST (low grade malignant 
potential)

  6   0 0   6     5 - Alive, disease 
free

12 Villous adenoma (high grade 
dysplasia)

NR - 8 19      21 Ascitic leak 
(cirrhotic)

Died of 
unrelated causes

13 Tubulovillous adenoma (high 
grade dysplasia)

NR - NR 21 126 OPSI Alive, disease 
free

14 Tubular adenoma (high 
grade dysplasia)

NR - 0   8  1021 - Died of 
unrelated causes

15 Tubular adenoma (low grade 
dysplasia)

NR - 0 18 146 Postoperative 
pneumonia

Alive, disease 
free

16 Multiple tubular adenomas 
(low grade dysplasia)

  1   0 0   7     8 - Alive, disease 
free

17 Lipoma NR - NR 10 168 - Alive, disease 
free

18 Bleeding duodenal 
diverticulum

NR - NR 13 144 - Alive, disease 
free

19 Superior mesenteric artery 
syndrome

NR - 0   5   12 Poor pain 
control, N&V

Alive, disease 
free

1Postoperative death; 2Received adjuvant chemotherapy. Mod diff: Moderately differentiated; NR: Not relevant; GIST: Gastrointestinal stromal tumour; GJ: 
Gastrojejunostomy; OPSI: Overwhelming postsplenectomy infection; N&V: Nausea and vomiting.
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Concern may exist regarding the oncological 
effectiveness of PPDD. We suggest that no evidence 
exists to show benefit of including a pancreatic 
resection in the treatment of a distal duodenal cancer. 
This study shows that an adequate lymphadenectomy 
may be achieved with PPDD (Table 2). Consistent R0 
margin status and adequate histopathological proximal 
resection margins have been achieved by conversion 
to PD if intraoperative doubt exists regarding the 
macroscopic relationship of the disease to surrounding 
structures. The only pattern of recurrence observed 

in this series was distant spread to pelvic peritoneum 
(after resection of T4 lesion with serosal involvement) 
and the authors propose that there would have been 
no oncological benefit from the addition of pancreatic 
head resection. An algorithm describing pre and 
intraoperative decision making is presented (Figure 6). 

PPDD is a valuable technique for the treatment 
of a wide range of infrapapillary duodenal lesions 
and an expanding body of published literature exists 
to support its use. It should be undertaken where 
expertise and facilities permit conversion to PD if 

Table 3  Published reports of distal duodenectomy 

First Author Year No. of cases Histology Anastomosis Complications Outcome

Kerremans et al[8] 1979   1 1 adenocarcinoma - Jejunocutaneous fistula Death at 20 mo
Kawano et al[9] 1995   1 1 GIST 1 end-to-side - NR
Maher et al[12] 1996 24 11 adenocarcinomas 10 end-to-end 1 death (anastomotic leak) Adenocarcinoma; 

1 GIST 8 end-to-side 2 pancreatic fistulae Median survival 18.5 mo
2 adenomas 3 side-to-end 2 DGE GIST; NR
1 lymphoma 3 side-to-side 2 anastomotic bleeds

1 liposarcoma
2 Crohn’s disease

5 trauma
1 peptic ulceration

Sohn et al[13] 1998   2 2 adenocarcinomas NR 2 cholangitis NR
Suzuki et al[14] 1999   1 1 GIST 1 end-to-side DGE Alive/ well 2 yr postop
Orda et al[15] 2000   1 1 GIST end-to-end - Alive/ well 13 yr postop
Ammori[16] 2002   1 1 benign stricture side-to-side Intra-abdominal bleeding NR
Eisenberger et al[17] 2004   1 1 GIST NR - Alive/ well 1 yr postop
Spalding et al[18] 2007 14 5 adenocarcinomas 14 end-to-end 1 death (cholecystitis) Adenocarcinoma; 1 death at 

3 mo,
4 GIST 1 anastomotic stricture 

(reoperated)
Median survival 56 mo.

1 adenoma 1 DGE
1 lipoma 1 anastomotic bleed 

(reoperated)
GIST; 1 death at 3 mo,

1 metastatic seminoma Median survival 120 mo 
1 ulcer  

1 plasmacytoma
Cavaniglia et al[19] 2012   1 1 GIST 1 end-to-end - NR
Stauffer et al[3] 2013   1 5 adenomas 7 side-to-side 1 DGE NR 

2 adenocarcinomas 2 end-to-side 1 pancreatic fistula
1 lymphangiolipoma gastrojejunostomy

1 GIST
1 NET

Waisberg et al[20] 2013   1 1 carcinoid NR NR Death at 6 mo
Shimizu et al[21] 2015   1 1 adenoma 1 end-to-side NR NR
García-Molina et al[22] 2015   8 1 adenocarcinoma 1 death Adenocarcinoma; 1 death at 

12 mo
5 GIST

1 metastasis from lung GIST; 5 Alive/ well at 4-6 yr
1 colon cancer

Current series 2017 19 6 adenocarcinomas 19 side-to-side 1 recurrent adenocarcinoma Adenocarcinoma: 1 death at 
18 mo 

5 adenomas 1 anastomotic Stricture Alive/well 1 < 1 yr, 2 > 1 yr, 
1 > 6 yr, 1 > 12 yr

4 GIST 1 incisional hernia GIST: Alive/ well 2 < 1 yr, 2 
> 3 yr

1 lipoma
1 colon cancer

1 bleeding diverticulum
1 extrinsic compression

DGE: Delayed gastric emptying; GIST: Gastrointestinal stromal tumour; NET: Neuroendocrine tumor; NR: Not recorded.
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necessitated by intraoperative findings.

COMMENTS
Background
Neoplastic lesions of the duodenum are treated conventionally by 
pancreaticoduodenectomy. Lesions distal to the major papilla may be suitable 
for a pancreas-preserving distal duodenectomy (PPDD), potentially reducing 
morbidity and mortality. Limited awareness of this technique may deprive 
patients of the opportunity to avoid pancreas-specific complications following 
treatment for infrapapillary diseases.

Research frontiers
Early series suggested poor outcomes after PPDD for duodenal adeno-
carcinoma. Adenocarcinoma may thus be considered a contentious indication 
for PPDD. 

Innovations and breakthroughs
The authors widen the range of conditions treated with this surgery, provide 
detail on lymph node harvests, demonstrate a shorter length of stay than after 
pancreaticoduodenectomy, and we present relatively good outcomes after 
PPDD for adenocarcinoma.

Applications
This work supports the consideration of PPDD in the resection of any 
infrapapillary lesion but demonstrates that, in a minority of patients, 
intraoperative findings may mandate proceeding to a formal pancreatico-
duodenectomy. 

Terminology
The authors consider a circumferential full thickness resection of an 

infrapapillary portion of the duodenal tube without macroscopic resection of 
pancreas to constitute a pancreas-preserving distal duodenectomy; this is 
typically after full Kocherisation and with a primary duodenojejunal anastomosis. 

Peer-review
It's a well-written manuscript. The authors described surgical technique and its 
results of pancreas preserving distal duodenectomy.
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Abstract
AIM
To evaluate the usefulness of total colonoscopy (TCS) 
for patients undergoing gastric endoscopic submucosal 
dissection (ESD) and to assess risk factors for colorectal 
neoplasms.

METHODS
Of the 263 patients who underwent ESD at our 
department between May 2010 and December 2013, 
172 patients undergoing TCS during a one-year period 
before and after ESD were targeted. After excluding 
patients with a history of surgery or endoscopic therapy 
for colorectal neoplasms, 158 patients were analyzed. 
Of the 868 asymptomatic patients who underwent 
TCS during the same period because of positive fecal 
immunochemical test (FIT) results, 158 patients with 
no history of either surgery or endoscopic therapy for 
colorectal neoplasms who were matched for age and 
sex served as the control group for comparison.

RESULTS
TCS revealed adenoma less than 10 mm in 53 patients 
(33.6%), advanced adenoma in 17 (10.8%), early 
colorectal cancer in 5 (3.2%), and advanced colorectal 
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cancer in 4 (2.5%). When the presence or absence of 
adenoma less than 10 mm, advanced adenoma, and 
colorectal cancer and the number of adenomas were 
compared between patients undergoing ESD and FIT-
positive patients, there were no statistically significant 
differences in any of the parameters assessed. The 
patients undergoing ESD appeared to have the 
same risk of colorectal neoplasms as the FIT-positive 
patients. Colorectal neoplasms were clearly more 
common in men than in women (P  = 0.031). Advanced 
adenoma and cancer were significantly more frequent 
in patients with at least two of the following conditions: 
hypertension, dyslipidemia, and diabetes mellitus (P  = 
0.019).

CONCLUSION
In patients undergoing gastric ESD, TCS appears to be 
important for detecting synchronous double neoplasms. 
Advanced adenoma and cancer were more common in 
patients with at least two of the following conditions: 
hypertension, dyslipidemia, and diabetes mellitus. 
Caution is therefore especially warranted in patients 
with these risk factors.

Key words: Colonoscopy; Colorectal neoplasm; gastric 
neoplasm; Endoscopic submucosal dissection; Fecal 
immunochemical test

© The Author(s) 2017. Published by Baishideng Publishing 
group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the 
usefulness of total colonoscopy (TCS) for patients 
undergoing gastric endoscopic submucosal dissection 
(ESD). The frequency of detecting colorectal lesions, 
especially advanced adenoma and carcinoma, was 
higher in patients with early gastric cancer or gastric 
adenoma. This observation suggests that such patients 
are at a risk equivalent to that of fecal immunochemical 
test positive patients, suggesting that screening TCS 
should be performed as extensively as possible in 
patients undergoing ESD.
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INTRODUCTION
Gastric endoscopic submucosal dissection (ESD) has 
been established as a common curative resection 
procedure for gastric neoplasms including early 
gastric cancer and gastric adenoma[1,2]. ESD showed a 
superior efficacy with respect to endoscopic mucosal 

resection in a recent meta-analysis[3]. As adoption 
of this procedure becomes ever more widespread, 
the indications for endoscopic therapy are being 
expanded[4]. The curative resection rate with gastric 
ESD is approximately 85%[5,6], and the 5-year cancer-
specific survival rate is reported to be approximately 
99% in patients undergoing curative resection[7,8]. 
As these rates indicate, the gastric cancer mortality 
rate is very low after endoscopic resection of gastric 
neoplasms. To further improve outcomes, screening for 
neoplasms in other organs is assumed to be important.

Colorectal neoplasms are among the most 
common malignancies in Europe and North America. 
The incidence of these malignancies has markedly 
increased in the past 20 to 30 years in Asia, including 
Japan[9,10].

Colorectal neoplasms are the most commonly 
observed tumors outside of the stomach in patients 
with gastric cancer. Synchronous or metachronous 
colorectal cancer is reportedly detected in approximately 
1% of patients with gastric cancer[11,12]. Therefore, 
screening colonoscopy before surgical interventions 
for the stomach is now well established. However, 
the usefulness of screening colonoscopy in patients 
undergoing gastric ESD for gastric adenoma or early 
gastric cancer has yet to be clarified, and there are 
many facilities that do not perform colonoscopy for such 
patients.

In the present study, we determined the prevalence 
of synchronous colorectal neoplasms in patients 
undergoing gastric ESD and compared this prevalence 
with the prevalence in patients with positive fecal 
occult blood test results to assess the usefulness of 
screening colonoscopy for patients undergoing gastric 
ESD. The risk factors for colorectal neoplasms in 
patients undergoing gastric ESD were also assessed.

MATERIALS AND METHODS
Enrollment of patients
Of the 263 patients who underwent ESD for gastric 
adenoma or early gastric cancer at the Department 
of Gastroenterology, Dokkyo Medical University, 
between May 2010 and December 2013, 172 patients 
receiving total colonoscopy (TCS) during a one-year 
period before and after ESD were targeted. None of 
these patients had familial adenomatous polyposis or 
inflammatory bowel disease. Seven patients who had 
undergone endoscopic resection of the large bowel 
in the past and 7 who had undergone colectomy 
were excluded. In total, 158 patients were included 
(ESD group) in this study. There were 130 men and 
28 women. Of the 868 asymptomatic patients who 
underwent TCS during the same period because of 
positive fecal immunochemical test (FIT) results, 
we excluded those who had undergone endoscopic 
resection of the large bowel or colectomy in the past. 
Therefore, 158 randomly selected subjects who were 
matched for age and sex served as the control group 
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for comparison (FIT group) (Figure 1).
The study protocol was approved by the ethics 

committee of Dokkyo Medical University. Written 
informed consent was obtained from all participants 
before the procedures.

Definition of colorectal neoplasms
The number, size, and histology of colorectal neoplasms 
were examined. The number was assessed by dividing 
the patients into those with 1 to 3 neoplasms and those 
with 4 or more neoplasms. Sizes were determined 
employing biopsy forceps. Regarding histology, 
neoplasms measuring 6 mm or more were resected 
and pathologically assessed, in principle, whereas those 
measuring 5 mm or less were assessed by macroscopic 
evaluation including magnifying endoscopy. The 
pathological assessment was performed according to 
the Japanese classification of cancer of the colon and 
rectum[13], while magnifying endoscopy was performed 
according to the pit pattern and narrow band imaging 
classifications[14,15]. Non-neoplastic polyps, such as 
inflammatory and hyperplastic polyps, were excluded. 
Neoplasms were classified into low grade adenoma 
measuring less than 10 mm, advanced adenoma 
(adenoma measuring 10 mm or more, adenoma con-
taining villous components, and adenoma with high-
grade dysplasia), early cancer (cancer with infiltration 
limited to the mucosa or submucosa), advanced cancer 
(cancer with infiltration reaching the proper muscular 
layer), and neuroendocrine tumors.

Data collection
For each patient, electronic and paper medical records 
were reviewed in terms of history of treatment and 
surgery, endoscopic findings, images, and pathological 

findings. To identify risk factors for colorectal neo-
plasms, benign vs malignant neoplasms, neoplasm 
diameter, neoplasm site, sex, age, body mass 
index (BMI), history of cancer, underlying diseases 
(hypertension, diabetes mellitus, and dyslipidemia), 
and lifestyle history (smoking and drinking history) 
were assessed. Whether gastric lesions were benign or 
malignant was determined by differentiating between 
adenoma and cancer according to the histopathological 
results. The sites of gastric neoplasms were classified 
into 3 regions. The upper (U) region was defined as 
the cardia, fundus, and proximal third of the body of 
the stomach. The middle (M) region was defined as 
the distal two-thirds of the body and the angle of the 
stomach. The lower (L) region was defined as the 
vestibule and anterior part of the pylorus. BMI was 
calculated by dividing the weight by the square of the 
height. Levels of cholesterol, triglyceride, and fasting 
blood glucose were measured with autoanalyzers. 
Hypertension was defined as a systolic blood pressure 
of 140 mmHg or more and/or a diastolic blood pressure 
of 90 mmHg or more. Diabetes mellitus was defined 
as a fasting blood glucose level of 126 mg/dL or more, 
a 2-h level of 200 mg/dL or more on 75-g glucose 
tolerance test, or a casual blood glucose level of 200 
mg/dL or more. Dyslipidemia was defined as a low-
density lipoprotein (LDL) cholesterol level of more 
than 140, a high-density lipoprotein (HDL) cholesterol 
level of less than 45, and a triglyceride level of more 
than 150. For smoking history, patients currently or 
previously smoking 10 cigarettes or more per day for 
5 years were regarded as having a smoking history, 
and all others were considered as having no smoking 
history. For alcohol consumption history, patients who 
were current or former non-drinkers or social drinkers 
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263 patients treated by ESD from May 2010 to 
December 2013

868 asymptommatic patients who underwent 
colonoscopy to follow up a positive FIT testing from 

May 2010 to December 2013

105 patients were excluded
   7 with history of polypectomy
   7 with history of colectomy
   91 without concurrent colonoscopic records (A period of 
one year immediately before and after ESD)

Without history of polypectomy 
and colectomy

Matching: age and gender

158 ESD patients were enrolled 158 FIT-positive patients were enrolled

Figure 1  Design chart of this study. ESD: Endoscopic submucosal dissection; FIT: Fecal immunochemical test.
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difference was observed between the ESD and FIT 
groups (Table 2). These two groups were compared 
for the presence or absence of adenoma less than 10 
mm, advanced adenoma, colorectal cancer or NET, 
and the number of adenomas. Adenoma less than 10 
mm was observed in 33.5% of patients in the ESD 
group and in 41.8% of those in the FIT group. Patients 
with 1 to 3 adenomas accounted for 37.3% of the ESD 
group and 44.9% of the FIT group, whereas those 
with 4 adenomas or more accounted for 7.0% and 
12.0%, respectively. Advanced adenoma was observed 
in 10.8% of patients in the ESD group and 15.2% 
of those in the FIT group, while colorectal cancer 
or NET was observed in 6.3% of patients in both 
groups. Because there were no statistically significant 
differences among the types of neoplasms, the ESD 
group was assumed to have a colorectal neoplasm risk 
equal to that of the FIT group (Table 3).

When benign vs malignant neoplasms, neoplasm 
diameter, neoplasm site, sex, age, BMI, history of 
cancer, underlying disorders (hypertension, diabetes 
mellitus, and dyslipidemia), and tobacco and alcohol 
consumption were assessed to identify risk factors for 
colorectal neoplasms in the ESD group, it was evident 
that colorectal neoplasms were more common in men 
than in women (P = 0.031) (Table 4). Regarding the 
risk factors for advanced adenoma and carcinoma 
in the ESD group, the risk was significantly higher in 
patients with at least two of the following conditions: 
hypertension, dyslipidemia, and diabetes mellitus (life 
related disease, P = 0.019) (Table 5).  

We also performed multivariate analyses correcting 
for gender and life related disease, which have 
significant differences in univariate analyses, age and 
BMI, which are well known as risk factors of colorectal 
carcinoma. These analyses showed that male sex was 
the independent risk factor for colorectal neoplasm 
(OR = 2.65, 95%CI: 1.11-6.36, P = 0.029) and that 
life related disease was the independent risk factor for 

only were regarded as having no drinking history, and 
all others were considered as having a drinking history.

Statistical analysis
Univariate analyses were performed for each pa-
rameter. Student’s t-test was used for age, neoplasm 
diameter, and BMI. For the other parameters, the 
χ 2 test was performed, except for those with an 
expected value of 5 or less, for which the Fisher exact 
test was used. Multivariate analyses for independent 
risk factors for overall colorectal neoplasms or for 
advanced adenoma and carcinoma were performed by 
logistic regression. Odds ratios (OR) and 95%CI were 
calculated for each variable. A statistically significant 
difference was defined as a P value of less than 0.05.

RESULTS
In the ESD group undergoing TCS, adenoma less 
than 10 mm was detected in 53 patients (33.6%), 
advanced adenoma in 17 (10.8%), early colorectal 
cancer in 5 (3.2%), advanced colorectal cancer in 4 
(2.5%), and a rectal neuroendocrine tumor (NET) in 1 
(0.6%) (Table 1).

Regarding clinicopathological characteristics, no 

Table 1  Prevalence of colorectal neoplasm in the endoscopic 
submucosal dissection group n  (%)

Colorectal neoplasm ESD group (n  = 158)

Non-lesion 78 (49.4)
Adenoma (< 1 cm) 53 (33.5)
Advanced adenoma 17 (10.8)
   Large tubular adenoma (≥ 1 cm)
   Tubulovillous/villous adenoma
   High grade dysplasia
Early cancer (depth of mucosa/submucosa) 5 (3.2)
Advanced cancer 4 (2.5)
Neuroendocrine tumor 1 (0.6)

ESD: Endoscopic submucosal dissection.

Table 2  Comparison of characteristics between endoscopic 
submucosal dissection group and fecal immunochemical test 
group n  (%)

ESD group 
(n  = 158)

FIT group 
(n  = 158)

P  value

Age (year, mean ± SD) 69.5 ± 8.9 69.5 ± 8.9 0.999
Gender, male/female 130 (82.3)/

28 (17.7)
130 (82.3)/

28 (17.7)
0.999

BMI (kg/m2) 23.0 ± 3.1 22.8 ± 3.4 0.589
Smoking 100 (63.0) 86 (54.4) 0.137
Alcohol 74 (46.8) 66 (41.8) 0.428
Diabetes mellitus 20 (12.7) 27 (17.1) 0.343
Dyslipidemia 25 (15.8) 40 (25.3) 0.051
Hypertension 73 (46.2) 88 (55.7) 0.115
History of other organs’ cancer  24 (15.2) 17 (10.8) 0.315

ESD: Endoscopic submucosal dissection; FIT: Fecal immunochemical test; 
BMI: Body mass index.

Table 3 Comparison of prevalence of colorectal neoplasm 
between endoscopic submucosal dissection group and fecal 
immunochemical test group n  (%)

Colorectal neoplasm ESD group 
(n  = 158)

FIT group 
(n  = 158)

P  value

Adenoma (< 1 cm) 53 (33.5) 66 (41.8) 0.164
Advanced adenoma 17 (10.8) 24 (15.2) 0.315
   Large tubular adenoma 
   (≥ 1 cm)
   Tubulovillous/villous 
   adenoma
   High grade dysplasia
Number of adenomas 0.507
   1 to 3 59 (37.3) 71 (44.9)
   ≥ 4 11 (7.0) 19 (12.0)
Cancer or NET 10 (6.3) 10 (6.3) 0.999

ESD: Endoscopic submucosal dissection; FIT: Fecal immunochemical test; 
NET: Neuroendocrine tumor.
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advanced adenoma and carcinoma in the ESD group 
(OR = 3.01, 95%CI: 1.16-7.86, P = 0.024) (Table 6).

DISCUSSION
In the present study, colorectal neoplastic lesions 
were observed in 50.6% of patients in the ESD group 
undergoing TCS, including advanced adenoma in 
10.8% and colorectal cancer in 5.7%. It has been 
reported that in patients who underwent operations 

for gastric malignancies including advanced gastric 
cancer, preoperative TCS detects colorectal cancer 
in approximately 5% and colorectal adenoma in 
approximately 40%[16,17]. These rates are essentially 
consistent with the results of our present study 
targeting only early gastric cancer and gastric 
adenoma. Recently, a small number of studies have 
assessed the risk of colorectal neoplasms in patients 
undergoing gastric ESD. Kim et al[18], who examined 
416 patients (123 with gastric adenoma and 293 with 
gastric cancer) undergoing gastric ESD, reported that 
colorectal lesions were observed in 50.2% of their 
patients including 9.4% with advanced adenoma 
and 1.4% with colorectal cancer. Lee et al[19], who 
examined 107 patients (54 with gastric adenoma 
and 53 with gastric cancer) undergoing gastric ESD, 
reported that colorectal lesions were observed in 
56.1% of their patients, including 26.2% with high-
risk colorectal neoplasms (advanced adenoma and 
adenocarcinoma). Moreover, Joo et al[20], in a study 
of 186 patients (81 with gastric adenoma and 105 
with gastric cancer) undergoing gastric ESD, found 
that colorectal lesions were observed in 40.9%, 
including 15.6% with advanced adenoma and 4.3% 
with colorectal cancer. These results are consistent 
with ours, suggesting that the prevalence of colorectal 
neoplastic lesions including colorectal cancer is high 
even in patients undergoing gastric ESD for gastric 
lesions other than advanced cancer.

While the risk of colorectal neoplasms was assessed 
by comparison to healthy volunteers in past studies, 
we herein assessed the risk by comparison to FIT-
positive patients who were matched for age and sex. 
The fecal occult blood test is a noninvasive method 
that is widely used for colorectal cancer screening. 
While this test could be performed employing chemical 
or immunological methods, the latter method is 
commonly used in Japan. The ESD and FIT groups, 
which did not differ in clinicopathological characteristics, 
showed no significant differences in detection rates 
of adenoma (33.5% vs 41.8%), advanced adenoma 
(10.8% vs 15.2%), and cancer (5.7% vs 6.3%), or 

Table 4  Analysis of risk factors related to colorectal neoplasm 
in gastric endoscopic submucosal dissection patients n  (%)

CRN group 
(n  = 80)

Non-CRN 
group 

(n = 78)

P  value

Gender, male/female 71 (88.8)/
9 (11.3)

59 (75.6)/
19 (24.4)

0.031

Age (yr, mean ± SD) 70.8 ± 8.3 68.9 ± 10.4 0.215
Histopathology (adenoma/
carcinoma)

69 (86.3)/
11 (13.8)

70 (89.7)/
8 (10.3)

0.667

Tumor size (mm, mean ± SD)   19.3 ± 12.3   19.0 ± 17.2 0.926
Tumor location
   U 17 (21.3) 16 (20.5) 0.999
   M 33 (41.3) 28 (35.9) 0.598
   L 30 (37.5) 34 (43.6) 0.538
BMI 23.3 ± 3.3 22.7 ± 2.8 0.219
Lifestyle related disease1 16 (20.0) 13 (16.7) 0.737
Smoking 55 (68.8) 45 (57.7) 0.202
Alcohol 41 (51.3) 33 (42.3) 0.334
History of other organs’ cancer 16 (20.0)   9 (11.5) 0.215

1The lifestyle related disease is one that is suffering from two or three of 
hypertension and dyslipidemia and diabetes mellitus. ESD: Endoscopic 
submucosal dissection; CRN: Colorectal neoplasm; BMI: body mass index.

Table 5  Analysis of risk factors related to advanced adenoma 
and carcinoma in gastric endoscopic submucosal dissection 
patients

AAC group 
(n  = 26)

Non-AAC 
group 

(n  = 132)

P  value

Gender, male/female 23 (88.5)/
3 (11.5)

107 (81.1)/
25 (18.9)

0.574

Age (yr, mean ± SD) 70.4 ± 8.5 69.7 ± 9.6 0.732
Histopathology (adenoma/
carcinoma)

6 (23.1)/
20 (76.9)

13 (9.85/
119 (90.2)

0.117

Tumor size (mm, mean ± SD)   21.9 ± 12.5   18.6 ± 12.7 0.305
Tumor location
   U 4 (15.4) 29 (22.0) 0.601
   M 13 (50.0) 48 (36.4) 0.278
   L 9 (34.6) 55 (41.7) 0.652
BMI 23.9 ± 3.8 22.8 ± 2.9 0.074
Lifestyle related disease1 9 (34.6) 20 (15.2) 0.019
Smoking 20 (76.9) 80 (60.6) 0.175
Alcohol 15 (57.7) 59 (44.7) 0.318
History of other organs’ 
cancer

6 (23.1) 19 (14.4) 0.415

1The lifestyle related disease is one that is suffering from two or three of 
hypertension and dyslipidemia and diabetes mellitus. ESD: Endoscopic 
submucosal dissection; AAC: Advanced adenoma and carcinoma; BMI: 
Body mass index.

Table 6  Multivariate logistic regression analyses for risk ratio 
of overall colorectal neoplasm, and advanced adenoma and 
carcinoma in gastric endoscopic submucosal dissection patients

Overall colorectal 
neoplasm

AAC

OR (95%CI) P  value OR (95%CI) P  value

Age (≥ 65 yr) 1.42 (0.68-3.00) 0.350 0.70 (0.27-1.82) 0.460
Gender (male) 2.65 (1.11-6.36) 0.029 1.85 (0.49-6.97) 0.362
BMI (≥ 25) 1.21 (0.57-2.56) 0.613 1.80 (0.71-4.58) 0.217
Lifestyle related 
disease1    

1.24 (0.54-2.85) 0.608 3.01 (1.16-7.86) 0.024

1The lifestyle related disease is one that is suffering from two or three of 
hypertension and dyslipidemia and diabetes mellitus. ESD: Endoscopic 
submucosal dissection; AAC: Advanced adenoma and carcinoma; BMI: 
Body mass index.
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in the number of adenomas (1-3 adenomas, 37.3% 
vs 44.9%; ≥ 4 adenomas, 7.0% vs 12.0%). We can 
reasonably assume that the ESD group has a risk of 
developing colorectal neoplasms equivalent to that of 
the FIT group. According to past reports, the detection 
rates of colorectal neoplasms in FIT-positive patients 
are approximately 30%, 10% and 1% for adenoma, 
advanced adenoma, and cancer[21,22], respectively, 
i.e., slightly lower than the rates in the our FIT group. 
Because the FIT group was matched to the ESD group 
for age and sex in the present study, the mean age 
of the FIT group was approximately 70 years, and 
approximately 80% were men. On the other hand, in 
past reports, the mean age of FIT-positive patients was 
lower, at approximately 60 years, and the proportion 
of men was also smaller, at approximately 50%. A 
possible reason for the differences in the detection 
rates might be that our study included patients with a 
higher risk of colorectal cancer.

There are several possible explanations for the 
association between gastric and colorectal neoplasms. 
In patients with colorectal neoplasms, the rate 
of infection with Helicobacter pylori (H. pylori) is 
reportedly high[23]. It has been indicated that H. pylori 
infection may promote the development of colorectal 
cancer through increased secretion of gastrin[24]. 
Moreover, there might be effects of vacuolating 
cytotoxin A and cytotoxin-associated gene-A protein, 
which are frequently detected in patients with 
colorectal cancer[25]. There is a study in which the 
risk of colorectal neoplasms was assessed according 
to types of gastric neoplasms, which were classified 
into adenoma, intestinal-type cancer, and diffuse-
type cancer. Although no difference was detected in 
the morbidity of colorectal lesions between adenoma 
and intestinal-type cancer, morbidity was found to 
be significantly lower in patients with diffuse-type 
cancer[18]. There is strong evidence for the association 
of H. pylori infection with gastric adenoma and 
intestinal-type cancer, and this result appears to 
support the association between colorectal neoplasms 
and H. pylori infection. Abnormalities in genes, such as 
P53, APC (adenomatous polyposis coli), DCC (deleted 
in colorectal carcinoma), and K-ras, are also known 
to be associated with development of gastrointestinal 
cancer of both the stomach and the large bowel[26-28]. 
In addition, microsatellite instability was reported 
to frequently be observed in synchronous multiple 
gastrointestinal cancers[29]. Although these genetic 
abnormalities could reasonably be speculated to 
affect the association between gastric and colorectal 
neoplasms, reports of studies on these abnormalities 
remain limited. This issue merits further investigation.

In the present analysis of risk factors for colorectal 
neoplasms, sex was the only significant risk factor 
in the ESD group. Colorectal neoplasms were sig-
nificantly more common in men than in women. 
Schoenfeld et al[30], who examined more than 50000 
participants in a colorectal cancer screening program 

using colonoscopy, reported that colorectal neoplasia 
was detected at a 73% higher frequency in men than 
in women. Moreover, male gender is also considered 
an important predictor of colorectal adenomatous 
polyps[31]. Because there are several reports similar to 
that of Schoenfeld et al[30], we are confident that our 
current results are valid[32,33]. Although the analysis 
of patients with advanced adenoma and carcinoma 
revealed no clearly significant difference according 
to sex, the prevalence of these conditions tended 
to be higher in men. It was assumed that the small 
number of patients might have accounted for the lack 
of a significant difference. Although no significant 
differences were detected when the hypertension, 
dyslipidemia, and diabetes mellitus parameters 
were examined separately, advanced adenoma and 
carcinoma were significantly more common in patients 
with at least two of these conditions. Jinjuvadia et al[34] 
conducted a systematic review and meta-analysis, 
showing the risk of colorectal neoplasia to be increased 
by 34% in patients with metabolic syndrome. Moreover, 
Park et al[35], who conducted a study of 492 patients 
with gastric neoplasm, reported that synchronous 
colorectal neoplasm was 1.96 times more frequent 
in patients with metabolic syndrome. These reports 
appear to provide support for the results of our 
present study. Our results suggest that abdominal 
circumference, which is a diagnostic criterion for 
metabolic syndrome, might not be a risk factor for 
advanced adenoma and carcinoma. In our view, the 
effects of abdominal circumference should be clarified 
by future studies. Meanwhile, our study revealed no 
significant difference in age, which is known to be a 
major risk factor for colorectal adenoma and cancer. 
A preceding report describing a systematic review 
and meta-analysis showed that the risk of colorectal 
neoplasms increases in individuals aged 65 years or 
older who are otherwise at average risk[36]. However, 
because the present study included patients with a 
mean age of 69.5 years who underwent ESD, the 
reason for age not being identified as a risk factor in 
the present study was assumed to be the inclusion of 
elderly patients.

The limitations of the present study include, the 
single-center retrospective study design, which might 
involve selection bias. To reduce this bias as much as 
possible, age-matched and sex-matched FIT-positive 
patients were randomly selected. Moreover, patients 
with a history of colorectal treatment interventions, 
such as polypectomy and colectomy, were excluded. 
Other limitations include the fact that patients with 
small, untreated, previously detected colorectal 
adenomas were included in the present study, and 
that factors that have been reported to affect the 
development of colorectal neoplasm (e.g., diet, 
exercise, nonsteroidal anti-inflammatory drugs, and 
other chemopreventive agents) were not assessed.

The frequency of detecting colorectal lesions, 
especially advanced adenoma and carcinoma, was 
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higher in patients with early gastric cancer or gastric 
adenoma. This observation indicates that such patients 
are at a risk equivalent to that of FIT-positive patients, 
suggesting that screening colonoscopy should be 
performed as extensively as feasible in patients 
undergoing ESD. Most notably, greater caution appears 
to be warranted in patients with at least two of the 
following risk factors: hypertension, dyslipidemia, 
and diabetes mellitus. The frequencies of advanced 
adenoma and cancer are significantly increased in 
these patients. In the future, multicenter prospective 
studies need to be conducted to assess the results of 
our present investigation.
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Abstract
AIM
To analyze the outcomes of living-donor liver trans-
plantation (LDLT) using left-lobe (LL) or right-lobe (RL) 
small-for-size (SFS) grafts.

METHODS
Prospectively collected data of adult patients who 
underwent LDLT at our hospital in the period from 
January 2003 to December 2013 were reviewed. The 
patients were divided into the RL-LDLT group and 
the LL-LDLT group. The two groups were compared 
in terms of short- and long-term outcomes, including 
incidence of postoperative complication, graft function, 
graft survival, and patient survival. A SFS graft was 
defined as a graft with a ratio of graft weight (GW) to 
recipient standard liver volume (RSLV) (GW/RSLV) of < 
50%. The Urata formula was used to estimate RSLV.

RESULTS
Totally 218 patients were included for analysis, with 
199 patients in the RL-LDLT group and 19 patients in 
the LL-LDLT group. The two groups were similar in 
terms of age (median, 53 years in the RL-LDLT group 
and 52 years in the LL-LDLT group, P  = 0.997) but had 
significantly different ratios of men to women (165:34 
in the RL-LDLT group and 8:11 in the LL-LDLT group, 
P  < 0.0001). The two groups were also significantly 
different in GW (P  < 0.0001), GW/RSLV (P  < 0.0001), 
and graft cold ischemic time (P  = 0.007). When it 
comes to postoperative complication, the groups were 
comparable (P  = 0.105). Five patients died in hospital, 
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4 (2%) in the RL-LDLT group and 1 (5.3%) in the LL-
LDLT group (P  = 0.918). There were 38 graft losses, 
33 (16.6%) in the RL-LDLT group and 5 (26.3%) in the 
LL-LDLT group (P  = 0.452). The 5-year graft survival 
rate was significantly better in the RL-LDLT group 
(95.2% vs  89.5%, P  = 0.049). The two groups had 
similar 5-year patient survival rates (RL-LDLT: 86.8%, 
LL-LDLT: 89.5%, P  = 0.476).

CONCLUSION
The use of SFS graft in LDLT requires careful tailor-
made surgical planning and meticulous operation. LL-
LDLT can be a good alternative to RL-LDLT with similar 
recipient outcomes but a lower donor risk. Further 
research into different patient conditions is needed in 
order to validate the use of LL graft.

Key words: Small for size liver graft; Right lobe graft; 
Left lobe graft; Living donor liver transplantation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Liver transplant has become an established 
treatment for liver failure. The use of living-donor liver 
graft is one important strategy to expand the donor 
pool. The use of left lobe graft remains controversial 
due to the potential problem of small-for-size 
syndrome. This study illustrates that the use of left lobe 
graft can produce outcomes similar to right lobe graft. 
However, the study contains selection bias since most 
of the recipients of left lobe grafts had relatively lower 
Model for End-stage Liver Disease scores and were 
women, who are lighter in weight. Therefore, further 
study should focus on the establishment of criteria for 
the use of left lobe graft to allow safe transplant.

She WH, Chok KSH, Fung JYY, Chan ACY, Lo CM. Outcomes 
of right-lobe and left-lobe living-donor liver transplantations 
using small-for-size grafts. World J Gastroenterol 2017; 
23(23): 4270-4277  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4270.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4270

INTRODUCTION
Living-donor liver transplantation (LDLT) was first 
established as an excellent treatment method for 
children with end-stage liver disease[1-3]. The lack 
of cadaveric liver grafts in Asian countries has led 
to the development of LDLT using the left liver lobe 
(LL)[4] and the right liver lobe (RL)[5], which has 
increased the donor pool[6], allowing more patients to 
be transplanted. The LL is only approximately one-
third of the whole liver[7] and thus is generally not 
adequate for a recipient whose body size is similar to 
or bigger than that of the donor. Hence the RL is more 
preferable. Nonetheless, donor right hepatectomy 

carries a mortality risk of 0.5% whereas it is only 
0.1% in donor left hepatectomy[8]. The use of LL 
was once considered near abandonment because 
oftentimes it was insufficient for the metabolic 
demand of recipients, leading to small-for-size (SFS) 
syndrome. SFS syndrome is caused by a SFS graft, 
which is defined as a graft with a ratio of graft weight 
(GW) to recipient standard liver volume (RSLV) (GW/
RSLV) of < 50%[9-11]. SFS syndrome describes the 
constellation of cholestasis, coagulopathy and ascites; 
it can progress to gastrointestinal bleeding and renal 
failure. Portal hypertension and sinusoidal injury 
may lead to graft failure[12,13]. With SFS syndrome, 
patient survival and graft survival after LDLT would be 
poor[9,14-16]. However, some studies of LL-LDLT did show 
promising results[17-21]. Although lowering graft size 
requirement increases recipient risks, it can improve 
the applicability of LL-LDLT and, mostly importantly, 
reduce donor risks[6]. This retrospective study aimed 
to analyze the outcomes of LDLTs using SFS grafts, be 
them LLs or RLs.

MATERIALS AND METHODS
Data of adult patients who underwent LDLT at our 
hospital in the period from January 2003 to December 
2013 were reviewed. Donor and recipient operations 
were performed as described elsewhere[22]. The 
decision of using LL or RL was multifactorial - with 
donor and recipient factors all considered - but 
principally depended on Model for End-stage Liver 
Disease (MELD) score, GW/RSLV, the ratio of GW to 
recipient body weight, and donor liver anatomy. In 
general, if the estimated volume of a LL exceeded 35% 
of the RSLV, LL would be used. However, graft selection 
was still decided on a case-by-case basis, with 
consideration of various factors including anatomical 
variation and recipient condition (MELD score). The 
bottom line was that the estimated volume of the 
future liver remnant of the donor must not be < 35% 
of the donor’s total liver volume. Standard liver volume 
was calculated using the Urata formula [liver volume 
(mL) = body surface area (m2) × 706.2 + 2.4][7]. If 
a RL graft contained the native middle hepatic vein, 
a single venous cuff would be constructed with a 
venoplasty of the middle and right hepatic veins[23] to 
enhance outflow capacity.

LL graft implantation was similar to RL graft im-
plantation. The procedure was done without bypass. 
The common trunk of the left and middle hepatic 
veins was first anastomosed to the recipient inferior 
vena cava. The portal vein was then anastomosed to 
the recipient portal vein. Clamps were removed to 
allow revascularization. Hepatic arteries were always 
reconstructed under the microscope. As to the method 
of biliary reconstruction, hepaticojejunostomy was 
preferred in LL-LDLT whereas duct-to-duct anastomosis 
was preferred in RL-LDLT unless multiple ductal 
openings were encountered.
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Portal flow measurement and flow modulation
A venous cannula was inserted into the inferior 
mesenteric vein to measure the portal pressure, 
especially if the GW/RSLV was ≤ 35%. The portal 
flow was to be maintained at 100-250 mL/min/100 g 
to prevent SFS syndrome. The use of splenic artery 
ligation and the use of ligation of spontaneous splenic 
renal shunt were determined intraoperatively.

Immunosuppression and prophylaxis regimens
Starting from January 2001, 20 mg of basiliximab was 
given intravenously within 6 h of graft reperfusion and 
on postoperative day 4. Steroid injection was given 
intraoperatively with 1 g of hydrocortisone and on 
postoperative day 1 with 500 mg of hydrocortisone. 
Immunosuppression was maintained with oral 
tacrolimus given within 12 h of transplant at a dosage 
of 0.15 mg/kg body weight/D, and the dose was 
titrated to achieve a trough level of 5-10 ng/mL. 
Mycophenolate mofetil at a dosage of 1-1.5 g/d was 
started within 48 h of transplant and was tapered 
off within 3 mo. Maintenance steroid was not given 
routinely. All recipients also orally took 200 mg of 
fluconazole and 480 mg of cotrimoxazole daily and 400 
mg of acyclovir thrice a day for 3 mo for prophylaxis. 
For patients with renal dysfunction (a creatinine level 
before administration of tacrolimus twice the normal 
level), the tacrolimus trough level was kept at 3-5 
ng/mL, and prednisolone at 20 mg/d was added. 
Pentamidine (300 mg) inhalation was given monthly 
for 3 mo to patients with renal impairment or glucose-
6-phosphate dehydrogenase deficiency because the 
use of acyclovir or cotrimoxazole was prohibited[24]. 
For hepatitis B virus carriers and recipients of grafts 
donated by donors who had hepatitis core antibodies, 
nucleoside analogue monoprophylaxis (entecavir) was 
administered.

Statistical analysis
Patient data used in the study were prospectively 
collected. The patients were divided into the RL-LDLT 
group and the LL-LDLT group. For further analysis, 

they were divided into three groups according to GW/
RSLV: ≤ 35%, > 35%-40%, and > 40%-< 50%. The 
RL-LDLT and LL-LDLT groups were compared in terms 
of short- and long-term outcomes, including incidence 
of postoperative complication, graft function, graft 
survival, and patient survival. Recipient conditions 
were compared on postoperative day 7 and then 
yearly. Continuous variables were expressed as 
medians and interquartile ranges and compared by 
the Kruskal-Wallis test. Categorical variables were 
compared by Spearman’s test. Survival rates were 
plotted as Kaplan-Meier curves and compared by log-
rank analysis. Statistical significance was defined as P 
< 0.05. All statistical calculations were performed with 
SPSS, version 20.0 (SPSS, Chicago, IL, United States), 
by the statistician at the Department of Surgery, The 
University of Hong Kong.

RESULTS
From January 2003 to December 2013, 218 adults 
underwent LDLT with a GW/RSLV < 50%. Nineteen 
of them had LL-LDLT and 199 had RL-LDLT. The two 
groups of patients were similar in terms of age (median, 
53 years in the RL-LDLT group and 52 years in the LL-
LDLT group, P = 0.997) but had significantly different 
ratios of men to women (165:34 in the RL-LDLT group 
and 8:11 in the LL-LDLT group, P < 0.0001). The 
patients’ diagnoses are shown in Table 1 and their 
perioperative details are shown in Table 2. The two 
groups of patients were significantly different in GW 
(P < 0.0001), GW/RSLV (P < 0.0001), and graft cold 
ischemic time (P = 0.007). Table 3 shows the patients’ 
survival outcomes and postoperative complications, 
as well as the reasons for graft losses and the causes 
of deaths. The only one significant difference between 
the groups was graft survival (P = 0.049), which can 
also be viewed in Figure 1. Figure 2 is a Kaplan-Meier 
plot for patient survival of the series (P = 0.476).

Donor details can be found in Table 4. Like the 
patients, the two groups of donors were similar in 
terms of age (median, 34 years in the RL-LDLT group 
and 32 years in the LL-LDLT group, P = 0.847) but had 
significantly different ratios of men to women (39:160 
in the RL-LDLT group and 16:3 in the LL-LDLT group, P 
< 0.001). When it comes to postoperative complication, 
the two groups of donors were comparable (16.6% in 
the RL-LDLT group and 5.3% in the LL-LDLT group, P = 
0.905). One donor death occurred and it was in the RL-
LDLT group (0.5% vs 0%, P = 1). The death was due to 
severe peptic ulcer disease resulting in aortoduodenal 
fistula.

On further analysis, patients with different GW/
RSLV (≤ 35% vs > 35%-40% vs > 40%- < 50%) 
were comparable in terms of graft survival and patient 
survival. No significant result was shown on multivariate 
analysis.
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Figure 1  Comparison of graft survival.
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that is inadequate to sustain metabolic demand in the 
recipient. The underlying reason for this is the presence 
of portal hypertension and graft size mismatch. This 
condition leads to a reduction in intrahepatic vascular 
bed with higher portal flow per gram of liver tissue, 
which leads to a rise in portal pressure and sinusoidal 
shear stress. Such stress may cause sinusoidal 
endothelial cell injury and provoke a sequence of 
hepatocellular damage and cell death[14,33,34], which 
is manifested by hepatocyte ballooning, steatosis, 
centrilobular necrosis and parenchymal cholestasis in 
the histology of the engrafted liver[35-37].

The current study found that SFS RL graft and SFS 
LL graft did not have much difference when patient 
survival is concerned - which echoes the results in 
the literature[38,39] - but the SFS RL grafts had better 
survival than the SFS LL grafts (P = 0.049). This study 
is a single-center retrospective study. At our center, RL-
LDLT has been the standard for years whereas LL-LDLT, 
despite the technical similarity, is a relatively unfamiliar 
procedure, which is also reflected in the small number 
of patients in the LL-LDLT group. Probably we were still 
at the learning-curve phase in LL-LDLT. Furthermore, 
this group of patients underwent transplant for liver 
failure. In an acute condition (such as acute liver 
failure or fulminant liver failure), the patient would be 
very sick with a high MELD score. In the past, patients 
with high MELD scores were denied LDLT because it 
would be unwise to put donors in risk for recipient 
outcomes that would be inferior. However, studies 
have shown that LDLT can provide patients who have 
high MELD scores with excellent graft function and 
patient survival[24,40,41]. The preference for RL graft is 
due to the shorter cold ischemic time and, in general, 
greater liver mass. Furthermore, almost all RL grafts 
we used contained the middle hepatic vein. The 
inclusion of the middle hepatic vein in a graft allows 
better venous drainage of the graft and hence ensure 
good liver function to meet the metabolic demand 
even if the patient is in critical condition[42]. Therefore, 
the use of LL graft needs justification, especially in the 
face of acute liver failure. Having said that, LL graft 

DISCUSSION
Liver transplant has been documented as a life-
saving treatment for liver failure and the result is 
remarkable[25]. However, the scarcity of liver grafts 
from deceased donors remains a major issue while 
the number of patients waiting for a liver transplant 
is rising[26,27]. The problem has led to not only the 
employment of LDLT but also the use of suboptimal 
liver grafts - grafts with mild steatosis and grafts 
from older donors, obese donors, and donors with a 
borderline small potential residual liver volume[28-31]. 
At our center, the use of RL for LDLT has been well 
established with satisfactory long-term graft survival 
and patient survival[32].

This study reviewed the outcomes of LDLT in 
patients who received a SFS graft. These patients were 
prone to SFS syndrome. SFS syndrome is defined by 
the presence of prolonged cholestasis, coagulopathy 
and ascites in the absence of ischemia within the first 
week of liver transplant caused by a partial liver graft 

Table 1  Patients’ demographic characteristics and diagnoses

RL-LDLT LL-LDLT P value

(n  = 199) (n  = 19)

Median age (yr) (range) 53 (17-72) 52 (17-67) 0.997
Male:Female 165:34 8:11 0.000
Diagnosis
   Liver cirrhosis
      Cryptogenic   3 1
      Hepatitis B virus infection 85 0
      Hepatitis C virus infection 15 5
      Alcohol   4 0
      Infection of hepatitis B and C viruses   2 0
      Alcohol + hepatitis C virus infection   3 0
      Alcohol + hepatitis B virus infection   1 0
   Chronic active hepatitis B   1 1
   Fulminant hepatic failure
      Cryptogenic   1 1
      Hepatitis B   2 0
      Autoimmune   1 0
      Drug-induced   3 1
   Biliary atresia   2 0
   Primary sclerosing cholangitis   0 1
   Primary biliary cirrhosis   2 1
   Graft failure   4 0
   Liver cirrhosis with acute 
   deterioration
      Cryptogenic   2 0
      Hepatitis B 30 3
      Alcohol   1 0
      Autoimmune   1 0
      Wilson's disease   2 0
   Chronic active hepatitis with acute 
   flare
      Hepatitis B 32 1
      Autoimmune   1 0
   Osler-Weber-Rendu syndrome   1 0
   Neuroendocrine syndrome   0 1
   Familial amyloid polyneuropathy   0 1
   Caroli disease   0 1
   Recurrent pyogenic cholangitis   0 1
   Hepatocellular carcinoma 83 (41.7%) 5 (26.3%) 0.191

Figure 2  Comparison of patient survival.
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can still provide reasonable recipient survival. Most 
importantly, a LL living donor risks much less than a 
RL living donor. Further comparison between LL and 
RL grafts can be made when more LL-LDLTs have been 
performed for different types of patients with different 
conditions.

In this study, most of the patients in the LL-LDLT 
group were women. In general, women have a smaller 
body size. So, although the grafts were lighter and had 
a smaller GW/RSLV, they fitted well in the patients, 
who were mostly women. Women with a lower body 
mass index and a low-to-medium MELD score have 
been found to be disadvantaged in the “MELD score 
era” because of the heavy influence of creatinine level 
on MELD score; they tend to have a lower priority 
on the liver transplant waitlist and a higher waitlist 
mortality[43-45]. Balancing donor risks and recipient 
outcomes, even if there is graft size mismatch, the use 
of LL graft for LDLT can potentially expand the donor 
pool to shorten the waiting time and, at the same 
time, lower the donor risk.

The mortality risk for donors is 0.1% for LL-LDLT 
and 0.5% for RL-LDLT[8]. The figures are small and 
at first sight there seems to be not much difference. 
However, in the long run if a large number of living 

Table 2  Patients’ perioperative details

RL-LDLT LL-LDLT P value

(n  = 199) (n  = 19)

Waiting time (d) 11 (1-1354) 16 (1-381) 0.190
Preoperative MELD score 20 (6-50) 14 (6-40) 0.184
GW (g) 530 (320-715) 410 (310-585) 0.000
GW/RSLV (%) 42.8 (28.4-46.998) 36.3 (27.3-46.96) 0.000
GW/RBW (%) 0.77 (0.46-1.03) 0.72 (0.49-1.04) 0.236
Graft cold ischemic time (min) 105 (53-243) 85 (69-134) 0.007
Recipient warm ischemic time (min) 51 (25-89) 45 (27-63) 0.088
Splenic artery ligation 0 0 -
Portosystemic shunt 0 0 -
Ligation of shunt 2 (1.0%) 0 1.000
Blood transfusion (units) 4 (0-39) 2 (0-14) 0.099
Fresh frozen plasma transfusion (units) 9 (0-38) 6 (0-23) 0.145
Platelet transfusion (units) 6 (0-32) 3 (0-22) 0.341
Operation time (min) 685 (400-1203) 670 (485-1273) 0.738
Intensive care unit stay (d) 4 (1-124) 6 (2-16) 0.055
Hospital stay (d) 17 (2-128) 23 (10-68) 0.072
Follow-up period (d) 86.9 (0.07-162.9) 133.7 (0.53-159.2) 0.054

Data are presented as median (range). MELD: Model for End-stage Liver Disease; GW: Graft weight; RSLV: Recipient standard liver volume; RBW: 
Recipient body weight; LDLT: Living-donor liver transplantation; LL: Left-lobe; RL: Right-lobe.

Table 3  Survival outcomes and postoperative complications 
in recipients  n  (%)

RL-LDLT LL-LDLT P value
(n  = 199) (n  = 19)

In-hospital death 4 (2) 1 (5.3) 0.918
Graft loss 33 (16.6) 5 (26.3) 0.452
Patient status - Alive:Dead 169:30 15:4 0.722
Graft survival 0.049
   1-yr 98.50% 89.50%
   3-yr 95.80% 89.50%
   5-yr 95.20% 89.50%
Patient survival 0.476
   1-yr 95.90% 89.50%
   3-yr 90.80% 89.50%
   5-yr 86.80% 89.50%
Postoperative complication1 0.105
   No complication 92 (46.2) 7 (36.8)
   Grade 1 42 (21.1) 3 (15.8)
   Grade 2 21 (10.6) 0
   Grade 3a 19 (9.5) 5 (26.3)
   Grade 3b 14 (7.0) 3 (15.8)
   Grade 4a 7 (3.5) 0
   Grade 4b 2 (1.0) 0
   Grade 5 2 (1.0) 1 (5.3)
Reason for graft loss
   Patient death 28 3
   Hepatic artery thrombosis   1 0
   Portal vein thrombosis   1 0
   PV/IVC thrombosis   1 0
   Recurrent Wilson's disease   1 0
   Biliary complication   0 1
   Reactivation of hepatitis C   0 1
   Rejection   1 0
Cause of death
   Acute myocardial infarction   2 0
   Chronic rejection   1 0
   Unknown   2 0
   Invasive aspergillosis   1 0
   Malignant cachexia 16 0
   Sepsis/multiorgan failure   3 2
   Subarachnoid hemorrhage   1 0

   Graft failure from PV/IVC 
   thrombosis

  1 0

   Lymphoproliferative disease   1 0
   Pulmonary hypertension   1 0
   Respiratory failure   1 0
   Chronic heart failure   0 1
   Reactivation of hepatitis C   0 1

1Clavien grading. PV: Portal vein; IVC: Inferior vena cava; LDLT: Living-
donor liver transplantation; LL: Left-lobe; RL: Right-lobe.
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donors are donating their RLs, the mortality of RL 
living donors will be significant. In this study, the donor 
mortality rates - 0.5% in RL-LDLT and 0% in LL-LDLT - 
were similar to the rates recorded in the literature.

The first successful LL-LDLT was reported in 
1994[46]. Generally, a LL graft is 30%-40% of the SLV 
in adults[7]; as such, SFS syndrome tends to develop. 
SFS syndrome often results in poor graft survival and 
patient survival[9,14-16]. However, it has been shown 
that LL-LDLT can achieve excellent graft survival and 
patient survival[4] and the results of LL-LDLT can be 
comparable to those of RL-LDLT[17-21]. The primary 
goal of LDLT is to minimize donor risks (morbidity and 
mortality) while maximizing recipient benefits.

Using LL graft instead of RL graft has the 
advantage of lower donor morbidity[47] and mortality[8], 
but sometimes a LL graft would not suffice. If the 
prognosis for a patient is poorer because of a high 
MELD score or an old donor age, using the larger 
RL would improve the transplant outcome[19]. In the 
current study, all the grafts were small for size, and 
LL-LDLT and RL-LDLT had little difference when long-
term patient survival is concerned. In view of this, 
maybe we can opt for the LL more often. For patients 
with a low MELD score and relatively stable condition, 
if a deceased-donor graft is unavailable, the use of LL 
graft can be advocated after balancing donor risks and 
potential recipient outcomes.

At our center, if SFS syndrome is expected, flow 
modulation will be performed. In the operation, portal 
flow and portal pressure are measured. Additional 
portal inflow modulations, such as splenic artery 
ligation[23] and portocaval shunt[48] may be employed[49]. 
In the current study, although all grafts were small for 
size, not many patients needed flow modulation. Some 
patients even required ligation of the spontaneous 
portosystemic shunt due to inadequate portal flow. All 
patients had good outcomes.

We wanted to find out the risk for complication 

and mortality in using SFS LL graft. Unfortunately, due 
to the small number of cases that used SFS LL graft, 
it was difficult to run a statistic on it. A multivariate 
analysis on the relevant data was performed but the 
result was negative; it was a nonsignificant finding.

The findings of this study may not be universally 
applicable. Our center is experienced in LDLT, especially 
RL-LDLT, which might have contributed to the favorable 
outcomes in the study[32]. Moreover, there were only 
19 patients in the LL-LDLT group. The study has a 
relatively high risk of type-2 error. Furthermore, this is 
a retrospective cohort study with inevitable selection 
bias. Although every LDLT center has its LDLT protocol, 
every LDLT should be individualized, and the selection 
criteria adopted by a center cannot be universally 
applied.

The use of SFS graft in LDLT requires careful tailor-
made surgical planning and meticulous operation. LL-
LDLT can be a good alternative to RL-LDLT with similar 
recipient outcomes but a lower donor risk. Further 
research into different patient conditions is needed in 
order to validate the use of LL graft.

COMMENTS
Background
The use of the right lobe graft in living donor liver transplantation has been well 
established. However the use of the left lobe graft remained cautious, as a lot 
of patients suffered from complication or mortality due to the small for size graft. 
This study reviewed the results of the use of small for size grafts (left lobe or 
right lobe) and analyzed the outcomes of transplantation using left lobe small 
for size graft.

Research frontiers
Donor safety is of paramount importance in living donor liver transplantation. 
In the past, the mortality rate for right lobe graft donation was around 0.5%, 
whereas the mortality rate for left lobe graft donation was around 0.1%. The 
result of using right lobe small for size graft has been well established. However 
comparison between right lobe small for size graft and left lobe small for size 
graft is scarce.

Innovations and breakthroughs
This paper focused on the graft outcome and patient outcome of using small 
for size graft. Although the use of the right lobe and the use of the left lobe 
achieved similar patient survival, we should analyze the results cautiously, as 
most of the time recipients using a left lobe graft were relatively less risky.

Applications
This study has delivered an important message that allows further enlargement 
of the donor pool. Left lobe small for size graft can achieve results similar to 
right lobe small for size graft while reducing donor risk. Further studies can be 
conducted to find out which subgroup of patients would benefit from left lobe 
graft the most and to decide the safety limit of using left lobe small for size 
grafts.

Terminology
Right lobe graft: A graft that is the right liver lobe, usually containing the middle 
hepatic vein; Left lobe graft: A graft that is the left liver lobe; Small for size 
graft: A graft with a ratio of graft weight to recipient standard liver volume of < 
40%-50%, or with a ratio of graft to recipient weight of 0.8%-1.0%; Small for 
size syndrome: Constellation of cholestasis, coagulopathy and ascites. It can 
progress to gastrointestinal bleeding and renal failure.

Table 4  Donor details

RL-LDLT LL-LDLT P value

(n  = 199) (n  = 19)

Male:Female 39:160 16:3 0.000
Median age (yr) (range) 34 (18-58) 32 (18-55) 0.847
Death  1 (0.5%)   0 1.000
Postoperative complication1 0.905
   No complication 166 18
   Grade 1   14   1
   Grade 2     8   0
   Grade 3a     4   0
   Grade 3b     5   0
   Grade 4a     1   0
   Grade 4b     0   0
   Grade 5     1   0

1Clavien grading. LDLT: Living-donor liver transplantation; LL: Left-lobe; 
RL: Right-lobe.
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Abstract
AIM
To investigate the evaluation of neogalactosylalbumin 
(NGA) for liver function assessment based on positron 
emission tomography technology.

METHODS
Female Kunming mice were assigned randomly to 
two groups: fibrosis group and normal control group. 
A murine hepatic fibrosis model was generated by 
intraperitoneal injection of 10% carbon tetrachloride 
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(CCl4) at 0.4 mL every 48 h for 42 d. 18F-labeled NGA 
([18F]FNGA) was synthesized and administered at a 
dosage of 3.7 MBq/mouse to both fibrosis mice and 
normal control mice. Distribution of [18F]FNGA amongst 
organs was examined, and dynamic scanning was 
performed. Parameters were set up to compare the 
uptake of tracers by fibrotic liver and healthy liver. 
Serologic tests for liver function were also performed.

RESULTS
The liver function of the fibrosis model mice was 
significantly impaired by the use of CCl4. In the fibrosis 
model mice, hepatic fibrosis was verified by naked 
eye assessment and pathological analysis. [18F]FNGA 
was found to predominantly accumulate in liver and 
kidneys in both control group (n  = 21) and fibrosis 
group (n  = 23). The liver uptake ability (LUA), peak 
time (Tp), and uptake rate (LUR) of [18F]FNGA between 
healthy liver (n  = 8) and fibrosis liver (n  = 10) were 
significantly different (P  < 0.05, < 0.01, and < 0.05, 
respectively). LUA was significantly correlated with total 
serum protein level (TP) (P  < 0.05). Tp was significantly 
correlated with both TP and glucose (Glu) concentration 
(P  < 0.05 both), and LUR was significantly correlated 
with both total bile acid and Glu concentration (P  < 0.01 
and < 0.05, respectively).

CONCLUSION
[18F]FNGA mainly accumulated in liver and remained 
for sufficient time. Functionally-impaired liver showed 
a significant different uptake pattern of [18F]FNGA 
compared to the controls.

Key words: Neogalactosylalbumin; Positron emission 
tomography; Liver function; Liver fibrosis; Mouse model

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Neogalactosylalbumin (NGA) is a specific 
ligand for asialoglycoprotein receptor that is exclusively 
expressed on the surface of hepatic parenchymal cells. 
This study showed [18F]FNGA mainly accumulated in 
liver and remained for sufficient time. Functionally-
impaired liver showed a significant different uptake 
pattern of [18F]FNGA compared to controls.

Du SD, Li SH, Jin B, Zhu ZH, Dang YH, Xing HQ, Li F, Wang 
XB, Lu X, Sang XT, Yang HY, Zhong SX, Mao YL. Potential 
application of neogalactosylalbumin in positron emission 
tomography evaluation of liver function. World J Gastroenterol 
2017; 23(23): 4278-4284  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i23/4278.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4278

INTRODUCTION
Asialoglycoprotein receptor (ASGPR) is expressed 

abundantly on the surfaces of mammalian hepatic 
parenchymal cells but rarely on extra-hepatic cells[1-3]. 
It is believed that the amount of ASGPR represents the 
number and density of functional hepatocytes in the 
liver[4,5]. Studies revealed that expression of ASGPR 
on hepatic cell surface decreases in both cirrhosis and 
obstructive jaundice patients, with more significant 
reduction in cirrhosis patients. Sawamura et al[6] found 
that cell surface expression of ASGPR is very low on 
hepatocyte carcinoma cells. No ASGRP expression has 
been found in any metastatic cancer in liver. Tomiguchi 
et al[7] noted that among patients with chronic active 
hepatitis, the decrease of ASGPR level is highly 
correlated with liver fibrosis and necrosis. Therefore, 
quantitative assessment of the ASGPR expression in 
liver could directly reflect liver function with a desired 
accuracy[8].

Technetium-99-labeled neogalactosylalbumin 
(99mTc-NGA), a ligand with high affinity to ASGPR, 
was developed[9,10] and is being applied for differential 
diagnosis of focal nodular hyperplasia and hepatic cancer 
with single photon emission computed tomography 
(SPECT)[11]. However, it is the analogue of NGA, 
technetium-labeled galactosyl human serum albumin 
(99mTc-GSA), that became widely used in many studies 
due to the non-specific binding between 99mTc and NGA. 
99mTc-GSA became the first approved receptor binding 
reagent for scintigraphy in Japan[12]. However, the 
sensitivity, spatial resolution, and quantitative capacity of 
SPECT limited its application, whereas positron emission 
tomography (PET) exhibited significant advantages over 
SPECT[13-15]. Currently, there is no study using NGA PET 
scan for liver function evaluation.

18F is the most popular positron-emitting isotope for 
PET imaging. It has a low positron energy and proper 
physical half-life (110 min), which makes it suitable for 
in vivo study. 18F-labeled deoxyglucose (FDG) has been 
applied widely in clinical diagnosis and evaluation of 
neoplasms. In this study, we successfully synthesized 
18F-labeled NGA, and performed a preliminary investi-
gation on a liver fibrosis mouse model for quantitative 
live function analysis.

MATERIALS AND METHODS
Establishment of murine liver fibrosis model
All animal experiment protocols were approved by 
the Institutional Animal Care and Use Committee 
and carried out in accordance with guidelines of the 
Laboratory Animal Center of Peking Union Medical 
College. Female Kunming mice, 6-7 wk and 19-25 g, 
were obtained from Beijing Weitonglihua Experimental 
Animal Corporation (Beijing, China). Liver fibrosis was 
induced by intraperitoneal (ip) injection of 10% carbon 
tetrachloride oil solution (CCl4) (National Chemical 
Reagent Group, Beijing, China) at 0.4 mL every 48 h 
for 42 d[16].
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Radiolabeling of NGA
18F-labeled neogalactosylalbumin ([18F]FNGA) was 
synthesized in Beijing Normal University Chemistry 
College using a protocol published earlier[17]. The 
radioactive purity was > 99%. The administration dose 
was 3.7 MBq for each mouse. 

Distribution assay of [18F]FNGA
[18F]FNGA (3.7 MBq in 100 µL solution containing 
about 40 µg NGA) was injected through the tail vein. 
Blood samples were collected through orbital bleeding 
at 5, 30 or 60 min after injection, immediately followed 
by sacrifice of the animal by cervical dislocation and 
collection of organ samples. Radioactivity of each 
organ was measured using a radioactive detector (RM-
905a; China) and expressed as relative radioactive 
dosage per gram (%ID/g), with the accumulated 
radioactivity in the organ divided by the total injected 
dose per gram of body weight. 

Serological examination
Blood samples were collected through orbital bleeding 
from all animals at different periods after injection 
of [18F]FNGA. Testing items included total protein 
(TP), albumin (ALB), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), total bile acid (TBA), lactate dehydrogenase 
(LD), cholinesterase (ChE), urea nitrogen (BUN), serum 
creatinine (Cr), blood glucose (Glu), total cholesterol 
(Tc), triglycerides (Tg), calcium ions (Ca), adenosine 
dehydrogenase (ADA), sodium ions (Na), potassium 
ions (K), prothrombin time (PT), and international 
normalized ratio (INR).

microPET scan
Mice were anaesthetized by chloral hydrate. Imme-
diately after [18F]FNGA injection at 7.4 MBq/kg, a 
mouse was laid on a microPET scanner (Siemens, 
Germany) and serial static emission scanning was 
performed at 120 kV, 100 mA/s and with a 5 mm 
section cranial thickness. A whole-body PET emission 
scan was performed with 2-min acquisition per bed 
position using a 3-dimensional acquisition mode with 
1 min interval in a total of 30 min. A second phase 
scanning was also performed immediately after the 
30-min scan at 5 min per scan with 1 min interval for 

a total of 30 min. Region of interest (ROI) was drawn 
and the standardized uptake values (SUV) in each ROI 
was measured. 

PET image analysis
The images were semi-quantitatively analyzed by 
ImageJ software of the microPET for the average 
SUV within the ROI. Total body radioactivity (RTotal) 
was measured by the entire body scan, excluding 
the injection spot on the tail. Parameters were set 
up specifically as follows, to reflect the liver capacity 
for tracer uptake: Liver uptake ability (LUA) was 
calculated as the peak radioactive value (Rp) in liver 
ROI divided by the RTotal; Peak time (Tp) was the time 
when radioactivity in ROI reaches to the Rp; Clearance 
index (CI) was the radioactivity in the heart ROI at the 
time of liver Tp divided by the radioactivity of the first 
scanning in the heart ROI; Liver uptake rate (LUR) was 
defined as LUR = [(Rp-Rt1)/RTotal]/(Tp-T1), where T1 was 
the point time of the first scan and Rt1 was the liver 
radioactivity of the first scan. 

Statistical analysis
Statistical analysis was performed with SPSS 13.0 
software (IBM, Chicago, IL, United States). Data 
were expressed as mean ± SD. Shapiro-Wilk test was 
employed for normal distribution data. Independent 
t-test was used for comparison between the groups 
with normal distribution, and Mann-Whitney method 
was used for those with abnormal distribution. Pearson 
or Spearman examination was applied for correlation 
test for normal or non-normal distribution samples, 
respectively. 

RESULTS
Liver function in fibrosis model mice
The number of blood samples was 31 from the fibrosis 
mice and 29 from the control mice, with the exception 
of 2 fibrosis mice having failed sampling. As shown 
in Table 1, liver function of the fibrosis model mice 
was significantly impaired by the use of CCl4 for 42 
d. Laboratory tests for liver function demonstrated 
significant differences between the fibrosis model mice 
and the controls in TP, ALB, and Glu with P < 0.05, and 
in ALP and ChE with P < 0.01. Obvious pinkish fiber 
cords were observed, even with the naked eye, in the 
fibrosis model mice. Hepatic fibrosis was also verified 
by pathological analysis (data not shown)[16].

Biological distribution of [18F]FNGA in mice
Animals were sacrificed after injection of [18F]FNGA 
according to the following order: 5 min (8 fibrosis and 
6 control mice), 30 min (8 fibrosis and 8 control mice), 
and 60 min (7 fibrosis and 7 control mice). Organs 
were removed for radioactivity measurement. Figure 
1 demonstrates the distribution of [18F]FNGA in both 
control mice (Figure 1A) and fibrosis model mice (Figure 

4280 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

Table 1  Serological tests of various items for liver function in 
both fibrosis and control mice

Control, n  = 29 Fibrosis, n  = 31

TP as g/L 52.83 ± 0.94a 49.71 ± 0.90
ALB as g/L 27.01 ± 0.39a 25.23 ± 0.51
ALP as U/L   96.70 ± 11.48b 53.44 ± 5.41
ChE as kU/L   5.63 ± 0.23b   4.51 ± 0.32
Glu as mmol/L 10.89 ± 0.88a 13.91 ± 1.44

aP < 0.05, bP < 0.01 vs fibrosis. TP: Total protein; ALB: Albumin; ALP: 
Alkaline phosphatase; ChE: Cholinesterase; Glu: Glucose.
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radioactivity was observed in both organs immediately 
after [18F]FNGA administration. Liver exhibited a 
continuous accumulation till reaching a peak level, 
whereas heart showed a quick clearance after [18F]FNGA 
injection. 

Effect of NGA as a PET tracer for evaluation of liver 
function
Parameters based on the PET images are shown in 
Figure 3. The LUA was significantly lower in fibrotic 
liver than that in the normal liver (P < 0.05; Figure 
3A). The Tp took significantly longer in fibrotic liver to 
reach a peak than in the normal liver (P < 0.01; Figure 
3B). The [18F]FNGA accumulating rate (LUR) of fibrotic 
liver was significantly slower than that of the controls 
(P < 0.05; Figure 3C). No significant differences were 
found in CI between the two groups.

Correlation of PET parameters with the lab tests
Correlation was found between the PET parameters 
and serological tests including TP, TBA, and Glu (Table 
2). LUA was significantly correlated with TP, Tp was 
significantly correlated with both TP and Glu, and LUR 
was significantly correlated with both TBA and Glu, 

1B). [18F]FNGA was found to accumulate mainly in 
liver and kidney over the time of observation in both 
control and fibrosis model mice, except for the initial 
high level in blood detected at 5 min after injection.

PET scanning
Whole body scan was performed on 10 fibrosis and 8 
control mice. Clear liver images were acquired without 
obvious interference from other abdominal organs. 
Figure 2A exhibits the serial images of a control 
mouse over a period of 30 min. The liver outline can 
be clearly observed at 4 min after tracer injection. 
The liver radioactivity reached the peak level in the 
control mouse at about 19 min. However, radioactivity 
in the fibrosis liver reached the peak much later than 
that in the control group. The tracer remained in the 
liver at a high level throughout the scanning period. 
In addition, a clear heart outline was presented in the 
early phase. In the later phase of the scanning, high 
tracer accumulation was found in the bladder. Very 
low radioactivity was detected in the brain, lung, and 
limbs. 

The typical dynamic curves of [18F]FNGA in liver and 
heart of a control mouse are shown in Figure 2B. High 
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Figure 1  [18F]FNGA distribution in both control and fibrosis mice at various time points. Relative radioactivity levels are shown at various time points from 
organs of control mice (n = 21) (A) and CCl4-induced fibrosis mice (n = 23) (B). bP < 0.01 vs Liver, aP < 0.05 vs Liver, eP < 0.001 vs Liver. [18F]FNGA: 18F-labeled 
neogalactosylalbumin.
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with P < 0.05 in the above conditions.  

DISCUSSION
Multiple methods have been applied in clinical 
assessment for liver function, including serological 
tests[18], Child-Pugh and model for end-stage liver 
disease (commonly known as MELD) scoring sys-
tems, indocyanine green clearance, and medical 
imaging modalities like computed tomography, 
magnetic resonance imaging, and SPECT[19,20]. The 
above-mentioned methods provide data on certain 
types of liver function to meet the clinical purposes 
for diagnosis and treatment. However, they have 
prominent limitations for accurate evaluation. PET 
has become increasingly important as a functional 
diagnostic tool with various applications, especially 
in the diagnosis and evaluation of malignant tumors. 
Recently, effort has been made in using PET for liver 
function evaluation through sophisticated calculation 
of 18F-FD-Galactose clearance[21]. It requires extra 
invasive arterial sampling, the procedure is far from 
practical, and the result is not visually observational.  

To the best of our knowledge, this is the first study 
applying [18F]FNGA in the evaluation of liver function 
in a fibrotic liver animal model. We demonstrated 
the significant differences between the fibrotic liver 
and the normal control liver in their [18F]FNGA LUA, 
PT, and LUR. In addition, the tracer retained in liver 
for sufficient long time (> 60 min) and generated a 
clear image of liver, which is a critical tracer for PET 
scanning. 

Several advantages of [18F]FNGA were observed for 
this application to liver function assessment. The rapid 
clearance from the cardiovascular system, as well 
as the extended retention in the liver, minimizes the 
influence to liver imaging and parameter calculation. 
The tracer was mainly excreted through kidneys, which 
was an obvious difference from the 99mTc-GSA, which is 
mainly excreted from the gallbladder-gastrointestinal 
(GGI) tract. Therefore, the imaging result would be 
less likely to be influenced by obstruction of the GGI 
tract, which could lead to more accurate liver function 
evaluation. However, concern has existed about the 
possible influence of renal function on scanning result. 
In this study, all animals were normal healthy, except 
for the induction of liver fibrosis. And, there is no 
known effect of CCl4 on renal function. Nevertheless, 
further study will be needed in animals with kidney 
defect. 

The receptor index (LHL15 and HH15) in the 99mTc-
GSA study was widely accepted and has been taken 
as reference because both NGA and GSA bind to 
the same receptor on hepatocytes[20]. In this study, 
therefore, we generated CI and LUA that played similar 
functional roles as HH15 and LHL15, respectively. In 
addition, LUR, which evaluated the liver uptake rate 
for [18F]FNGA, also showed significant differences 
between the control and fibrotic livers, with the fibrotic 
liver showing a much slower rate. In addition, these 
parameters were found to be highly correlated with 
traditional liver function indicators, such as TP and 
TBA, suggesting that these parameters are appropriate 
for liver function evaluation. 
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Table 2  Correlation of positron emission tomography scan parameters with serological test results, n  = 18

LUA Tp LUR

r P  value r P  value r P  value
TP  0.559 0.038 -0.632 0.015  0.286 0.321
TBA -0.225 0.438  0.303 0.292 -0.690 0.006
Glu -0.631 0.068  0.719  0.029a -0.730 0.025

aP < 0.05. LUA: Liver uptake capacity; Tp: Peak time; LUR: Liver uptake rate; TP: Total protein; TBA: Total bile acid; Glu: Glucose.
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When liver function was impaired, blood glucose 
cannot be quickly converted into glycogen, thus 
leading to an elevated blood glucose level. In fact, 
some have proposed the use of an oral glucose 
tolerance test curve to determine the degree of liver 
dysfunction, tolerance for surgery, and prognosis[22]. 
We found that both LUR and Tp were significantly 
correlated with blood glucose level, suggesting that 
the blood glucose level indeed may indicate one of the 
aspects of the liver function.

This is a preliminary study investigating the use of 
[18F]FNGA as a PET tracer, with limitations existing in 
many regards. First, this study did not demonstrate 
the correlation of the severity of fibrosis and tracer 
uptake by the liver. Second, the mechanism of biological 
metabolism of the [18F]FNGA needs to be further 
investigated. Though the animal model employed in 
this study was well-established, the liver damage in the 
model could not be quantitatively defined. A progressive 
liver function loss would be more appropriate to 
evaluate the role the [18F]FNGA PET scan images in 
reflection of the liver function damage. 

Functionally-impaired liver showed a significantly 
different uptake pattern of [18F]FNGA compared to 
control liver in PET examination. [18F]FNGA was mainly 
accumulated and retained in the liver, and for sufficient 
time for PET imaging. Excretion from the kidney could 
be another advantage for [18F]FNGA to avoid gastro-
intestinal side effect.
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Abstract 
AIM
To evaluate the imaging course of Crohn’s disease (CD) 
patients with perianal fistulas on long-term maintenance 
anti-tumor necrosis factor (TNF)-α therapy and identify 
predictors of deep remission.

METHODS
All patients with perianal CD treated with anti-TNF-α 
therapy at our tertiary care center were evaluated 
by magnetic resonance imaging (MRI) and clinical 
assessment. Two MR examinations were performed: 
at initiation of anti-TNF-α treatment and then at 
least 2 years after. Clinical assessment (remission, 
response and non-response) was based on Present’
s criteria. Rectoscopic patterns, MRI Van Assche 
score, and MRI fistula activity signs (T2 signal and 
contrast enhancement) were collected for the two 
MR examinations. Fistula healing was defined as the 
absence of T2 hyperintensity and contrast enhancement 
on MRI. Deep remission was defined as the association 
of both clinical remission, absence of anal canal ulcers 
and healing on MRI. Characteristics and imaging 
patterns of patients with and without deep remission 
were compared by univariate and multivariate analyses.
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RESULTS
Forty-nine consecutive patients (31 females and 18 
males) were included. They ranged in age from 14-70 
years (mean, 33 years). MRI and clinical assessment 
were performed after a mean period of exposure to 
anti-TNF-α therapy of 40 ± 3.7 mo. Clinical remission, 
response and non-response were observed in 53.1%, 
20.4%, and 26.5% of patients, respectively. Deep 
remission was observed in 32.7% of patients. Among 
the 26 patients in clinical remission, 10 had persisting 
inflammation of fistulas on MRI (T2 hyperintensity, n  = 
7; contrast enhancement, n  = 10). Univariate analysis 
showed that deep remission was associated with the 
absence of rectal involvement and the absence of 
switch of anti-TNF-α treatment or surgery requirement. 
Multivariate analysis demonstrated that only the 
absence of rectal involvement (OR = 4.6; 95%CI: 
1.03-20.5) was associated with deep remission.

CONCLUSION
Deep remission is achieved in approximately one 
third of patients on maintenance anti-TNF-α therapy. 
Absence of rectal involvement is predictive of deep 
remission. 

Key words: Crohn’s disease; Anal fistula; Magnetic 
resonance imaging; Anus disease/diagnosis; Biotherapy

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Assessment of perianal fistulas is essential 
to guide management in Crohn’s disease (CD). Mag-
netic resonance imaging (MRI) allows assessment of 
morphological and disease activity. Achieving both 
clinical remission and healing on MRI is a target in the 
management of perianal CD. In this study, we describe 
the clinical and radiological evolution of perianal CD 
in patients on long-term anti-tumor necrosis factor-α 
treatment. The period of follow-up was two times 
longer than those in previous studies. Deep remission 
is possible in one third of patients. Absence of rectal 
involvement is predictive of deep remission. 

Thomassin L, Armengol-Debeir L, Charpentier C, Bridoux V, 
Koning E, Savoye G, Savoye-Collet C. Magnetic resonance 
imaging may predict deep remission in patients with perianal 
fistulizing Crohn’s disease. World J Gastroenterol 2017; 
23(23): 4285-4292  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4285.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4285

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory bowel 
disease, often associated with perianal complications 
such as fistulas or abscesses[1,2]. Perianal fistulas affect 
about one-third of patients during the evolution of CD 

and contribute to impaired quality of life[3]. This disease 
remains a challenging clinical condition, which is often 
refractory to conventional therapy. Management is 
based on combined therapies including antibiotics, 
drainage surgery, immunosuppressants and anti-
tumor necrosis factor (TNF)-α therapy[4-11]. Induction 
therapy with anti-TNF-α drugs allows a complete 
response after 12 wk in 50% of patients but appears 
to be of short duration and maintenance therapy is 
required[8]. Recently, expanded allogeneic adipose-
derived mesenchymal stem cells have been proved to 
be effective as reported by Panés et al[12] in the Lancet.

Magnetic resonance imaging (MRI) is a highly 
accurate non-invasive modality for the diagnosis 
and classification of perianal fistulas; as such it is 
considered to be the gold standard imaging technique 
for perianal CD[13-16]. It allows accurate morpholo-
gical assessment to obtain information on perianal 
disease activity that can be used for follow-up[17-19]. 
Improvement in MRI techniques including 3 Tesla 
imaging and serial MRI examination have emerged as 
a standard to prepare, to guide and finally to gauge 
the success of treatment[20]. An MRI-based score 
(Van Assche) is available and uses different criteria 
to describe the anatomy (extension) and complexity 
(active inflammation, abscess) of the fistula[19,21]. 
Clinically, perianal disease activity in CD is assessed 
according to fistula drainage[7]. This simple clinical 
test is effective in defining treatment failure but 
not in assessing the degree of response, especially 
when fistula drainage is intermittent. It has been 
demonstrated that stopping drainage from cutaneous 
orifices does not necessarily mean that perianal disease 
has decreased or healed[22,23]. Clinical response often 
contrasts with the persistence of fistulas on MRI[21,24]. 
Assessment of fistula activity is challenging and is 
commonly performed based on T2 hyperintensity[25-27]. 
T2 weighted sequence with fat suppression is the 
optimal technique for MRI of fistulas[15]. A gadolinium 
enhanced T1 weighted sequence is useful for differen-
tiating fluid/pus and granulation tissue[5,26-29]. The 
definition of fistula healing on MRI is usually based 
on the disappearance of T2 hyperintense signal and 
more recently on the absence of gadolinium contrast 
enhancement[18]. Achieving both clinical remission and 
healing on MRI is probably the most ambitious target 
in the management of perianal CD. Healing of lesions 
can be monitored in luminal CD[30,31]. 

The aims of this study were to describe the clinical 
and imaging courses of patients with perianal fistulas 
on long-term maintenance anti-TNF-α therapy and 
to identify clinical, endoscopic or imaging features 
associated with deep remission.

MATERIALS AND METHODS
Patients
Between 2003 and 2013, all consecutive patients 
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with fistulizing perianal CD treated with maintenance 
anti-TNF-α therapy at our tertiary care center were 
evaluated by clinical assessment and two MRI 
examinations. Patients treated with fibrin glue and plug 
were excluded. MRI was performed at the initiation of 
anti-TNF-α treatment and then at least 2 years after. 
This study was approved by the Institutional Review 
Board and informed consent was waived. Patients 
were diagnosed with CD by either endoscopy and/or 
histology and had at least one draining perianal fistula. 
Patients with an abscess had surgical drainage with 
seton placement, when appropriate, accompanied 
by a short course of antibiotics (fluoroquinolones 
and metronidazole). Seton removal was scheduled 
after completion of anti-TNF-α induction treatment. 
Immunosuppressant drugs were maintained or started 
(azathioprine, methotrexate or purinethol). All patients 
received anti-TNF-α induction treatment either with 
infliximab (5 mg/kg at weeks 0, 2 and 6) or with 
adalimumab (160, 80, 40 mg at week 0, 2 and 4, 
respectively). This induction treatment was followed 
by maintenance therapy based on infliximab 5 mg/kg 
every 8 wk or adalimumab 40 mg every other week. 
Each treatment could be optimized by increasing the 
dose or by decreasing the interval between injections. 
Certozilumab was used in three patients after infliximab 
or adalimumab failure with an induction treatment of 
400 mg at weeks 0, 2 and 4 followed by maintenance 
therapy (400 mg every 4 wk). 

Patients’ characteristics [age, sex, smoking status, 
family history of inflammatory bowel diseases (IBD), CD 
history and activity, duration of disease, localizations of 
disease according to Montreal criteria, C-reactive protein 
(CRP) level, albumin rate, and surgical treatment] and 
rectal involvement at endoscopy were assessed.

MRI
All patients were evaluated by MRI before starting anti-
TNF-α therapy and at least 2 years after treatment 
induction. 

MRI examination was performed on a Philips 
Achieva 1.5 Tesla (Philips Medical Systems, Best, the 
Netherlands) using a torso phased-array coil. Patients 
did not receive any bowel preparation. All patients 
were placed in a supine position, with the pelvis 
centered on the coil. T2-weighted two-dimensional (2D) 
turbo spin-echo (TSE) sequences (TR = 6000 ms, TE = 
500 ms, scan time = 5 min, matrix of 312 × 512, field 
of view 250 mm) and T2-weighted 2D TSE sequences 
with spectral presaturation inversion recovery (SPIR) 
(TR = 2000 ms, TE = 50 ms, scan time = 5 min, 
matrix of 312 × 512, field of view 250 mm) were 
obtained. T1-weighted 2D TSE sequences with and 
without fat suppression with SPIR (TR = 500 ms, TE 
= 10 ms, scan time = 5 min, matrix of 285 × 384, 
field of view = 250 mm) sequences were performed 
after gadolinium enhancement after checking for 
normal renal function. The intravenous injection was a 

mean dose of 15-20 mL gadolinium-DTPA (Magnevist, 
Schering, Germany) and the scan delay was 60 s. 
T2-weighted imaging was performed in transverse, 
sagittal and coronal planes. T1-weighted imaging was 
performed in transverse and coronal planes. Coronal 
and transverse planes were angled exactly parallel and 
perpendicular to the long axis of the anal canal. 

The MRI images were assessed by two experienced 
gastrointestinal radiologists blinded to information on 
clinical outcome (CSC, EK). The same standardized 
report was used for initial and follow-up MR exami-
nations. The items studied and their attributed values 
according to Van Assche were as follows: complexity 
of the fistula tracks (single unbranched = 1, single 
branched = 2, multiple = 3); location regarding the 
sphincters (inter/extra-sphincteric = 1, transsphincteric 
= 2, suprasphincteric = 3); extension (infralevatoric 
= 1, supralevatoric = 2); hyperintense appearance 
in T2-weighted sequences (absent = 0, mild = 4, 
pronounced = 8); presence of abscesses (hyperintense 
fluid collections > 3 mm in T2-weighted sequences 
= 4); and rectal wall involvement (thickened rectal 
wall = 2). In addition to Van Assche scoring, fistula 
enhancement after gadolinium-DTPA injection was 
analyzed and recorded as present or absent. 

Clinical and MRI evaluations
Clinical evaluation: Clinical assessment was 
performed by senior gastroenterologists specialized 
in IBD (GS, LAD). All clinical examinations were 
performed by the same physician dedicated to one 
patient according to Present's criteria[7]. A second 
clinical evaluation was performed to assess the 
clinical response under treatment. Drainage of fistula 
openings was studied under gentle finger compression 
and identified as open and actively draining or closed. 
Clinical remission was defined as the absence of any 
draining fistulas and the absence of self-reported 
drainage episodes by the patient at two successive 
evaluations. Clinical response was defined as a re-
duction of 50% or more from baseline in the number 
of draining fistulas at the clinical evaluation, or in case 
of non-attendance at the clinical evaluation, as any 
persisting draining fistulas self-reported by the patient. 
Patients were considered non-responders in all other 
circumstances. Anal and rectoscopic patterns were 
collected to assess the presence of ulcers.

MR evaluation: The two MR examinations were 
compared to determine changes in items of Van 
Assche's score. Fistula enhancement was also 
compared in order to determine whether or not there 
was persistence of enhancement. Healing on MRI was 
defined as the disappearance of T2 hyperintensity and 
contrast enhancement after gadolinium injection.

Deep remission: Deep remission was defined as the 
association of clinical remission and the absence of 
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observed in 27 patients. 

Baseline MRI evaluation
MRI characteristics at inclusion are summarized in 
Table 2. The average Van Assche score was 13 ± 4. 
The most common fistula location was inter- or extra-
sphincteric (63.3%) and an infralevatoric extension 
was observed in 87.8% of patients. Nineteen (38.8%) 
patients (38.8%) had an abscess. Pronounced T2 
hyperintensity of fistula tracks was found in 35 (71.4%) 
patients. All fistulas were enhanced by gadolinium 
injection. 

Treatment 
Forty-three (87.8%) patients received infliximab with 
a mean treatment duration of 23 ± 20 mo and a 
mean number of 13 treatments. Six (12.2%) patients 
received adalimumab with a mean duration of 21 ± 
14 mo. Thirty-one (63.3%) patients had an associated 
immunosuppressant drug. During the study period, 
eleven (22.4%) patients had a switch of anti-TNF-α 
treatment. Twenty-one (42.8%) patients required 
surgical drainage of their perianal lesions. The average 
follow-up period was 40 ± 27 mo. 

Clinical and imaging evaluations 
Among the 49 patients, 26 (53.1%) were in clinical 
remission, 10 (20.4%) in clinical response and 13 
(26.5%) were non-responders at the end of follow-up. 

Deep remission (clinical remission, absence of anal 
canal ulcers and healing on MRI) was observed in 16 
(32.7%) patients (Figure 1).

Van Assche score increased in 30 (61.2%) patients 
and decreased in 11 (22.4%) patients. Average 
Van Assche score was 8 ± 6. T2 hyperintensity 
disappeared but contrast enhancement persisted 
after gadolinium injection in 4 patients. Van Assche 
score was significantly lower in patients in clinical 
remission than in non-responders (0 vs 14, p < 0.05). 

anal canal ulcers and healing on MRI. 

Statistical analysis
Qualitative data are presented as numbers and 
percentages and quantitative data as mean and 
maximal range values. Comparison of patients 
according to clinical response or MRI response was 
made by χ 2 test for qualitative and by Student’s t 
test for quantitative variables. A multivariate analysis 
was carried out using a model of logistic regression 
for variables with p < 0.15. Results were considered 
significant when the p-value was < 0.05. BiostaTGV 
software was used for statistical analyses.

RESULTS
Patients’ characteristics and baseline clinical 
assessment
Forty-nine patients (31 females and 18 males) were 
enrolled in this study. They ranged in age from 14-70 
years, with a mean age of 33 years. Initial clinical 
characteristics of patients are presented in Table 1. 
Perineal involvement was present at diagnosis of CD in 
6 (12%) patients. An ileocolonic location was observed 
in 22 (44.9%) patients, pure colonic disease in 15 
(30.6%) and an isolated ileal location in 4 (8.2%). 
Extraintestinal manifestations were present in 11 
(22.4%) patients. Disease behavior at diagnosis was 
considered as inflammatory in 34 (69.4%), stricturing 
in 8 (16.3%) and penetrating in 7 (14.3%). Eleven 
(22.4%) patients had ileocolonic resection. 

At baseline all patients complained of spontaneous 
drainage episodes. Active drainage of the fistula 
opening was confirmed by gentle finger compression 
in all patients. Rectal involvement at endoscopy was 

Table 1  Patients’ characteristics n  (%)

Patients (n  = 49)

Age yr (mean; extreme) 33; 14-70
Sex ratio (men/women) 0.58
Familial history of IBD 4 (8.2)
Smoking 21 (42.9)
Mean duration of CD (mo) 72 (0-300)
Location
   L1 ileal 4 (8.2)
   L2 colonic 15 (30.6)
   L3 ileocolonic 22 (44.9)
   L2 or L3 + L4 upper disease   8 (16.3)
Disease behavior 
   Inflammatory 34 (69.4)
   Structuring   8 (16.3)
   Penetrating   7 (14.3)
Extraintestinal manifestations 11 (22.4)
Ileocolonic resection 11 (22.4)
Previous perianal surgery 40 (81.6)
CRP (mg/L) 11.5 (1.6-167)
Albumin rate (g/L) 35.2 (20-49.2)

IBD: Inflammatory bowel disease; CD: Crohn’s disease; L: Location; CRP: 
C-reactive protein.
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Patients (n  = 49)

Van Assche score (mean) 13
Ramified fistula 13 (26.5)
Multiple fistula 10 (20.4)
Inter/extrasphincteric fistula 31 (63.3)
Transsphincteric fistula 15 (30.6)
Suprasphincteric fistula 3 (6.1)
Infralevatoric extension 43 (87.8)
Supralevatoric extension   6 (12.2)
Abscess 19 (38.8)
Rectal involvement 21 (42.9)
T2 hyperintensity 
   Absent 3 (6.1)
   Mild 11 (22.4)
   Pronounced 35 (71.4)
Enhancement 49 (100)
Anorecto-vaginal fistula    7 (14.3)

Table 2  Baseline magnetic resonance imaging evaluation n  
(%)
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Moreover, the disappearance of both T2 hyperintensity 
and gadolinium contrast enhancement, between the 
baseline and final MRI, was significantly more frequent 
in patients in clinical remission (92.3% vs 26.9% 
and 100% vs 38.5%, respectively, p < 0.05). No 
significant change in these patterns was observed in 
non-responders. 

Predictive factors of clinical remission
In univariate analysis, clinical remission was sig-
nificantly associated with male gender (52% vs 
20%, p = 0.04), low initial CRP (6 mg/L vs 13 mg/L, 
p = 0.04), absence of rectal involvement (42.3% 
vs 69.6%, p = 0.05), absence of ramified fistula at 
initial MRI (11.5% vs 43.5%, p = 0.02), absence of 
antibiotics at diagnosis (53.8% vs 87%, p = 0.02), 
longer duration of treatment with infliximab (32 mo vs 
16 mo, p = 0.0004), absence of perianal lesion with 
infliximab (8.3% vs 63.2%, p = 0.001), and absence 
of switch of anti-TNF-α treatment (3.8% vs 43.5%, p 
= 0.001).

In multivariate analysis, two factors were signi-
ficantly associated with clinical remission: absence 
of rectal involvement (42.3% vs 69.6%, OR = 4.7, 
95%CI: 1.21-49) and absence of switch of anti-TNF-α 
(3.8% vs 43.5%, OR = 7.7). 

Predictive factors of deep remission 
In univariate analysis, deep remission was significantly 
associated with absence of rectal involvement (37.5% 
vs 63.6%, p = 0.12), absence of surgical drainage at 
diagnosis (68.8% vs 87.9%, p = 0.011), absence of 
antibiotics at diagnosis (50% vs 78.8%, p = 0.04), 

longer duration of treatment with infliximab (27 mo 
vs 18 mo, p = 0.039), absence of perianal lesion with 
infliximab (7.1% vs 30.6%, p = 0.008) and absence 
of switch of anti-TNF-α treatment (0% vs 33.3%, p = 
0.009).

In multivariate analysis one factor was significantly 
associated with deep remission: absence of rectal 
involvement (37.5% vs 63.6%, OR = 4.6, 95%CI: 
1.03-20.5).

DISCUSSION
In this study, we describe the clinical and radiological 
evolution of fistulizing perianal CD in a cohort of 49 
patients on anti-TNF-α treatment with a mean follow-
up period of 40 mo. Of note, the period of follow-up in 
our study was two times longer than those in previous 
studies. At the end of follow-up, not only were 53% 
of our patients in clinical remission but one third was 
in deep remission, corresponding to clinical remission 
associated with healing on MRI. One third of patients in 
clinical remission had a persisting pathology on MRI. In 
multivariate analysis, there were two predictive factors 
of clinical remission: absence of rectal involvement at 
diagnosis and absence of switch of anti-TNF-α during 
follow-up. Only the absence of rectal involvement 
remained predictive of deep remission. 

The demographic characteristics and clinical 
remission rates of our patients are comparable to those 
of other studies[32,33]. The percentage of anorecto-
vaginal fistulas in our study (20.4%) was higher than 
that described in the first study but similar to the 
most recent ones[34-36]. Our clinical remission rate was 
slightly higher than those in other studies, probably 
due to our longer follow-up period and longer duration 
of anti-TNF-α treatment[8,18,22,23,37]. Additionally, it 
might also be related to longer seton drainage time 
as setons were removed after completion of induction 
treatment. Moreover, 40% of our patients required 
surgical seton drainage, which is higher than those in 
previous studies but allowed us to achieve earlier and 
more efficient drainage before introducing anti-TNF-α 
treatment[18,21,22]. The treatment regimen we used was 
comparable to those of previous studies[10].

In our study, deep remission was found in 32.7% 
of patients. Bell, who reported follow-up in only seven 
patients, defined improvement as disappearance 
or reduction of fistulas but there was no analysis 
of contrast enhancement in MRI[23]. Van Assche, in 
a series of six patients, reported disappearance of 
T2 hyperintensity in three patients and absence of 
fistula in two patients on MRI[21]. Ng found complete 
healing, defined as absence of T2 hyperintensity 
of fistula, in 30% of 25 patients at 18 mo[22]. In a 
previous study from our center, including 20 patients 
with 1-year follow-up, we reported an improvement 
in Van Assche score as well as disappearance of T2 
hyperintensity and contrast enhancement in 30% of 
patients[21]. The current study follows this approach 

A

B

Figure 1  Comparison of initial magnetic resonance imaging (A) and 
follow-up magnetic resonance imaging (B). Axial spectral presaturation 
inversion recovery T2-weighted sequence at the same anatomical level. 
Presence of an initial active fistula (A, arrow) and disappearance of the 
hyperintensity at follow-up (B): this patient was in clinical response.
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COMMENTS
Background
Perianal fistulas remain a challenging clinical condition and their management is 
based on combined therapies. Anti-tumor necrosis factor (TNF)-α maintenance 
therapy is often required. Magnetic resonance imaging (MRI) allows accurate 
morphological assessment to obtain information on perianal disease activity 
that can be used for follow-up. 

Research frontiers
Anti-TNF-α maintenance therapy is usually required to treat perineal fistulas. 
MRI examination has emerged to gauge the success of treatment as achieving 
both clinical remission and healing on MRI is probably the most ambitious 
target.

Innovations and breakthroughs
In this study, the authors describe the clinical and radiological evolution of 
perianal Crohn’s disease (Cd) in patients on long-term anti-TNF-α treatment. 
The period of follow-up was two times longer than those in previous studies.

Applications 
Regular perineal MRI could be useful to assess response to treatment. In case 
of unfavourable outcome, optimization or modification of treatment could be 
proposed and in patients in deep remission de-escalation could be considered.
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absence of rectal involvement was predictive of deep remission. However, one 
third of clinical remission patients had a persisting pathology on MRI. This study 
is of clinical value to patients with perianal Cd.
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with a higher number of patients and longer follow-
up and the same MR parameters: T2 hyperintensity 
used in the Van Assche score and analysis of contrast 
enhancement. Analysis of contrast enhancement 
has now clearly proven its interest in follow-up and 
characterization between inflammatory or fibrotic 
ileocolonic lesions[31,38]. Recent MRI sequences like 
diffusion or magnetization transfer could be used in the 
future for evaluation of patients under treatment[20,39,40]. 
Compared to our previous study, we found a higher 
(one third) rate of deep remission at 40 mo than at 
12 mo (one quarter)[18]. In univariate analysis, longer 
duration of treatment and increased rate of healing 
were significantly associated with deep remission. 

Identifying predictive factors for deep remission 
remains challenging[41]. Tougeron, in a study on 26 
patients with infliximab induction therapy, reported 
that predictive factors significantly associated with 
clinical remission were low albumin and CD activity 
index, absence of active luminal disease and absence 
of endoscopic rectal involvement in univariate analysis; 
endoscopic rectal involvement was the only factor in 
multivariate analysis[36]. We confirm the data related 
to rectal involvement in endoscopy. The presence of 
proctitis is highly relevant for fistula management and 
prognosis[15]. In our study, assessment of proctitis by 
MRI was performed with rectal wall thickness according 
to Van Assche criteria. Other interesting patterns such 
as contrast enhancement and MRI features involving 
the mesorectal tissue like presence of creeping fat 
have been suggested more recently[42].

The role of MRI in the monitoring of patients on 
long-term anti-TNF therapy is not well defined. Regular 
perineal MRI could be useful to assess response to 
treatment. If unfavorable, optimization or modification 
of treatment could be proposed. We could consider 
decreasing or discontinuing treatment in patients 
in deep remission, but with regular monitoring to 
detect potential recurrences. Recent data on trough 
level suggest that monitoring drugs may be useful in 
making appropriate decisions in this setting[43].

Nonetheless, our study has limitations like absence 
of perineal disease activity index and trough level 
monitoring. We did not include patients participating in 
other therapeutic trials using local therapies like fibrin 
glue or plug[44-46].

In conclusion, our findings show that deep remis-
sion is possible in one third of patients on maintenance 
anti-TNF-α therapy. Concerning predictive patterns, 
only absence of rectal involvement is predictive of 
deep remission. Our results may serve as a basis for 
future management of anti-TNF-α treatment once 
deep remission is acquired.
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Abstract
AIM
To show outcomes of our series of patients that 
underwent a total gastrectomy with a robotic approach 
and highlight the technical details of a proposed 
solution for the reconstruction phase.

METHODS
Data of gastrectomies performed from May 2014 to 
October 2016, were extracted and analyzed. Basic 
characteristics of patients, surgical and clinical outcomes 
were reported. The technique for reconstruction 
(Parisi Technique) consists on a loop of bowel shifted 
up antecolic to directly perform the esophago-enteric 
anastomosis followed by a second loop, measured up 
to 40 cm starting from the esojejunostomy, fixed to the 
biliary limb to create an enteroenteric anastomosis. The 
continuity between the two anastomoses is interrupted 
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just firing a linear stapler, so obtaining the Roux-en-Y 
by avoiding to interrupt the mesentery.

RESULTS
Fifty-five patients were considered in the present 
analysis. Estimated blood loss was 126.55 ± 73 mL, no 
conversions to open surgery occurred, R0 resections 
were obtained in all cases. Hospital stay was 5 (3-17) 
d, no anastomotic leakage occurred. Overall, a fast 
functional recovery was shown with a median of 3 (3-6) 
d in starting a solid diet.

CONCLUSION
Robotic surgery and the adoption of a tailored recon-
struction technique have increased the feasibility 
and safety of a minimally invasive approach for total 
gastrectomy. The present series of patients shows its 
implementation in a western center with satisfying 
short-term outcomes.

Key words: Esophagojejunal anastomosis; Gastric 
cancer; Total gastrectomy; Robotic surgery; Minimally 
invasive surgery

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Minimally invasive surgery is growing interest 
for gastric cancer. Technology has allowed to increase 
the safety and feasibility of this approach, even in 
demanding procedures. Total gastrectomy represents 
a challenge in this context due to the need to ensure 
a safe esophagojejunal anastomosis. Leakages can 
strongly influence the postoperative course of the 
patient until lead to serious consequences. 

Parisi A, Ricci F, Gemini A, Trastulli S, Cirocchi R, Palazzini 
G, D’Andrea V, Desiderio J. New totally intracorporeal 
reconstructive approach after robotic total gastrectomy: Technical 
details and short-term outcomes. World J Gastroenterol 2017; 
23(23): 4293-4302  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i23/4293.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i23.4293

INTRODUCTION
Minimally invasive surgery for gastric cancer is growing 
attention due to its potential advantages in enhancing 
the postoperative recovery of patients and quality of 
life[1]. The main limitations are the proper execution of 
an extended lymphadenectomy, when required, and a 
safe approach for reconstruction.

The latter is still the object of controversy and 
most surgeons are concerned about the possibility to 
perform a totally intracorporeal procedure after a total 
gastrectomy.

Recent spread of the robotic systems has modi

fied the way we perform minimally invasive surgery 
and has led to the evolution of traditional laparoscopy. 
This progress allows surgeons to overcome the 
limits of laparoscopy through a 3D vision, articulated 
instruments, filtering of physiological tremor and 
absence of fulcrum effects, thus increasing dexterity 
and precision in dissection and suturing movements. 
These are key factors required for complex and technical 
demanding reconstructions to restore the digestive 
continuity.

However, nowadays, few studies[2] have discussed 
about reconstruction techniques for minimally invasive 
gastric surgery even if this issue is the most impacted 
factor on postoperative outcomes.

Hybrid procedures are common described in the 
literature, in most of cases an extracorporeal recon
struction approach has been adopted because allows 
to easily overcome the difficulties of an intracorporeal 
Rouxeny procedure.

The main limitations surgeons have in minimally 
invasive reconstruction after total gastrectomy are: 
reduced freedom of movements in the pneumo
peritoneum space, properly identification of the 
segment of small bowel for the EJ anastomosis 
and then the level where perform the Jejunojejunal 
anastomosis. Moreover, traditional laparoscopic 
instruments cannot enable a handsewn anastomosis, 
thus surgeons have adopted techniques based on 
the use of mechanical staplers. However, intrinsic 
limitations of these methods should be considered 
when approaching an intracorporeal anastomosis 
involving the esophagus.

This study aims to show outcomes after adopting 
a new robotsewn intracorporeal reconstruction 
technique after total gastrectomy, conceived at our 
Institution, that can simplify and make friendly this 
challenging phase.

MATERIALS AND METHODS
Type of study
This is a singleinstitution observational study, eva
luating a new reconstruction approach after total 
gastrectomy. The study was registered at clinical trials.
gov with the registration number: NCT02325453.

Eligibility
Patients with the following characteristics were included: 
preoperative staging assessment in accordance to 
international guidelines[3,4], Early Gastric Cancer, 
Advanced Gastric Cancer, curative surgery, robotic 
surgical approach. Exclusion criteria were: metastatic 
disease, palliative resection, synchronous malignancy 
in other organs, synchronous other major abdominal 
surgery, high operative risk (ASA > 4).

Data collection
Data of gastrectomies performed from May 2014 to 
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October 2016, at St. Mary’s Hospital of Terni (Italy), 
were extracted and analyzed.

Data were collected by reviewing medical records 
and surgeries performed[5]. A tailored webbased 
protected system was used (https://imigastric.logix
software.it/).

The present study was planned and developed in 
accordance with the STROBE guidelines and statement[6].

Reported outcomes
Descriptive information on characteristics of patients, 
details of procedures and tumor findings were 
reported. 

Operative results, data on the postoperative course 
and assessment of complications were based on the 
following primary outcomes: Estimated blood loss (EBL, 
mL), retrieved lymphnodes (No.), hospital stay (d), 
resumption of a liquid and solid diet (POD), inhospital 
complications (No., Type), 30 d readmission (No.). 

Secondary outcomes included: the operative 
time (min), margin status (No. negative/total) and R 
assessment (No. R0 resections), intraoperative com
plications and death (No.), resumption of peristalsis 
(POD).

Statistical analysis
IBM SPSS Statistics V.23 was used in this study and an 
intention to treat analysis was performed. Continuous 
variables were reported as mean ± SD or median 
and range. Numbers and percentages were used to 
express dichotomous variables.

Surgical technique
A 4arm Da Vinci SI Robotic Surgical System is used 
during the procedure (Figure 1). The surgical technique 
can be divided into six phases: (1) coloepiploic 
mobilization; (2) ligation of the right gastroepiploic 
artery; (3) ligation of the right gastric artery and 
section of the duodenum; (4) lymphadenectomy of 
major vessels; (5) section of the esophagus; and (6) 
doubleloop reconstruction method (Parisi Technique).

The pneumoperitoneum is created with a Veress 

needle in the periumbilical region. The intraabdominal 
pressure is set to 12 mmHg.

The mobilization of the stomach can be performed 
by either traditional laparoscopy or robotic surgery, 
depending on patient characteristics and surgeon 
preferences.

First, a complete coloepiploic mobilization is 
achieved using the harmonic scalpel from right to left 
and the epiploon retrocavity is opened. During this 
phase lymph stations no. 4d, 4sa and 4sb are isolated 
and removed.

During the second phase the superior right colic 
vein is identified and the trunk of Henle is found. After 
this step, the gastroepiploic vein is sectioned at its 
origin. The right gastroepiploic artery is tied between 
hemolocks at its origin and the lymph nodes in 
station no. 6 are removed.

The first portion of the duodenum is released and 
the assistant introduces an articulated linear stapler for 
its section.

The lymphadenectomy of major vessels begins at 
the level of the proper hepatic artery.

The right gastric artery is identified and sectioned 
between hemolocks, at its origin, thus removing 
station no. 5. The lesser omentum is also dissected 
releasing station no. 3.

All the soft tissue along up to hepatic pedicle 
is removed including station no. 12a. Station no.8 
is removed from the common hepatic artery. The 
dissection continues to the left of side of the celiac 
trunk to remove the station no. 9. Station no. 7 is 
dissected and the left gastric artery is sectioned. 
The splenic artery is followed and station no. 11p is 
removed, while the tissue on the proximal part of 
the artery (11p) is cleared based on the tumor and 
patient characteristics. Station no. 10 is not routinely 
dissected, because the high risk of major injuries due 
to anatomical characteristics of western patients that 
almost always does not allow a safety dissection of 
that area. 

Finally, the soft tissue representing station no. 1 
and no. 2 is dissected, thus releasing the esophagus 
and the anterior and posterior branches of the Vagus 
nerve which are sectioned.

In the last phase, the digestive continuity is restored 
with the Parisi Technique (Figure 2). Two stitches are 
placed to secure the esophagus to the diaphragm pillars 
(Figure 3). Then, the assistant temporarily removes 
the robotic arm no. 2 and changes the robotic trocar 
(8 mm) with a 12 mm trocar in order to introduce the 
stapler with the correct angle of section. 

The esophagus is thereby sectioned and closed 
(Figure 3), through the mechanical linear stapler, 
considering the right distance from the tumor and 
avoiding tensions.

At the beginning the surgeon at the console detects 
the angle of Treitz to move the bowel loops above the 
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Figure 1  Robotic docking.
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side on the esophagus left and the alimentary side 
on the right. The first loop is prepared. The surgeon 
performs an endtoside esophagojejunal robotsewn 
anastomosis (Figure 5). The operator starts performing 
a first posterior layer with interrupted stitches using 
a Vicryl 2/0 for each point, joining the jejunal serosal 
and the muscle layer of the esophagus. Then, both the 
small intestine and the esophagus are opened. The 
surgeon performs the internal layer with a running 
suture, using a 3/0 PDS wire. During each step of the 
suture both the small intestine wall and the esophageal 
wall are fullthickness crossed. After this step, the 
anterior plane is approached. A second running suture 
joins the posterior one at the anastomosis angles. 
The anterior plane is completed with interrupted 
stitches covering the internal layer. The second loop is 
identified at a distance of about 30 to 40 cm from the 
E-J anastomosis. This loop is located close to the first 
anastomosis, on the left side, and it is used to perform 
the jejunojejunal anastomosis. At this point, the 

transverse colon close to the sectioned esophagus. The 
selected portion of jejunum must be free from stretching 
and twisting, to ensure a successful anastomosis. The 
selected loop is fixed with two stitches to the posterior 
wall of the esophagus (Figure 4), placing the biliary 

A B C

Figure 2  Double loop reconstruction method. A: 1 step: E-J anastomosis; B: 2 step: J-J anastomosis using the second loop; C: 3 step: interruption of continuity 
between the two anastomoses.

Figure 4  A first loop of small bowel is identified and brought antecolic (A), 
two stiches are placed to pair it with the esophagus (B).

A B

A B

C D

Figure 5  Esophagus and jejunum are opened (A), the posterior layer (B) 
is first performed followed by the anterior layer (C and D).

Figure 3  Division of the esophagus. A: After fixing the esophagus to the 
diaphragm pillars; B: An articulated mechanical linear stapler is introduced by 
the assistant through a 12 mm trocar; C and D: The esophagus is sectioned 
and closed.

A B

C D

R2
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surgeon fixes the chosen intestinal segment (second 
loop) to the biliary limb of the first loop with two sero-
serosal stitches. The assistant fires the stapler (Figure 
6) and then the surgeon at the console closes the 
entry holes of the stapler with two layers of sutures (the 
first is a running suture and the second layer is made 
with interrupted stitches). The operation ends with the 
interruption of the digestive continuity between the 
two anastomoses (Figure 7) by firing a linear stapler 
and thus creating a modified Roux-en-Y.

A suction drain is positioned close to the EJ 
anastomosis, while the nasoenteric tube is not placed. 
The specimen is removed through a 5 cm Mc Burney 
incision, in the right iliac fossa. 

RESULTS
Data of 55 consecutive patients underwent the robotic 
doubleloop reconstruction method (called Parisi 
technique) after performing a robotic total gastrectomy 
for gastric cancer were considered in the present 
study. Table 1 reported patients’ characteristics. Mean 
age was 72.56 ± 10.67, 66.04% of patients had one 
or more comorbidities and the mean BMI was 24.42 
± 72.56. Most tumors were in the middle third of the 
stomach (54.54%).

If the tumor is localized at the lower third of the 
stomach, usually we perform a BII subtotal gastrectomy, 
with a robotic intracorporeal anastomosis. However, 
in some selected cases we prefer to perform a total 
gastrectomy.

In 12 of the reported cases, where the tumor was 
located in between the lower and the middle third of 
the stomach, we decided, after discussion with the 
patient, to perform a total than a subtotal gastrectomy 
for the following reasons: (1) some patients were less 
than 65 years old and we wanted to reduce the risk 
of recurrence on the residual limb (5 patients); (2) 
the lesion appeared to extensively involve the lower 
two thirds of the stomach (5 patients); and (3) in two 
cases with diffuse type, there was not only a main pre
pyloric lesion but also a biopsy proven adenocarcinoma 
at the upper third.

Total operative time was 354.21 ± 68.8 (Table 
2). Intraoperative blood loss was 126.55 ± 73. No 
conversion to open surgery or major intraoperative 
complications occurred. The median number of retrieved 
lymph nodes was 35 (95%CI: 1547). All specimens 
were evaluated as R0 resections. Histopathological 
characteristics are shown in Table 3.

Table 4 summarizes the postoperative findings. 

Table 1  Characteristics of patients 

Characteristics

Sex (male/female), no. 31/24
Age (yr) 72.56 ± 10.67
BMI (kg/m2) 24.42 ± 72.56
Comorbidity, n (%) 35 (66.04)
ASA score, n 
   Ⅰ   8
   Ⅱ 19
   Ⅲ 28
   Ⅳ   0
Tumor location, n
   Lower third 12
   Middle third 30
   Upper third 13

Table 2  Operative results 

Outcomes

Overall operative time, min  354.21 ± 68.8
Incision for specimen extraction, n
   Right McBurney incision 55
length of minilaparotomy, cm 5 (4-6)
Intraoperative blood loss, Ml 126.55 ± 73
Intraoperative morbidity, n   0
Intraoperative Mortality, n   0
Conversion, n   0
Extent of lymphadenectomy, n
   D1   0
   D1+   5
   D2 50

A B

Figure 6  Second loop is identified at 40 cm from the E-J anastomosis, 
along the alimentary limb, and brought up to the first anastomosis on 
its left side through a mechanical stapler (A), a side to side jejunojejunal 
anastomosis is created between the second loop and the biliary limb of 
the first loop (B).

A B

Figure 7  Two anastomoses are easily interrupted by firing the stapler (A 
and B).
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The median hospital stay was 5 d. We observed a 
fast recovery of different levels of food intake after 
gastrectomy, enabling patients to go through a 
liquid diet (Median = 2; 95%CI: 25) until starting 
a solid diet (Median = 3; 95%CI: 36). No major 
complications or death occurred. None of the 55 
patients experienced anastomotic leakage.

DISCUSSION
The restoration of the digestive tract after total 
gastrectomy is a technically demanding phase. 

Minimally invasive surgery has been developed in 
recent years even for complex oncological procedures 
thanks to new available devices and increased 
surgeons experience[2].

In the literature (Table 5), only 22 studies[5,727] 
from 16 institutions have reported the use of robotic 
surgery in gastric cancer including total gastrectomy. 
Eleven studies are comparative[9,1115,17,18,2123], others are 
case series and personal experiences[5,7,8,10,16,19,20,24,27]. 
Limitations of studies are to provide outcomes including 
in their analysis different types of gastric resection. 

In fact, only 5 studies[5,17,22,24,27] reported information 
on total gastrectomy alone. Others reported data on 
surgical interventions within a more general analysis 
including different types of gastric resections as subtotal 
or proximal gastrectomy. Overall, 466 procedures on 
total gastrectomy can be detected in the literature. This 
makes difficult to better understand the real effect of 
robotic surgery on total gastrectomy that is a different 
and more complex surgery.

Moreover, Table 6 shows that most of studies 
reported limited information. Only eight studies showed 
data on patient and tumor characteristics or operative 
and clinical results[2,17,2024,26].

Regarding the technique used, all studies reported 
the assistance of the robot in the mobilization of 
the stomach and in lymphadenectomy. Ten authors 
reported an extracorporeal reconstruction and only 
eleven studies[2,810,13,16,18,19,23,24,26] reported a robotic 
assistance in this phase and an intracorporeal approach. 

There are two main issues to consider: the way 
to perform the Rouxeny reconstruction and how to 
perform it.

In the intracorporeal approach, a circular stapler is 
generally used but other solutions include the Orvil[16] or 
the Overlap technique[16,23]. Some authors[10,25] described 
the use of the robot to perform a manual pursestring 
around the anvil, but only few reports[5,13,19,24] in the 
literature reported its use for a complete handsewn 
anastomosis.

Surgeons are generally afraid to perform the latter, 
because the high surgical skills required in conventional 
surgery and the risk for leakage if not well performed. 

By the other hand and regardless of the approach, 
using mechanical staplers has standardize the way 
to perform the reconstruction after total gastrectomy 
and apparently give more safety. If this is true in 
open surgery, this is more challenging when adopting 
an intracorporeal approach. A mechanical trouble 
when firing the stapler or a leakage for incomplete 
closing at the EJ level can lead the patient to serious 
complications until death.

We decided to develop a new technique to overcome 
the reported limitations of the intracoproreal approach. 
Particularly we found a feasible and safe way to perform 
a complete robotic reconstruction without the need to 
convert the procedure to open or laparoscopic surgery 
or using others potentially dangerous techniques.

The accuracy of the robotic system, the micro
surgical instruments and particularly the endowrist 
allow the surgeon to perform movements that are 
even difficult to reproduce in open surgery. 

We believe that this technology should be exploited 
in complex digestive procedures, as in a total gastrec
tomy and our study demonstrates the usefulness of 
the robotic system in performing a safe handsewn EJ 
anastomosis.

Table 3  Clinical outcomes during hospitalization and 
complications

Outcomes

Time to peristalsis, d 1 (1-3)1

Time to resume liquid diet, d 2 (2-5)1

Time to resume solid intake, d 3 (3-6)1

Length of hospital stay, d   5 (3-17)1

Postoperative 30-d complications, n 0
Reoperations, n 0
30-d mortality, n 0

1Values are expressed as median (range).

Table 4  Histopathological data 

Outcomes

Diameter of the tumor, cm 4.25 (1-8)1

Proximal margin, cm 6 (2-11)1

Number of harvested lymph nodes, n 35 (15-47)1

TNM staging, n (%)
   Stage 0   0
   Stage ⅠA 8 (14.55)
   Stage ⅠB 9 (16.37)
   Stage ⅡA 12 (21.82)
   Stage ⅡB 11 (20.00)
   Stage ⅢA 7 (12.72)
   Stage ⅢB 6 (10.91)
   Stage ⅢC 2 (3.63)
   Stage Ⅳ   0
Residual tumor, n
   R0 55
   R1   0
   R2   0

1Values are expressed as median (range).
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Although it may appear more complex than other 
techniques, during our experience, we have gained 
some tricks: (1) the esophagus should be fixed to both 
sides at the diaphragmatic pillars to avoid retraction 
in the chest; (2) a jejunal loop which can be easily 
approached to the esophagus is essential; (3) two 
interrupted stiches can help in pairing the esophagus 
and the jejunum, delimiting the two ends of the EJ 
anastomosis. Then other two central stitches are 
placed to complete the posterior external layer. Vicryl 
is preferable; (4) only at this point the esophagus and 
the jejunum wall should be opened, we suggest using 
monopolar curved scissors; (5) two running sutures for 
the internal layer, the first posterior and the second one 
anterior are preferable than an interrupted suturing. At 
the beginning of our experience we performed this step 
with interrupted stiches but after few cases we decided 
to move to a running suture because faster and it 
gives a feeling of safety and high adherence between 
the visceral walls; and (6) PDS sutures for the internal 
layer is best, because the combination of an absorbable 
suture and an extended anastomotic support. This 
suture gives fluidity and at the same time tightness, 

when the thread is pulled in tension.
The double loop approach is the other innovative 

element we reported. This technique can speed up the 
reconstruction and have several relevant advantages: 
(1) the loop of bowel can be chosen without tension; (2) 
there is no confusion between biliary and alimentary 
tract; and (3) it is not necessary to interrupt the 
mesentery, reducing the risk of bleeding and internal 
hernias.

In conclusion, the present study is one of the 
largest series focused on robotic total gastrectomy in 
the literature and has shown satisfactory outcomes. 
The innovative technique adopted has demonstrated 
feasibility and safety when performing both the EJ 
and the JJ anastomoses with an intracorporeal robotic 
approach.

Every method for reconstruction has to tackle the 
functional problems of blind loop syndrome, or of 
inadequate transition (e.g., weight loss) through the 
substitute stomach. 

The shortterm followup didn’t highlight any func
tional problems until now, while the evaluation on long 
term results of our approach is ongoing.

Table 5  Literature review on robotic total gastrectomy, overall number of reported cases

Year Type Subject Country Institution Period No. 

Present study 2017 Prospective CS RTG Italy St. Mary’s Hospital of Terni 2014-2016   55
Jiang et al[24] 2015 Retrospective CS RAG China Nanjing University Medical 

College
2010-2012   65

Kim et al[14] 2012 nonRCT RAG vs LG vs OG South 
Korea

Yonsei University College of 
Medicine

2005-2010 109
Son et al[15] 2014 nonRCT RTG vs LTG 2005-2010   51
Woo et al[11] 2011 nonRCT RAG vs LG 2005-2009   62
Song et al[7] 2009 Prospective CS RAG 2005-2007   33
Park et al[20] 2013 Retrospective CS RAG South 

Korea
National Cancer Center 2009-2012   46

Yoon et al[17] 2012 nonRCT RTG vs LTG 2009-2011   36
Kang et al[13] 2012 nonRCT RAG vs LG South 

Korea
Ajou University School of 

Medicine
2008-2011   16

Hur et al[8] 2010 Retrospective CS RAG 2010     2
Hyun et al[18] 2013 nonRCT RAG vs LG South 

Korea
Korea University Anam Hospital 2009-2010     9

Son et al[15] 2012 nonRCT RAG vs LG South 
Korea

Seoul University Bundang 
Hospital

2007-2011     1

Junfeng et al[21] 2014 nonRCT RAG vs LG China Third Military Medical 
University

2010-2013   26

Liu et al[19] 2013 Prospective CS RAG China Subei People's Hospital of 
Jiangsu

2011-2013   54

Giulianotti et al[25] 2003 Retrospective CS RAG Italy Misericordia Hospital of 
Grosseto

2000-2002   10

Coratti et al[26] 2015 Retrospective CS RAG Italy 2000-2014   38
D'Annibale et al[10] 2011 Retrospective CS RAG Italy S. Giovanni Addolorata Hospital 2004-2009   11
Caruso et al[9] 2011 nonRCT RAG vs OG Italy Hospital of Spoleto 2006-2010   12
Suda et al[23] 2014 nonRCT RAG vs LG Japan Fujita Health University 2009-2012   30
Huang et al[12] 2012 nonRCT RAG vs LG vs OG Taiwan Taipei Veterans General Hospital 2010-2012     7
Vasilescu et al[16] 2012 Retrospective CS RAG Romania Fundeni Clinical Institute 2008-2012   19
Zawadzki et al[27] 2014 CR RAG Poland Wroclaw Medical  University 2014     1
Parisi et al[5] 2015 Prospective CS RTG Italy St. Mary’s Hospital of Terni 2014-2015   22
Total1 466

1Excluding the present study.
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particularly when performing a demanding phase of a procedure, as in 
suturing movements. The present study shows a new robotic technique for 
a reconstructive approach. The double loop method can simplify the way to 
perform the reconstruction phase after a total gastrectomy and can allow 
surgeons to overcome the current limitations.

Applications
This study shows the possibility to safely perform a completely intracorporeal 
anastomosis after a total gastrectomy, considered one of the biggest obstacles 
in minimally invasive surgery.

Terminology
Robotic systems are used in minimally invasive surgery and allow the primary 
surgeon to perform the procedure through a remote console.

Peer-review
It is a good observational study who reported the outcome of robotic total 
gastrectomy in one Institution. Total gastrectomy with minimally invasive 
technique is quite challenging with either laparoscopic technique or robotic 
technique. With a series of 55 patients who successfully recovered, they can be 
convinced by the authors and draw such a conclusion that it can be safe.

REFERENCES
1 Marano A, Choi YY, Hyung WJ, Kim YM, Kim J, Noh SH. 

Robotic versus Laparoscopic versus Open Gastrectomy: A Meta-
Analysis. J Gastric Cancer 2013; 13: 136-148 [PMID: 24156033 
DOI: 10.5230/jgc.2013.13.3.136]

2 Parisi A, Nguyen NT, Reim D, Zhang S, Jiang ZW, Brower 
ST, Azagra JS, Facy O, Alimoglu O, Jackson PG, Tsujimoto H, 
Kurokawa Y, Zang L, Coburn NG, Yu PW, Zhang B, Qi F, Coratti 
A, Annecchiarico M, Novotny A, Goergen M, Lequeu JB, Eren 
T, Leblebici M, Al-Refaie W, Takiguchi S, Ma J, Zhao YL, Liu 
T, Desiderio J. Current status of minimally invasive surgery for 
gastric cancer: A literature review to highlight studies limits. Int J 
Surg 2015; 17: 34-40 [PMID: 25758348]

3 Japanese Gastric Cancer Association. Japanese gastric cancer 
treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14: 
113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]

4 NCCN. Clinical Practice Guidelines in Oncology: Gastric Cancer. 
Version I.2014, 2014 Available from: URL: http://wwwnccnorg/
professionals/physician_gls/pdf/gastricpdf

5 Parisi A, Ricci F, Trastulli S, Cirocchi R, Gemini A, Grassi V, 
Corsi A, Renzi C, De Santis F, Petrina A, Pironi D, D’Andrea 
V, Santoro A, Desiderio J. Robotic Total Gastrectomy With 
Intracorporeal Robot-Sewn Anastomosis: A Novel Approach 
Adopting the Double-Loop Reconstruction Method. Medicine 
(Baltimore) 2015; 94: e1922 [PMID: 26656323 DOI: 10.1097/
MD.0000000000001922]

6 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche 
PC, Vandenbroucke JP. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) Statement: 
guidelines for reporting observational studies. Int J Surg 2014; 12: 
1495-1499 [PMID: 25046131 DOI: 10.1016/j.ijsu.2014.07.013]

7 Song J, Oh SJ, Kang WH, Hyung WJ, Choi SH, Noh SH. Robot-
assisted gastrectomy with lymph node dissection for gastric cancer: 
lessons learned from an initial 100 consecutive procedures. Ann 
Surg 2009; 249: 927-932 [PMID: 19474671 DOI: 10.1097/01.
sla.0000351688.64999.73]

8 Hur H, Kim JY, Cho YK, Han SU. Technical feasibility of 
robot-sewn anastomosis in robotic surgery for gastric cancer. 
J Laparoendosc Adv Surg Tech A 2010; 20: 693-697 [PMID: 
20809816 DOI: 10.1089/lap.2010.0246]

9 Caruso S, Patriti A, Marrelli D, Ceccarelli G, Ceribelli C, Roviello 
F, Casciola L. Open vs robot-assisted laparoscopic gastric resection 
with D2 lymph node dissection for adenocarcinoma: a case-control 
study. Int J Med Robot 2011; 7: 452-458 [PMID: 21984205 DOI: 
10.1002/rcs.416]

10 D’Annibale A, Pende V, Pernazza G, Monsellato I, Mazzocchi P, 
Lucandri G, Morpurgo E, Contardo T, Sovernigo G. Full robotic 
gastrectomy with extended (D2) lymphadenectomy for gastric 
cancer: surgical technique and preliminary results. J Surg Res 2011; 
166: e113-e120 [PMID: 21227455 DOI: 10.1016/j.jss.2010.11.881]

11 Woo Y, Hyung WJ, Pak KH, Inaba K, Obama K, Choi SH, Noh 
SH. Robotic gastrectomy as an oncologically sound alternative 
to laparoscopic resections for the treatment of early-stage gastric 
cancers. Arch Surg 2011; 146: 1086-1092 [PMID: 21576595 DOI: 
10.1001/archsurg.2011.114]

12 Huang KH, Lan YT, Fang WL, Chen JH, Lo SS, Hsieh MC, Li 
AF, Chiou SH, Wu CW. Initial experience of robotic gastrectomy 
and comparison with open and laparoscopic gastrectomy for gastric 
cancer. J Gastrointest Surg 2012; 16: 1303-1310 [PMID: 22450954 
DOI: 10.1007/s11605-012-1874-x]

13 Kang BH ,  Xuan Y, Hur H, Ahn CW, Cho YK, Han SU. 
Comparison of Surgical Outcomes between Robotic and 
Laparoscopic Gastrectomy for Gastric Cancer: The Learning Curve 
of Robotic Surgery. J Gastric Cancer 2012; 12: 156-163 [PMID: 
23094227 DOI: 10.5230/jgc.2012.12.3.156]

14 Kim KM, An JY, Kim HI, Cheong JH, Hyung WJ, Noh SH. Major 
early complications following open, laparoscopic and robotic 
gastrectomy. Br J Surg 2012; 99: 1681-1687 [PMID: 23034831 
DOI: 10.1002/bjs.8924]

15 Son SY, Lee CM, Ahn SH, Lee JH, Park DJ, Kim HH. Clinical 
Outcome of Robotic Gastrectomy in Gastric Cancer in Comparison 
with Laparoscopic Gastrectomy: A Case-Control Study. J Minim 
Invas Surg 2012; 15: 27-31

16 Vasilescu C, Procopiuc L. Robotic surgery of locally advanced 
gastric cancer: a single-surgeon experience of 41 cases. Chirurgia 
(Bucur) 2012; 107: 510-517 [PMID: 23025119]

17 Yoon HM, Kim YW, Lee JH, Ryu KW, Eom BW, Park JY, Choi IJ, 
Kim CG, Lee JY, Cho SJ, Rho JY. Robot-assisted total gastrectomy 
is comparable with laparoscopically assisted total gastrectomy for 
early gastric cancer. Surg Endosc 2012; 26: 1377-1381 [PMID: 
22083338 DOI: 10.1007/s00464-011-2043-0]

18 Hyun MH, Lee CH, Kwon YJ, Cho SI, Jang YJ, Kim DH, Kim JH, 
Park SH, Mok YJ, Park SS. Robot versus laparoscopic gastrectomy 
for cancer by an experienced surgeon: comparisons of surgery, 
complications, and surgical stress. Ann Surg Oncol 2013; 20: 
1258-1265 [PMID: 23080320 DOI: 10.1245/s10434-012-2679-6]

19 Liu XX, Jiang ZW, Chen P, Zhao Y, Pan HF, Li JS. Full robot-
assisted gastrectomy with intracorporeal robot-sewn anastomosis 
produces satisfying outcomes. World J Gastroenterol 2013; 19: 
6427-6437 [PMID: 24151361 DOI: 10.3748/wjg.v19.i38.6427]

20 Park JY, Kim YW, Ryu KW, Eom BW, Yoon HM, Reim D. 
Emerging Role of Robot-assisted Gastrectomy: Analysis of 
Consecutive 200 Cases. J Gastric Cancer 2013; 13: 255-262 
[PMID: 24511422 DOI: 10.5230/jgc.2013.13.4.255]

21 Junfeng Z, Yan S, Bo T, Yingxue H, Dongzhu Z, Yongliang 
Z, Feng Q, Peiwu Y. Robotic gastrectomy versus laparoscopic 
gastrectomy for gastric cancer: comparison of surgical performance 
and short-term outcomes. Surg Endosc 2014; 28: 1779-1787 
[PMID: 24385251 DOI: 10.1007/s00464-013-3385-6]

22 Son T, Lee JH, Kim YM, Kim HI, Noh SH, Hyung WJ. Robotic 
spleen-preserving total gastrectomy for gastric cancer: comparison 
with conventional laparoscopic procedure. Surg Endosc 2014; 28: 
2606-2615 [PMID: 24695982 DOI: 10.1007/s00464-014-3511-0]

23 Suda K, Man-I M, Ishida Y, Kawamura Y, Satoh S, Uyama I. 
Potential advantages of robotic radical gastrectomy for gastric 
adenocarcinoma in comparison with conventional laparoscopic 
approach: a single institutional retrospective comparative cohort 
study. Surg Endosc 2015; 29: 673-685 [PMID: 25030478 DOI: 
10.1007/s00464-014-3718-0]

24 Jiang ZW, Liu J, Wang G, Zhao K, Zhang S, Li N, Li JS. 
Esophagojejunostomy reconstruction using a robot-sewing 
technique during totally robotic total gastrectomy for gastric 
cancer. Hepatogastroenterology 2015; 62: 323-326 [PMID: 
25916057]

25 Giulianotti PC, Coratti A, Angelini M, Sbrana F, Cecconi S, 

Parisi A et al . Parisi technique



4302 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

Balestracci T, Caravaglios G. Robotics in general surgery: personal 
experience in a large community hospital. Arch Surg 2003; 138: 
777-784 [PMID: 12860761 DOI: 10.1001/archsurg.138.7.777]

26 Coratti A, Fernandes E, Lombardi A, Di Marino M, Annecchiarico 
M, Felicioni L, Giulianotti PC. Robot-assisted surgery for gastric 
carcinoma: Five years follow-up and beyond: A single western 

center experience and long-term oncological outcomes. Eur J Surg 
Oncol 2015; 41: 1106-1113 [PMID: 25796984 DOI: 10.1016/
j.ejso.2015.01.014]

27 Zawadzki M, Witkiewicz W. Laparoscopic robotic total 
gastrectomy. Wideochir Inne Tech Maloinwazyjne 2014; 9: 650-654 
[PMID: 25562009 DOI: 10.5114/wiitm.2014.45128]

P- Reviewer: Garcia-Olmo D, Klinge U, Wu AW    S- Editor: Qi Y    
L- Editor: A    E- Editor: Zhang FF

Parisi A et al . Parisi technique



Substantial hepatic necrosis is prognostic in fulminant liver 
failure

Paul Ndekwe, Marwan S Ghabril, Yong Zang, Steven A Mann, Oscar W Cummings, Jingmei Lin

Paul Ndekwe, Steven A Mann, Oscar W Cummings, Jingmei 
Lin, Department of Pathology and Laboratory Medicine, Indiana 
University School of Medicine, Indianapolis, IN 46202, United 
States

Marwan S Ghabril, Department of Internal Medicine, Division 
of Gastroenterology and Hepatology, Indiana University School 
of Medicine, Indianapolis, IN 46202, United States

Yong Zang, Department of Biostatistics, Indiana University 
School of Medicine, Indianapolis, IN 46202, United States

Author contributions: Ndekwe P and Lin J designed research/
study; Ndekwe P, Ghabril MS, Mann SA and Lin J performed 
research/study and collected data; Ndekwe P, Ghabril MS, Zang 
Y, Mann SA, Cummings OW and Lin J analyzed data; Ndekwe P, 
Ghabril MS, Mann SA, Cummings OW and Lin J wrote paper.

Institutional review board statement: This study was 
reviewed and approved by the Institutional Review Board of 
Indiana University School of Medicine.

Conflict-of-interest statement: The authors have no conflicts 
of interest to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Jingmei Lin, MD, PhD, Department of 
Pathology and Laboratory Medicine, Indiana University School 
of Medicine, 350 West 11th Street, Indianapolis, IN 46202, 
United States. jinglin@iupui.edu
Telephone: +1-317-4916159

Fax: +1-317-4916419 

Received: October 6, 2016
Peer-review started: October 10, 2016
First decision: December 19, 2016
Revised: March 21, 2017
Accepted: May 19, 2017
Article in press: May 19, 2017
Published online: June 21, 2017

Abstract
AIM
To evaluate if any association existed between the 
extent of hepatic necrosis in initial liver biopsies and 
patient survival.

METHODS
Thirty-seven patients with fulminant liver failure, 
whose liver biopsy exhibited substantial necrosis, were 
identified and included in the study. The histological 
and clinical data was then analyzed in order to assess 
the relationship between the extent of necrosis and 
patient survival, with and without liver transplantation. 
The patients were grouped based on the etiology of 
hepatic necrosis. Each of the etiology groups were 
then further stratified according to whether or not they 
had received a liver transplant post-index biopsy, and 
whether or not the patient survived.

RESULTS
The core tissue length ranged from 5 to 44 mm with 
an average of 23 mm. Causes of necrosis included 14 
autoimmune hepatitis, 10 drug induced liver injury 
(DILI), 9 hepatitis virus infection, and 4 unknown origin. 
Among them, 11 showed submassive (26%-75% of the 
parenchymal volume) and 26 massive (76%-100%) 
necrosis. Transplant-free survival was worse in patients 
with a higher extent of necrosis (40%, 71.4% and 
100% in groups with necrosis of 76%-100%, 51%-75% 
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and 26%-50%, respectively). Additionally, transplant-
free survival rates were 66.7%, 57.1%, and 25.0% 
in groups of autoimmune hepatitis, DILI, and viral 
hepatitis, respectively. Even after liver transplantation, 
the survival rate in patients as a result of viral hepatitis 
remained the lowest (80%, 100%, and 40% in groups 
of autoimmune hepatitis, DILI, and viral hepatitis, 
respectively).

CONCLUSION
Adequate liver biopsy with more than 75% necrosis is 
associated with significant transplant-free mortality that 
is critical in predicting survival. 

Key words: Submassive necrosis; Massive necrosis; 
Fulminant liver failure; Liver transplantation; biopsy; 
histopathology

© The Author(s) 2017. Published by baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Fulminant liver failure is clinically characterized 
by an abrupt onset of jaundice and liver dysfunction 
with subsequent development of encephalopathy and 
coagulopathy in patients with or without preexisting 
liver disease. Liver biopsy may play a role in predicting 
patient survival, and may also potentially play a role in 
optimizing the utilization of resources in the setting of 
fulminant liver failure.

Ndekwe P, Ghabril MS, Zang Y, Mann SA, Cummings OW, 
Lin J. Substantial hepatic necrosis is prognostic in fulminant 
liver failure. World J Gastroenterol 2017; 23(23): 4303-4310  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i23/4303.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i23.4303

INTRODUCTION
Fulminant liver failure is clinically characterized by an 
abrupt onset of jaundice and liver dysfunction with 
subsequent development of encephalopathy and 
coagulopathy in patients with or without preexisting 
liver disease[1-6]. Common etiologies for fulminant 
liver failure include viral hepatitis, autoimmune 
hepatitis, and drug induced liver injury (DILI)[7,8]. 
Other precipitating events comprise alcoholic liver 
disease, ischemia, portal vein thrombosis, and 
infection[9-11]. In some cases, a precipitating factor 
is never identified[9-11]. Regardless of the etiology, 
fulminant liver failure is typically associated with high 
morbidity and mortality[1]. In the clinical setting, the 
grade of encephalopathy has a strong association with 
prognosis[12]. Other prognostic indicators encompass 
coagulation factors (INR or Factor V levels), serum 
bilirubin, transaminases, creatinine, arterial pH, and 
serum lactate[12]. Additionally, computed tomographic 

assessment of liver atrophy is said to be of prognostic 
value[13]. As such, multiple prognostic models (e.g., 
Clichy, King’s College), based mainly on laboratory 
values and clinical findings, have been used to rapidly 
assess the need for transplantation[4,9-12].

Liver biopsy is the gold standard for evaluating 
hepatic diseases. However, these fulminant liver 
failure models do not directly taken into account the 
histopathological findings obtained via liver biopsy. 
Submassive or massive liver necrosis is the worst 
histological finding that is seen in association with 
fulminant liver failure, although it is not seen in every 
biopsy. In fulminant liver failure, the prognosis for 
those with significant hepatic necrosis is generally 
thought to be poor. And yet, the extent of necrosis 
in a biopsy, and its importance in predicting patient 
outcomes, is less well defined in the literature[7,14]. 
One study even casts doubt on the value of hepatic 
necrosis as a prognostic indicator[7].

In this study, we aimed to evaluate if there is any 
association between the degree of hepatocellular 
necrosis and patient survival. Additionally, we attempted 
to identify any relationship between the underlying 
etiology of necrosis and survival. Lastly, we evaluated 
the outcomes of liver transplantation following a histo-
pathological diagnosis of significant hepatic necrosis. 

MATERIALS AND METHODS
Patients and histology
A search of our institution’s pathology database was 
performed in order to retrospectively identify native 
liver biopsies with a diagnosis of either submassive 
or massive hepatic necrosis. Thirty-seven liver biop-
sies, originally performed from 2004 to 2013, were 
identified. The biopsies were distributed among 37 
individual patients who were clinically diagnosed 
with fulminant liver failure. Hepatic necrosis is 
defined as death of hepatocytes, which maybe single 
cell, multiple cells in piecemeal, focal, multifocal, 
submassive or massive (Figure 1). Submassive hepatic 
necrosis is defined as necrosis involving 26%-75% 
of the parenchymal volume, while massive necrosis 
involves more than 75%. The percentage of hepatic 
necrosis is determined based on the total amount of 
necrotic hepatic tissue present vs the amount of total 
parenchyma. Hematoxylin and eosin (H&E) slides 
for each of the individual biopsies were reviewed 
by an experienced pathologist (Lin J) to assess the 
percentage of necrosis and other pathologic features.

A review of each individual patient’s electronic 
medical chart was performed and relevant clinical data 
was obtained. Collected data included age, gender, 
etiology of hepatic necrosis, presence of hepatic 
encephalopathy, whether or not the patient received 
treatment related to the underlying disease, whether 
or not liver transplantation was performed after the 
index liver biopsy, and survival time. Additional clinical 
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information included patient INR values, presence of 
a bacterial infection, and whether or not ascites was 
present. 

The histological and clinical data was then analyzed 
in order to assess the relationship between the extent 
of necrosis and patient survival, with or without liver 
transplantation. Patients were sorted into three groups 
based on the percentage of necrosis present within 
the biopsy (26%-50%, 51%-75%, and 76%-100%). 
Each of the three percentage groups was then further 
stratified according to whether or not they had 
subsequently received a liver transplant. 

A separate analysis of all data was then performed 
in order to assess the relationship between the 
etiology of hepatic necrosis and patient prognosis, 
with or without liver transplantation. The patients 
were grouped based on etiology of hepatic necrosis. 
Etiologies included autoimmune hepatitis, DILI, viral 
hepatitis, and unknown. An unknown etiology was 
defined as any case in which there was no clearly 
identified cause following an extensive clinical workup. 
Each of the etiology groups were then further stratified 
according to whether or not they had received a liver 
transplant post-index biopsy, and whether or not the 
patient survived. 

Statistical analysis
Statistical analysis methodologies included Fisher’s exact 
test and χ2 test. P values of < 0.05 were considered 

statistically significant. All statistics were performed by 
an experienced statistician (Zang Y).

RESULTS
Patients and liver biopsies
The patients within the study ranged in age from 18 
to 75 years old with a mean age of 41 years. Two 
patients were less than 20 years old; 10 were in the 
21-30 year old age group, 4 in the 31-40 age group, 
7 in the 41-50 age group, 6 in the 51-60 age group, 
5 in the 61-70 age group, and 3 patients were older 
than 70. Fourteen (37.8%) were male and 23 (62.2%) 
were female. 

Tissue adequacy for pathologic assessment was 
evaluated. Of 37 liver biopsies, the core tissue length 
ranged from 5 mm to 44 mm with an average of 23 
mm. Twenty-three biopsies (62%) were in the length of 
> 20 mm, 11 (30%) in the range of 10-20 mm , and 3 
(8%) < 10 mm. 

Causes of submassive or massive liver necrosis 
included autoimmune hepatitis in 14 patients, DILI in 
10 (9 due to acetaminophen and 1 due to clopidogrel), 
hepatitis virus infection in 9 patients (1 hepatitis A, 5 
hepatitis B, 2 hepatitis C, and 1 with both hepatitis B 
and C), and unknown origin in 4. All patients within 
the study underwent biopsy with a clinical diagnosis of 
fulminant liver failure. Survival times for all 37 patients 
ranged from less than 1 mo to 127 mo according to 
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Figure 1  Mass and submassive liver necrosis. A: Low power magnification showing complete hepatocellular necrosis in a core biopsy (× 40); B: Medium power 
magnification showing a liver biopsy with perivenular predominant hepatocellular necrosis and intermixed viable hepatocytes located around the portal tract (× 40); 
C: High magnification of image A showing hepatocellular necrosis and profound inflammatory infiltrate in which the architecture of hepatocyte is preserved (× 200); D: 
High magnification of image B reveals the collapse of parenchyma that is replaced by necroinflammatory infiltrate in comparison to the adjacent viable hepatocytes in 
the right upper corner (× 200).
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9 died (mean, 3 mo; range, 1-14 mo after the index 
biopsy). 

In summary, transplant-free survival appeared 
worse in patients with a higher extent of necrosis 
(40%, 71.4% and 100% in groups with necrosis of 
76%-100%, 51%-75% and 26%-50%, respectively). 
Although higher-extent hepatic necrosis appeared to 
be associated with worse prognosis, statistically there 
was no significance between the submassive and the 
massive necrosis groups (P > 0.05). 

Liver transplantation improved patient survival. The 
patients who received liver transplantation appeared 
to have somewhat better survival rates compared 
with non-transplanted patients (100% vs 71.4% 
and 63.6% vs 40.0% in 51%-75% and 76%-100% 
necrosis groups, respectively). However, statistical 
analysis using Fisher’s exact test showed no significant 
difference in the survival rates of patients within the 
transplanted and non-transplanted groups, probably 
due to a small sample size.

Outcome of etiologies causing substantial necrosis 
respective to survival
Further analysis based upon the etiology of substantial 
hepatic necrosis, transplantation status, and survival 
was shown in Table 3. For the 10 cases of drug induced 
hepatic necrosis, only 3 were transplanted and all of 
them survived (100%). Four of the 7 who did not 
receive a transplant survived (57.1%). Overall survival 
rates for DILI group were not statistically different, 
depending on transplantation status (P = 0.475).

Of the 14 cases due to autoimmune hepatitis, 5 
underwent liver transplantation and 4 patients survived 
(80.0%). Six of the 9 patients with autoimmune 
hepatitis who did not receive transplant survived 
(66.7%).Overall survival rates were not significantly 
different, depending on transplantation status (P = 1). 

Five patients within the viral hepatitis group 
underwent transplantation and only 2 survived (40.0%). 
In comparison, only 1 of the 4 viral hepatitis patients 
survived without transplantation (25.0%). Although the 
overall survival rate was higher in the transplant group, 
there was no statistical significance (P = 1).

For the 4 cases of unknown hepatic necrosis, only 1 
patient was transplanted. This patient survived. One of 
the 3 who did not receive a transplant survived. Overall 
survival rates for the unknown group with or without 
transplantation were 100% and 33.3%, respectively. 
Although transplant group had higher survival rate, 
there was no statistical significance (P = 1).

In summary, transplant-free survival rates were 
66.7%, 57.1%, and 25.0% in groups of autoimmune 
hepatitis, DILI, and viral hepatitis, respectively. 
Although the survival rates appeared different among 
the various etiology groups, a statistically significant 
difference only existed between autoimmune hepatitis 
and viral hepatitis groups (P = 0.048). Even after 

the last visit record for each patient. The mean survival 
time was 41 mo.

Ascites, INR, bacterial infection, and hepatic necrosis
As shown in Table 1, the single patient with 26-50% 
necrosis had an INR of 1.34, and no clinical evidence of 
bacterial infection or ascites. Only 1 of the 10 patients 
with 51%-75% necrosis had ascites. The mean INR for 
the patients within this group was 2.19, with individual 
values ranging from 0.95 to 4.52. None of the patients 
within this group had evidence of a bacterial infection. 
Three of the 26 patients with 76%-100% hepatic 
necrosis had a bacterial infection. The mean INR for 
patients in this group was 2.64, with individual values 
ranging from 1.10-5.91. Five of these patients had 
ascites. 

Statistical analysis using Fisher exact test demon-
strated that there was no significant association 
between the presence of ascites and extent of necrosis 
(P = 0.71). Additionally, Fisher’s exact test showed 
no significant association between the presence 
of bacterial infection and extent of necrosis (P = 
0.58). Analysis of variance showed that there was no 
significant association between mean INR level and 
extent of necrosis (P = 0.45).

Outcome of percentage of hepatic necrosis with respect 
to survival 
As shown in Table 2, one patient had 26%-50% 
hepatic necrosis at the time of biopsy. Ten patients had 
51%-75% and 26 patients had 76%-100% necrosis. 
No bridging fibrosis or cirrhosis was appreciated in 
any of them. The patient within the 26%-50% group 
did not receive a transplant and is currently still living 
well with a followup of 86 mo. Out of the 10 patients 
with 51%-75% necrosis, 3 received a liver transplant 
and are still alive (100%) with a mean followup of 86 
mo (range, 66-103 mo). Within this group, 5 of the 
7 who did not receive a transplant are currently still 
living (71.4%) with a mean followup of 72 mo (range, 
21-127 mo) and 2 died (both < 1 mo after the index 
liver biopsy). Within the 76%-100% necrosis group, 
11 underwent liver transplantation; of these, 7 are 
still alive (63.6%) and 4 died. Of the 15 transplant-
free patients within this group, 6 survived (40%) with 
a mean followup of 65 mo (range, 28-122 mo) and 

Table 1  Clinical features of the patients who had submassive 
or massive hepatic necrosis n  (%)

Extent of 
necrosis

Patients 
(n  = 37)

Ascites Bacterial 
infection

INR mean and 
range

26%-50%   1 0 (0) 0 (0) 1.34 (1.34)
51%-75% 10 1 (10) 0 (0) 2.19 (0.95-4.52)
76%-100% 26 5 (19.2) 3 (11.5) 2.64 (1.10-5.91)

The INR data were not available for one patient in the 51%-75% and 
76%-100% groups, respectively.

Ndekwe P et al . Prognosis in submassive and massive liver necrosis



4307 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

liver transplantation, the survival rate in patients as a 
result of viral hepatitis remained the lowest when com-
pared with the other groups, although no statistical 
significance has been reached between DILI and viral 
hepatitis (P = 0.058 or 0.090), or between DILI and 
autoimmune hepatitis (P = 0.116 or 0.408) in the 
setting of transplant or transplant-free, respectively. 

Correlation between hepatic encephalopathy, extent of 
necrosis, transplant and survival 
As demonstrated in Table 4, the patient within 26%-50% 
necrosis group did not have encephalopathy; nor did any 
of the patients within 51%-75% group. Five patients 
within 76%-100% group had encephalopathy (19.2%). 
Thus, it appears that a higher extent of liver necrosis 
is possibly associated with encephalopathy. Further 
analysis of the patients who had encephalopathy 
revealed that the sole surviving patient (10%) within 
this group underwent liver transplantation, with a 
followup time of 92 mo. This finding was statistically 
significant when compared to the transplant-free group 
(57.1%, P < 0.05). 

Of the 21 patients in 76%-100% necrosis group 
without encephalopathy, 10 underwent transplantation, 
and the survival rate was statistically significant 
(60.0%) when compared to the survival rate of 54.5% 
in those who did not undergo transplantation (P < 
0.05). Encephalopathy is an important prognostic 

predictor. The survival rate for transplant-free patients 
with encephalopathy was much lower compared with 
the group without encephalopathy (0% vs 54.5%; P < 
0.05).

DISCUSSION
Studies addressing the prognostic value of liver 
biopsies with substantial necrosis are rare, and the 
conclusions are not well defined in the literature[14,15]. 
Hanau and colleagues questioned the value of hepatic 
necrosis in predicting clinical outcome, because about 
50% of the biopsies in their study showed minimal 
bridging necrosis[7]. In their 1995 study, patients were 
selected based solely on their clinical characteristics 
(e.g., signs and symptoms of fulminant liver failure 
with elevated liver function tests).In contrast, we 
selected and stratified our study cohorts based on 
the extent of necrosis in the liver biopsies. Although 
Hanau’s study included 38 cases, only 12 liver biopsies 
demonstrated either > 90% (3) or 10%-90% (9) 
necrosis. Additionally, Hanau and colleagues found 
that only one of seven (14.3%) patients whose liver 
biopsy demonstrated ≥ 70% necrosis survived without 
transplantation, keeping in line with our finding. In 
another study in 1993, Donaldson and colleagues 
found that only 2 of 19 patients (10.5%) with > 70% 
necrosis survived without transplantation[14]. These 
findings indicate that the percentage of hepatic necrosis 
may be an important prognosticator for patient 
survival. As noted, our transplant-free survival rates are 
much higher with 71.4% and 40% for 51%-75% and 
> 75% necrosis, respectively. A possible explanation 
for the difference in transplant-free survival might be 
related to the different therapeutic options utilized 
in the respective study cohorts. It seems likely that 
some more effective non-transplant related treatments 

Table 2  Prognosis of the patients who had submassive or massive hepatic necrosis with respect to liver transplantation n  (%)

Extent of necrosis Patients (n  = 37) Received transplant (n  = 14) Transplant free (n  = 23)

Died Survived Died Survived
26%-50%   1 NA NA NA 1 (100)
51%-75% 10 NA 3 (100) 2 (28.6) 5 (71.4)
76%-100% 26 4 (36.4)  7 (63.6) 9 (60.0) 6 (40.0)

NA: Not applicable.

Table 3  Prognosis of the patients who had submassive or massive hepatic necrosis with respect to the etiology n  (%)

Etiology Patients (n  = 37) Received transplant (n  = 14) Transplant free (n  = 23)

Died Survived Died Survived
DILI 10 NA 3 (100) 3 (42.9) 4 (57.1)
AIH 14 1 (20.0)  4 (80.0) 3 (33.3) 6 (66.7)
Viral hepatitis   9 3 (60.0)  2 (40.0) 3 (75.0) 1 (25.0)
Unknown   4 NA 1 (100) 2 (66.7) 1 (33.3)

NA: Not applicable; AIH: Autoimmune hepatitis; DILI: Drug induced liver injury.

Table 4  Hepatic encephalopathy with respect to the extent 
of hepatic necrosis n  (%)

Extent of 
necrosis

Patient number 
(n  = 37)

Encephalopathy

Present (n  = 5) Absent (n  = 32)
26%-50%   1 0   1 (100)
51%-75% 10 0 10 (100)
76%-100% 26 5 (19.2)  21 (80.8)

Ndekwe P et al . Prognosis in submassive and massive liver necrosis



4308 June 21, 2017|Volume 23|Issue 23|WJG|www.wjgnet.com

were available for the patients in our study; as the 
two aforementioned studies took place more than two 
decades ago. Since then, it appears that no report 
has been added in the literature in the regard of 
prognostic value of liver biopsy in an advantaged era 
of liver transplantation for the past 20 years. To the 
best of our knowledge, our study is the largest ever to 
address whether or not there is an association between 
substantial hepatic necrosis and prognosis (11 with 
26%-75% and 26 with > 75% necrosis)[7,14]. Despite 
a difference in approaches between our study, the 
Donaldson study, and the Hanau study, a similar trend 
seems to be present; as the degree of hepatic necrosis 
increases, the transplant-free survival rate declines. 
However, the statistical significance of this trend is still 
not readily apparent, and more studies are certainly 
warranted.

Adequacy is an important matter to consider, 
given the well-known fact that necrosis is often 
heterogeneously distributed throughout the liver[7]. 
The mean core tissue length of 23 mm in our study 
and 21 mm in Donaldson’s[14] study are both adequate. 
Specimen adequacy is not mentioned in Hanau’s 
study[7]. Inadequate biopsy specimens, localized liver 
necrosis[7], and a prolonged interval between the time 
of symptoms and biopsy, are the most common causes 
of a discrepancy between the extent of necrosis in a 
liver biopsy when compared to hepatectomy specimens 
from the same patient (our unpublished data). There-
fore, if a liver biopsy is going to be obtained, it is best 
obtained from a patient where diffuse hepatic necrosis 
is suspected; provided that the biopsy will be adequate 
and is taken as soon as possible following the onset 
of symptoms. Localized liver necrosis due to ischemia 
or other injury can be feasibly monitored by CT/MRI 
imaging, and the interpretation of the biopsy should be 
considered as a local event. 

Importantly, our study has indicated that there may 
be association between etiology and patient survival in 
the setting of submassive or massive necrosis, which 
has not been discussed in the prior reports[7,14,15]. 
In our study, survival was the worst in those with 
hepatotropic viral hepatitis as the underlying etiology, 
regardless of the status of liver transplantation. 
Patients with autoimmune hepatitis induced hepatic 
necrosis had the best transplant-free survival and those 
with DILI had the best survival after transplantation. It 
is not entirely clear why different causes may lead to 
different survival from our study. One might speculate 
that differences in patient age, availability of effective 
therapeutic options, or preexisting co-morbidities 
might play a role in prognosis. In our study, the median 
age for those with massive hepatic necrosis was 49, 
43, 48, and 44 years in autoimmune hepatitis, DILI, 
viral hepatitis, and unknown groups, respectively 
(Supplement 1). This finding demonstrates a lack of 
correlation between age and prognosis in the setting 
of substantial hepatic necrosis, although age has been 

suggested as playing a role in Hanau’s study[7]. In 
our study, the autoimmune hepatitis group had the 
greatest median age, and yet had the best overall 
survival . It is likely that effective therapeutic agents in 
autoimmune hepatitis might play a role in explaining 
why transplant-free survival is better when compared 
with other etiologies. However, due to the small 
number of cases in each of the substratified groups, 
no definitive conclusions can be drawn and further 
investigation seems warranted.

Bacterial infections and ascites were present 
more frequently in patients with a higher extent of 
hepatic necrosis. Mean INR for the patients with 
higher percentages of hepatic necrosis were also 
higher than in patients with a smaller percentage of 
necrosis. However none of these trends were found 
to be statistically significant. It is likely that a larger 
study may be able to identify a statistically significant 
association between these individual parameters.

Hepatic encephalopathy is present more frequently 
in the patients with massive necrosis. However, the 
incidence seems low in our study (19.2%). The re-
latively low incidence of encephalopathy might reflect 
the characteristics of the study cohort in our institution. 
The lack of a clear statistically significant association 
between extent of necrosis and encephalopathy is 
likely due to the relatively low number of patients in 
our study. In patients with hepatic encephalopathy 
and massive necrosis, the prognosis is extremely 
miserable. The only patient with encephalopathy 
who survived received a liver transplant. This finding 
suggests that encephalopathy due to hepatic necrosis 
may be associated with increased mortality. It also 
suggests that liver transplantation may be useful in this 
setting[16-20].

In conclusion, accurate histopathological evalu-
ation in patients with fulminant liver failure is useful. 
However, more research with a larger number of 
patients is required to truly identify any significant 
associations between the extent of hepatic necrosis 
and prognosis. The significance of liver biopsy is not 
limited to identifying or confirming the etiology; it is 
also a valuable tool in the assessment of prognosis 
and management decisions in regard to liver trans-
plantation. As demonstrated, the percentage of liver 
necrosis in an adequate liver biopsy is a prognostic 
indicator of survival. More than 75% hepatic necrosis 
is associated with substantial transplant-free mortality, 
thus massive hepatic necrosis is worth considering 
as an indicator for liver transplantation. Importantly, 
survival is associated with etiology with the worst in 
those with hepatotropic viral hepatitis even after liver 
transplantation. Taken together, assessing the extent 
of hepatic necrosis and its underlying etiology can aid 
in screening candidates who may benefit most from 
liver transplantation, a lifesaving but expensive and 
high risk procedure. Early identification of transplant 
candidates is critical in optimizing the utilization of 
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resources.

COMMENTS
Background
Patients with fulminant hepatic failure often receive liver biopsies as part of the 
clinical work-up. In many instances, extensive hepatic necrosis is identified. The 
significance of extensive hepatic necrosis within a liver biopsy, as it relates to 
patient prognosis or treatment decisions, has not been well described.

Research frontiers
To our knowledge, no new studies addressing the significance of biopsy proven 
hepatic necrosis as it relates to patient prognosis have been published for over 
twenty years. The objective of our study was to identify what associations if any 
exist between hepatic necrosis, patient clinical characteristics, and survival.

Innovations and breakthroughs
This study shows trends suggesting that the extent of hepatic necrosis is 
associated with poorer patient survival. Further, we noticed a trend that 
patients who undergo liver transplantation tend to have a longer survival time. 
Additionally, higher extents of hepatic necrosis typically showed trends with 
clinical factors such as higher mean INR, and increased frequency of ascites 
or bacterial infections. While these trends all seemed to be present within our 
study, no statistical significance was identified, likely due to the small size of our 
study (in spite of us having the largest number of cases to date).

Applications
The trends evident within our study may provide future investigators with a 
starting point for their inquiries into how hepatic necrosis may play a role in 
patient management.

Terminology
Fulminant liver failure is clinically characterized by an abrupt onset of jaundice 
and liver dysfunction with subsequent development of encephalopathy and 
coagulopathy in patients with or without preexisting liver disease. Hepatic 
necrosis is defined as death of hepatocytes, which maybe single cell, multiple 
cells in piecemeal, focal, multifocal, submassive or massive. Submassive 
hepatic necrosis is defined as necrosis involving 26%-75% of the parenchymal 
volume, while massive necrosis involves more than 75%. 

Peer-review
This paper evaluated if any association existed between the extent of hepatic 
necrosis and patient survival through observing the data resulted from 37 
patients with fulminant liver failure, whose liver biopsy exhibited substantial 
necrosis. It was found that transplant-free survival was worse in patients with 
a higher extent of necrosis (40%, 71.4% and 100% in groups with necrosis of 
76%-100%, 51%-75% and 26%-50%, respectively). So, the author concluded 
that adequate liver biopsy with more than 75% necrosis is associated with 
significant transplant-free mortality that is critical in predicting survival. This 
study has some scientific and clinic significances.
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Abstract
Intrahepatic cholangiocarcinoma (ICC) is a relatively 
rare form of liver cancer with a poor prognosis. The 
therapeutic options for patients with advanced ICC 
are limited and usually ineffective. There is currently 
no approved targeted therapy for ICC, although 
accumulating evidence supports inhibition of the 
PI3K/Akt/mTOR signaling pathway as a promising 
therapeutic strategy in the treatment of ICC. Here, we 
report a patient with stage IV ICC harboring a PIK3CA 
mutation who responded well to the mTOR inhibitor 
everolimus. Computed tomography and magnetic 
resonance imaging demonstrated shrinkage of the 
tumor and maintenance of a partial response for 6.5 
mo after everolimus treatment as the best response. 
To the best of our knowledge, this is the first clinical 
case report in the literature of clinical benefit from 
everolimus treatment in an ICC patient with PIK3CA 
mutation.

Key words: Everolimus; Next generation sequencing; 
PIK3CA; Intrahepatic cholangiocarcinoma
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Core tip: We report a stage IV intrahepatic cholan-
giocarcinoma (ICC) patient harboring a PIK3CA 
mutation who responded well to the mTOR inhibitor 
everolimus. Computed tomography and magnetic 
resonance imaging demonstrated shrinkage of the 
tumor and the maintenance of partial response for 6.5 
mo after everolimus treatment as the best response. To 
the best of our knowledge, this is the first clinical case 
report in the literature of an ICC patient with PIK3CA 
mutation deriving benefit from everolimus treatment.
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INTRODUCTION
Cholangiocarcinoma, the second most common primary 
malignancy of the liver, is divided into four categories 
based on the anatomic location of origin within the 
biliary system as follows: intrahepatic, hilar, distal 
biliary, and ampullary[1,2]. Complete surgical resection 
remains the only potentially curative option for patients 
with intrahepatic cholangiocarcinoma (ICC). However, 
because most cases are diagnosed at advanced stages, 
only one-third of ICC tumors are amenable for surgical 
resection with a 5-year survival rate of 20%-40%[3,4], 
and unresectable ICC carries a dismal prognosis. 
Systemic chemotherapy, conventional external beam 
radiation, and brachytherapy are established standard 
treatments but show limited success and are associated 
with toxicity[2].

Doublet gemcitabine and cisplatin therapy is 
currently proposed as the standard first-line therapy 
for patients with an advanced disease; however, the 
efficiency is limited[5]. Locoregional therapy appears 
to have a better effect against ICC[6], but more data 
are needed to define its role. To date there has been 
no approved targeted molecular therapy for ICC and 
identification of a definitive treatment remains an unmet 
need. Recently, the use of next-generation sequencing 
(NGS) technologies has enabled the identification of 
frequently observed actionable molecular alterations 
that hold the promise of improving the management of 
advanced ICC patients.

The phosphatidylinositol 3-kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) signaling 
pathway plays an essential role in regulating cell 
survival and proliferation[6]. Mutation in PIK3CA has 
been reported in 8% of ICC patients according to 
The Cancer Genome Atlas (TCGA) database, and 
activating mutations of PIK3CA that are related to 
tumorigenesis and cancer progression have been 
identified in a broad spectrum of malignant tumors[7,8]. 
Therefore, inhibition of the mTOR pathway represents 
a promising therapeutic strategy in the treatment 
of ICC. Everolimus is a novel macrolide derivative 
of rapamycin that inhibits mTOR and was approved 
by the Food and Drug Administration (FDA) for the 
treatment of advanced renal cell carcinoma[9] and 
other cancer types[10]. However, whether everolimus 
is effective against ICC is unknown. In studies of 
ICC-related cancers, in vitro and in vivo results 
demonstrated that everolimus exhibits cytotoxic and 
antimetastatic effects in a cholangiocarcinoma cell 
line[11]. These results suggest that everolimus may 
be a potential therapeutic agent for the treatment of 

patients with ICC possessing an aberrant PI3K/Akt/
mTOR signaling pathway.

Here, we report a patient with stage IV ICC 
harboring a PIK3CA mutation who responded well to 
the mTOR inhibitor everolimus, demonstrating that 
inhibition of the PI3K/Akt/mTOR signaling pathway is 
a promising therapeutic avenue for ICC. To the best of 
our knowledge, this is the first clinical case report in 
the literature of an ICC patient with PIK3CA mutation 
deriving benefit from everolimus treatment.

CASE REPORT
A 31-year-old Chinese man presented with 1-mo 
history of progressive abdominal distension and was 
admitted to hospital. A computed tomography (CT) 
scan revealed a space-occupying mass in the liver with 
massive peritoneal effusion and some pleural effusion 
in both sides of the chest. The patient had no history 
of alcohol abuse, hepatitis, or cirrhosis, and denied any 
family history of cancers and other hereditary diseases. 
He was transferred to our hospital in December 2015. 
Physical examination revealed a distended abdo-
men with tenderness and muscle guarding, and his 
abdominal girth was measured at 105 cm. No icteric 
sclera or xanthochromia was detected, and the Murphy’s 
sign was negative. Liver function test indicated that the 
levels of total protein and albumin were 57.6 g/L and 
32.4 g/L, respectively, which were below normal and 
indicated malnutrition and hypoalbuminemia, whereas 
bilirubin and aminotransferase were within the normal 
range. The tumor markers carcinoembryonic antigen 
(CEA), alpha-fetoprotein (AFP), cancer antigen 19-9 
(CA19-9), and carbohydrate antigen 72-4 (CA72-4) 
were all within the normal range. Further magnetic 
resonance imaging (MRI) of the liver showed a 9.9 
cm × 7.4 cm mass at the posterior right lobe of the 
liver with multiple swollen retroperitoneal lymph nodes 
and massive peritoneal effusion (Figure 1A and E). 
The Eastern Cooperative Oncology Group (ECOG) 
performance score was 2-3. Abdominal paracentesis 
was performed repeatedly to relieve abdominal dis-
tension, which was also used to collect exfoliated 
tumor cells from the ascites for cytological diagnosis; 
however, no tumor cells were detected. Consequently, 
core needle biopsy of the liver mass was performed and 
the specimens were sent for pathological evaluation, 
which indicated a poorly differentiated adenocarcinoma. 
Immunohistochemical staining showed that the cells 
were positive for CK7, CK19, CK8, and CEA and 
negative for glypican-3, hepatocyte marker, and vimen-
tin. These results suggested a diagnosis of stage IV ICC 
(cT3N1M1).

There is currently no standard treatment for ICC, 
and chemotherapy is generally ineffective. This patient 
was not suitable for chemotherapy due to his poor 
physical condition, therefore he was recommended for 
NGS to identify possible therapeutic targets. His liver 
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biopsy specimen and matched blood sample were sent 
for NGS panel analysis after consent was obtained 
from the patient himself and his family. We detected all 
genomic alteration types, including base substitutions, 
insertions and deletions, copy number alterations, and 
rearrangements, for more than 390 genes commonly 
associated with cancers. While we were waiting for 
the NGS results, intraperitoneal chemotherapy with 
cisplatin plus Endostar was initiated for the control of 
ascites. The patient was perfused with three cycles of 
cisplatin 30 mg in 250 mL of normal saline (NS) and 
Endostar 60 mg in 250 mL of NS every 5 d. Amino 
acids, fat emulsion, and albumin were added during 
the treatment for nutritional support. Before the first 
intraperitoneal chemotherapy the patient felt aggravated 
chest stuffiness and a CT scan demonstrated increased 
pleural effusion. After three cycles of treatment, the 
patient’s abdominal girth decreased from 105 cm to 
85 cm and the CT scan indicated decreased peritoneal 
effusion (Figure 1B and F).

In January 2016, the genomic profile of the 
patient revealed three somatic mutations, including 
E545G mutation of the PIK3CA gene (NM_006218), 
R132C mutation of the IDH1 gene (NM_005896) and 
c.714+1G>T mutation of the PBRM1 gene (NM_018313). 
As preclinical data suggest that activating mutations 
in PIK3CA may predict a sensitivity to inhibitors of 
the PI3K/AKT/mTOR pathway[11], the patient received 
everolimus (10 mg orally daily), provided off-label 
with insurance approval. CT scans showed a notable 
decrease in pleural effusion and tumor shrinkage after 
everolimus treatment for 2 mo (Figure 1C and G). One 
month after everolimus treatment, the levels of total 
protein and albumin increased to 76.2 g/L (normal 
range, 63-82 g/L) and 42.9 g/L (normal range, 
35-50 g/L), respectively, and the ECOG performance 
score was evaluated as 1. MRI showed shrinkage of 
the tumor from 9.9 cm × 7.4 cm to 6.4 cm × 4.3 
cm, which was considered a partial response (PR) 

according to Response Evaluation Criteria in Solid 
Tumors criteria.

In May 2016, the patient suddenly displayed 
icterus, icteric sclera, and xanthochromia. On May 
8, the levels of total bilirubin, direct bilirubin, indirect 
bilirubin, and ammonia increased to 145, 122, 23, 
and 64 μmol/L, respectively. Serum levels of alanine 
transaminase (ALT) and aspartate aminotransferase 
(AST) levels were 404 and 321 U/L and those of total 
protein and albumin were 76 and 42 g/L, respectively. 
His abdominal girth increased from 85 cm to 87 cm, 
and color Doppler ultrasound demonstrated a slight 
increase in pleural and peritoneal effusion (Figure 
1D and H). The Child-Pugh score of the patient 
was classified as Class B, therefore the everolimus 
dosage was decreased to 5 mg orally once daily (half 
the standard dose) from May 10 with consideration 
of his liver dysfunction. Magnetic resonance cho-
langiopancreatography showed a high-position biliary 
obstruction, and local three-dimensional conformal 
radiotherapy (3DCRT) was started on May 16. How-
ever, the 3DCRT was ineffective because the icteric 
index and liver function showed continued aggravation 
with no improvement in biliary obstruction. On May 
30, surgical biliary drainage was performed to reduce 
icterus. The patient continued to receive everolimus 
(5 mg once daily) to the present time. At the latest 
follow-up on July 16, the tumor response remained 
as stable disease and the progression-free survival 
(PFS) had lasted for more than 6.5 mo from the initial 
treatment with everolimus.

DISCUSSION
Genomic profiling of the patient revealed three somatic 
mutations: E545G mutation of PIK3CA and mutations 
of IDH1 and PBRM1 genes. Activating mutations 
in the region encoding the p110α subunit of PI3K 
(PIK3CA) have been identified in a broad spectrum of 
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Figure 1  Computed tomography and magnetic resonance imaging scans show that, compared to the baseline (A and E), the patient’s peritoneal effusion 
decreased after 3 cycles of chemotherapy treatment (B and F), tumor shrank after everlimus treatment for 2 mo (C and G), and stable disease was 
achieved after everlimus treatment for 4 mo (D and H).
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placebo. However, deaths occurred in seven patients 
treated with everolimus and one patient treated with 
placebo[23]. The causes of death in patients treated 
with everolimus included one case with hepatic failure. 
Although there is no direct evidence that everolimus 
is related to hepatic failure, hepatobiliary patients 
should be kept under strict surveillance when taking 
everolimus.

Generally speaking, ICC is a relatively rare cancer, 
accounting for 3% of gastrointestinal malignancies, and 
has a poor prognosis. The limited number of patients 
leads to a lack of clinical trials conducted specifically 
in ICC patients, which precludes the generation of 
clinical practice guidelines establishing a “standard of 
care” for these patients. At present, the prognosis for 
patients diagnosed with unresectable ICC is poor, with 
a life expectancy of approximately 1 year and actuarial 
probability of survival of 5% at 5 years with traditional 
chemotherapy[2,24]. To date, no molecular targeted 
therapy has been proven effective for ICC. To the best 
of our knowledge, this is the first clinical case report in 
the literature of benefit from everolimus treatment in 
an ICC patient with a PIK3CA mutation. This patient is 
still considered progression-free with good quality of 
life at the latest follow-up, highlighting the potential of 
the PI3K/Akt/mTOR signaling pathway as a therapeutic 
target in ICC.

To our knowledge, this case represents the first 
report of an ICC patient with a PIK3CA mutation who 
derived benefit from everolimus treatment. However, 
whether the presence of mutation of IDH1 and PBRM1 
contributed to the patient’s response to targeted 
therapy is unclear, and the reason for the patient’s 
response to everolimus and prolonged survival has yet 
to be elucidated.

COMMENTS
Case characteristics
A 31-year-old Chinese man presented with 1-mo history of progressive 
abdominal distension and was admitted to hospital.

Clinical diagnosis
Physical examination revealed a distended abdomen with tenderness and 
muscle guarding, and his abdominal girth was measured at 105 cm.

Differential diagnosis
Hepatocellular carcinoma, intrahepatic cholangiocarcinoma, stage IV 
intrahepatic cholangiocarcinoma (cT3N1M1).

Laboratory diagnosis
Liver function test indicated that the levels of total protein and albumin were 
57.6 g/L and 32.4 g/L, respectively, which were below normal and indicated 
malnutrition and hypoalbuminemia, whereas bilirubin and aminotransferase 
were within the normal range. The tumor markers carcinoembryonic antigen, 
alpha-fetoprotein, cancer antigen 19-9, and carbohydrate antigen 72-4 were all 
within the normal range.

Imaging diagnosis
A computed tomography (CT) scan revealed a space-occupying mass in the 
liver with massive peritoneal effusion and some pleural effusion in both sides of 

malignant tumors. Codon 545 is a hotspot for PIK3CA 
mutations that are known to activate the PI3K/Akt/
mTOR signaling pathway[12,13]. However, the E545K 
substitution is much more common in cancers than the 
E545G mutation; E545K represents 25% of all PIK3CA 
mutations[14] whereas E545G has only been reported 
in a few carcinomas[15]. In vitro research studies com-
paring the activity of mutant PIK3CA proteins have 
shown that the E545G substitution displays strong 
transforming activity in chicken embryo fibroblasts, 
although its effect is lower than that of the more 
common E542K and E545K substitutions[16].

Both the IDH1 and PBRM1 genes are recurrently 
mutated in ICC with frequencies of 4.9% and 18%, 
respectively[17]. Mutations in IDH1 and IDH2 are con-
fined to the active site and result in the production of a 
neomorphic metabolite 2-hydroxyglutarate (2HG), which 
is normally found in scarce amounts, through NADPH-
dependent reduction of 2-OG to the R enantiomer of 
2HG. Frequent somatic hotspot mutations in IDH1 
have been identified in gliomas, chondrosarcomas, 
myeloid leukemias, and other cancers. Suppression 
of endogenous mutant IDH1 expression was recently 
reported in HT180, a fibrosarcoma cell line with a 
native IDH1 R132C heterozygous mutation[18]. PBRM1 
is associated with chromatin remodeling and is crucial 
for the suppression of aggressive clear cell renal cell 
carcinoma (ccRCC) tumors[19]. However, there are no 
preclinical or early clinical data implicating IDH1 and 
PBRM1 as biomarkers for targeted cancer therapy in 
ICC.

The mTOR inhibitor everolimus has been ap-
proved by the FDA for the treatment of advanced 
RCC, subependymal giant cell astrocytoma (SEGA), 
and progressive neuroendocrine tumors (PNET) of 
pancreatic origin as monotherapy, and of advanced 
hormone receptor-positive, HER2-negative breast 
cancer in combination with exemestane. The effect 
of everolimus is clearly proven in many cancers, es-
pecially those with PIK3CA mutations. Phase III clinical 
trials suggested that patients with HER2-positive 
advanced breast cancer with PIK3CA mutations could 
derive a PFS benefit from everolimus[20]. Recent 
research demonstrated that mTOR pathway activating 
mutations confer sensitivity to everolimus regardless 
of cancer type[21]. A case report supported the use of 
everolimus monotherapy in a patient with refractory 
metastatic gastric cancer harboring PIK3CA and pS6 
aberrations[22]. In our case study, everolimus exhibited 
good efficacy in an ICC patient. The adverse effects 
of everolimus on liver dysfunction may be a cause for 
concern. In May 2011 the FDA approved everolimus 
for the treatment of PNET of pancreatic origin. The 
approval was based on a randomized controlled trial 
of everolimus 10 mg/d (n = 207) vs placebo (n = 
203) in patients with unresectable, locally advanced, 
or metastatic pancreatic neuroendocrine tumors. 
The median PFS for patients treated with everolimus 
was 11.0 mo vs 4.6 mo for patients treated with 
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the chest.

Pathological diagnosis
Pathological examination revealed intrahepatic cholangiocarcinoma (ICC).

Treatment
The genomic profile of the patient revealed three somatic mutations, including 
E545G mutation of the PIK3CA gene, R132C mutation of the IDH1 gene and 
c.714+1G>T mutation of the PBRM1 gene. Based on the gene alteration testing 
report and the clinical trial studies, the patient received everolimus (10 mg orally 
daily), provided off-label with insurance approval.

Term explanation
The mTOR inhibitor everolimus has been approved by the FDA for the treatment 
of advanced RCC, subependymal giant cell astrocytoma, and progressive 
neuroendocrine tumors of pancreatic origin as monotherapy, and of advanced 
hormone receptor-positive, HER2-negative breast cancer in combination with 
exemestane. To the best of our knowledge, this is the first clinical case report 
in the literature of an ICC patient with a PIK3CA mutation deriving benefit from 
everolimus treatment.

Experiences and lessons
Results observed in this case encourage further research on the activity of 
everolimus in ICC, based on the presence of PIK3CA mutation. This could 
lead to a selection of ICC patients to be treated with this drug, and could help 
identify a novel treatment strategy for PIK3CA-mutated ICC patients.

Peer-review
Very interesting case report. In this study, the authors report a stage IV ICC 
patient harboring a PIK3CA mutation who responded well to the mTOR inhibitor 
everolimus. 
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