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The objective of this special issue is to provide a better under-
standing of the tumor-associated inflammatory signaling and
their microenvironmental cross talk and network, which is
crucial for elucidating tumorigenesis mechanisms and for
cancer therapy, prevention, and risk assessment. A substantial
number of manuscripts were submitted, and after a thorough
peer review process, eleven papers were accepted for inclusion
in this special issue. These papers investigate the involvements
of the essential microenvironmental elements including
inflammatory mediators and cellular effectors in the context
of cancer-related inflammatory processes; they also offer
new insights into tumor immunotherapy, which will help
explore new targets or approaches for cancer treatment, by
either boosting antitumor immunity or disrupting tumor-
educated immunosuppression.

The paper by S. Ye et al. investigates the immunoregula-
tory properties of enavatuzumab, a humanized anti-TWEAK
receptor monoclonal antibody. This preclinical study dem-
onstrates that enavatuzumab exerted its potent antitumor
activity by actively recruiting and activating myeloid effectors
to kill tumor cells. The findings of enavatuzumab-induced
chemokines warrant further evaluation in clinical studies as
potential biomarkers for such activity.

The paper by M. Janiczek et al. presents a systematic
review on immunotherapy as a promising treatment for
prostate cancer. The authors summarize the recent advances
and trends on three categories of immunotherapies:

checkpoint inhibitors, cytokines, and therapeutic cancer vac-
cines, providing better understanding on the complexity of
tumor cells and their interactions with the surrounding
inflammatory microenvironment.

The paper by W. Zeng et al. tries to dissect the mecha-
nism underlying the effects of methylation agent decitabine
(DAC) treatment on myeloid myelodysplastic syndromes
(MDS) by in vitro study with the MDS cell line SKM-1. Their
results show that DAC could rescue FOXO3A, a potentially
tumor-suppressive transcription factor. The reactivation of
FOXO3 signaling is also critical for the anti-MDS therapeutic
effects of DAC.

Thepaper byM.Liu et al. conducts bioinformatics analysis
on differentially expressed genes (DEGs) between tumor
samples and normal samples to identify key genes and path-
ways in glioma. Some identified hub genes may be important
for regulating inflammatory responses, and CDK17, GNA13,
PHF21A, and MTHFD2 might be important and poten-
tially valuable in the prognosis and treatment of glioma.
These identified genes and pathways would provide a
more detailed molecular mechanism for underlying glioma
initiation and development.

The paper by G.-Y. Liou focuses on cytokine signaling of
tumor-facilitated immune cells and of cancer cells that lead
to tumor initiation, progression, and metastasis of pancreatic
cancer and prostate cancer. The review of the complex cyto-
kine network among tumor cells, immune cells, and other
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types of cells including stromal cells and endothelial cells
would provide information on developing effective immuno-
therapies for treating related tumors.

The paper by G. D’Arena et al. summarizes published
data on the prognostic significance of regulatory T cells in
hematological malignancies. The authors attribute the vari-
ability reported by different groups to the heterogeneity of
the experimental approaches, and emphasize the need to
apply standardized approaches in the study of regulatory T
cells in hematological malignancies and in cancer in general.

S. Chen et al. conducted a large cohort study to validate
the involvement of four genes, STAT1, IGF1, RAC1, and
MDM2, in the recurrence of a giant-cell tumor of the bone.
Their findings suggest the potential of these genes to serve
as biomarkers for the recurrence of the giant-cell tumor of
the bone. Moreover, data presented also indicate that
immune response mediated by these four genes through their
interacting proteins might play important roles in the recur-
rence of the giant-cell tumor of the bone.

The paper by A. Aponte-López et al. discusses the
evidence supporting protumoral and antitumoral roles of
mast cells in breast cancer progression, highlighting recent
findings placing mast cells as important drivers of tumor pro-
gression, as well as the potential use of these cells or their
mediators as therapeutic targets. The paper calls for more
work to clarify the role of mast cells in breast cancer and
for a better understanding of mast cell communication with
tumor cells and other immune cells within the tumor stroma.

The paper by G. Chen et al. compared the clinicopatho-
logic features of gastric cardia cancer (GCC) and esophageal
cancer (EC). Results showed that GCC in the Chaoshan high-
risk area in China displays clinicopathologic characteristics
different from those of EC, although they share genetic risk
factors and similar geographic aggregation. Studies also
detected toll-like receptor- (TLR-) 4 expression in gastric
cardia epithelial cells and demonstrate upregulated TLR4
expression in gastric cardia inflammation and GCC, suggest-
ing that TLR4 plays a role in GCC carcinogenesis.

The paper by Y. Xie et al. briefly reviews the mechanism
underlying immunosuppression in hepatocellular carcinoma
(HCC), followed by a summary of major immunotherapeutic
approaches, including adoptive cell therapy, tumor vaccines,
immune checkpoint inhibitors, and oncolytic virotherapy,
for HCC with their current advances. The pros and cons of
each option for HCC treatment are also discussed in this
review article.

The paper by Q. Xu introduces a novel inflammation-
based prognostic score, the fibrinogen/albumin ratio, which
could predict prognoses of HCC patients undergoing curative
resection. With a retrospective study, their data demonstrate
that an elevated fibrinogen/albumin ratio significantly corre-
lates with poorer survival and a higher risk of recurrence in
HCC patients. The potential of the fibrinogen/albumin ratio
to be a promising serum biomarker for predicting HCC
prognoses is indicated in this study.

All the topics highlighted above, we believe, would be of
particular interest to the readers, especially the basic and
clinician scientists who specialize in immunology and immu-
nooncology. Inflammation in the tumor microenvironment

affects every aspect of tumor development, including initia-
tion, promotion, malignant conversion, invasion, and metas-
tasis, as well as response to therapy. In turn, to elucidate the
signaling network of an inflammatory tumor microenviron-
ment would be also crucial for developing a novel effective
therapy for some complex inflammatory diseases, such as
the pulmonary arterial hypertension (PAH) which is a fatal
and multifactorial disease caused by vascular inflammation.
Given the striking pathogenic analogies between cancer and
PAH, as pulmonary vascular cells acquired cancer traits
including apoptosis-resistant excessive proliferation during
PAH development, the cancer theory of PAH is recently
developed [1], and application of antineoplastic drugs thus
may be a promising way to tackle established PAH [1].
Nevertheless, there is still a long way to go before a clear
picture of the inflammation-tumor cross talk can be accom-
plished, and this special issue is adding a few new points in
the picture being painted.
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Background. Inflammation is an important hallmark of cancer. Fibrinogen and albumin are both vital factors in systemic
inflammation. This study investigated the prognostic value of the fibrinogen/albumin ratio in HCC patients who underwent
curative resection. Methods. HCC patients (n = 151) who underwent curative resection were evaluated retrospectively. The
optimal cutoff value for the fibrinogen/albumin ratio was selected by receiver operating characteristic (ROC) curve analysis.
Correlations between preoperative fibrinogen/albumin ratios and clinicopathologic characteristics were analyzed by χ2 test. The
area under the receiver operating characteristic curve (AUC) was calculated to compare the prognostic value of the fibrinogen/
albumin ratio with other prognostic scores (neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and
albumin-bilirubin (ALBI) score). The overall survival (OS) and time to recurrence (TTR) were assessed by the log-rank test and
the Cox proportional hazard regression model. Results. An optimal cutoff value of the preoperative fibrinogen/albumin ratio
(0.062) was determined for 151 patients who underwent curative resection for HCC via a ROC curve analysis. Fibrinogen/
albumin ratio> 0.062 was significantly associated with microvascular invasion, an advanced BCLC stage, and ALBI grade.
Multivariate analyses revealed that fibrinogen/albumin ratio was an independent predictor for OS (P = 0 003) and TTR (P =
0 035). The prognostic ability of fibrinogen/albumin ratio was comparable to other prognostic scores (NLR, PLR, and ALBI
score) by AUC analysis. Patients with a fibrinogen/albumin ratio> 0.062 had lower 1-, 3-, and 5-year OS rates (66.0%,
41.8%, and 28.2% versus 81.9%, 69.3%, and 56.1%, resp., P < 0 001) and higher 1-, 3-, and 5-year recurrence rates (60.9%,
79.2%, and 90.5% versus 49.5%, 69.1%, and 77.1%, resp., P = 0 008) compared with patients with fibrinogen/albumin
ratio≤ 0.062. Conclusion. The preoperative fibrinogen/albumin ratio is an effective prognostic factor for HCC patients who
underwent curative resection. An elevated fibrinogen/albumin ratio significantly correlates with poorer survival and a higher
risk of recurrence in HCC patients.
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1. Introduction

Hepatocellular carcinoma (HCC) is the second leading
cause of cancer-related deaths and the sixth most preva-
lent cancer worldwide [1]. Currently, surgery remains the
main treatment for patients with HCC. Although surgical
treatments have markedly improved the overall survival of
HCC patients, the long-term survival rate is still unsatisfac-
tory. Approximately 60% of patients experience recurrence
or distant metastasis within 5 years, even after curative resec-
tion [2]. Some prognostic factors, including microvascular
invasion, tumor-related factors, the Child–Pugh classifica-
tion, and albumin-bilirubin (ALBI) score, have been reported
as prognostic indicators in HCC patients who underwent
hepatectomy [3–5]. However, effective prognostic factors
are still absent, especially serum biomarkers.

Inflammation is an important hallmark of cancer [6].
Numerous clinical and experimental studies have con-
vincingly supported the concept that inflammation is
an important component of tumor progression [7, 8].
Recently, inflammation-based index and scoring sys-
tems, such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), C-reactive protein
(CRP)/albumin (Alb) ratio, Glasgow Prognostic Score
(GPS), and modified GPS, have been reported as useful
prognostic indicators in HCC [9–13].

Fibrinogen (Fib) is a glycoprotein synthesized by hepato-
cytes. It is produced in response to proinflammatory cyto-
kines. Similar to CRP, fibrinogen belongs to the positive
acute-phase-response group of proteins, which are character-
ized by elevated levels during systemic inflammation [14].
After being converted to fibrin, it plays a significant role in
the progression of blood coagulation. It has been reported
that plasma fibrinogen levels are predictive of a poor progno-
sis in various cancers, including HCC [15–19]. Albumin is
produced by the liver and is considered a negative acute-
phase protein. The reduction of albumin levels during
inflammation is likely associated with the effect of cytokines,
such as interleukin-6 (IL-6) and tumor necrosis factor-α
(TNF-α). Serum albumin has been shown to have protective
properties, such as maintaining physiological homeostasis,
antioxidant activity, anti-inflammatory effects, and the pre-
vention of apoptosis [20]. Several inflammation-based prog-
nostic indexes (e.g., CRP/Alb ratio, GPS, and modified GPS),
which have been reported to have prognostic value for HCC,
take preoperative serum albumin levels into consideration.

Recently, it was reported that the Fib/Alb ratio correlated
with patient prognosis in esophageal squamous cell carci-
noma [21]. However, whether the Fib/Alb ratio is associated
with the prognosis of HCC patients after curative resection
has not been elucidated.

Herein, we performed a retrospective study to investigate
whether the Fib/Alb ratio has prognostic value in patients
undergoing curative resection for HCC.

2. Materials and Methods

2.1. Patients and Specimens. A retrospective study was con-
ducted in a primary cohort that included a total of 181

patients who underwent curative resection of HCC (defined
as the complete removal of the tumor without residual
cancer) in the department of Hepatobiliary Surgery of Sun
Yat-Sen Memorial Hospital between 2006 and 2010. Of
these, 13 patients who showed clinical evidence of infection
or other inflammatory conditions and hematological diseases
were excluded, and 17 patients were excluded due to a lack of
clinical data. There were no relevant drugs and interventions
used that may have directly influenced peripheral hemato-
logical components. In total, 151 patients were finally
enrolled and evaluated.

The diagnosis of each patient was pathologically con-
firmed. Patients did not have signs of distant metastases
nor had they received anticancer therapies before surgery.
The patients’ characteristics, clinicopathological factors, and
postoperative survival and recurrence rates were recorded.
Tumor stages were determined according to the Barcelona
Clinic Liver Cancer (BCLC) staging classification [22].
Tumor differentiation was graded based on the Edmondson
grading system [23]. The study was approved by the Sun
Yat-Sen Memorial Hospital Research Ethics Committee,
and informed consent was obtained from all participants.

2.2. Fibrinogen/Albumin Ratio, NLR, PLR, and ALBI Score. In
all patients included in the study, blood samples were col-
lected and routine laboratory analyses of plasma fibrinogen
and albumin levels were performed during routine workup
to exclude coagulation disorders or the presence of acute
infections before surgery or diagnostic interventions. The
total bilirubin, white blood cell count, neutrophil, lympho-
cyte, platelet count, and α-fetoprotein level (AFP) were mea-
sured as well. The Fib/Alb ratio was calculated by dividing
the plasma fibrinogen level by the albumin level. The NLR
was calculated by dividing the neutrophil count by the lym-
phocyte count [10]. The PLR was calculated by dividing the
platelet count by the lymphocyte count [10]. The ALBI score
was calculated from the formula, ALBI score = (log10 bilirubi-
n× 0.66) + (albumin×−0.085), where bilirubin is in μmol/L
and albumin in g/L. Specific cutoffs were then applied to gen-
erate three prognostic groups: ALBI score≤−2.60 (ALBI
grade 1), >−2.60 to ≤−1.39 (ALBI grade 2), and ALBI
score>−1.39 (ALBI grade 3) [24].

2.3. Treatment and Follow-Up. All patients were observed
over a median observation time of 33.8 months (range, 1 to
86 months). Patients were monitored by examining serum
alpha-fetoprotein (AFP) levels and performing an abdominal
ultrasound every 2 months during the first year after the
operation and every 3 to 4 months thereafter. Magnetic reso-
nance imaging or computed tomography, together with chest
radiographic examination, was performed every three to six
months in the first two years and every six to twelve
months thereafter. Upon suspicion of recurrence or metas-
tasis, chest computed tomography, magnetic resonance
imaging, and bone scintigraphy were performed for confir-
mation. Overall survival (OS) and time to recurrence (TTR)
were considered as the primary endpoints. OS was defined
as the interval between surgery and death or between sur-
gery and the last follow-up time for surviving patients.
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TTR was defined as the interval between surgery and recur-
rence or between surgery and the last follow-up time for
patients without recurrence.

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS for Windows (version 19.0). A receiver operat-
ing characteristic (ROC) curve analysis was performed to
select the optimal cutoff value for the Fib/Alb ratio. The χ2

test was used to compare categorical variables. Cumulative
survival and recurrence rates were calculated using a
Kaplan–Meier analysis and log-rank test. A Cox proportional
hazard regression model was used to assess prognostic

factors. Factors with a P < 0 05 in the univariate analysis
were included in the multivariate analysis. The final multi-
variate analysis was performed using a forward stepwise
procedure for variable selection. P < 0 05 was considered
statistically significant.

3. Results

3.1. Patient Characteristics. The median age of the patients
was 51 (range 22–78) years, 128 (84.8%) were males and 23
(15.2%) were females, and 132 (87.4%) were positive for hep-
atitis B surface antigen (HBs-Ag) and 19 (12.6%) were nega-
tive for HBs-Ag. The detailed clinical characteristics of the
151 patients are summarized in Table 1.

3.2. Determination of Optimal Cutoff Value of Fib/Alb Ratio.
The cutoff value of the preoperative Fib/Alb ratio was deter-
mined using a ROC curve (Figure 1). The Youden index was
calculated as (sensitivity + specificity)− 1 for each cutoff
point. The highest Youden index for Fib/Alb ratio was
0.279 at 0.062 (sensitivity = 75%, specificity = 52.9%). As a
result, 0.062 was selected as the cutoff of fibrinogen/albumin
ratio (the area under ROC curve: 0.663, 95% CI: 0.570–0.756,
P = 0 001).

3.3. Relationship between Preoperative Fib/Alb Ratios and
the Clinicopathological Characteristics of HCC. According
to the Fib/Alb ratio cutoff value determined from the
ROC curve, the 151 patients were divided into two groups
(Fib/Alb ratio> 0.062, n = 101, and Fib/Alb ratio≤ 0.062,
n = 50). The relationship between preoperative Fib/Alb
ratios and the clinicopathologic variables of patients with
HCC was investigated, and the data showed that the preoper-
ative Fib/Alb ratio was associated with microvascular

Table 1: Relationship between preoperative Fib/Alb ratio and
clinicopathological characteristics.

Clinical and
pathologic indexes

Cases
n = 151

Fib/Alb ratio
P value>0.062

(n = 101)
≤0.062
(n = 50)

Gender

Male 128 89 39 0.147

Female 23 12 11

Age (years)

>50 76 49 27 0.605

≤50 75 52 23

HBs antigen

(+) 132 88 44 1.00

(−) 19 13 6

Cirrhosis

Yes 121 82 39 0.668

No 30 19 11

AFP (μg/L)

>20 104 69 35 1.00

≤20 47 32 15

Tumor size (cm)

>5 89 65 24 0.078

≤5 62 36 26

Tumor encapsulation

Complete 69 46 23 1.00

None 82 55 27

Microvascular invasion

Yes 59 46 13 0.022∗

No 92 55 37

Tumor differentiation

I-II 105 67 38 0.263

III-IV 46 34 12

BCLC stage

0 +A 32 16 16 0.033∗

B+C 119 85 34

ALBI grade

1 89 51 38 0.003∗

2 + 3 62 50 12
∗P < 0 05.

0.0
0.0

0.2

0.4Se
ns

iti
vi

ty 0.6

0.8

1.0 ROC
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Fib/Alb

1.0
1 − specificity

Figure 1: Determination of the cutoff value for the Fib/Alb ratio in
patients undergoing curative resection for HCC by ROC analysis.
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invasion (P = 0 022), BCLC stage (P = 0 033), and ALBI
grade (P = 0 003). ALBI grade is a novel score with power-
ful prognostic value of HCC based on liver function [24]. For
the reason that only two patients in our study fell into ALBI
grade 3, patients that fell into ALBI grade 2 and ALBI
grade 3 were grouped together. No significant relationship
was found between the Fib/Alb ratio and other clinicopatho-
logic features (Table 1).

3.4. Independent Prognostic Factors of OS and TTR for HCC
Patients Receiving Curative Resection. To further identify
predictors of postoperative OS and TTR, Fib/Alb ratios,
NLR, PLR, ALBI grade, and other clinicopathologic parame-
ters were evaluated via a Cox proportional hazard regression
analysis. The selected cutoff value was 2.81 for NLR [9] and
115 for PLR [25]. In the univariate analysis, liver cirrhosis
(P = 0 025), tumor encapsulation (P = 0 041), microvascu-
lar invasion (P < 0 001), tumor differentiation (P < 0 001),
BCLC stage (P = 0 006), preoperative Fib/Alb ratio (P =
0 001), ALBI grade (P = 0 006), and NLR (P = 0 037) were
responsible for the OS. A multivariate regression analysis was
performed on all 8 factors that were shown to make a statis-
tically significant difference in OS in the univariate analysis.
The results show that liver cirrhosis, microvascular invasion,
tumor differentiation, and the Fib/Alb ratio were the inde-
pendent prognostic predictors of OS (Table 2).

Similarly, the univariate analysis showed that AFP (P =
0 044), tumor size (P = 0 002), tumor encapsulation (P =
0 019), microvascular invasion (P < 0 001), tumor differenti-
ation (P < 0 001), BCLC stage (P = 0 003), preoperative Fib/
Alb ratio (P = 0 009), NLR (P = 0 005), and PLR (P = 0 043)
were associated with TTR. In a multivariate analysis, micro-
vascular invasion, tumor differentiation, and the Fib/Alb
ratio were independent risk factors for TTR (Table 3).

3.5. Comparison of the Areas under the Curves for Fib/Alb
Ratio, NLR, PLR, ALBI Grade, and Other Clinical Indexes.
The discrimination ability of the Fib/Alb ratio, two
inflammation-based prognostic scores (NLR, PLR), a novel
prognostic score of HCC based on liver function (ALBI
grade), and other clinical indexes was compared by the
AUC (Figure 2). The AUC for the Fib/Alb ratio (dichoto-
mized) was 0.635 (95% CI, 0.539–0.731), which was higher
than that for other indexes (cirrhosis, AFP, tumor size, tumor
encapsulation, microvascular invasion, tumor differentiation,
BCLC stage, NLR, PLR, ALBI grade, and tumor number) for
predicting overall survival in HCC patients after curative
resection (Table 4).

3.6. Association of Fib/Alb Ratios with OS and Recurrence
Rates. To evaluate the prognostic ability of Fib/Alb ratios in
predicting OS and recurrence, the 151 HCC patients were
divided into two groups: Fib/Alb ratio> 0.062 (n = 101) and
Fib/Alb ratio≤ 0.062 (n = 50). Cumulative survival and
recurrence rates were calculated using a Kaplan–Meier anal-
ysis. In terms of OS, patients with a Fib/Alb ratio> 0.062 had
lower 1-, 3-, and 5-year OS rates (66.0%, 41.8%, and 28.2%
versus 81.9%, 69.3%, and 56.1%, resp., P < 0 001) and a
shorter OS (median, 26 months versus 69.9 months)

compared with patients with a Fib/Alb ratio≤ 0.062.
(Figure 3(a)). In terms of recurrence, patients with a Fib/
Alb ratio> 0.062 had higher 1-, 3-, and 5-year recurrence
rates (60.9%, 79.2%, and 90.5% versus 49.5%, 69.1%, and
77.1%, resp., P = 0 0081) and a shorter TTR (median, 5.9
months versus 14.4 months) compared with patients with
a Fib/Alb ratio≤ 0.062 (Figure 3(b)). Therefore, the result
revealed that elevated preoperative Fib/Alb ratios were
associated with poor prognoses in HCC patients after
curative resection.

3.7. Prognostic Significance of the Fib/Alb Ratio in HCC
Patients without Microvascular Invasion. We further investi-
gated the prognostic significance of the Fib/Alb ratio in the
subgroup of HCC patients without microvascular invasion
and found that it was significantly correlated with OS (P =
0 0069) and TTR (P = 0 0359) (Figures 4(a) and 4(b)). The
results reveal that the Fib/Alb ratio was a prognostic factor
for OS and TTR in patients without microvascular invasion.

4. Discussion

In the 19th century, the observation of leukocytes within
tumors by Rudolf Virchow provided the first indication of a
possible link between inflammation and cancer. Currently,
it is widely accepted that cross talk exists between the inflam-
matory response and cancer development. Inflammation
impacts every step of tumorigenesis, from initiation through
tumor promotion and all the way to metastatic progres-
sion [7]. In addition, the secretion of growth factors and
chemokines by tumors modulates the inflammatory envi-
ronment and causes a systemic inflammatory response
[6, 26]. Numerous data has revealed that the outcome of
cancer is influenced not only by tumor-related factors but
also by host-related factors, particularly the systemic inflam-
matory response, which is usually reflected by a variety of
biochemical or hematological markers. As a result, several
inflammation-based scores, such as NLR, PLR, GPS, and
mGPS scoring systems, have been reported to have prognos-
tic value in regard to HCC [9, 12, 13, 25].

Fibrinogen is not only an acute-phase-response protein
that reflects systemic inflammatory response but also a vital
factor that participates in the maintenance of hemostasis.
Both systemic inflammatory response and hemostatic system
closely connect with cancer development [7, 27]. Based on its
ability to directly bind to members of the vascular endothelial
growth factor (VEGF), transforming growth factor-β (TGF-
β), platelet-derived growth factor (PDGF), and fibroblast
growth factor (FGF) families, fibrinogen has been reported
to play a critical role in cell proliferation, the epithelial-to-
mesenchymal transition (EMT), angiogenesis, and the hema-
togenous metastasis of tumor cells [28–30]. In addition, some
clinical studies have shown that high pretreatment plasma
fibrinogen levels are related to poorer prognoses in a variety
of tumors [16, 31–33]. Perisanidis et al. proposed that
adjunct treatments lowering plasma fibrinogen concentra-
tion may hold promise for prolonging survival in patients
with solid tumors [34]. What is more, it is suggested that
therapies targeting fibrinogen-dependent interactions may
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make a positive contribution to the treatment of some kinds
of malignancies [35, 36].

Albumin is the most abundant plasma protein account-
ing for about 50% of the total protein content [37]. The low

concentration of albumin may reflect bad nutritional status
and performance status. Malnutrition may weaken the
immune system and negatively impact the prognosis of can-
cer patients [38]. Furthermore, albumin is also an important

Table 2: Univariate and multivariate Cox regression analyses of prognostic factors for overall survival (OS).

Variables
Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value

Gender

Male 0.779 (0.442–1.374) 0.389

Female

Age (years)

>50 0.864 (0.583–1.279) 0.465

≤50
HBs antigen

(+) 0.913 (0.519–1.607) 0.753

(−)
Cirrhosis

Yes 1.876 (1.082–3.250) 0.025∗ 1.994 (1.145–3.475) 0.015∗

No

AFP (μg/L)

>20 1.458 (0.942–2.258) 0.091

≤20
Tumor size (cm)

>5 1.444 (0.961–2.169) 0.077

≤5
Tumor encapsulation

Complete 1.509 (1.018–2.237) 0.041∗

None

Microvascular invasion

Yes 2.236 (1.503–3.326) <0.001∗ 1.552 (1.009–2.389) 0.046∗

No

Tumor differentiation

I-II 2.539 (1.676–3.846) <0.001∗ 2.189 (1.394–3.437) 0.001∗

III-IV

BCLC stage

0 +A 2.181 (1.256–3.789) 0.006∗

B+C

Fib/Alb ratio

>0.062 2.146 (1.353–3.404) 0.001∗ 2.015 (1.266–3.207) 0.003∗

≤0.062
ALBI grade

1 1.751 (1.178–2.604) 0.006∗

2 + 3

NLR

≥2.81 1.546 (1.027–2.327) 0.037∗

<2.81
PLR

≥115 1.221 (0.817–1.823) 0.330

<115
HR: hazard ratio; 95% CI: 95% confidence interval; BCLC: Barcelona Clinic Liver Cancer. Cox regression analysis, ∗P < 0 05.
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factor that participates in the systemic inflammatory
response. The prognostic value of pretreatment albumin
has been reported in various human malignancies, including
renal cell carcinoma [39], head and neck cancers [40], non-

small cell lung cancer [41], ovarian cancer [42], and ade-
nocarcinoma of the gastric cardia [43]. In addition, serum
albumin is one of the components of the Child–Pugh classi-
fication system that reflects liver function. It has also been

Table 3: Univariate and multivariate Cox regression analyses of prognostic factors for time to recurrence (TTR).

Variables
Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value

Gender

Male 1.319 (0.806–2.160) 0.271

Female

Age (years)

>50 0.705 (0.49–1.014) 0.06

≤50
HBs antigen

(+) 0.728 (0.440–1.203) 0.215

(−)
Cirrhosis

Yes 1.160 (0.740–1.819) 0.517

No

AFP (μg/L)

>20 1.510 (1.012–2.254) 0.044∗

≤20
Tumor size (cm)

>5 1.822 (1.245–2.666) 0.002∗

≤5
Tumor encapsulation

Complete 1.556 (1.076–2.248) 0.019∗

None

Microvascular invasion

Yes 2.104 (1.442–3.072) <0.001∗ 1.584 (1.037–2.421) 0.033∗

No

Tumor differentiation

I-II 2.326 (1.529–3.539) <0.001∗ 1.718 (1.081–2.730) 0.022∗

III-IV

BCLC stage

0 +A 2.034 (1.269–3.261) 0.003∗

B+C

Fib/Alb ratio

>0.062 1.704 (1.142–2.543) 0.009∗ 1.555 (1.031–2.346) 0.035∗

≤0.062
ALBI grade

1 1.131 (0.783–1.632) 0.512

2 + 3

NLR

≥2.81 1.723 (1.177–2.523) 0.005∗

<2.81
PLR

≥115 1.466 (1.013–2.121) 0.043∗

<115
HR: hazard ratio; 95% CI: 95% confidence interval; BCLC: Barcelona Clinic Liver Cancer. Cox regression analysis, ∗P < 0 05.
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reported that hypoalbuminemia is an independent prog-
nostic factor associated with poor outcomes in patients
with HCC [44].

It was reported that the fibrinogen/albumin ratio was a
novel blood tool of cancer prognosis in esophageal squamous
cell carcinoma recently [21]. What is more, Kinoshita et al.
found the prognostic value of C-reactive protein (CRP)/albu-
min ratio in patients with HCC [11]. Similar to CRP, fibrin-
ogen belongs to the positive acute-phase-response proteins,
characterized by its elevation during systemic inflammation
[45]. It has been reported that there was a strong positive
correlation between fibrinogen and CRP levels in thoracic
malignancies [14, 46]. Inspired by these, we try to investigate
whether fibrinogen/albumin ratio has a prognostic value in
HCC patients after curative resection.

We report here for the first time, to the best of our
knowledge, that the Fib/Alb ratio is an independent prognos-
tic factor for HCC following curative hepatectomy. Hepatitis
B or C infections and alcohol consumption are major risk
factors of HCC. Patients with HCC are typically character-
ized by impaired liver function due to concomitant intra-
hepatic chronic inflammation and liver cirrhosis. Since
fibrinogen, albumin, and CRP are synthesized by hepato-
cytes, impaired liver function will influence the accuracy of
making assessments based on fibrinogen or albumin alone
and of the GPS and mGPS scoring systems, which score
serum CRP and albumin levels separately, in predicting a
prognosis for patients with HCC. In contrast, the Fib/Alb
ratio reflects the ratio of the fibrinogen and albumin levels,
thus reducing the influence of poor liver function. It may
reflect the association between cancer progression and the
host’s inflammatory environments more effectively in
patients with HCC. We also compare the Fib/Alb ratio with
a novel prognostic score of HCC based on liver function
(ALBI grade). The Fib/Alb ratio was associated with the ALBI
grade (P = 0 003, Table 1). The AUC for OS of the Fib/Alb
ratio was 0.635, which was comparable to the ALBI grade
(0.632) (Figure 2, Table 4). Meanwhile, Fib/Alb ratio mea-
surements are based on standard laboratory measurements
of fibrinogen and albumin, which are routinely performed
in clinical practice. Hence, the Fib/Alb ratio is a promising
and convenient biomarker for predicting HCC prognoses.

In our study, we first determined that the optimal cutoff
value of the Fib/Alb ratio was 0.062 using a ROC curve anal-
ysis. Then, the relationship between preoperative Fib/Alb
ratios and the clinicopathological variables of HCC patients
was investigated, and the data showed that elevated Fib/Alb
ratio was positively associated with microvascular invasion,
BCLC stage, and ALBI grade. Furthermore, a multivariate
Cox regression analysis revealed that microvascular invasion,
tumor differentiation, and the Fib/Alb ratio were indepen-
dent prognostic predictors of OS and TTR. Moreover, the
ROC analysis demonstrated that the Fib/Alb ratio (dichoto-
mized) had a higher AUC value than NLR, PLR, ALBI grade,
and other clinical indexes for predicting OS. It suggested that
the Fib/Alb ratio was comparable to that of other established
prognostic scores (NLR, PLR, and ALBI grade) in terms of its
prognostic ability. The prognostic value of the Fib/Alb ratio
was further analyzed, and we found that patients with a
Fib/Alb> 0.062 had lower 1-, 3-, and 5-year OS rates and
shorter OS times, as well as higher 1-, 3-, and 5-year recur-
rence rates and shorter TTRs compared with patients with
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Figure 2: Comparison of the areas under the curves for the Fib/Alb
ratio, NLR, PLR, ALBI grade, and other clinical indexes. The
discrimination ability of the Fib/Alb ratio, NLR, PLR, ALBI grade,
and other clinical indexes was compared by the AUC for OS.

Table 4: Comparison of the areas under the curves for Fib/Alb ratio,
NLR, PLR, ALBI grade, and other clinical indexes.

Variables AUC 95% CI P value

Fib/Alb ratio (dichotomized) 0.635 0.539–0.731 0.007∗

Cirrhosis (dichotomized) 0.572 0.473–0.671 0.148

AFP (dichotomized) 0.546 0.448–0.645 0.353

Tumor size (dichotomized) 0.56 0.463–0.658 0.228

Tumor encapsulation
(dichotomized)

0.549 0.452–0.646 0.326

Microvascular invasion
(dichotomized)

0.617 0.525–0.710 0.019∗

Tumor differentiation
(dichotomized)

0.582 0.488–0.676 0.1

BCLC stage (dichotomized) 0.592 0.493–0.691 0.066

NLR (dichotomized) 0.543 0.446–0.639 0.391

PLR (dichotomized) 0.494 0.396–0.592 0.906

ALBI grade (dichotomized) 0.632 0.540–0.724 0.008∗

Tumor number (dichotomized) 0.536 0.440–0.632 0.468
∗P < 0 05.
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a Fib/Alb≤ 0.062. Moreover, the Fib/Alb ratio had significant
prognostic value for both OS and TTR in patients without
microvascular invasion.

Predicting recurrence following curative resection is
critical for the management of HCC. Up to now, there
are still no highly reliable and convenient predictive bio-
markers for the recurrence of HCC. Although AFP is widely
used, its predictive effectiveness is poor as 30% to 40% of
patients with HCC have normal serum AFP levels after
surgery [47]. Encouragingly, our study provides the Fib/Alb
ratio as an alternative option for predicting recurrence.
Furthermore, microvascular invasion was recognized as an

independent predictor of early recurrence in HCC patients
who underwent curative surgery [48]. In clinical practice, it
is difficult to predict which individuals will experience tumor
relapse after surgical treatment in the absence of microvas-
cular invasion. Finding a predictor to discriminate at-risk
patients from this subpopulation is therefore important. In
the current study, after stratifying the patient cohort accord-
ing to the presence and absence of microvascular invasion,
we found that the prognostic significance of the Fib/Alb ratio
was still strong in HCC patients without microvascular inva-
sion. Consequently, patients with higher Fib/Alb ratios in the
subgroup of HCC patients without microvascular invasion
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Figure 3: Kaplan–Meier curves of overall survival and recurrence are shown for HCC patients. (a) OS of patients with a Fib/Alb ratio> 0.062
was significantly shorter than that of those with a Fib/Alb ratio≤ 0.062 (P < 0 001, log-rank test). (b) Recurrence rate of patients with a Fib/
Alb ratio> 0.062 was significantly higher than that of those with a Fib/Alb ratio≤ 0.062 (P = 0 0081, log-rank test).
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Figure 4: Kaplan–Meier survival curves of HCC patients without microvascular invasion. Fib/Alb ratio> 0.062 was significantly correlated
with a shorter OS (a) and higher recurrence rate (b).
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may require a closer follow-up since they are more likely to
suffer from tumor recurrence. If recurrence is predicted early
and prevented in a timely manner, these patients will achieve
a favorable outcome.

There are several limitations to the current study. First,
it was a retrospective, single-center study with a small
sample size, and a well-designed, prospective study with
a larger number of patients is needed. Second, owing to
the relatively small number of patients, we did not divide
the patients into a training cohort and a test cohort for
statistical validation. Third, many other factors affect Fib/
Alb ratios, such as acute undetected infections and hema-
tological diseases, which affect the accuracy of prognostic
predictions based on this ratio. Fourth, the different post-
operative treatments that patients received were not
included into the prognostic factor evaluation. Further-
more, many patients received multiple treatment measures
due to tumor recurrence during their follow-up periods,
which affects OS. Fifth, as 87.4% of the patients in our
study were hepatitis B virus positive, the prognostic signif-
icance of the Fib/Alb ratio needs to be validated in HCC
patients from the United States and Europe since hepatitis
C is the most common risk factor for developing HCC in
these geographic areas.

In conclusion, we demonstrated for the first time that the
preoperative Fib/Alb ratio is a useful prognostic factor for
assessing HCC patients following curative resection, particu-
larly for patients without microvascular invasion. Its utility,
convenience, and low cost make the Fib/Alb ratio a promis-
ing serum biomarker for predicting HCC prognoses and
may support the therapeutic decisionmaking process for
HCC patients in the future.
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Primary liver cancer is a common kind of digestive cancers with high malignancy, causing 745,500 deaths each year. Hepatocellular
carcinoma is the major pathological type of primary liver cancer. Traditional treatment methods for patients with hepatocellular
carcinoma have shown poor efficacy in killing residual cancer cells for a long time. In recent years, tumor immunotherapy has
emerged as a promising method owing to its safety and efficacy with respect to delaying the progression of advanced tumors
and protecting postoperative patients against tumor relapse and metastasis. Immune tolerance and suppression in tumor
microenvironments are the theoretical basis of immunotherapy. Adoptive cell therapy functions by stimulating and cultivating
autologous lymphocytes ex vivo and then reinfusing them into the patient to kill cancer cells. Cancer vaccination is performed
using antigenic substances to activate tumor-specific immune responses. Immune checkpoint inhibitors can reactivate tumor-
specific T cells and develop an antitumor effect by suppressing checkpoint-mediated signaling. Oncolytic viruses may selectively
replicate in tumor cells and cause lysis without harming normal tissues. Here, we briefly introduce the mechanism of
immunosuppression in hepatocellular carcinoma and summarize the rationale of the four major immunotherapeutic approaches
with their current advances.

1. Introduction

Primary liver cancer is the sixth most common type of cancer
and the second most common cause of cancer-related deaths
worldwide, with an extremely high malignancy such that the
number of deaths (745,500) is similar to that of new cases
(782,500) every year [1]. Hepatocellular carcinoma (HCC)
is a predominant type of primary liver cancer. Traditional
therapeutic approaches for HCC include radical or palliative
liver resection, radioactive seed implantation, transarter-
ial chemoembolization (TACE), radiofrequency ablation
(RFA), and liver transplantation. Although these approaches
effectively address local lesions, they fail to completely elim-
inate residual cancer cells, which lead to tumor recurrence
and metastasis. In recent years, tumor immunotherapy has
emerged as a promising method for inhibiting tumor pro-
gression, relapse, and metastasis [2]. The rationale of this
method is to activate tumor-specific immune responses and

disrupt immune tolerance by enhancing cellular or humoral
immunity. To date, some immunotherapeutic drugs for
treating hematological malignancies, melanomas, and lung
cancers have been proven to be efficacious in phase III trials
and have been approved by FDA. Furthermore, recently,
studies on immunotherapeutic approaches for HCC are rap-
idly increasing. In this study, we briefly reviewed the mecha-
nism underlying immunosuppression and summarized
major immunotherapeutic approaches for HCC (Table 1).

2. Mechanism Underlying
Immunosuppression in HCC

T cells are activated through a double signaling pathway that
requires the interaction of T cell receptors (TCR) with major
histocompatibility complex (MHC)/peptide complexes on
antigen-presenting cells (APCs) and expression of costimula-
tory molecules (CMs) on T cells and APCs. Downregulation
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of MHC class I molecules on tumor cells induces impairment
of tumor antigen processing and presentation [3, 4]. Further-
more, reduced expression of CMs, such as B7-1 and B7-2, in
HCC [4] leads to T cell anergy.

Immune checkpoints normally protect humans from
uncontrolled autologous immunity by preventing excessive
activation of T cells. However, tumor cells can overexpress
immune checkpoint molecules that bind their receptors on T
cells and inhibit T cell activation. The upregulation of immune
checkpoint pathways in most patients with HCC impairs the
effector function of cellular immune responses [5–7].

Immunosuppression in HCC can also be achieved via
impairment of CD4+ T cells [8]. MHC class II genes are
among the most frequently expressed genes in HCC tumors,
and overexpression of MHC class II molecules leads to CD4+

T cell anergy in the absence of suitable CMs [9]. Also, immu-
nosuppressive cells, including T regulatory cells (Tregs) [10],
myeloid-derived suppressor cells (MDSCs) [5], and regula-
tory dendritic cells (DCs) [11], are important immunosup-
pressive factors in cancer patients, and an increase in the
number of immunosuppressive cells, such as Tregs, may
contribute to disease progression and poor prognosis. A
Th1/Th2-like cytokine shift in the liver microenvironment
of HCC patients with venous metastases has been previously
reported [12]. Moreover, the upregulation of anti-inflamma-
tory/immunosuppressive Th2-like cytokines and downregu-
lation of proinflammatory/immunogenic Th1-like cytokines
in adjacent noncancerous hepatic tissues indicate that
disordered immune responses in tumor microenvironments
[13–15] are key predictors of HCC metastasis.

3. Adoptive Cell Therapy

Adoptive cell therapy (ACT) is an immunotherapeutic
approach that kills cancer cells using patients’ own lympho-
cytes. It functions by stimulating or loading autologous lym-
phocytes with cytokines or tumor antigens, cultivating them
ex vivo and then reinfusing them into the patient [16–18].
Adoptive immunotherapy for HCC includes cytokine-
induced killer (CIK) cells, tumor-infiltrating lymphocytes
(TILs), natural killer (NK) cells, and chimeric antigen recep-
tor (CAR) T cells. The feasibility and safety of ACT in

patients with HCC have been evaluated in many experi-
ments, thus laying a foundation for its clinical application.

3.1. CIK Cells. CIK cells are a heterogeneous MHC-
independent cell population mainly comprising CD3+-

CD56+, CD3+CD56−, and CD3−CD56+cells [19–21]. CIK
cells are derived from peripheral mononuclear cells and stim-
ulated by IL-1, IL-12, interferon- (IFN-) γ, and anti-CD3
antibodies ex vivo [22]. In a phase III study of adjuvant
CIK therapy after radical resection for HCC, patients were
randomized to receive four cycles of CIK therapy or no treat-
ment. The median time to recurrence (TTR) was 13.6
months in the CIK group and 7.8 months in the control
group (p = 0 01), indicating the safety and efficacy with
respect to prolonging TTR of CIK therapy in patients with
HCC. However, there were no statistically significant differ-
ences between the groups in disease-free survival (DFS) and
overall survival (OS) [23]. A combination therapy with CIK
cells and valproate in mice demonstrated a synergistic effect
in controlling tumor growth [24], warranting further assess-
ment of this combination therapy through clinical trials. In
addition, a meta-analysis of 693 patients with HCC demon-
strated that a combination of dendritic cell- (DC-) CIK cells
and TACE improves 1- and 2-year OS, overall response
rate (ORR), disease control rate (DCR), and the quality of
life [25].

3.2. TILs. TILs are derived from tumor tissues and are cul-
tured and induced using IL-2 and anti-CD3 antibodies
ex vivo [26–28]. Thus, reinfusion of autologous TILs, which
possess tumor-specific immunity, may target multiple tumor
antigens. Low toxicity of autologous TILs was verified in a
phase I study involving patients with HCC, suggesting a
novel treatment option [29]. However, this study included
only 15 patients and lacked control groups, thus failing to
prove the efficacy of TILs. To date, TILs have not been well
characterized, mainly due to difficulties in purifying and
expanding them.

3.3. NK Cells. NK cells belong to the innate immune system
and can directly kill tumor cells and infected cells without
preliminary sensitization or MHC restriction. However, they

Table 1: Major immunotherapeutic approaches for HCC.

Approaches Subsets Targets and applications

ACT

CIK cells CIK with valproate, DC-CIK with TACE

TILs

NK cells NK with K562-mb15-41BBL, sorafenib, and NKG2D

CAR T cells (generations 1–4) Targeting GPC3, targeting GPC3 and ASGR1

HCC vaccines

Cell vaccines HCC cells with GM-CSF

Antigen peptide vaccines AFP, GPC3, SSX-2, NY-ESO-1, hTERT, HCA587, and MAGE-A

DC vaccines TCL-loaded DCs with nifuroxazide

Immune checkpoint inhibitors

CTLA-4 inhibitors Tremelimumab, Tremelimumab with RFA

PD-1 inhibitors Nivolumab, Pembrolizumab, and Pidilizumab

PD-L1 inhibitors PD-L1 inhibitor with DNMT1 inhibitor

Oncolytic viruses CVV, JX-594, GLV-1h68, and G47delta
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lack the ability to target tumor cells and can injure normal
liver tissues. In a previous series of experiments, the cytotox-
icity of NK cells against HCC cells was enhanced [30] by first
generating a new hepatoma cell line, K562-mb15-41BBL,
which achieved a more efficient stimulation of NK cells
in vitro. Second, HCC cells exposed to 5μmol/L sorafenib
for 48 h showed high sensitivity to NK cells. Finally, NKG2D,
an engineered NK-cell-activating receptor, was tested in vitro
and in mice. All of the outcomes were positive in increasing
the cytotoxicity of NK cells, providing the possibility of fur-
ther clinical trials for HCC.

3.4. CAR T Cells. CAR T cells are genetically modified T lym-
phocytes that specifically target tumor-associated antigens
(TAAs) and kill cancer cells in a MHC-independent manner
[31, 32]. CARs consist of three major components—the
extracellular antigen-binding domain, the intracellular
signaling domain, and the hinge area [33, 34] (Figure 1).
The antigen-binding domain is a single chain fragment vari-
able (scFv) region that comprises a heavy (VH) and a light
(VL) chain derived from monoclonal antibodies (mAbs),
which are connected by a linker fragment. The signaling
domain involves immunoreceptor tyrosine-based activation
motifs (ITAMs), such as CD3ζ and FcεRIγ. The above two
domains are connected by the hinge area which imparts high
flexibility for the movement of the antigen-binding domain.
The first-generation CARs lacked the structure of CMs and
led to poor replication, survival, and cytotoxicity of T cells.
In contrast, the second- and third-generation CARs
(Figure 1), with the addition of CMs, led to high proliferative
capacity, long-term persistence, and potent cytotoxicity of T
cells [35]. In the second-generation CARs, a CM (CM1), such
as CD28, was engineered into the signaling region [36],
whereas in the third generation, additional CMs (CM2), such
as CD27, CD137/4-1BB, and CD134/OX40, were included
[37]. In some tumors with a tremendous phenotypic hetero-
geneity, CAR T cells could target the tumor antigen and
cause antigen-positive cell death, while antigen-negative
cancer cells may induce tumor relapse. Recently, CAR T cells
with a transgenic “payload,” also called the “fourth-
generation” CAR T cells, were designed [38]. The fourth-
generation CAR T cells work by releasing inducible cytokines
such as IL-12 which will augment T cell activation and

further activate innate immune system to kill antigen-
negative cancer cells. Recently, CAR T cell therapy has
received much attention as an immunotherapy for tumors,
and a good efficacy has been reported in some clinical trials
of leukemia and lymphoma. CAR T cell therapy is also being
investigated for solid tumors, such as HCC. Glypican3
(GPC3) is a TAA that is specifically overexpressed in 70%–
81% of HCC tumors and has been correlated with poor prog-
nosis [39]. Moreover, the ability of GPC3-targeted CAR T
cells to eliminate GPC3-positive HCC cells was confirmed
both in vivo and in vitro, and the survival of mice with
HCC xenografts was evidently prolonged with CAR T cell
therapy in vivo [40]. In another experiment, T cells with
two complementary CARs against GPC3 and asialoglycopro-
tein receptor 1 (ASGR1) decreased the risk of on-target, off-
tumor toxicities and demonstrated potent antitumor
immune responses targeting GPC3+ ASGR1+ HCCs both
in vivo and in vitro [41]. However, to date, the related studies
conducted have been predominantly basic, and more clinical
trials are required to prove the efficacy of CAR T cells against
HCC. Complications of CAR T cell therapy include on-tar-
get, off-tumor toxicities [42], tumor lysis syndrome (TLS)
[43], and cytokine release syndrome (CRS) [44]. Traditional
solutions include nonspecific immunosuppression, complete
elimination of T cells, and introduction of inducible suicide
genes into CAR T cells. However, the best method to prevent
these hazards could be the application of ideal tumor-specific
antigens (TSAs) expressed only in tumor cells and not in nor-
mal cells. As for the difficulty of seeking for more appropriate
TSAs, some techniques, such as the utilization of inhibitory
CAR (iCAR) [45] and combinatorial antigen recognition by
CAR and chimeric costimulatory receptor (CCR) [46], were
employed to prevent on-target, off-tumor toxicities. In addi-
tion, CARs could be used to modify other lymphocytes, such
as NK cells [47] and γδT cells [48], which may highlight the
use of HCC immunotherapy in the future.

4. HCC Vaccines

Cancer vaccination is performed using antigenic substances
to activate tumor-specific immune responses that can reduce
tumor load and prevent tumor relapse. HCC vaccines include
cancer cells, antigen peptides, DCs, and DNA-based
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Figure 1: Structure of CAR.

3Journal of Immunology Research



vaccines, and some of these effectively inhibit tumor recur-
rence and metastasis.

4.1. HCC Cell Vaccines. Autologous or allogenic HCC cells
or lysates that are physically or chemically disposed to
eliminate pathogenicity could be used as immunogens for
tumor-specific immune responses. In a phase I trial, bi-
shRNA/granulocyte macrophage colony-stimulating factor-
(GM-CSF-) augmented autologous tumor cells were tested
in eight patients with advanced HCC. Three of these
patients presented evident immune responses to the rein-
fused tumor cells, and long-term follow-up demonstrated
a survival of 319, 729, 784, 931+, and 1043+ days after
treatment [49]. However, the efficacy of HCC cell vaccines
remains uncertain due to their weak immunogenicity.

4.2. Antigen Peptide Vaccines. Peptide-based TAAs, such as
alpha-fetoprotein (AFP), GPC3, SSX-2, NY-ESO-1, human
telomerase reverse transcriptase (hTERT), HCA587, and
melanoma antigen gene-A (MAGE-A), are excellent vaccine
targets for the treatment of HCC [50]. AFP, which normally
originates from embryonic liver cells, can be overexpressed
on HCC cell surfaces. However, immune responses to AFP
are limited due to acquired immune tolerance during the
development of the immune system. To break up this
immune tolerance, a research group investigated the use
of a recombinant rat AFP to induce cross-reactions
between xenografts and endogenous molecules in animals
and observed modest cellular and humoral immune
responses [51]. In a phase II trial of GPC3-derived peptide
vaccine for HCC, 25 patients received 10 vaccinations over
one year after surgery. Recurrence in patients who under-
went both surgery and vaccination was specifically lower
than that in 21 patients who underwent surgery only
(24% versus 48% and 52.4% versus 61.9% at 1 and 2 years,
p = 0 047 and 0.387, resp.), indicating the efficacy of the
GPC3-derived vaccine [52].

4.3. DC Vaccines. DCs, the most powerful APCs, are respon-
sible for absorption, processing, and presentation of tumor
antigens. They maintain high expression levels of MHCs
and CMs, such as B7-1 and B7-2. They also elicit antitumor
effects by the way of inducing primary T cells, releasing
IFN-γ that suppresses tumoral angiogenesis and producing
immune memory [53]. During vaccine preparation, DCs
are initially activated by cytokines, such as rhGM-CSF and
rhIL-4, then mature in the presence of tumor necrosis factor-
(TNF-) α and are finally sensitized by autologous tumor cells
or antigens [50]. Some gene-transfected DCs persistently
express endogenous tumor antigens or cytokines that
enhance their own functions. In a recent study, mice with
HCC were treated with a combination of tumor cell lysate-
(TCL-) loaded DCs and nifuroxazide, which is an inhibitor
of signal transducer and activator of transcription 3 (STAT3).
This combination increased the survival rate, limited tumor
growth, and elevated antitumor immune response [54]. A
phase I/IIa study using tumor antigen-pulsed DCs for HCC
patients after primary treatment demonstrated that DC vac-
cination is an effective adjuvant treatment for such patients

[55]. In addition, the safety and tolerance of DC vaccines
have been confirmed in patients with HCC [56].

5. Immune Checkpoint Inhibitors

As mentioned above, the negative regulatory target-immune
checkpoints are often overexpressed in tumors to escape the
host immune surveillance. Immune checkpoint inhibitors
can reactivate tumor-specific T cells and develop an antitu-
mor effect by suppressing checkpoint-mediated signaling
[57]. Common immune checkpoint proteins include
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4),
programmed cell death protein-1 (PD-1), programmed cell
death ligand 1 (PD-L1), VISTA, TIM-3, LAG-3, and OX40
[58, 59]. CTLA-4 and PD-1 inhibitors have been well
characterized and have been approved by FDA for treating
melanomas, with some progress in their application in
treating HCCs.

5.1. CTLA-4 Inhibitors. CTLA-4 is predominantly expressed
in activated T cells and NK cells [60]. It binds ligands B7-1
and B7-2 with much higher affinity than CD28 [61]. More-
over, CTLA-4 inhibitors prevent the binding of CTLA-4 to
B7-1 and B7-2, thereby promoting the activation of T cells.
In 2011, FDA approved a fully human anti-CTLA-4 mAb-
Ipilimumab for the treatment of metastatic melanoma. In a
phase II study of an anti-CTLA-4 mAb-Tremelimumab in
patients with advanced HCC and hepatitis C, partial response
rate (17.6%), disease control rate (76.4%), and time to pro-
gression (6.48 months) improved. Moreover, viral loads of
HCC were significantly decreased, and no patients experi-
enced immune-related adverse events (irAEs) or evident hep-
atotoxicity. These studies demonstrated that Tremelimumab
treatment is a safe antitumor and antiviral method for hepa-
titis C-induced HCC [62]. In a noncomparative clinical trial
involving patients with advanced HCC, a combination ther-
apy with Tremelimumab and RFA increased the number of
intratumoral CD8+T cells and reduced HCV viral loads [63].

5.2. PD-1 Inhibitors. PD-1 is expressed in T cells, B cells, NK
cells, mononuclear cells, and DCs [64]. PD-1 inhibitors block
the receptor binding of PD-L1 and PD-L2, resulting in the
activation of immune cells [65]. Some PD-1 inhibitors, such
as Nivolumab, Pembrolizumab, and Pidilizumab, have been
investigated for cancer treatment. A phase I/II study demon-
strated the safety and antitumor effect of Nivolumab in
patients with advanced HCC. In this study, of the 41 qualified
patients who were intravenously administered 0.1–10mg/kg
Nivolumab, 29 (71%, 17% grade 3/4) endured drug-related
AEs, two (5%) showed complete responses (CRs), and seven
(18%) showed partial responses (PRs). Moreover, response
durations for CR, PR, and stable disease (SD) were 14–17+
months, <1–8+ months, and 1.5–17+ months, respectively,
and the OS rate at 6 months was 72%. These data indicated
that Nivolumab activates sustained tumor-specific immune
responses with manageable AEs [66]. A recent open-label,
noncomparative, phase I/II dose escalation and expansion
trial of Nivolumab involving 262 patients with advanced
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HCC confirmed the safety and potential of this PD-1 inhibi-
tor in treating HCCs [67].

5.3. PD-L1 Inhibitors. Cancer cells can evade immune
surveillance by overexpressing PD-L1 and activating PD-
L1/PD-1 signaling [68]. High PD-L1 expression has been
observed in HCC tissues [69]. However, no clinical trials
involving the use of PD-L1 inhibitors for treating HCC have
been conducted. A recent experiment showed that contem-
porary inhibition of PD-L1 and DNA methyltransferase 1
(DNMT1) significantly suppressed the growth of sorafenib-
resistant HCC cells in vitro, further suggesting a novel effec-
tive treatment option for sorafenib-resistant HCC [70].

6. Oncolytic Virotherapy

Oncolytic viruses are wild-type or engineered viruses that
selectively replicate in tumor cells and cause lysis without
harming normal tissues [71, 72]. The mechanism underlying
the antitumor activity of oncolytic viruses involves direct kill-
ing of cancer cells by expanding in them and causing cell
lysis. Most viruses can expand in cancer cells to a rather great
extent due to the impairment of the tumor’s defense mecha-
nisms against viral infection [73]. In addition, tumor anti-
gens and viruses in cell lysates activate immune responses
against adjacent cancer cells [74–77]. The targeting mecha-
nisms of oncolytic viruses are as follows. First, wild-type
viruses that specifically infect tumors like reoviruses, varicella
viruses, and Sindbis viruses [78] could be chosen. Second,
viral genes that are crucial for replication in normal cells
but have no functions in cancer cells are deleted by engineer-
ing [76]. Third, viral transcription is limited in cancer cells by
applying tumor-specific promoters, such as the promoter of
human telomerase reverse transcriptase, before crucial viral
genes [79]. Finally, after modification by TAA-specific recep-
tors, viruses effectively target tumor cells. For example, an
oncolytic vaccinia virus engineered with antiangiogenic
genes can specifically inhibit tumor angiogenesis [80]. The
efficacy of an evolutionary cancer-favoring engineered vac-
cinia virus (CVV) was investigated in an animal model of
metastatic HCC. In this study, animals were randomized into
sorafenib, CVV, and sorafenib with CVV groups. Metastatic
regions were fewer in the CVV-treated groups than in the
sorafenib-treated group. The result suggested that CVV can
be a promising virus targeting metastatic HCC [81]. JX-594,
an engineered vaccinia virus with a mutation in the TK gene,
which controls cancer cell-specific replication, and an inser-
tion in the human GM-CSF gene, which increases antitumor
immune responses [82], is stable and safe in humans and
extremely toxic to cancer cells. A phase II randomized
open-label study of JX-594 in patients with advanced HCC
confirmed the safety and efficacy of the oncolytic virother-
apy. This treatment was well tolerated at both high and low
doses, with an intrahepatic response rate of 62% and one
CR. In addition, the OS rate was higher in the high-dose
group than in the low-dose group (median, 14.1 months
versus 6.7 months; hazard ratio, 0.39; p = 0 020) [83]. To
date, various oncolytic viruses, such as GLV-1h68 [84] and
G47delta [85], have been studied for the treatment of HCC.

Researchers should attach more importance to the dangers
of viral infection and the insertional mutations that may
activate oncogenes or damage tumor suppressor genes.

7. Brief Summary

The four major immunotherapeutic approaches for HCC
have their own preponderances and defects.

CAR T cell therapy has been a star of immunotherapeutic
researches in recent years. With its accurate targeting toward
HCC and MHC independence, CAR T cells could directively
kill HCC cells, like precision-guided missiles. The efficacy of
CAR T cells has also been elevated after several generations.
However, this favored method is not almighty. The lack of
HCC-associated TSAs makes it difficult to construct more
efficacious CARs. Meanwhile, more strategies should be
designed to overcome the on-target, off-tumor effect. Other
methods of adoptive cell therapy, like CIK cells, TILs, and
NK cells, are being out of sight due to the nonspecificity
and difficulty of extraction.

Immune checkpoint inhibitor is another hot topic. It
breaks up tumor immune tolerance and causes reactivation
of innate immune system, which may redirect and eliminate
HCC cells as a result. It is a relatively simple process prepar-
ing for immune checkpoint inhibitors. Meanwhile, many
clinical researches indicate the safety of this method. So, we
may focus on how to improve its efficacy and test more prac-
tical combinatorial therapeutic methods in the future.

Tumor vaccines, because of tumor immune tolerance and
lack of TSAs, did not show great value in HCC treatment,
while DC vaccines may be a promising method in this realm,
due to their potent capacity of antigen presenting. Researches
of oncolytic viruses are quite few. Safety of viruses is the most
important, while efficacy is the second. So the very much dif-
ficulty is to balance safety and toxicity of oncolytic viruses.

8. Future Expectations

As a new therapeutic approach for malignancies beyond
traditional operations, chemotherapy and radiotherapy,
immunotherapy has shown its efficacy in delaying the
progression of advanced tumors and protecting postopera-
tive patients against cancer relapse and metastasis. Although
no drugs have been officially approved, numerous studies on
immunotherapy for HCC are being conducted and some
have already obtained important results. Future studies are
required to identify more specific immune targets, such as
TAAs/TSAs, novel immune checkpoints, and oncolytic
viruses. These will enhance the intensity of tumor-specific
immune responses and avoid unnecessary on-target, off-
tumor toxicities. Meanwhile, the Aes should be valued, espe-
cially in clinical trials. The safety of a new treatment is as
important as its efficacy. Furthermore, individualized treat-
ment plans for patients with HCC will enhance the efficacy
of immunotherapy and likely become a future trend. Taken
together, the promising therapeutic approach certainly will
bring the treatment for HCC to a brand new period.
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The incidence of gastric cardia cancer (GCC) is high in China. However, the clinicopathological characteristics and the
carcinogenesis of GCC are unclear. Toll-like receptor 4 (TLR4) is an important innate immunity receptor and has a role in non-
GCC (NGCC). We compared the clinicopathological characteristics of GCC patients from a high-risk area in China to
esophageal cancer (EC) patients. Immunohistochemistry for TLR4 was performed in 201 histological samples of normal gastric
cardia mucosa (n = 11), gastric cardia inflammation (n = 87), and GCC (n = 103). We included 84 patients with EC and 99 with
GCC. GCC tissue was more poorly differentiated than EC tissue and more invasive, with more histomorphologic variation.
Lymph node metastasis was more frequent in GCC than in EC. The Helicobacter pylori infection rate was higher but not
significantly with GCC than EC. Survival was shorter with lymph node metastasis. We found a statistically significant trend for
progressive increase of TLR4 expression from normal mucosa to inflammation in GCC. GCC in this high-risk area displays
clinicopathologic characteristics different from those of EC and different from those of gastroesophageal junction carcinomas in
other countries, although this was not analyzed statistically. Increased TLR4 expression in gastric cardia lesions may be
associated with GCC tumorigenesis.

1. Introduction

Gastric cancer is the fifth most common malignancy, with an
estimated 952,000 new cases in 2012 worldwide [1]. Although
gastric cancer is still a major contributor to the global cancer
burden, its incidence has decreased over the past decades [1].

Generally, gastric cancers can be classified into two cate-
gories: gastric cardia cancer (GCC) arising in the area of the

stomach adjacent to the gastroesophageal junction (GEJ)
and non-GCC (NGCC) arising from more distal regions of
the stomach [2]. The incidence and risk factors for GCC
and NGCC vary considerably. The decreasing incidence of
gastric cancer is due mostly to the declining trend of NGCC;
however, the incidence of GCC may be increasing [3–5]. In
addition to different epidemiology, GCC and NGCC are
thought to have different risk factors, clinicopathologic
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features, and gene expression [6–8]. Thus, current research is
addressing GCC and NGCC as separate diseases.

From the Cancer Incidence in Five Continents, Vol. X
(CI5X) and “GLOBOCAN 2012 v1.0, cancer incidence and
mortality worldwide: IARC CancerBase No. 11” [9, 10], Col-
quhoun et al. estimated 260,000 cases of GCC worldwide in
2012, comprising 27% of the total gastric cancer cases, most
of which occurred in Eastern/Southeastern Asia (59%),
followed by Central Asia (15%). More than half of the total
cases occurred in China (135,000; 52%) [2]. In high-risk areas
in Asia [11–13], the incidence of GCC shows a characteristic
geographic aggregation with esophageal cancer (EC). China
has six high-risk EC regions, including the TaihangMountain
area, the Qingling Mountain area, North of Sichuan Prov-
ince, the Dabie Mountain area, East of Guangdong Prov-
ince, and the Subei area [5]. The Chaoshan high-risk
area east of Guangdong is the only littoral high-risk area.
Our previous epidemiological study showed an extremely
high incidence of EC (74.47/100,000) and GCC (34.81/
100,000) on Nan’ao Island in the Chaoshan area from 1995
to 2004 [11].

EC and GCC used to be treated as a single disease because
of the coincidence of the two cancers, similar clinical symp-
toms, and limited techniques to distinguish them. Since the
1990s, with widespread use of endoscopy and a new classifi-
cation by the World Health Organization (WHO), GCC is
diagnosed as a disease different from EC in high-risk areas
in China; however, the tumorigenesis, pathogenesis, develop-
ment, and prognosis of GCC from high-risk areas are poorly
understood. Although GCC has the same geographic distri-
bution as EC in China [14], previous study showed that they
differ in histopathology, although this was not analyzed sta-
tistically [15]. Recent epidemiological data have shown that
the incidence of EC is declining as compared with an increas-
ing trend of GCC in high-risk areas [16]. GCC in high-risk
areas is also different from carcinomas of the GEJ studied pri-
marily in Caucasian populations, which are believed to be
related to gastroesophageal reflux disease (GERD) [3] and
Barrett’s esophagus (BE) [17, 18]. BE-related GCC are rare
in China [19–21]. GERD prevalence in China was reported
in some areas of China, and it is reported GERD rates in
Hong Kong, China, have risen over the last decade. However
the incidence rate of GERD in China is still much lower than
that reported in Western countries [22–24].

Helicobacter pylori (H. pylori) infection has been con-
firmed as an important factor for distal gastric cancer [25].
Its relationship with GCC remains controversial [26–29].
Our previous study suggested that persistent H. pylori infec-
tion and the related chronic inflammation may contribute to
the high incidence of GCC in the Chaoshan high-risk area
[29]. Toll-like receptors are essential forH. pylori recognition
and they initiate inflammatory pathways that may acquire
oncogenic potential [30–32]. Toll-like receptor 4 (TLR4)
can recognize lipopolysaccharide, a component of the bacte-
rial cell wall [33]. The relationship between TLR4 and gastric
cancer has been well studied [34–38]. However, most of these
studies did not distinguish GCC from NGCC. No study has
addressed TLR4 protein expression restricted to gastric car-
dia subtype.

In the present study, we compared the clinicopathologic
features of GCC and EC in the Chaoshan high-risk area in
China. TLR4 expression was evaluated by immunohisto-
chemistry in normal gastric cardia mucosa, chronic gastric
cardia inflammation, and GCC, to better understand the
potential role of TLR4 in gastric cardia carcinogenesis.
Despite different classifications and definitions of cancers
originating around the GEJ [39, 40], we defined GCC as car-
cinoma in which the epicentre is ≤2 cm below the GEJ, the
most accepted definition in China [16].

2. Results

2.1. Clinicopathological Results.We included 84 patients with
EC (male : female ratio 3 : 1 and mean age 57.14± 10.28 years)
and 99 with GCC (male : female ratio 5.6 : 1 and mean age
62.7± 7.79 years). Patients with EC were younger than those
with GCC. Although more GCC than EC patients were male,
the difference in the male : female ratio between the two
groups was not considerable (Table 1).

The median tumor size was larger with GCC than
that with EC (5.92± 2.22 versus 4.98± 1.51 cm; P = 0 001)
(Table 1). For 66 EC tumors (78.57%), the epicentres were
in the middle thoracic part of the esophagus (Table 1). Rep-
resentative gross images of EC and GCC are in Figures 1
and 2. The microscopic features of the tumors are summa-
rized in Table 2. Compared with EC tumors, GCC tumors
were significantly more poorly differentiated (P < 0 001)
and exhibited a wider histopathological spectrum. All 84
EC tumors (100%) were squamous cell carcinoma. In con-
trast, 75.8% of GCC tumors were tubular adenocarcinoma;
the remainder were mucinous carcinoma (16.2%), adenos-
quamous carcinoma (4%), small-cell undifferentiated carci-
noma (n = 2, 2%), squamous cell carcinoma (n = 1, 1%), or
a tumor of neuroendocrine phenotype (n = 1, 1%). Represen-
tative histology images are in Figures 1 and 2.

A significantly higher proportion of patients with GCC
than EC showed advanced-stage disease (P < 0 001). In addi-
tion, a higher proportion of patients with GCC showed
lymph node metastasis and deep infiltration (P = 0 002 and
P = 0 009, respectively, Table 2). The tumor tissues from
25/44 patients with EC (56.81%) and 49/83 with GCC
(59.03%) were positive for H. pylori cytotoxin-associated
gene A (CagA), a virulence factor that may damage the gas-
tric mucosa and cause inflammation and cell death. Almost
all of the East Asian H. pylori strains are CagA positive.
Detecting CagA can be used to detect CagA-positiveH. pylori
infection [41]. We found no significant difference in the rate
ofH. pylori infection between EC and GCC groups (P = 0 59)
(Table 3).

2.2. Patient Survival. Survival did not differ among patients
who received surgery alone and both surgery and adjuvant
therapy, so we chose all 84 EC patients and 99 GCC patients
who underwent surgery for survival analysis. The mean sur-
vival was shorter with EC than that with GCC (32.14 months,
95% CI 26.796–37.477 versus 43.05 months, 95% CI 34.933–
51.165) but not significantly (P = 0 731) (Figure 3(a)). The
cumulative survival with EC was better without than with
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lymph node metastasis (38.83± 4 versus 25.45± 3.4, P =
0 029) (Figure 3(b)). The cumulative survival of patients with
GCC was better with higher than lower TNM stage (76.4
± 20.27 and 67.7± 15.28 versus 37.86± 4.09, P = 0 041;
Figure 3(c)) and without than with lymph node metastasis
(65.67± 8.75 versus 34.19± 4.17, P = 0 001; Figure 3(d)). On
multivariable analysis, lymph node metastasis was indepen-
dently associated with survival with GCC (HR 2.02, 95% con-
fidence interval [CI] 1.058 to 3.837, P = 0 033).

The 3-year survival rate was better for patients with EC
than that with GCC (40.5% versus 34.3%), but the 5-year sur-
vival rate was poorer with EC than that with GCC (22.6%
versus 25.3%). Neither of these differences was statistically
significant (P = 0 392 and P = 0 678, resp.).

2.3. TLR4 Expression in Gastric Cardia Specimens. In Table 4
and Figures 4 and 5, TLR4 expression in gastric cardia tissue
is shown. Among the 98 nonmalignant gastric cardia tissues
examined, 11 normal epithelia without inflammation had the
lowest score for TLR4 expression, and TLR4 was not detect-
able in 5 of them. On immunohistochemistry, TLR4 expres-
sion was higher in inflamed epithelia than that in gastric
cardia mucosa (Figure 4) but did not differ between mild
and severe inflammation. TLR4 expression was detectable
in most of the 97/103 GCC cases (94.17%). Moreover, strong
TLR4 staining was found in well- and moderately differenti-
ated GCC cases with tubular structures but weak or negative
TLR4 staining in poorly differentiated tumors (Figure 5). In
mucosa with inflammation, TLR4 was expressed in a polar-
ized manner, particularly at the basolateral membrane. In
contrast, cancer cells expressed TLR4 diffusely throughout
the cytoplasm even in the nucleus. We found a statistically
significant trend for increasing TLR4 expression from nor-
mal mucosa to gastric cardia inflammation and carcinoma
(P < 0 05) (Table 4).

3. Discussion

In the present study, we compared clinical-pathological fea-
tures between EC and GCC and described for the first time
TLR4 expression restricted to the gastric cardia epithelium.
Patients with GCC were significantly older and had a higher
male : female ratio than patients with EC, although the

difference in the latter variable was not considerable.
92.92% (92/99) of GCC patients were older than 50 years,
and 72.62% (61/84) of EC patients were older than 50 years,
indicating middle age and elderly people are high-risk group
for both GCC and EC, especially for GCC. The mean age for
GCC increased compared to the mean age of patients in the
1980s and 1990s [42]. It might be related to the Chinese
social aging. A male predominance in the incidence of GCC
and EC has been reported worldwide [11, 42, 43], and the
male predominance is weaker in EC than that in GCC in this
study. An assessment in China high-risk area for GCC indi-
cated male : female ratio ranged from 1.68 to 5.6 [15, 16].
The reason for male predominance in GCC is still unclear.
Although tobacco smoking is more prevalent in men than
in women in China, the male predominance of GCC is
unlikely to relate to this factor. A cohort study following 2
million person-years at risk indicated that the male predom-
inance in GCC was similar among smokers and nonsmokers
[44]. In China high-risk area, the male predominance in
GCC may be caused by some sex-related genetic factors
which need to be further studied.

GCC tumors were, on average, larger and more poorly
differentiated, were of higher pathological stage, and were
more likely to have lymph node metastasis and deeper inva-
sion than EC tumors. Patients with GCC were more likely to
haveH. pylori infection, although the difference did not reach
statistical significance. The GCC group had more histological
variants than the EC group. GCC included adenocarcinoma,
squamous cell carcinoma, adenosquamous carcinoma, small-
cell undifferentiated carcinoma, and neuroendocrine carci-
noma. In contrast, in ECs, all tumors were squamous epithe-
lial cell carcinoma. The most common location for EC in our
sample was the middle thoracic part of the esophagus,
whereas in theWestern countries, EC originates mainly from
the lower part of the esophagus, and the most common histo-
logical type is adenocarcinoma [17, 45]. Survival was poorer
for both EC and GCC patients with than without lymph node
metastasis. We found similar overall survival among our EC
and GCC patients, even though the latter had a significantly
higher proportion of lymph node metastasis and stage 3
and 4 tumors at the time of diagnosis. In light of these obser-
vations, GCC in high-risk areas in China has clinical and
pathological features that differ from those of EC from the
same area.

Although different studies have shown some shared
genetic risk factors between EC and GCC from high-risk
areas in China [14, 46–48], the different histology and sur-
rounding anatomical structure of the esophagus and gastric
cardia and respective risk factors indicate differences between
EC and GCC [49].

Huang et al. performed a study of the clinical and patho-
logical features of GEJ carcinomas in Chinese and US
patients. In terms of their data from the United States,
patients with GCC in our group showed larger tumor size
(5.92± 2.22 cm versus 3.5± 2.2 cm), lower 3-year (34.3% ver-
sus 43%) and 5-year (25.3% versus 28%) survival, and higher
disease stage than the US patients [45]. Compared with ade-
nocarcinoma of the GEJ in patients with BE mucosa from
America, our patients with GCC showed deeper invasion,

Table 1: Clinical and gross features of tumor patients with
esophageal cancer (EC) and gastric cardia cancer (GCC).

Features
EC

n = 84
GCC
n = 99 P

Male : female ratio 63 : 21 84 : 15 0.095

Age, years, mean ± SD 57.14± 10.28 62.7± 7.79 0.003

Size, cm, mean± SD 4.98± 1.51 5.92± 2.22 0.001

Epicentre location, n (%)

Upper thoracic part 9 (10.71) —

Middle thoracic part 66 (78.57) —

Lower thoracic part 9 (10.71) —

Gastric cardia — 99
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higher disease stage, more lymph node metastases, and lower
5-year survival [50]. When comparing data on adenocarci-
noma of the GEJ in patients from Japan, with the center
located between 1 cm above and 2 cm below the GEJ [51],
for our patients, the depth of tumor invasion was deeper,
nodal metastases were more frequent, and the differentiation
and 5-year survival were worse. In a meta-analysis, the 5-year
survival for patients with cancer of the gastric cardia varied
from 35% to 54.6% in China [52, 53]. All of these studies
reported higher survival rates than we found in our study.
Although these studies had discrepancies and overlapping
descriptions of tumor location, careful consideration of these

results suggests that GCC in the Chaoshan high-risk area in
China is more aggressive with a worse prognosis.

Adenocarcinoma of the distal esophagus and Barrett’s
esophagus-related diseases remain uncommon in China. A
large-scale longitudinal clinical and histological data was
analyzed on 5401 esophageal cancer (EC) patients diagnosed
during 10-year period (2002–2011) at Henan Taihang
Mountain high risk area in China. All 217 esophageal adeno-
carcinoma (EAC) patients from these 5401 EC patients were
examined, and EAC was relatively rare and accounted for
approximately 5% of all esophageal cancers. Only 10 out of
217 (4.6%) EAC cases were detected to have any evidence

(a) (b)

(c) (d)

Figure 1: Representative images of gastric cardia cancer (GCC). (a) Gross image of GCC below the gastroesophageal junction (arrow).
(b) Histology of GCC with tubular formation (arrow). (c) Histology of mucinous GCC, arrow indicating tumor cells. (d) Histology of
small-cell undifferentiated carcinoma, arrow indicating tumor cells.

(a) (b)

Figure 2: Representative images of esophageal cancer (EC). (a) Gross image of EC (arrow). (b) Histology of squamous cell EC, arrow
indicating cancer nest.
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of Barrett’s esophagus [20]. Though the GERD prevalence
in GCC high-risk area in China is unclear, the prevalence
of GERD symptoms in South China has varied from 2.3%
to 3.8%, much lower than that in the Western countries
[22, 23]. Patients withGCC inChina and those in theWestern
countries might have different genetic polymorphisms, life-
styles, diet, and environmental influences [45]. H. pylori
infection is the primary risk factor for distal gastric carcino-
mas in the Chinese population [54]. A case–cohort study with
long-term follow-up in the Linzhou high-risk area found a
strong association of GCC with H. pylori infection [55]. Our
previous study found that H. pylori infection may contribute
to the high incidence of GCC and esophageal squamous cell
carcinoma in the Chaoshan region [29, 56]. Gastric carcino-
mas develop on the background of chronic active H. pylori
gastritis via the epithelial precursor lesions. It is believed that
a virulent bacterium in a genetically susceptible host is associ-
ated with more severe chronic inflammation, and this long-
term inflammation may lead to cancer [31, 57]. Observing
the adjacent tissue of GCC, we found that most cases showed

chronic inflammatory cell infiltration. We speculated the car-
cinogenesis of GCC in high-risk area might be related to
chronic inflammation similar to the NGCC.

Previous studies suggested that TLR4 expressionmight be
the link between H. pylori infection and cancer [31, 37, 58],
and this expression pattern is not significantly changed after
the eradication of bacteria [59]. In the present study, TLR4
expression was evaluated in a cohort of gastric cardia tissues.
To our knowledge, our study is the first to evaluate TLR4
protein expression from normal mucosa to different degree
of inflammation and carcinoma restricted to gastric cardia
tissue. TLR4 expression gradually increased from normal
mucosa to gastric cardia inflammation and carcinoma,
thereby providing pathological evidence that TLR4 expres-
sion is involved in GCC inflammation and carcinogenesis.
Similar to other studies, our study showed that normal
gastric cardia cancer has a very low expression of TLR4
[58, 60]. TLR4 expression was greatly increased during
chronic inflammation, and there was no significant differ-
ence between mild inflammation and severe inflammation,
suggesting changes in innate immune activation between
normal and mild inflammation. As we have seen, GCC has
the highest and diffuse TLR4 expression. TLR4 expression
was not only in the cytoplasm but also in the nucleus. It
was speculated that at this phase, the presence of infection
was not absolutely necessary for epithelial stimulation [58].
Though we did not detect TLR4 expression in EC tissue,
previous studies showed TLR4 appeared important to the
pathogenesis of esophageal squamous cell carcinoma [61].
Confirming the potential role of TLR4 in the progression of
gastric lesions, some studies associated TLR4 polymorphisms
with the risk of gastric cancer [34, 62–64]. TLR4+896A>G
polymorphism was reported as a risk factor for NGCC and
its precursors. In contrast, prevalence of TLR4+896G was
not significantly increased in GCC [34]. Considering that
GCC has different characteristics from NGCC, more molec-
ular and functional studies about TLR4 in GCC are neces-
sary, and distinguishing GCC from NGCC is encouraged.

In summary, this study showed that GCC carcinomas are
biologically different from EC carcinomas in the Chaoshan
high-risk area in China, although they share genetic risk
factors and similar geographic aggregation. GCC in this
high-risk area displays different characteristics from those
of GEJ carcinomas in developed countries as well. We
detected TLR4 expression in gastric cardia epithelial cells
and demonstrate a progressive increase in TLR4 expression
from normal gastric cardia tissue, gastric cardia inflamma-
tion, and GCC, which suggests that TLR4 plays a role in
GCC carcinogenesis.

4. Methods

4.1. Study Group. All surgical pathology reports with a final
diagnosis of EC and GCC were collected from the Tumor
Hospital and the First Affiliated Hospital of Shantou Univer-
sity Medical College in China. Not all patients underwent
radiotherapy and chemotreatment postoperatively. All cases
were divided into EC and GCC groups based on the location
of the tumor epicentre. Inclusion criteria were (1) surgical

Table 2: Comparison of histopathology and pathological staging.

Microscopic features
EC

n = 84
GCC
n = 99 P

Tumor differentiation <0.001
Well 29 (34.5) 5 (5.1)

Moderate 50 (59.5) 49 (49.5)

Poor 5 (6.0) 45 (45.5)

Histology type

Tubular adenocarcinoma 0 (0) 75 (75.8) <0.001
Mucinous carcinoma 0 (0) 16 (16.2)

Small-cell undifferentiated
carcinoma

0 (0) 2 (2.0)

Squamous cell carcinoma 84 (100) 1 (1.0)

Adenosquamous 0 (0) 4 (4.0)

Neuroendocrine carcinoma 0 (0) 1 (1.0)

Lymph node metastasis 42 (50) 72 (72.7) 0.002

Serosal invasion 67 (70.8) 92 (92.9) 0.009

TNM stage

0 0 (0) 0 (0) <0.001
1 0 (0) 5 (5.1)

2
40

(47.62)
10 (10.1)

3 42 (50) 84 (84.8)

4 2 (2.4) 0 (0)

Data are n (%).

Table 3: Helicobacter pylori infection.

H. pylori infection
EC

n = 44
GCC
n = 83 P

Positive 19 (43.18) 40 (48.19) 0.59

Negative 25 (56.81) 43 (51.81)

Data are n (%).
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resection of tumors with lymph node dissection and (2) for
GCC, the center of cancer within 2 cm of the GEJ on the
gastric side. The GEJ was as defined by the WHO [46]. Most
of the GCC tumors belonged to the AEG type II according to
the Siewert classification [65]. Surgical details were collected
principally from surgical notes and pathology findings of the
resection specimen. GCCs were staged by the gastric TNM
system, and ECs were staged by the esophageal TNM system,
according to the American Joint Committee on Cancer

Staging Manual [66]. Patients were followed for survival
status by telephone or personal interview with the patient
or family members. Patient consent for surgery and
follow-up visit was obtained in all cases before surgical
resection was performed. Informed consent was obtained
from all patients. The methods were carried out in accor-
dance with the approved guidelines. The Medical Ethics
Committee of Shantou University Medical College approved
the study protocol.
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Figure 3: Kaplan-Meier survival curves for patients with GCC and EC. (a) Overall survival. (b) Cumulative survival with EC with and without
lymph node metastasis. (c) Cumulative survival with GCC by TNM stage. 1: stage 1, 2: stage 2, 3: stage 3. (d) Cumulative survival with GCC
with and without lymph node metastasis.

Table 4: Immunohistochemical evaluation of TLR4 expression.

Normal
n = 11

Mild carditis
n = 44

Severe carditis
n = 43

Carcinoma
n = 103

TLR4 12.72± 15.71 28.63± 21.65∗ 25.58± 22.23∗ 63.67± 39.61∗#

TLR4: Toll-like receptor 4. Data are mean ± SD; ∗P < 0 05 versus normal mucosa; #P < 0 05 versus mild or severe inflammation.
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(a) (b)

(c) (d)

(e) (f)

Figure 4: Representative IHC staining for TLR4 in gastric cardia mucosae with different degrees of chronic inflammation: (a) normal, (b)
mild inflammation, (c) severe inflammation, (d) no immunostaining in normal mucosae, (e) weak positive staining in mucosae with mild
inflammation, and (f) moderate positive staining in mucosae with severe inflammation.

(a) (b)

Figure 5: IHC staining for TLR4 in GCC tissue. (a) Strong positive staining in well-differentiated GCC cases with tubular structure. (b)
Negative TLR4 staining in poorly differentiated tumor.
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4.2. DNA Extraction and Amplification for Detecting H. pylori
Infection. A total of 127 gastrointestinal mucosal tissue sam-
ples were collected from 83 patients with GCC and 44 with
EC in the Tumor Hospital of Shantou University Medical
College in China. Tissue DNA was extracted using a com-
mercially available kit (Pure Link Genomic DNA Mini Kit,
Invitrogen) according to the manufacturer’s instructions
[67]. The primers used were derived from the internal
300 bp fragment of the CagA as described [68]. The primer
sequences used to detect CagA were 5′-ACCCTAGTCGG
TAA TGGG-3′ and 5′-GCA AT TT TGT TAATCCGG
TC-3′. These yielded a DNA fragment of 300 base pairs. A
reaction mixture contained 3μL extracted DNA, 4μL
primer, 3μL of 10x PCR buffer, 0.3μL AmpliTaq DNA poly-
merase, and 3μL dNTP. The amplification cycle consisted of
an initial denaturation at 94°C for 3min, followed by 34
cycles at 94°C for 30 s, 50°C for 45 s, 72°C for 1min, and a
final extension at 72°C for 10min. PCR products were ana-
lyzed by electrophoresis on a 2% agarose gel stained with
ethidium bromide.

4.3. Immunohistochemistry. Immunohistochemical (IHC)
staining involved the Envision Labeled Peroxidase System
(Dako, Carpinteria, CA). Paraffin-embedded samples were
sectioned at 4μm. Each sample was deparaffinized in xylene,
rehydrated in a graded ethanol series, then preincubated with
3% hydrogen peroxide for 10min. Antigen retrieval was per-
formed by microwave heating. Following incubation in
10mmol/L citrate buffer for 20min, sections were incubated
with primary antibody for TLR4 (rabbit, 1 : 100, Proteintech)
at 4°C overnight, then horseradish peroxidase-conjugated
goat antirabbit IgG antibody at 37°C for 30min, and coun-
terstained with haematoxylin. Images were captured under
a Leica IM50 microscope (Imagic Bildverarbeitung AG,
Wetzlar, Germany).

IHC slides were evaluated by two experienced patholo-
gists in a blinded manner. Staining intensity score (0–3)
was considered according to a subjective evaluation of the
intensity of marked cells (0: no immunostaining; 1: weak
positive staining; 2: moderate positive staining; 3: strong
positive staining). The overall staining intensity (0–3) was
multiplied by the proportion of positive cells (0–100%),
and all values were added to generate a final score ranging
from 0 to 300 [69].

4.4. Chronic Inflammation Grading. Inflammation in the gas-
tric cardia tissue was graded as normal, mild, and severe
according to the updated Sydney System [70]. The normal
gastric mucosa contains only individual (0–5) scattered
inflammatory cells in the lamina propria. Mild inflammation
contains 5 to 30 inflammatory cells in the lamina propria per
high-power (×40 objective) microscopic field or between the
foveolae. More than 30 inflammatory cells per high-power
field was considered severe inflammation.

4.5. Statistical Analysis. Differences in frequencies between
the two groups were analyzed by using chi-square or Fisher’s
exact test, as appropriate. Survival was estimated by the
Kaplan-Meier method with a log-rank test. Cox regression

analysis was used to identify risk factors for overall survival.
t-test for trend was used to evaluate the trend in increase or
decrease in expression. All statistical analyses involved the
use of SPSS v16 (SPSS, Chicago, IL, USA). P < 0 05 was
considered statistically significant.
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Mast cells are unique tissue-resident immune cells that secrete a diverse array of biologically active compounds that can stimulate,
modulate, or suppress the immune response. Although mounting evidence supports that mast cells are consistently infiltrating
tumors, their role as either a driving or an opposite force for cancer progression is still controversial. Particularly, in breast
cancer, their function is still under discussion. While some studies have shown a protective role, recent evidence indicates that
mast cells enhance blood and lymphatic vessel formation. Interestingly, one of the most important components of the mast cell
cargo, the serine protease tryptase, is a potent angiogenic factor, and elevated serum tryptase levels correlate with bad prognosis
in breast cancer patients. Likewise, histamine is known to induce tumor cell proliferation and tumor growth. In agreement, mast
cell depletion reduces the size of mammary tumors and metastasis in murine models that spontaneously develop breast cancer.
In this review, we will discuss the evidence supporting protumoral and antitumoral roles of mast cells, emphasizing recent
findings placing mast cells as important drivers of tumor progression, as well as the potential use of these cells or their
mediators as therapeutic targets.

1. Introduction

The association between chronic inflammation and cancer
has long been recognized. Inflammation evolved as part of
the body’s defense against internal and external stimuli that
disrupt tissue homeostasis. It aims to eliminate the stimuli,
repair the damaged tissue, and reestablish homeostasis.
When inflammation is maintained for a short period of time,
it usually comes with therapeutic consequences; however,
when it is chronically sustained, it has the potential to
enhance or promote the emergence of malignancies [1–3].
Virchow proposed a link between chronic inflammation and

cancer as early as the 19th century, and he hypothesized
that inflamed tissues were the primed sites in which can-
cer lesions were initiated [4]. Indeed, mounting evidence
supports that chronic inflammation provides conditions
that lead to malignant transformation. Immune cells per-
sistently infiltrating tissues are actively inducing oxidative
stress and releasing soluble mediators, such as cytokines,
chemokines, and growth factors, which alter genes and
proteins involved in cell cycle, DNA repair, and apoptosis
[5, 6]. Besides initiation, chronic inflammation seems to be
continually important during tumor progression, creating
a favorable microenvironment that contributes to tumor
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cell proliferation, survival, invasion, migration, tissue remod-
eling, and angiogenesis, ending in cancer metastasis [7].

Epidemiological data estimate that at least one-third of all
cancers are associated with chronic infections or with evident
long-lasting unresolved inflammation [8, 9]. Some of the
well-described infection- and inflammation-associated can-
cers are gastric, colorectal, cervical, and hepatocellular carci-
noma [3, 10]. Breast cancer has also been associated with
chronic inflammation, although the inflammatory stimulus
is less clear. The stroma of breast tumors is generally
enriched with a great variety of inflammatory cells, which
however do not seem to be protective. Moreover, several
studies indicate that tumor cells can evade the immune
responses and enhance inflammation favoring cancer evolu-
tion to aggressive stages [11, 12]. Among the best character-
ized immune cell populations present in the stroma of breast
cancers are the tumor-associated macrophages, which have
been linked to cancer aggressive features, such as angiogen-
esis, degradation of extracellular matrix (ECM) proteins, and
invasion [13]. Likewise, it has become evident that other
immune cells, such as neutrophils and mast cells, are consis-
tently found in the breast cancer stroma, most likely contrib-
uting to the inflammatory microenvironment that shapes
cancer behavior [13, 14]. In this review, we will discuss the
evidence supporting protumoral and antitumoral roles of
mast cells in breast cancer progression.

2. Mast Cell Biology

Mast cells are granulated innate immune cells character-
ized by their cargo of inflammatory mediators, comprised
of a wide array of preformed bioactive molecules stored
in cytoplasmic granules, which are released upon encounter-
ing the appropriate stimuli and have beneficial roles in
immunological responses against pathogens, including intes-
tinal helminths, bacteria, and viruses. Mast cell-derived
mediators also participate in tissue physiological processes,
such as wound healing and tissue repair, and in some
pathological conditions [15]. For instance, IgE-induced
mast cell degranulation triggers the immediate hypersensi-
tivity reactions that play a central role in the pathogenesis
of allergic diseases [16].

Mast cells are distributed in diverse tissues throughout
the body, but a considerable number of them are located
close to blood vessels, nerves, and mucosal surfaces. Some
of the tissues in which they are most prominent are the der-
mis, hypodermis, and the respiratory and gastrointestinal
tract [17, 18]. Like other immune cells, mast cells originate
in the bone marrow from hematopoietic stem cells via a mul-
tipotent progenitor, which can become a committed mast cell
progenitor (MCP) that exits the marrow and migrates to
peripheral tissues to complete maturation. Early mast cell
progenitors in bone marrow do not contain cytoplasmic
granules and do not express FcεRI on their surface. A slightly
more differentiated MCP, identified in tissues in mice and in
bone marrow in rats, contains few small cytoplasmic gran-
ules, express high levels of integrin β7, and can often also
express the FcεRI. This seems to be the mast cell progen-
itor that leaves the bone marrow [19–22]. The MCPs

arrive to diverse peripheral tissues by transendothelial migra-
tion in which they complete their differentiation under the
control of microenvironmental cytokines and growth factors
[23, 24]. Over the last years, several models for mast cell
development have been proposed; however, the ontogenesis
of mast cells in mice and humans is only beginning to be
understood, and knowledge of the specific signals that mod-
ulate progenitor recruitment and differentiation is still lim-
ited. Mast cell development in mice and humans share
some similarities but also exhibit major differences. In mice,
different mast cell progenitor populations have been
described depending on the particular strain [19–22]. So
far, very few studies have attempted to characterize the
mechanisms involved in human mast cell development
[25–27]. Outstandingly, a recent study has identified a
blood-derived human mast cell progenitor population that
gives rise exclusively to mast cells. These cells express the
FcεRI and integrin β7 and display a mast cell-like phenotype,
although with a limited cell division capacity in vitro [28]. In
both humans and mice, a complex network of signaling mol-
ecules and transcription factors regulates formation of MCPs
in bone marrow and their migration to tissues in which they
develop into fully competent mature mast cells. Figure 1
illustrates a simplified overview of mast cell development
and heterogeneity.

Mast cell differentiation, growth, and survival are
strongly regulated by local tissue environmental factors. Stem
cell factor (SCF), the ligand of the c-Kit receptor, and IL-3 are
among the best-characterized factors. SCF is mainly secreted
by fibroblasts and other mesenchymal cells and has an
important role in survival, development, and expansion of
mast cells [29, 30]. While, IL-3 is considered the main cyto-
kine responsible for the T cell-induced proliferation and dif-
ferentiation of mast cells, at least in rodents [31, 32]. Other
endogenous factors contributing to mast cell maturation
and function in rodents and humans are IL-4, IL-6, IL-9,
IL-10, IL-33, nerve growth factor (NGF), and transforming
growth factor-β (TGF-β) [31–34].

At least two major populations of mature mast cells have
been described in humans based on their protease content.
Mast cells containing only tryptase are termed MCT, while
those containing tryptase, chymase, carboxypeptidase A,
and cathepsin G are named MCTC. These mast cell subsets
differ in their tissue localization; for instance, the MCTC is
the predominant type found in normal skin and small bowel
submucosa, whereas the MCT is almost the exclusive type
found in small bowel mucosa and in bronchial/bronchiolar
areas [35]. These mast cell subtypes also seem functionally
different, since MCTC responds to various nonimmunologi-
cal stimuli such as compound 48/80 and substance P, while
MCT does not [36]. Similarly, two major populations of
mature mast cells have been described in rodents, defined
mainly according to the tissue in which they reside. Connec-
tive tissue mast cells (CTMCs) are preferentially located
around venules and nerve endings of skin, peritoneal cavity,
and the digestive tract muscularis propria, whereas mucosal
mast cells (MMCs) are mainly found in the intestinal and
respiratory mucosa [23, 37]. Some of the factors involved in
the development and proliferation of the CTMC subtype
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are SCF, NGF, and IL-4, while MMCs require SCF, IL-3, IL-9,
IL-10, and TGFβ. These latter factors are importantly
secreted by T lymphocytes; hence, MMCs are usually con-
sidered T cell dependent [31, 32]. MMCs and CTMCs also
differ in size and in their content of intragranular histamine,
proteoglycans, and proteases. Specifically, MMCs are smaller
than CTMCs, contain fewer granules with less histamine, and
express mouse mast cell proteases-2 (mMCP-2), mMCP-4,
mMCP-5, and mMCP-6, whereas CTMCs express primarily
mMCP-1 and mMCP-2 [38, 39]. Additionally, MMCs con-
tain proteoglycans with poorly sulfated glycosaminoglycans,
such as chondroitin sulfate, while CTMCs contain highly
sulfated glycosaminoglycans, such as heparin [40]. Taken
together, these data support that there are different sub-
types of mast cells, most likely fulfilling different functions
and whose maturation is importantly shaped by their tissue
location and the local stimuli provided by other resident
immune cells [38, 41, 42].

Mast cell activation can lead to release of three distinct
classes of bioactive molecules, depending on the type of stim-
uli and receptor involved: preformed mediators stored in
their granules that are rapidly released (within seconds to
minutes); de novo synthesized lipid mediators, prostaglan-
dins, and leukotrienes (minutes); and a variety of cytokines
and chemokines that are produced following their transcrip-
tion and translation (hours). The most studied mechanism of

mast cells activation is the response mediated through
their high-affinity IgE receptor (FcεRI), which after their
cross-linkage results in the rapid release of the granule
content into the extracellular space, a process known as
degranulation (Figure 1). This response also leads to the
generation and release of the lipid inflammatory mediators
derived from arachidonic acid, which are involved in leuko-
cyte recruitment and activation, vasodilation, angiogenesis,
and mitogenesis [33, 43].

Mast cell degranulation is also observed in many IgE-
independent processes, such as degranulation induced by
thrombin, IgG complexes, neuropeptides, and complement-
derived anaphylatoxins [44–47]. Furthermore, mast cells
have numerous other receptors on their plasma membrane,
and the nature of the mast cell response is dependent on
the stimulating ligand. For instance, mast cell activation by
pathogen-associated molecular patterns (PAMPS) through
Toll-like receptors (TLRs) triggers the differential and selec-
tive release of proinflammatory cytokines and chemokines
with or without degranulation. For example, peptidoglycan
(a TLR-2 ligand) can cause mast cell degranulation, while
lipopolysaccharide (a TLR-4 ligand) does not. Moreover, a
study showed that TLR-4 and TLR-6 elicit similar patterns
of increased synthesis of GM-CSF, IL-8, and IL-10, whereas
TLR-8 preferentially induces IL-8, MIP-1α, and TNF-α, and
TLR-2 only IL-8 [47–50]. In addition to the rapid and

(i) IgE-mediated antiparasite response and allergy
(ii) Immune cell recruitment and activation

(iii) Tissue repair, wound healing, fibrosis, and angiogenesis
(iv) Molding the tumor microenvironment
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Figure 1: Overview of mast cell development, heterogeneity, and activation. Mast cells arise in the bone marrow from hematopoietic stem
cells (HSC) via a multipotent progenitor (MPP), which can become a mast cell-committed progenitor (MCP) that exits the bone marrow
and migrates to peripheral tissues to complete maturation. Several pathways have been described for murine and human mast cell origin.
In mice, MCPs may be derived directly from MPPs or from common myeloid progenitors (CMP). Mast cells may also be derived from
the granulocyte/monocyte progenitor (GMP) via an intermediate progenitor (BMCP), identified only in the spleen of C57BL6 mice, which
gives rise to basophils and mast cells. In humans, it has been postulated that mast cells originate from a yet unidentified uncommitted
progenitor that gives rise to a mast cell/monocyte-committed progenitor (MC/MP) in bone marrow. Alternatively, an MCP population
that gives rise exclusively to mast cells has recently been identified in blood. Final differentiation occurs in peripheral tissues, where
microenvironmental factors determine the phenotype of the mature mast cells. Mast cells exhibit marked phenotypic and functional
heterogeneity. Two major subtypes have been described in both rodents and humans, in the former as mucosal and connective tissue mast
cells and in the latter as tryptase- and chymase-rich mast cells (MCTC) and those that mainly contain tryptase (MCT). The right end
diagram illustrates the distinct classes of bioactive molecules and their temporality of release upon mast cell activation in tissues. See text
for a more detailed explanation.
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massive release of granule content through exocytosis, there
is significant evidence showing that mast cells can release
granule compounds selectively by a process known as
piecemeal degranulation, which involves vesicle transport
from the granule to the plasma membrane, and it is the
most prevalent form of mast cell mediator secretion identi-
fied in situ in several chronic diseases [51–56]. Taken
together, these data highlight the phenotypic and functional
plasticity of mast cells.

3. Overview of Mast Cells in Cancer

In 1878, Paul Ehrlich was the first to report the presence
of mast cells in human tumors. Since then, there has
been increasing evidence that mast cells, termed tumor-
associated mast cells (TAMCs), infiltrate a variety of solid
and hematological tumors. Examples of cancers with peritu-
moral or intratumoral high mast cells density are thyroid,
stomach, pancreas, prostate, melanoma, and breast cancer
[14, 57–60]. Puzzling, mast cells in these neoplasias have
been reported as protumorigenic, antitumorigenic, or just
as innocent bystanders [14]. Thus, increased accumulation
of mast cells has been correlated with poor prognosis in gas-
tric, pancreatic, and colorectal tumors [61–64]. Whilst in
breast cancer, mast cell accumulation and function is still
controversial (see Table 1).

The accumulation of TAMCs in different cancers may
occur in response to various chemotactic factors secreted by
tumor cells or immune cells in the tumor microenvironment.
These can include SCF, monocyte chemotactic protein-1
(MCP-1), vascular endothelial growth factor (VEGF),
angiopoietin 1 (Ang1), IL-8, CCL2, CXCL1, CXCL10, and

osteopontin (OP), which in addition to recruit mast cell
progenitors are also able to induce their maturation and
activation [65–69]. Activated mast cells have been detected
infiltrating angiosarcomas by electron microscopy; some of
them exhibited anaphylactic degranulation while others
exhibited piecemeal release [55]. However, tumor cells in
close contact with activated mast cells did not show evidence
of apoptotic or necrotic changes, thus concluding that it was
unlikely that mast cells were battling cancer cells to contrib-
ute to the improvement of the clinical outcome [70]. This
observation suggested that mast cell-mediator release by
piecemeal could contribute to the selective release of protu-
morigenic mediators. Indeed, several protumorigenic func-
tions for TAMCs have been reported, such as tumor cell
proliferation, lymphatic and blood vessel formation, promo-
tion of tumor cells invasion, and extravasation of diverse
cytokine-producing cells [71–73]. TAMCs have also been
shown to play a central role in angiogenesis of various types
of tumors. In fact, mast cells can promote angiogenesis and
lymphangiogenesis through the production not only of
the classical proangiogenic mediators VEGF, fibroblast
growth factor (FGF), IL-8, heparin, and metalloproteases
but also of nonclassical factors, such as tryptase, chymase,
and other serine proteases [65, 74, 75]. In melanoma, mast
cell accumulation has been correlated with VEGF overex-
pression, increased neovascularization, enhanced tumor
aggressiveness, and poor prognosis [76]. Moreover, mast
cell production of tryptase correlates with local angiogene-
sis and tumor progression in skin tumors [71].

TAMCs can also promote tumor growth through the
secretion of IL-8 and histamine, which function as chemo-
tactic factors for immune cells and as tumor mitogens

Table 1: Studies analyzing the participation of mast cells in breast cancer.

Study type BC specimen MC detection method Prognosis in BC Association Ref.

D/C/E
Tumor tissue and

blood ∗xenotransplanted mice
Tryptase Positive

Decreased blood clotting
and hypoxia

[94]

D/C Tumor tissue c-kit (CD117) Positive Greater survival [95]

D/C Tumor tissue from IDC c-kit (CD117) Positive Greater survival [87]

D/C Tumor tissue Giemsa and Alcian blue Positive BC subtype [88]

D/C Lymph nodes Toluidine blue Positive Greater survival [91]

D/C Tumor tissue from IDC Tryptase and chymase Positive BC subtypes [89]

D/C Sentinel lymph nodes Tryptase Negative Angiogenesis and micrometastasis [90]

D/C Tumor tissue Tryptase Negative Angiogenesis [92]

D/C
Tumor tissue and sera to
measure tryptase levels

Tryptase Negative Angiogenesis [93]

D/C
Tumor tissue and lymph nodes

from IDC patients
Toluidine blue Negative Angiogenesis [98]

D/C Tumor tissue from IDC Toluidine blue Negative BC grade [99]

D/C/E
Benign growths and tumor tissues
Cell line treated with tryptase

Tryptase Negative BC grade and metastasis [104]

E ∗Mast cell-deficient BC-prone mice Toluidine blue Negative
Progression, metastasis,

and angiogenesis
[105]

C/E
Tumor tissue from cimetidine

treated patients
Toluidine blue None None [111]

BC: breast cancer; IDC: invasive ductal carcinoma; D: descriptive study; C: correlative; E: experimentally tested; positive: antitumoral role; negative: protumoral
role. ∗Studies also performed in mice.
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[77]. Furthermore, the production of different matrix
metalloproteinases (e.g., MMP-9) and proteases (tryptase
and chymase) by TAMCs can regulate the proteolysis of
ECM proteins and disturb the physiological communication
between stroma and epithelium, favoring detachment of can-
cer cells, migration, and invasion [61, 73, 78]. All these
TAMC protumoral activities are in line with mast cell
homeostatic functions related to wound healing and tissue
repair [79–81]. On the other hand, TAMCs antitumor
activities have also been documented. In this regard, using
a murine model of intestinal carcinogenesis, one study
demonstrated that mast cell-deficient mice developed more
abundant and larger tumors than mast cell competent lit-
termates [82]. Similarly, it has been reported that TAMCs
can mediate tumor cell apoptosis through the production
of IL-4, TNF, and reactive peroxides [83–85].

4. Mast Cells in Breast Cancer

Breast cancer is one of the most common causes of mortality
and morbidity among women worldwide [86]. As in other
cancers, mast cells are frequently observed in the tumor
stroma of breast cancers, and their accumulation and prog-
nostic significance have been a source of heated discussion
with evidence of both pro- and antitumoral roles (Figure 2
and Table 1). To date, there is not yet a clear verdict on this
ongoing debate.

4.1. Evidence of Mast Cell Antitumoral Function. Different
clinical studies support a protective role for mast cells infil-
trating breast tumors. Using a multivariate analysis, one
study found that the presence of stromal mast cells was a pos-
itive prognostic factor, showing a strong correlation with

Antitumorigenic Protumorigenic

Tumor growth

Angiogenesis

Lymphangiogenesis

Metastasis

Favorable
prognosis

Greater survival

MC

Preformed or de novo-synthesized
mediators: histamine, proteases,
hydrolases, proteoglycans,
growth factors, lipid mediators,
cytokines, and chemokines 

(a)

LymphangiogenesisAngiogenesis Tumor growth

Tryptase-PAR-2

Metastasis

Blood ve
sse

l

Histamine-H2RTryptase TryptaseProposed
mechanism

(b)

Figure 2: Role of mast cells in breast cancer. (a) The influence of mast cells in breast cancer prognosis is still a matter of discussion. Mast cells
contain a great variety of bioactive components that may exert both pro- and antitumor effects. On the one hand, in vitro and in vivo studies
support that mast cells exhibit protumor activity through promotion of lymphatic and blood vessel formation, tumor growth, and metastasis
(orange right side). On the other hand, several population studies also associate mast cells with a greater survival and favorable prognosis
(green left side). (b) Some bioactive molecules of mast cells documented to have protumorigenic effects are tryptase through its receptor
PAR-2 and histamine through H2 receptor. The cancer processes in which these compounds have been associated are indicated.
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survival curves, particularly for those cancers that still did not
show evidence of lymph node invasion [87]. Compellingly,
this study was further expanded to include a cohort of 4444
invasive breast cancer patients and a longer follow-up of up
to 18.4 years. The conclusions reached were highly similar,
with the authors proposing that mast cells could be used as
a good prognostic marker, independent of age, tumor grade,
tumor size, lymph node, and molecular subtype [88]. Naik
et al. also found that higher numbers of mast cells in the axil-
lary lymph nodes correlated with a better prognosis [89],
although the pattern of distribution of mast cells in the differ-
ent anatomic locations of the nodes was not different between
the patients that survived and those that did not survive.

Perhaps, also very relevant is the specific participation of
the MCT and MCTC subtypes for cancer progression. Unfor-
tunately, this has only been addressed in one recent study in
which no differences were found between both mast cell sub-
types and prognosis; both MCT and MCTC cells were found
infiltrating breast tumors, and both were associated with less
aggressive cancer types (the luminal immunophenotype).
Therefore, increased numbers of any of the mast cell subtypes
correlated with a better disease prognosis [90]. Naik et al. also
found a close association of mast cells with lymph node areas
of high T cell density, similar to the location observed for T
cell-dependent murine mucosal mast cells [89].

Another important factor that should be equated when
studying the contribution of mast cells in breast cancer is
their location within the tumor. Mast cells have been
observed in either or both the intratumoral and peritumoral
areas. More commonly, mast cells are almost exclusively
found in the periphery of the tumor, frequently colonizing
perivascular areas. Their potential role at these particular
sites has been more difficult to elucidate, but the study of
della Rovere et al. documented that peritumoral mast cells
seemed to have a cytolytic activity against tumor cells [91].

4.2. Mast Cell Protumoral Function: Promotion of
Angiogenesis and Metastasis. Similar to the evidence existing
for other human cancers, several studies carried on with
breast cancer patients have found a positive correlation
between TAMCs and tumor angiogenesis. For example, one
study found that high mast cell numbers correlated with
increased microvascular density (MVD) in primary tumors
[92]. However, the number of TAMCs did not correlate with
other clinicopathological features of aggressive cancers, ham-
pering the interpretation of their contribution to prognosis.
Similarly, Samoszuk and Marech in 2003 and 2014, respec-
tively, showed that TAMC numbers and tryptase levels in
serum of breast cancer patients strongly correlated with
MVD, supporting the involvement of mast cell-derived tryp-
tase in tumor angiogenesis [93, 94]. Moreover, it has also
been shown that microvessel counts increase in parallel to
the number of tryptase-positive mast cells in lymph nodes
from breast cancer patients and that their values are signifi-
cantly higher in lymph nodes with micrometastasis com-
pared with those without metastasis [95]. Therefore, it has
been suggested that mast cells contribute, at least partially,
to the micrometastasis that occur at early stages of tumor
development and to the angiogenesis that supports it [92, 95].

Formation of lymphatic vessels or lymphangiogenesis is
also a reliable predictor of lymph node metastasis [96, 97].
A recent study by Keser et al. found that mast cells were pres-
ent in all invasive primary tumors and in the metastatic
lymph nodes [98]. In previous studies, mast cells were gener-
ally observed in the stroma adjacent to the neoplastic cells
and near vascular structures [87, 88, 99]. Confusingly, while
mast cells were detected in all metastatic lymph nodes, not
all enlarged lymph nodes with evidence of immune reactivity
(reactive lymph nodes) showed evidence of their presence.
Still, mast cell count was better correlated with metastatic
lymph nodes than with reactive lymph nodes, which could
indicate a specific mast cell role in metastasis of breast
cancer cells. Although the study by Keser et al. did not find
a correlation between mast cell density and disease-free/
overall survival, the authors reported a significant link
between lymphatic vessel density (LVD) and other poor
prognostic parameters, such as tumor diameter, tumor vol-
ume, tumor nuclear grade, perineural invasion, metastatic
lymph node count, and tumor stage [98]. Interestingly,
LVD also correlated with a shorter period of disease-free
survival. This apparently confusing data could be explained
by a multifactorial influence on the clinical parameters mea-
sured in the study and/or by and indirect effect of mast cells
in disease prognosis.

In support of the clinical correlation between cancer
prognosis and tryptase serum levels, several in vitro studies
have supported a direct effect of mast cell-derived tryptase
on angiogenesis and lymphangiogenesis. Tryptase func-
tions as an agonist of the proteinase-activated receptor-2
(PAR-2) in vascular endothelial cells stimulating their pro-
liferation [100, 101]. Tryptase also induces angiogenesis by
releasing stored angiogenic factors bound to the ECM, such
as cytokines and metalloproteinases [102–104]. A study in
2009 showed that the peritumoral levels of tryptase aug-
mented with the grade of the tumor, and this correlated pos-
itively with lymph node metastasis [104]. In agreement,
MDA-MB-231 cells, a breast cancer cell line, increased
migration and invasion in response to tryptase in transwell
assays [104].

Concerning the tumor location of mast cells, one study
found that intratumoral mast cells were better associated
with lymphatic and perineural invasion, and this was an
adverse prognostic parameter [98]. Contrary to della
Rovere et al.’s study, indicating a potential positive role
for peritumoral mast cells, other studies have found that
these cells secrete proteases that facilitate vascular invasion
and accelerate metastatic spread [92, 95, 98]. Thus, peritu-
moral mast cells seem to contribute to breast cancer pro-
gression. Fakhrjou et al. also found a positive association
between the number of mast cells and the histopatholog-
ical grade of the disease, particularly in invasive ductal
carcinoma [99].

Experimental data using mast cell-deficient mice have
also provided a strong support for a positive correlation
between mast cells in mammary tumors and metastasis.
In the study by He et al., mast cell-deficient mice
(KitW-sh/W-sh), a c-Kit knockout strain, was crossed with
mice that spontaneously develop breast cancer (PyMT
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strain). Although the number and the onset of tumors was
not affected in the offspring, the size of the tumor and
their metastatic potential were significantly reduced in the
c-Kit-deficient mice compared with their littermate con-
trols [105]. Moreover, histological examination of tumors
revealed a marked decreased in angiogenesis, thus support-
ing the fact that mast cells are not as important for tumor
initiation as they are for tumor progression and that their
contribution is strongly due to their ability to promote
tumor vascularization.

5. Mast Cells Are Potential Targets for
Anticancer Therapy

Experimental studies in mice have suggested that mast cell
inhibitors could reduce the number and activity of the cells
in certain types of cancers improving disease outcomes
[106]. For instance, in murine models of prostate adenocarci-
noma, treatment with cromolyn (sodium cromoglicate), a
well-known mast cell degranulation inhibitor, blocked pros-
tate tumor growth. Paradoxically, treated mice developed
highly malignant neuroendocrine cancers, a fatal collateral
event that should be more deeply studied before proposing
the use of cromolyn or the targeting of mast cells as therapy
[106]. On the other hand, in a preclinical study involving
pancreatic cancer patients treated with the drug masitinib,
a tyrosine-kinase inhibitor that has inhibitory activity
against c-Kit compromising mast cell survival, it was shown
that patients receiving a combination of masitinib plus stan-
dard chemotherapy had an increased survival compared
with patients receiving chemotherapy alone [107]. However,
it is important to note that the study did not distinguish
whether the increased survival was directly related to mast
cell activity.

Other in vitro and in vivo studies using mast cell stabi-
lizers or mast cell-depleting agents have shown controversial
results. For instance, depletion of mast cells with imatinib
enhanced tumor growth in a murine model of breast carci-
noma [108], supporting an antitumoral role for mast cells.
In agreement, mice treated with cromolyn showed mammary
tumors with extensive hypoxic hemorrhagic regions and
clots, which were not observed in the control group, suggest-
ing that mast cells play an important role in inhibiting blood
clotting and maintaining blood perfusion in breast cancer,
probably through secretion of heparin, plasminogen activa-
tor, chymase, and tryptase [94].

Histamine, one of the most important components
of mast cell granules, has been shown to be critical for devel-
opment of the normal rat mammary gland [110]. Likewise,
histamine has been implicated in promoting tumor cell pro-
liferation and enhancing growth of experimental mammary
carcinomas, particularly acting through H2 receptors, and
treatment with H2 receptor antagonists significantly inhib-
ited tumor cell proliferation and tumor growth [109, 110].
However, a human clinical trial testing the H2 receptor
antagonist cimetidine (Tagamet), found no relationship
between the preoperative drug administration and breast
cancer growth [111].

6. Conclusions

We have recently understood that tumor infiltration by
immune cells is not necessarily a good sign for defense
and protection. Tumor-associated macrophages have been
the torch bearers to help us recognize how the immune sys-
tem contributes to cancer progression often as early as pre-
cancerous stages. Although we have learned a good deal
about the role of mast cells in cancer, we still lag behind
and are far from understanding their potential protective
or harmful influence. This, in spite of the wide range of bio-
active molecules inherent to the activity of mast cells, poten-
tially places them in a broad number of cancer-associated
biological processes.

Most studies agree that breast tumors are infiltrated by
mast cells. However, there is conflicting data about the mean-
ing of that observation in terms of disease prognosis. The
source of discrepancy may have different origins, from tech-
nical to biological, for instance, the markers and methods
used to identify and count mast cells or the clinical parame-
ters used to give correlative associations. Furthermore, can-
cer in general, and breast cancer in particular, is a highly
heterogeneous disease with a great variety of genetic/histo-
logical/clinical subtypes, with each subtype also exhibiting a
high heterogeneity within itself. It is possible that mast cell
contribution, either positive or negative, is specific to certain
breast cancer subtypes or that mast cells and the inflamma-
tory microenvironment influence each other independently
of other histological features. Indeed, mast cells are highly
reactive cells that express a great variety of receptors and
respond to a great variety of stimuli influencing their matura-
tion, density, and activation, polarization into different sub-
types, content of biomolecules, and immediate or persistent
release mechanisms [112–114]. Although two mast cell-
derived factors, tryptase and histamine, seem to perform a
protumorigenic role in breast cancer, there are multiple other
mast cell biomolecules for which we do not know much
about their possible participation in cancer progression. For
instance, arachidonic acid-derived lipid mediators, which
are also involved in angiogenesis and mitogenesis. More
work is needed to clarify the role of mast cells in breast cancer
and for a better understanding of the mechanisms of mast
cell communication with tumor cells and other immune cells
within the tumor stroma.
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Background. In our previous study, mouse double minute 2 homolog (MDM2), insulin-like growth factor 1 (IGF1), signal
transducer and activator of transcription 1 (STAT1), and Rac family small GTPase 1 (RAC1) were correlated with the
recurrence of giant cell tumor of bone (GCT). The aim of this study is to use a large cohort study to confirm the involvement of
these four genes in GCT recurrence. Methods. The expression of these four genes was detected and compared between GCT
patients with or without recurrence. The correlation between the expression of these four genes and clinical characteristics was
evaluated. Protein-protein interaction (PPI) network was constructed for functional enrichment analysis. Results. It showed that
the expression levels of MDM2, IGF1, STAT1, and RAC1 in GCT patients with recurrence were significantly higher than those
in GCT patients without recurrence (P < 0 05). Multivariate logistic regression analysis suggested that several clinical
characteristics may influence prognosis. A PPI network was constructed using the four genes as hub genes. Functional
enrichment analysis showed that this network involves many important biological progress mediated by these four genes,
including immune response. Conclusion. MDM2, IGF1, STAT1, and RAC1 are associated with GCT recurrence, which might
serve as biomarkers for GCT recurrence.

1. Introduction

Giant cell tumor of bone (GCT) is an aggressive osteolytic
tumor with a high rate of recurrence. Recurrence after
surgery treatment has been reported in about 50% of GCT
patients. To date, surgery including wide resection and
curettage is the major approach used for the treatment of
GCT. While wide resection significantly reduces the recur-
rence of GCT [1], it destroys bone structure and limits joint
function. In addition, the histological origin of GCT is not
clear and the biological behavior of GCT is complex and var-
ied, which causes difficulties for both surgical planning and
the evaluation of the efficacy of surgery for GCT. Therefore,

accurate evaluation of the biological behavior of GCT is
important for the treatment of GCT. However, the tradi-
tional evaluation of GCT behavior, which is based on the
histological classification proposed by Jaffe [2], is insufficient
to predict tumor progression. The latter evaluation method,
which is based on imaging examination results [3] and
clinical stage [4], is still controversial. Currently, no effi-
cient biomarkers are used to evaluate the biological behav-
ior of GCT.

There is increasing evidence suggesting that mouse dou-
ble minute 2 homolog (MDM2), insulin-like growth factor 1
(IGF1), signal transducer and activator of transcription 1
(STAT1), and Rac family small GTPase 1 (RAC1) are
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involved in tumor progression. MDM2 is considered as a
negative regulator of p53 [5]. Amplification of MDM2 genes
and/or enhanced expression of MDM2 is observed in a vari-
ety of tumors including GCT [6]. IGF-1, which regulates cell
proliferation, plays a key role in osteoblast proliferation and
bone formation [7]. STAT1 is a STAT family member and
is associated with human breast cancer, melanoma, leukemia,
and lymphoma cancers [8]. RAC1 is also involved in tumor
invasion, metastasis, and angiogenesis [9]. However, it is cur-
rently unclear whether these four genes are associated with
GCT recurrence.

Previously, we evaluated differentially expressed genes
and analyzed recurrence-related subpathways in the recur-
rent GCT patients. Based on microarray results and subpath-
way analyses, four genes (IGF1, MDM2, STAT1, and RAC1)
were identified to play an important role in GCT of bone
recurrence [10]. In this study, the aim is to verify, by immu-
nohistochemistry, the expression of IGF1, MDM2, STAT1,
and RAC1 and investigate their potential relationship with
GCT recurrence, in a large cohort of patients with a giant cell
tumor of the bone.

2. Materials and Methods

2.1. Specimens. A total of 75 formalin-fixed, paraffin-
embedded GCT tissue blocks were included in the present
study. These specimens were obtained from surgically dis-
sected bone tissues from 75 GCT patients who were treated,
between January 2000 and June 2012, in the Department of
Orthopedics, Shantou Central Hospital affiliated with
Zhongshan University. The diagnosis of GCT was confirmed
based on histopathological examination by pathologists in
the Department of Pathology, Shantou Central Hospital.
The 75 primary GCT cases included both postoperative cases
with recurrence (n = 20) and nonrecurrence (n = 55). The
mean age of the 36 male and 39 female patients was 31 years
(15–65 years). The clinical characteristics of these patients
are shown in Table 1. All human studies have been approved
by The Institutional Review Board of Shantou Hospital of
Zhongshan University and have been performed in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. All per-
sons gave their informed consent prior to their inclusion in
the study.

2.2. Immunohistochemistry (IHC). Mouse anti-human
monoclonal antibodies against MDM2, IGF1, STAT1, and
RAC1 were purchased from DAKO. Immunohistochemistry
SP kits were purchased from Fuzhou Maixin Company.
IHC was conducted on paraffin sections using the SP kit
according to the manufacturer’s instructions. Slides were
stained using DAB with hematoxylin contrast staining.
The negative controls were incubated with PBS to substitute
for the primary antibody.

IHC results were scored based on both staining intensity
(no staining, score = 0; weak staining, score = 1; medium
staining, score = 2; and strong staining, score = 3) and the per-
centage of positively stained cells (≤5%, score = 0; 6%~25%,
score = 1; 26~50%, score = 2; 51~ 75%, score = 3; and >75%,

score = 4). The final IHC score for individual tumors was
determined by the product of the scores for intensity
and percentage of positively stained cells. The final IHC
score, for either patients with or patients without recur-
rence, was determined by the sum of the scores of all
individual tumor staining within the group. For example,
in three specimens where 25%, 25%, and 50% of tumor
cells exhibited medium, weak, and no staining, respectively;
the scores, for each individual tumor, were 2 (1× 2), 1
(1× 1), and 0 (2× 0), respectively. The IHC score for the
group was 3 (2+ 1+ 0).

2.3. Protein-Protein Interaction Network Construction. To
explore the correlation between four genes (MDM2, IGF1,
STAT1, and RAC1), a protein-protein interaction (PPI) net-
work was constructed by the method as we described before
[11]. Briefly, the protein interaction data validated by exper-
iment was obtained from BioGRID (https://thebiogrid.org/)
and HPRD (http://www.hprd.org/) to form a parental
PPI network. A child PPI was constructed by mapping
the four genes as the seed proteins in the parental PPI
network to extract their first class interacting proteins by
Cytoscape [12].

Table 1: Clinical characteristics of the 75 GCT cases included in the
present study.

Clinical
characteristics

Postoperative
recurrence

Nonrecurrence
after surgery

Incidence of
postoperative
recurrence

75 20 55 26.6%

Gender

Male 9 27 25%

Female 11 28 28.2%

Tumor location

Distal femur 9 23 28.1%

Proximal tibia 2 6 25%

Distal radius 4 4 50%

Proximal
humerus

0 6 0

Proximal
femur

3 4 42.9%

Other sites 2 12 14.3%

Pathological fracture

Yes 3 12 20%

No 17 43 28.3%

Campanacci grade

I 3 12 20%

II 12 31 27.9%

III 5 12 29.4%

Surgery

Wide resection 6 17 26.0%

Curettage 13 39 25%

Amputation 0 0 0
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Figure 1: Expression of MDM2, IGF1, STAT1, and RAC1 in GCT tissues (400X, scale bar = 50μm). (a) Expression of MDM2. Positive
staining of MDM2 in the tumor tissue of a recurrent GCT (left). Negative staining of MDM2 in the tissue of a primary GCT from a
patient without recurrence (right). (b) Positive staining of IGF1 in the tumor tissue of recurrent GCT (left). Negative staining of IGF1 in
the primary tumor tissue of a GCT patient without recurrence (right). (c) Positive staining of STAT1 in the tumor tissue of recurrence
GCT (left). Negative staining of STAT1 in the primary tumor tissue of a GCT patient without recurrence (right). (d) Positive staining of
RAC1 in the tumor tissue of recurrence GCT (left). Negative staining of RAC1 in the tumor tissue of primary GCT without recurrence
(right). Positive staining for all genes was located in the cytoplasm and nuclei of multinucleated giant cells and mononuclear stromal cells.
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2.4. Functional Enrichment Analysis of PPI Network. Gene
ontology (GO) annotation of the four genes, PPI networks,
was performed using the ClueGO plugin, which could pro-
duce a functional enrichment group GO terms in the form
of a network [13]. Only GO terms with a P value <0.001 were
considered significant. A kappa score reflecting the connec-
tion between the GO terms was based on their overlapping
genes, which was set to 0.5 as the threshold.

2.5. Statistical Analyses. Statistical analyses of the experimen-
tal results were conducted using SPSS software (Version
13.0). The correlation between gene expression (of MDM2,
IGF1, STAT1, and RAC1) and clinical characteristics was
conducted using the Kendall’s tau-b test. The association of
MDM2, IGF1, STAT1, and RAC1 and tumor recurrence
was analyzed using chi-square analysis. Clinical characteris-
tics that may be associated with GCT recurrence were ana-
lyzed using logistic regression, and an α value of 0.05 was
used as a standard for regression analysis.

3. Results

3.1. MDM2, IGF1, STAT1, and RAC1 Expression in GCT
Tissue. Immunohistochemistry was performed for MDM2,
IGF1, STAT1, and RAC1 to determine their expression pat-
terns in GCT patients with recurrence. As shown in
Figure 1, the staining of MDM2, IGF1, STAT1, and RAC1
was mainly found in the cytoplasm of GCT tissues, but
nuclear staining was also observed in some cells. Both multi-
nucleated giant cells and mononuclear stromal cells were
positively stained for these markers. Generally, the staining
of MDM2 and RAC1 was stronger than IGF1 and STAT1

staining. The percentage of positively stained cells was sim-
ilar for these four markers, which exhibited similar and
consistent staining patterns.

3.2. Expression of MDM2, IGF1, STAT1, and RAC1 and GCT
Patients Is Associated with Recurrence. Immunohistochemis-
try analyses combined with statistical analyses were con-
ducted to confirm the association between the expression of
the four genes and GCT recurrence. As shown in Table 2,
the expression of MDM2, IGF1, STAT1, and RAC1 in GCT
patients with recurrence was significantly higher than that
in GCT patients without recurrence (P < 0 05). Positive
staining of MDM2 was observed in 16 of 55 GCT tissues
without recurrence and 14 of 20 GCT tissues with recurrence.
A chi-square test demonstrated that the expression of
MDM2 in GCT tissues with recurrence was significantly
higher than that in GCT tissues without recurrence (P =
0 012) (Table 2). Positive staining for IGF1 was observed in
19 of 55 GCT tissues without recurrence and 14 of 20 GCT
tissues with recurrence, with chi-square test suggesting that
the expression of IGF1 in GCT tissues with recurrence was
significantly higher than that in GCT tissues without recur-
rence (P = 0 033) (Table 2). Positive staining for STAT1
was observed in 15 of 55 GCT tissues without recurrence
and 12 of 19 GCT tissues with recurrence. The chi-square test
suggested that the expression of STAT1 in GCT tissues with
recurrence was significantly higher than that in GCT tissues
without recurrence (P = 0 026) (Table 2). Positive staining
for RAC1 was observed in 15 of 55 GCT tissues without
recurrence and 14 of 20 GCT tissues with recurrence, and
chi-square test suggested that the expression of RAC1 in

Table 2: Association between expression of MDM2, IGF1, STAT1, and RAC1 and the recurrence of GCT.

MDM2 IGF1 STAT1 RAC1

Staining intensity — + — + — + — +

Without recurrence 39 16 36 19 41 15 40 15

With recurrence 6 14 6 14 7 12 6 14

P value 0.003 0.009 0.006 0.001

Table 3: Logistic regression analysis of the association between clinical characteristics and GCT recurrence.

Score Difference Significance

Variables

Gender 0.783 1 0.376

Age 0.511 1 0.475

C grade 0.282 2 0.869

C grade (1) 0.275 1 0.600

C grade (2) 0.140 1 0.709

Pathological fracture 0.078 1 0.781

Treatment 0.739 1 0.390

Adjuvant 0.168 1 0.682

Burr 1.345 1 0.246

Lung metastasis 2.641 1 0.104

Overall statistics 16.352 10 0.090
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Figure 2: Continued.
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GCT tissues with recurrence was significantly higher than
that in GCT tissues without recurrence (P = 0 007) (Table 2).

3.3. Expression of MDM2, IGF1, STAT1, and RAC1 Is Not
Associated with Clinical Characteristics of GCT Patients
with Recurrence. Association of the expression of MDM2,
IGF1, STAT1, and RAC1 and clinical characteristics such as
age, gender, Campanicci grade, pathological fracture, and
lung metastasis was also analyzed using the Kendall’s tau-b
test. No significant association was observed between the
expression of the four markers and any clinical characteris-
tics, including age, gender, Campanicci grade, pathological
fracture, and lung metastasis.

Furthermore, clinical characteristics including gender,
age, tumor duration, tumor location, pathologic fracture,
and surgical procedures, which may influence prognosis,
were analyzed using multivariate logistic regression analysis.
No clinical characteristics were identified to be significantly
associated with GCT recurrence (Table 3).

3.4. PPI Network and Functional Enrichment. In order to gain
insight into how these MDM2, IGF1, STAT1, and RAC1 are
connected, a full screen of their interacting proteins would
provide important clues of their links and functions. The
PPI network in this study contains 768 nodes (proteins)
and 830 edges (interactions) as shown in Figure 2(a), suggest-
ing these four genes are hub proteins in the cellular network
through the interactions with hundreds of their interacting
proteins. To better illustration, only the direct interaction
among the four genes was shown (Figures 2(b)–2(g)). We

found that MDM2, IGF1, STAT1, and RAC1 are connected
with at least two or more shared interacting proteins. RAC1
and STAT1 could interact directly.

A map containing 290 significant GO terms was gener-
ated by the functional enrichment analysis of the four genes,
PPI network. In this map, the nodes represent as the protein-
enriched GO terms, with the edges connecting the GO terms
indicative of proteins shared between GO terms (Figure 3(a)).
Several GO terms that were related to known functions were
found, such as “intracellular signal transduction,” “cell cycle
phase,” and “cell development.” Moreover, we found a big
group of immunity-related terms, including “regulation of
immune system process,” “activation of immune response,”
“immune response-activating signal transduction,” “positive
regulation of immune response,” “immune response-
activating cell surface receptor signaling pathway,” and “reg-
ulation of innate immune response” (Figure 3(b)). These
results suggested that the four genes involved in GCT recur-
rence might participate in immune response. The significant
immune-related-enriched functional terms are listed in
Table 4.

4. Discussion

In a previous study, we compared the expression profiles,
based on microarray data, of a large number of genes
between GCT with and GCT without recurrence [10] and
identified six signaling pathways that may play important
roles in the development of GCT. In the present study, we
further analyze whether the differentially expressed genes
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Figure 2: The protein-protein interaction network for MDM2, IGF1, STAT1, and RAC1. (a) MDM2, IGF1, STAT1, and RAC1 are hub
proteins in the PPI network as they have hundreds of interacting proteins. (b) MDM2, IGF1, STAT1, and RAC1 are connected by at least
two or more shared interacting proteins. (c–g) The interactions of every two genes between MDM2, IGF1, STAT1, and RAC1.
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STAT1, IGF1, RAC1, and MDM2 are associated with
GCT recurrence.

Based on the IHC results, significantly higher expression
levels of MDM2, IGF1, STAT1, and RAC1 are found in the
patients with recurrent GCT, compared to primary patients,
which is consistent with our previous microarray study [10].
Subsequent statistical analyses suggested that these four
genes are closely correlated with GCT recurrence, whereas
no significant association with clinical characteristics, such
as age, gender, Campanicci grade, pathological fracture, and
lung metastasis. These findings indicate that MDM2, IGF1,
STAT1, and RAC1 may serve as potential biomarkers for
prediction of GCT patients at a high risk of recurrence. Nev-
ertheless, researches based on the panel of these four genes in
human disease have not been reported so far.

Many reports have confirmed that these four genes play
important roles in tumors. Upregulation of MDM2 has also
been observed in a variety of sarcoma [14]. Previous studies
suggest that upregulation of MDM2 is associated with tumor
initiation and metastasis of GCT [15]. MDM2 gene amplifi-
cation in osteosarcoma is often associated with p53 inactiva-
tion [16] or osteosarcoma of metastasis and recurrence; we
thus propose that MDM2 is closely related to GCT recur-
rence and may contribute to tumor cell proliferation. Evi-
dence shows that IGF1 promotes tumor cell differentiation
and growth through autocrine or paracrine means [17].
IGF1 is also closely associated with bone metabolism and
plays a key role in growth factor promotion of osteoblast pro-
liferation and bone formation [7]. In addition to these find-
ings, IGFI is found to function in stimulating osteoblast

proliferation and bone formation and inhibiting bone colla-
gen degradation [18]. It has been recently reported that
STAT1 expression is upregulated in osteoporotic bone tissue
in mice [19]. Chen et al. reported that the expression of
STAT1 in circulating monocytes is essential for bone metab-
olism, suggesting an important role for the STAT1-mediated
IFN pathway in osteoporosis [20]. STAT1 plays an important
role in bone growth and bone formation [21], which suggests
that STAT1 might be involved in the development of GCT,
especially tumor invasiveness. RAC1 expression is upregu-
lated in the osteosarcoma cell lines and tissues, and its ectopic
expression promotes the proliferation, migration, and inva-
sion of MG-63 cells [22]. It has been reported that a novel
ERBB4-PI3K-AKT-FAK-RAC1 pathway associated with an
aggressive disease in Ewing sarcoma [23].

This study is the first time to confirm that MDM2, IGF1,
STAT1, and RAC1 might link together involved in GCT
recurrence. Proteins do not work alone, but interact with
other proteins or molecules to perform their specific func-
tions. MDM2, IGF1, STAT1, and RAC1 serve as hub genes
in the PPI network. Functional enrichment result shows that
this network involves many biological progress, including
immune response. In recent years, the immune activity in
bone giant cell has attracted more attention. Al-Sukaini
et al. found that locally aggressive giant cell lesions are asso-
ciated with low HLA class 1 antigen expression, low CD8+T
cell infiltration, and high expression of the immune modula-
tor B7-H3 [24]. On the other hand, most of GCT of bone
cases can show variable immunoreactivity for CD10 and
CD138 [25]. These results suggest that immune response,
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Figure 3: Functional enrichment analysis of the PPI network of MDM2, IGF1, STAT1, and RAC1. (a) 290 significant GO terms were
generated by the functional enrichment analysis of the four genes, PPI network. GO terms are connected when they shared enriched genes
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as well as other biological functions, mediated by MDM2,
IGF1, STAT1, and RAC1 through their interacting proteins,
might play an important role in GCT recurrence.

In summary, we provide evidence that MDM2, IGF1,
STAT1, and RAC1 are associated with GCT recurrence.
MDM2, IGF1, STAT1, and RAC1 may serve as biomarkers
to predict GCT recurrence. In addition, the molecular mech-
anism of these markers in the development of GCT in a panel
model should also be explored for better use of these markers
in the evaluation of the prognosis of GCT.
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Regulatory T cells (Tregs) have a fundamental function in monitoring the immune homeostasis in healthy individuals. In cancer
and, in particular, in hematological malignancies, Tregs exert a major immunosuppressive activity, thus playing a critical role in
tumor cell growth, proliferation, and survival. Here, we summarize published data on the prognostic significance of Tregs in
hematological malignancies and show that they are highly conflicting. The heterogeneity of the experimental approaches that
were used explains—at least in part—the discordant results reported by different groups that have investigated the role of Tregs
in cancer. In fact, different tissues have been studied (i.e., peripheral blood, bone marrow, and lymph node), applying different
methods (i.e., flow cytometry versus immunohistochemistry, whole blood versus isolated peripheral blood mononuclear cells
versus depletion of CD25+ cells, various panels of monoclonal antibodies, techniques of fixation and permeabilization, and
gating strategies). This is of relevance in order to stress the need to apply standardized approaches in the study of Tregs in
hematological malignancies and in cancer in general.

1. Introduction

Regulatory T cells (Tregs) constitute a small-size subpopula-
tion of CD4+ T cells, accounting for 1–4% of circulating
CD4+ lymphocyte in humans, specialized in suppressive
functions that control unwanted immune responses not only

toward self-antigens but also toward foreign antigens in the
context of the immune tolerance [1].

Gershon and Kondo from Yale University first proposed
the existence of CD8+ T cells with suppressive activity more
than 40 years ago [2]. However, after the initial great interest
following this first report, due to the fact that a precise
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definition of Tregs lacked for several years, no further
advances in the study of this cell population were made for
decades. In 1995, Sakaguchi and coworkers identified Tregs
in mouse as CD4+ T cells expressing surface interleukin-2
(IL-2) receptor α-chain (CD25) [3]. Baecher-Allan and
coworkers, using flow cytometry and analyzing sorted cells
in vitro, identified a very small subset of T cells with high
expression of CD25 and regulatory function in humans [4].
However, CD25 is not exclusively restricted to Tregs, and
its surface expression is also seen on effector T lymphocytes
after activation [5]. The intracytoplasmic Forkhead helix
box P3 (FoxP3), a transcription factor required for the
development, maintenance, and function of Tregs was subse-
quently identified [6, 7]. The central role of this transcription
factor is confirmed by the fact that a FoxP3 single gene muta-
tion on the X chromosome induces in Scurfy mice a severe
autoimmune/inflammatory disease. In humans, the same
mutation causes a disease called IPEX (immune dysregula-
tion, polyendocrinopathy, enteropathy, X-linked syndrome),
characterized by autoimmune manifestations in multiple
endocrine organs, such as diabetes and thyroiditis, inflam-
matory bowel disease, and severe allergies [8]. Finally, the
absence of the heterodimeric IL-7 receptor (CD127) com-
bined with CD4, CD25, and FoxP3, has been shown to better
identify Tregs, avoiding the contamination from other cell
populations such as activated effector T cells [9, 10].

2. Regulatory T Cells and Prognostic
Significance in Cancer

The role of Tregs in cancer appears to be relevant by pro-
moting tumor progression and suppressing effective antitu-
mor activity [11–13]. Overall, the large majority of studies
report that the frequency and the suppressive function of
Tregs are increased in cancer patients as compared to
healthy subjects. However, some issues are still a matter of
debate, in particular the prognostic significance of this cell
subpopulation. In general, Tregs predict poor outcome in
cancer patients [12], but some reports have shown that
higher Treg numbers and preserved activity are associated
with a better prognosis [14–16].

This review stems from the need to reassess the topic of
prognostic relevance of Tregs in cancer, focusing on patients
with hematologic malignancies. For this purpose, we
reviewed a large body of published papers conducting a
PubMed literature search (keywords: Regulatory T cells,
Hodgkin lymphoma, non-Hodgkin lymphoma, chronic lym-
phocytic leukemia, chronic myeloid leukemia, acute lympho-
blastic leukemia, acute myeloid leukemia, multiple myeloma,
monoclonal gammopathies, myelofibrosis, essential throm-
bocythemia, polycythemia vera, and Ph1-negative chronic
myeloproliferative neoplasms).

3. Regulatory T Cells in Chronic Lymphocytic
Leukemia

The accumulation of monoclonal B lymphocytes in the bone
marrow, lymphoid organs, and peripheral blood is the hall-
mark of chronic lymphocytic leukemia (CLL), the most

common form of leukemia in Western countries [17]. The
importance of T cell dysregulation in the pathogenesis and
development of CLL is now well established [18, 19], and
in this setting, the role of Tregs has also been investigated
[20, 21]. As shown in Table 1, several authors reported data
onTregs inCLL showing in themajority of cases an expansion
of this population [22–31]. In addition, a correlation between
higher Treg numbers and more aggressive clinical-biological
features and adverse prognosis of CLL has been described.

As previously discussed [20], the reported percentage of
Tregs in CLL is highly variable. According to the majority
of reports, the percentage of Tregs is higher in CLL patients
than in normal controls, and when the absolute number is
considered, Tregs are always found to be significantly greater
in CLL as compared to healthy donors.

Interestingly, based on their experimental work, Jak et al.
speculated that the accumulation of Tregs in CLL is due to an
increased proliferation induced by CD27/CD70 interaction
in the lymph node proliferation centers and to a decreased
sensitivity to apoptosis [22].

Dasgupta et al. tried to establish an optimal threshold
level for prognostic purpose [28]. The cut-off was assessed
by receiver operating characteristic (ROC) analysis. A cut-
off of 5.7% and 35 cells/μL for percentage and absolute Treg
count, respectively, were determined as optimal in patients
with CLL, along with a median Tregs percentage of 15.5%
used to separate low- and high-risk patients. Using the same
approach in the setting of Rai stage 0 CLL patients, our group
found that the absolute number of Tregs was an independent
predictor of time to the first treatment, with the best predic-
tive cut-off being 41 cells/μL [24]. Overall, these data show
that the absolute Treg number is able to identify Rai stage 0
CLL patients at higher risk of requiring therapy.

Rissiek et al., applying a multidimensional scaling anal-
ysis to assess the composition of the circulating T cell pop-
ulations, generated T cell scores showing that suppressive
T cell profiles emerge early during monoclonal B cell
lymphocytosis (MBL), the well-recognized pre-CLL stage
[31–33]. As the disease evolves from MBL to overt and
advanced CLL, specific sequential changes in T cells appear,
progressively compromising the effector T cells function
and contributing to disease progression [30].

In our hands too, the absolute number of Tregs in MBL
patients was lower compared to CLL patients, but slightly
higher than healthy controls [30]. In addition, the absolute
Treg cell number directly correlated with more advanced
CLL clinical stages and higher circulating B cell numbers.
Of note, the absolute number of Tregs was lower in MBL
patients as compared to early-stage CLL patients (0/A
according to Rai/Binet stage). In summary, Treg numbers
increase gradually from normal subjects to “clinical” MBL
patients and are significantly higher in CLL patients as
compared to MBL patients.

Regarding the functional properties, some authors
reported a reduced inhibitory function of Tregs in CLL
[27, 34]. On the contrary, Piper et al. showed that in
CLL patients Tregs retain their function and are not influ-
enced by chemotherapy [35]. A correlation between a higher
circulating Treg numbers and dysfunctional Vγ9Vδ2 T cells
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in untreated CLL patients was also shown, thus corroborating
the hypothesis that Tregsmay not be only bystanders but have
a functional role in this setting [36].

A normalization in Treg number was observed after
fludarabine therapy [34], and also in CLL patients treated
with lenalidomide, suggesting that such drugs are able to
modulate cell-mediated immunity in CLL [37].

Finally, we also tested the ability of green tea, a popular
beverage in China, Japan, and increasingly used in Western
countries, to modulate Treg number in peripheral blood of
CLL patients in the early phases of the disease, for which at
the present time there is no effective intervention and a “wait
and see” policy is generally adopted [38, 39]. We showed that
the B cell lymphocyte count and the absolute circulating Treg
number were reduced after 6-month consumption of oral
green tea extract, suggesting that this compound can modu-
late circulating Tregs in CLL patients with early stage of
disease and delay disease progression.

4. Regulatory T Cells in Lymphomas and
Monoclonal Gammopathies

The neoplastic lymph nodes in Hodgkin lymphoma (HL)
and non-Hodgkin lymphoma (NHL) contain not only neo-
plastic B cells but also nontumoral T cells, macrophages,
and dendritic cells, constituting the so-called tumor microen-
vironment. The importance of the microenvironment in the
pathogenesis and progression of lymphomas is still a matter
of debate and many studies have focused on the role of its
different components, including Tregs. Tregs are increased
in lymphoma tissues and are able to inhibit cytotoxic CD8+

T cells exposed to lymphoma B cells [40].
Marshall et al. showed that HL-infiltrating lymphocytes

are highly enriched in Tregs, which induce a profoundly
immunosuppressive environment [41]. This was confirmed
by Schreck et al. who demonstrated that in classical HL the
microenvironment is dominated by Th2 cells and Tregs
[42]. Moreover, a high ratio of Tregs over Th2 cells resulted
in a significantly shortened disease-free survival.

However, conflicting results have been reported regard-
ing the prognostic significance of Tregs infiltration in both
HL and NHL. In fact, whereas in follicular lymphoma (FL),
the most common form of low-grade NHL, germinal center
(GC) diffuse large B cell lymphomas (DLBCL), and HL, an
intrafollicular infiltration of Tregs, has a positive prognostic
significance; this is not true in the case of non-GC-type
DLBCL [43]. Moreover, as shown in Table 2, in some reports,
a higher number of Tregs correlates with a good prognosis,
while in other, it does not [43–49]. Of interest, Kim et al.
evaluating Tregs on node biopsy of extranodal natural
killer/T cell lymphomas showed that patients with poor
performance status and with non-upper aerodigestive tract
had a decreased number of Tregs (<50/0.40mm2), while an
increased number (>50/0.40mm2) was associated with
prolonged overall survival and progression-free survival
[48]. Finally, Carreras et al. reported that the median Treg
number in patients with FL at diagnosis had a median cell
percentage of 10.5% [49]. Furthermore, patients were classi-
fied as having Tregs> 10%, 5–10%, and <5% with a 5-year

overall survival of 80%, 74%, and 50%, respectively. Patients
with transformed DLBCL showed lower Treg number with
respect to patients with grades 1–3 FL.

Regarding the frequency and prognostic significance of
Tregs, conflicting results have also been obtained in the field
of monoclonal gammopathies (Table 3). In some reports,
Tregs were found to be increased in frequency, while in others
they were reduced or comparable with respect to healthy sub-
jects [50]. Again, some authors reported a correlation with
tumour burden and with worse prognosis, but this was not
consistent among different publications [50–57]. We recently
published our data on the flow cytometric evaluation of Tregs
in multiple myeloma (MM) and monoclonal gammopathies
of undetermined significance (MGUS) [51].We found no dif-
ferences in Treg frequency in MM andMGUS with respect to
normal controls, and no correlations with main clinical and
laboratory features in this disease setting were observed.

5. Regulatory T Cells in Acute Leukemias,
Chronic Myeloid Leukemia, and
Ph1-Negative Chronic Myeloproliferative
Neoplasms

Few studies have been published regarding the role of Tregs
in acute myeloid and lymphoid leukemias (Table 4) [58–61].
In a study by Bhattacharya et al., an increased number of
Tregs was found in patients with B cell acute lymphoblastic
leukemia (B-ALL), and a correlation with disease progres-
sion was highlighted [58].

Regarding chronic myeloid leukemia (CML), an interest-
ing paper has been published by Zahran and Badrawy, in
which Tregs were found increased in the peripheral blood
of affected individuals as compared to controls. Moreover,
Tregs frequency correlated with the level of BCR/ABL,
basophil number, blast cell count, and Sokal score, and Treg
number was higher in accelerated and blastic phase with
respect to chronic phase [62]. Of note, Treg frequency
declined after therapy with imatinib. Rojas et al. found a
lower Treg number in patients who achieved a complete
cytogenetic response [63], while higher Treg frequencies
were found after stem cell transplant compared to normal
controls and newly diagnosed patients [64]. Finally, the
correlations with Sokal score and basophil number were
validated by other studies [65, 66], whereas the impact of
treatment has not been confirmed, since no changes in Treg
frequency was observed after 6 months of tyrosine kinase
inhibitors therapy [65]. Table 5 summarizes the results of
studies analyzing Tregs in CML.

Hasselbalch et al. studied patients with Ph1-negative
chronic myeloproliferative neoplasms and found that circu-
lating Tregs were significantly expanded in patients treated
with IFN-α2 with respect to healthy donors and in patients
treated with hydroxyurea [66]. Kovacsovics-Bankowski et al.
analyzed patients with polycythemia vera (PV) and essential
thrombocythemia (ET) and found increased numbers of
circulating Tregs and an enrichment in highly suppressive
subsets (defined asCD39+/HLA-DR+) in patients treatedwith
PegIFN-αwith respect to those treatedwith hydroxyurea [67].
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Moreover, molecular nonresponder patients showed a trend
towards increased frequency of Tregs compared to responder
patients, but no changes were observed in terms of absolute
numbers of Tregs. Overall, a positive correlation between pro-
liferating Tregs (Ki-67+), highly suppressive Tregs (CD39+/
HLA-DR+), and JAK2V617F allelic burden was found, thus
suggesting that the lack of ability of PegIFN-α treatment to
decrease circulating Tregs predicts a poormolecular response.

Primary myelofibrosis (PMF) is a clonal disease of the
hematopoietic stem cell characterized by a variable degree
of bone marrow fibrosis, splenomegaly, and an increased risk
of leukemic transformation. Contradictory data about Tregs
in PMF have been published (Table 6). Massa et al. reported
a reduced frequency and absolute number of Tregs in PMF
than in normal controls [68]. No association with clinical-
biological features of the disease was found, but a correlation
between reduced Treg frequency and longer disease duration
in patients with CALR mutation genotype was described. In
these patients, a higher Treg frequency is significantly associ-
ated with advanced disease, higher IPSS/DIPSS score, and
lower hemoglobin concentration. The same authors later
documented the effect of ruxolitinib on Treg frequency,
showing that the treatment with this small-molecule JAK1/2
inhibitor leads to a profound and long-lasting reduction in
the frequency of circulating Tregs [69]. Wang et al. found
no significant differences in the number of Tregs in patients
with primary or post-ET myelofibrosis [70]. However, they
reported that ruxolitinib significantly inhibits the release of
sIL2-Rα, an inflammatory cytokine produced by Tregs,
contributing to the clinical improvement of constitutional
symptoms induced by the drug. These data have been
further confirmed by an in vitro study in which the JAK1/2
inhibition by ruxolitinib was able to prevent Treg differentia-
tion [71]. Table 6 summarizes the results of studies analyzing
Tregs in Ph1-negative chronic myeloproliferative neoplasms.

6. Conclusions

Tregs have a fundamental function in maintaining the
immune homeostasis in healthy individuals. In cancer and
in particular in hematological malignancies, Tregs exert a
major immunosuppressive activity, thus playing a critical
role in tumor cell growth, proliferation, and survival. Pub-
lished data on the prognostic significance of the Treg number
in hematological malignancies show conflicting results. In
our opinion, this variability reported by different groups is
most likely explained by the heterogeneity of the experimental
approaches that are used. In fact, different tissues have been
studied (i.e., peripheral blood, bone marrow, and lymph
node) and different analytic methodologies have been applied
(i.e., flow cytometry versus immunohistochemistry). More-
over, while some authors studied the whole blood compart-
ment, others evaluated the Treg population in isolated
peripheral blood mononuclear cells or in a CD25-depleted
subpopulation. Finally, various panels of markers, different
techniques of fixation and permeabilization, and several gat-
ing strategies have been applied. This is of relevance to stress
the need to apply standardized approaches in the study of
Tregs in hematological malignancies and in cancer in general.

In perspective, in light of the increasing evidence of the
important role of Tregs in immune evasion mechanism
exerted by tumor cells, therapeutic interventions targeting
intratumoral Treg infiltrates may be conceived in order to
fight cancer. Treg inhibition or depletion, the latter uses
monoclonal antibodies targeting surface antigens on Tregs
such as CD25, is currently under investigation [72].
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Inflammation is essential for many diseases including cancer. Activation and recruitment of immune cells during inflammation
result in a cytokine- and chemokine-enriched cell environment, which affects cancer development. Since each type of cancer
has its unique tumor environment, effects of cytokines from different sources such as tumor-infiltrating immune cells,
stromal cells, endothelial cells, and cancer cells on cancer development can be quite complex. In this review, how immune
cells contribute to tumorigenesis of pancreatic and prostate cancers through their secreted cytokines is discussed. In
addition, the cytokine signaling that tumor cells of pancreatic and prostate cancers utilize to benefit their own survival
is delineated.

1. Introduction

Cancers develop because of a dysfunctional immune system
of the body, which is unable to detect or eliminate precan-
cerous cells at an early stage. Hijacking the immune system,
which eliminates pathogens and unwanted cells such as
senescent, damaged, or immature cells under normal physio-
logical conditions, is a very common strategy that cancers
utilize for benefitting their long-term growth and survival
against locally limited resources, for example, less oxygen in
solid tumor tissues. To overcome this shortage of resource,
cancer cells express several cytokines, growth factors, and
receptors for cytokines and growth factors to become inde-
pendent of the mitogens that are supplied other than them-
selves. Another mechanism, which cancer cells utilize, is to
recruit immune cells such as macrophages, neutrophils, B
cells, and so on, and these tumor-infiltrating immune cells
interact with cancer cells, cancer-associated fibroblasts, and
themselves. Meanwhile, tumor-associated immune cells
secrete certain cytokines, chemokines, and proteases, for
example, TGFβ to dampen T cells, natural killer (NK) cells,
and dendritic cells; all of which are engaged in eradicating
cancer cells. The indirect effects of immune cells among

themselves also create a tumor-favorable outcome. For
example, IL-10 secreted by γδ Treg cells diminished the cyto-
toxic activity of CD8+ T cells and NK cells, resulting in tumor
growth [1]. It is certainly complex that how different types of
tumor-infiltrating immune cells affect their biological func-
tions among each other through self-secreted cytokines and
chemokines, leading to specific and unique tumor environ-
ments in different types of cancer. Moreover, the neighboring
cell types around cancer cells also contribute to distinct
tumor environments in different types of cancer. For exam-
ple, breast cancer is neighbored by adipose tissue; pancreatic
cancer is accompanied by massive desmoplasia. Given that
the same cytokine can result in opposite biological effects
in different types of cancer, that is, tumor promoting ver-
sus tumor inhibiting due to their unique tumor environ-
ment, it is important to comprehensively review cytokine
signaling and its functions during cancer development in
each type of cancer for shedding light on cancer therapies
by altering the tumor environment. In this review, I will
mainly focus on cytokine signaling of tumor-facilitated
immune cells and of cancer cells that lead to tumor initi-
ation, progression, and metastasis of pancreatic cancer and
prostate cancer.
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2. Pancreatic and Prostate Cancers

Pancreatic cancer is the most lethal type of cancer with an
approximately 7% 5-year survival rate and is projected to
become the 2nd leading cause of all cancer-related death
by 2030. Pancreatic ductal adenocarcinoma (PDAC) repre-
sents over 90% of pancreatic cancer cases. Oncogenic Kras
mutations are present in almost all PDAC patients and are
required to initiate and develop PDAC. Another unique fea-
ture of PDAC is severe desmoplasia/fibrosis, which occurs at
the very early stage of the disease. Pancreatic stellate cells,
fibroblasts, and enriched extracellular matrix (ECM) compo-
nents from desmoplasia orchestrate with other types of cells
including immune cells and endothelial cells to promote
pancreatic cancer growth and survival.

Prostate cancer is the most common type of cancer in
men. In addition, it is also the 2nd leading cause of cancer
fatality in men. Unlike PDAC, which is a genetic disorder of
oncogenic Kras, key genetic mutations lead to prostate cancer
remain unclear. Although several genetically engineered
mouse models are generated for studying prostate cancer
initiation, development, and dissemination in vivo, none
of them fully recapitulates this disease in humans. Most
in vivo studies, especially for testing potential therapeutic
drugs on prostate cancer, mainly rely on xenograft mouse
models using human prostate cancer cell lines or patient
tissue samples. It restrains the advancements of how these
drugs also affect immune cells and stromal cells, which
can contribute to drug efficacy during cancer therapy.

Although pancreatic and prostate cancers are quite
different and face different challenges for cancer therapies,
the patients of these two cancers share certain features
among other cancer patients which include (1) late-onset
diseases (in patients’ late 60), (2) a gender preference
which males rather than females are prone to the diseases,
and (3) an ethnic preference which African Americans
rather than other racial groups are more susceptible to

these cancers. Of note, both cancer types are tightly associ-
ated with old age, implicating a pivotal role of aging-related
inflammation in these two types of cancer. Herein, an
overview of how the cytokine signaling from immune cells
and cancer cells affects tumorigenesis of the pancreas and
the prostate is provided below.

3. Cytokine Signaling from Immune Cells for
Modulating Tumorigenesis

The immune system is consisted of many types of immune
cells, organs, and antibodies to protect and defend our body.
Immune cells can be majorly categorized to phagocytes and
lymphocytes which secrete cytokines and chemokines to alter
a local cell microenvironment. It has been demonstrated that
several cytokines from both phagocytes and lymphocytes
potentiate tumor initiation, proliferation, and metastasis of
pancreatic and prostate cancers (Figure 1). How these cyto-
kines secreted by different types of immune cells to directly
influence cancer cells or indirectly affect nearby immune cells
during cancer development are described below in details.

3.1. Cytokines Secreted by Phagocytes and Their Functions.
Phagocytes include macrophages, neutrophils, mast cells,
and dendritic cells and are capable of ingesting microorgan-
isms, cellular debris, and foreign particles. A large and
convincing body of evidence demonstrates the increased
infiltrating macrophages and their role in cancer progression
and dissemination of PDAC and prostate adenocarcinoma.
IL-6 from infiltrating macrophages in the pancreata of PDAC
transgenic mice activated transcription factor STAT3 in
pancreatic tumor cells, promoting tumor development [2].
Macrophages are categorized to M1 and M2 subtypes, which
are also known as classically activated (M1) and alternatively
activated (M2) according to their activations (see details in
review [3]). M1 macrophages are activated by lipopolysac-
charide (LPS), interferon gamma (IFNγ), virus, and so on
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Figure 1: Effects of the cytokines secreted by different types of immune cells on tumor initiation, progression, and dissemination. Cytokines
secreted by macrophages, neutrophils, mast cells, Th17 cells, and B cells directly lead to initiation and development of pancreatic and prostate
cancers. IL: interleukin; RANTES: regulated on activation, normal T cell expressed and secreted; TGFβ: transforming growth factor β;
FGF2: fibroblast growth factor 2; EMT: epithelial mesenchymal transition.
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and participate in killing pathogens and clearing up dying
cells to protect the host, known as inflammation. During this
process, M1 macrophages secrete inflammatory cytokines
and generate nitric oxide (NO). However, M2 macrophages
stimulated by interleukin-4 (IL-4), IL-13, IL-10, and so on
produce extracellular matrix components, angiogenic and
chemotactic factors, and IL-10. M2macrophages are engaged
in wound healing, tissue remodeling, allergy, and immuno-
regulation. Based on the characters of M1 and M2 macro-
phages described above, several markers such as iNOS,
CD38 (for M1 macrophages), Egr2, and CD163 (for M2
macrophages) have been utilized for studying their functions
on cancer initiation, development, and dissemination [4–6].
Increased numbers of M2-polarized tumor-associated mac-
rophages (TAM) were reported to correlate with a poor
prognosis of PDAC [7, 8]. Of note, M1 proinflammatory
macrophages, which generally are thought to be antitumor,
have been demonstrated to initiate PDAC development
[9–11]. TNFα and RANTES secreted by M1 macrophages
upregulate expressions and activities of matrix metallopro-
teinase 9 (MMP9) of pancreatic acini, resulting in transdif-
ferentiating these cells to a progenitor duct-like phenotype,
which later can further become PDAC cells. This piece of
evidence also provides a plausible and common scenery of
how inflammation-related conditions such as pancreatitis,
obesity, diabetes, aging, and so on increase the risk of
getting PDAC.

In a pdx1cre:KrasG12D:Trp53R172H (KPC) transgenic
mouse model that recapitulates human metastatic PDAC,
depletion of macrophages by pharmacological compound
clodronate liposomes at an early stage of PDAC reduced
metastatic cancer cells in the liver and lungs [12]. M2-
polarized macrophages secreted high levels of CCL2 and
IL-1ra around preinvasive pancreatic intraepithelial neo-
plasia (PanIN) lesions in vivo, resulting in elevated prolif-
eration of PanIN cells through enhanced ERK signaling
[13]. In addition, prevention of macrophage polarization
to a M2 subtype by an IL-13 neutralizing antibody dimin-
ished fibrosis, which is associated with pancreatic tumor
proliferation and progression. In a coculture system, in
addition to elevated cancer cell proliferation and migration,
IL-4-polarized M2 macrophages also induced epithelial-
mesenchymal transition (EMT) in human pancreatic cancer
cell lines [14]. Furthermore, depletion of toll-like recep-
tor 4 (TLR4) or neutralization of IL-10 in M2 macro-
phages blocked the EMT ability of cancer cells. Very
recently, it has been demonstrated that inflammasome
component protein NLRP3 expressed by M2 macrophages
(CD206+MHCII−) is essential for their proliferation in
PDAC [15]. In addition, these NLRP3+ macrophages also
resulted in increased populations of Th17 and Treg cells
and an inactivation of cytotoxic CD8+ T cells. Interference
with inflammasome by targeting its component proteins
through pharmacological compounds or NLRP3 knockout
reduced PDAC formation in vivo.

Accumulating evidence indicated an increased recruit-
ment of M2 immunosuppressive macrophages in prostate
cancer, associating with cancer growth, metastasis, and drug
resistance, thus leading to worse outcomes for prostate

cancer patients [16–20]. However, to date, research studies
in prostate cancer field majorly are focused on how pros-
tate cancer affects macrophage polarization and infiltration
due to several discrepant clinical data of inflammation/
macrophages in prostate cancer, which may be due to
varied markers of different immune cell types and quality
of specimens.

Several lines of evidence have demonstrated involvement
of neutrophils in cancer initiation, progression, and dissemi-
nation. These processes are mediated by neutrophil-derived
products including cytokine, chemokines, proteases, reactive
oxygen species (ROS), and so on (see detailed reviews in
[21, 22]). However, the detailed mechanisms of how these
tumor-associated neutrophils (TAN) promote cancer devel-
opment and metastasis, especially in varied tumor envi-
ronments of different types of cancer, remain unclear. A
neutrophil-expressed glycoprotein lipocalin 2, known for
combatting bacterial infection, was present in preinvasive
PanIN lesions and PDAC and was suggested as a marker
for early diagnosis of PDAC [23]. In addition, the ratio
of neutrophil to lymphocyte found in the peripheral blood
was correlated to the overall survival of PDAC patients
[24, 25]. TAN secretes several cytokines and chemokines
such as CXCL5, TGFβ, and TNF during tumor development
and metastasis. In transgenic KPC mice of PDAC, high levels
of CXCL5 in the tumor stroma were detected [26]. Moreover,
knockout of CXCL5 receptor CXCR2 in PDAC cells dramat-
ically blocked liver metastases. In a xenograft mouse model of
human pancreatic cancer AsPC-1 cells, administering an
inhibitor of chemokine Bv8, which is secreted by TAN,
reduced tumor size and enhanced gemcitabine-induced
cytotoxicity of cancer cells [27].

Mast cells participate in many physiological processes
such as immune tolerance, angiogenesis, wound healing,
and defense against pathogens. Dysregulation of mast cell
activation associates with many disorders including cancer.
Increased infiltration of mast cells was reported in PDAC
patient samples and correlates with a high grade of tumor
as well as a poor prognosis [28, 29]. Implantation of murine
cancer Pan02 cells into the pancreas tissues of mast cell-
deficient mice failed to develop PADC in vivo [30]. It has
been shown that neutralization of IL-13 secreted by mast
cells hindered proliferation of human pancreatic stellate
cells (PSC) [31]. Interestingly, blockade of IL-13 also
decreased TGFβ expression and activation of Smad2 in
PSC, suggesting that TGFβ signaling as downstream of
IL-13 promotes PSC proliferation.

Similar to that in PDAC patients, more mast cells were
present in prostate adenocarcinoma tissues and further
increased their recruitment to castrate-resistant prostate
tumors [32]. Less mast cells present within prostate tumors
may indicate a high recurrence rate of the disease [33]. In
an orthotopic rat model of prostate cancer, coinjection of
mast cells with cancer AT-1 cells increased tumor growth
[32]. Moreover, increased mRNA levels and protein expres-
sions of fibroblast growth factor 2 (FGF2) were detected in
mast cell-infiltrating prostate tumors. In a xenograft mouse
model, coimplantation of human prostate cancer cells with
mast cells enhanced tumor metastasis to the diaphragm
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[34]. In addition, cultured mast cells downregulated mRNA
levels of androgen receptor of human prostate cancer cell
lines, leading to increased invasiveness and migration ability
of cancer cells.

3.2. Cytokines Secreted by Lymphocytes and Their Functions.
Lymphocytes include T cells, B cells, and natural killer
(NK) cells. Dysfunctional T cells generated through different
molecular and cellular mechanisms such as T cell anergy,
exhaustion, and senescence allow tumor growth by escaping
immune surveillance. In addition, presence of regulatory
T cells (Treg), which suppress self-activation of T cells, also
contributes to immunosuppressive tumor microenviron-
ments, blocking antitumor immune responses, and subse-
quent cancer progression. In tumor tissue samples of
PDAC patients, more CD4+CD25+Foxp3+ Treg cells were
detected and linked to a poor prognosis [35, 36]. This
increase in Treg cells also correlates with less cytotoxic
CD8+ T cells and CD4+ T helper cells in PDAC and
precancerous PanIN lesions. Reprogramming of Treg cells
by a CD25 neutralizing antibody daclizumab results in an
increase in CD56bright natural killer cells and functional T
cells such as cytotoxic CD8+ T cells and CD4+ T helper cells
in a small clinical trial of metastatic breast cancer patients
who receive a cancer vaccine [37]. Results from a heterotopic
mouse model of PDAC using nonmetastatic murine Pan02
cancer cells and an orthotopic xenograft mouse model using
metastatic human Panc-1 cancer cells revealed that pancre-
atic cancer expresses CCL5 to recruit CD4+Foxp3+ Treg cells,
which have high levels of CCR5 [38, 39]. Interruption of this
interaction between CCL5 and CCR5 by knocking down
CCL5 in cancer cells that were used for cancer cell transplan-
tation in mice impedes cancer growth. This suppression
effect can also be achieved by administering a CCR5
inhibitor TAK-779- or a CCL5-neutralizing antibody in
mice. IL-10 secreted by CD4+Foxp3+ Treg cells renders T cell
anergy (unresponsive to IL-10 restimulations) (see review in
[40, 41]). IL-10 from Treg can also prevent T cell expansion
by directly suppressing IL-2 production in T cells. In addition
to induction of IL-10 expression in Foxp3+ Treg cells, TGFβ
from CD4+Foxp3+ Treg cells and pancreatic cancer also
stimulates transcription factor Foxp3 expression in Foxp3−

naïve T cells, leading to differentiation of Foxp3+ Treg cells
[42, 43]. Whether targeting Treg cells, for example, through
CD25 blockade or Treg-secreted cytokines as mentioned
previously is sufficient to overcome immune resistance of
pancreatic cancer in vivo remains to be evaluated. In prostate
cancer, a high density of Treg cells was detected in cancer
tissues and associated with an advanced tumor stage as well
as a low survival rate [44, 45]. In prostate cancer with bone
metastasis, Treg cells expressing high levels of CXCR4 were
recruited to bone marrow through an interaction with
CXCL12, which is enriched in the bone marrow [46]. Mean-
while, the Treg cells in the bone marrow upregulated RANKL
expression to increase their proliferation, which is mediated
by RNAK+ dendritic cells.

T helper 17 (Th17) cells are T helper cells producing
IL-17 and involved in autoimmune and inflammatory
disorders. In response to different stimuli including IL-6,

TGFβ, CCL20, IL-23, IL-1β, and so on, especially under
cancer microenvironments, Th17 cells can mediate tumor
regression or tumor promotion [47–49]. In a PDAC hetero-
graft mouse model, increased infiltration of Th17 cells was
observed in IL-6-expressed tumors that cause high mortality
in mice [50]. In a transgenic mouse model of PDAC, onco-
genic KrasG12D induced IL17A-expressed Th17 cells, leading
to tumor initiation and progression of precancerous PanIN
lesions [48]. This initiation and promotion effects by Th17
cells are mediated through their interaction with tumor-
initiating cells and PanIN cells, both expressing IL-17 recep-
tor A (IL-17RA). In addition, manipulation of IL-17A by
overexpression of IL-17A in the pancreas or knockout of
IL-17A in hematopoietic cells interfered initiation and
development of pancreatic tumor in vivo. In a xenograft
mouse model of human pancreatic cancer CFPAC-1 cells,
depletion of IL-17RB impedes cancer growth and metastasis
to the liver and lungs [51]. The effect of IL-17RB on PDAC
proliferation and dissemination was mediated by upregula-
tion of CCL20, CXCL1, and IL-8 cytokines through ERK
signaling in PDAC cancer cells. In prostate cancer, more
Th17 cells and higher levels of its secreted cytokine IL-17A
are linked to a worse outcome of patients [52, 53]. Knockout
of IL-17RC, a receptor for IL-17A, decreased invasive pros-
tate tumor growth of PTEN−/− transgenic mice through
downregulation of MMP7 and increased expressions of
MMP inhibitors TIMP1, 2, and 4 [54]. Interference with
Th17 cells by administration of SR1001, a small molecule
inhibitor targeting Th17 transcription factors RORγt and
RORα, or with Th17 cell-secreted IL17 by an IL-17-
neutralizing antibody, results in reduced cancer proliferation,
angiogenesis, and inflammation of PTEN−/− mouse prostate
tissues [55].

Microarray study using human samples of PDAC
demonstrated increased mRNA expressions of CD20, a
marker for B cells [56], suggesting an association of B cells
with PDAC development. Infiltration of protumorigenic B
cells is associated with hypoxia and fibroblast-enriched
stroma [57, 58]. Depletion of B cells, such as use of a
CD20 neutralizing antibody or B cell-deficient mice, signif-
icantly delays the growth of PDAC and its precursor
pancreatic intraepithelial neoplasia (PanIN) in transgenic
and orthotopic mouse models [56–58]. Furthermore,
reconstitution of functional B cells obtained from wildtype
mice through adoptive transfer method rescued pancreatic
tumor growth. Among these protumorigenic B cells, which
are CD1dhiCD5+, increased levels of IL-35 were observed
and speculated to be responsible for pancreatic tumor
growth [58].

Although an increased density of B cell within prostate
tumors has been reported in prostate cancer patient samples
[59, 60], so far, only a handful publications indicate the func-
tion of tumor-infiltrating B cells on tumorigenesis of prostate
cancer. In castration-resistant prostate cancer from the xeno-
graft mice, release of IL-1α from the necrotic primary cancer
cells results in CXCL3 secretion, which, in turn, recruits B
cells. These tumor-infiltrating B cells produce lymphotoxin
to stimulate cancer growth under hormone-independent
conditions [61]. In Oxaliplatin-resistant prostate cancers of
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TRAMP transgenic mice, increased numbers of B lympho-
cytes were detected [59]. These infiltrating B cells expressed
high levels of IL-10, IgA, and programmed death ligand 1
(PD-L1), leading to the development of oxaliplatin drug
resistance over time. Moreover, ablation of IL-10, PD-L1, or
B cells reinstated prostate cancer sensitivity to Oxaliplatin-
induced cell death.

4. Cytokine Signaling from Tumor Cells for
Modulating Tumor Growth and Proliferation

A large and still continuously increasing body of evidence
demonstrated that cancer cells upregulate expressions of
numerous cytokines to benefit their own survival. This
is achieved by modulating surrounding cells to create a
tumor-promoting environment. For example, pancreatic
tumor cells expressed cytokine IL-13 to repolarize the nearby
macrophages to a tumor-promoting/M2 subtype [13]. In
addition, cancer cells also express receptors for the upregu-
lated cytokines to persistently support their own growth
(known as autocrine-signaling mechanism, see Figure 2)
and become more independent on limited exogenous
growth factors as well as mitogens. Insights into these
cytokine-signaling pathways of cancer cells could shed
light on developing a better cancer therapy for PDAC
and castrate-resistant prostate adenocarcinoma.

Increased levels of mRNA and protein of IL-8 were
detected in human pancreatic cancer cell lines and PDAC
patient tissues ([62, 63]; see reviews in [64]). Elevated expres-
sion of IL-8 in PDAC tumor under hypoxic conditions
associated with cancer metastatic ability in xenograft mice

[65]. In addition, downregulation of IL-8 by expressing a
specific antisense oligonucleotide against IL-8 in PDAC cells
before implantating in mouse pancreas hindered tumor
vascularization, leading to smaller tumors. Upregulation of
IL-8 in PDAC is mediated by transcription factors AP-1
and NF-κB; both positively modulate IL-8 promoter upon
oncogenic Kras mutation [66]. Besides, administration of
an IL-8-neutralizing antibody, which blocks IL-8 signaling,
in xenografted mice resulted in elevated tumor necrosis and
decreased angiogenesis without affecting tumor proliferation.
In addition to IL-8, its receptors CXCR1 and CXCR2 were
also reported in human PDAC Capan-1 cells to regulate
cancer cell growth, migration, invasion, and its stem cell-
like features [62, 63]. In human androgen-independent
prostate adenocarcinoma, stronger expressions of IL-8 were
present and correlated with advanced stages of the disease
[67, 68]. Depletion of IL-8 by shRNA technique in cultured
prostate cancer cells, which are derived from human
castrate-resistant prostate adenocarcinoma, led to reduced
cell proliferation and migration and enhanced cytotoxicity
in response to chemotherapeutic drugs such as docetaxel
[69]. Several signaling pathways involved in potentiating cell
proliferation of prostate cancer by IL-8 have been delineated.
Increased IL-8 of prostate cancer cells signals through
CXCR1 and CXCR2 to induce transcription of androgen
receptor (AR) and to activate ERK and Akt, in turn, pro-
moting cancer growth and survival [68, 70]. In addition,
IL-8 of the prostate cancer cells also upregulated EGFR-
ERK signaling through elevating CXCR7 transcripts and
protein levels [71]. However, the mitogenic function of
CXCR7 in prostate cancer is ligand independent.
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Figure 2: Cytokine signaling of cancer cells on modulation of cell proliferation, angiogenesis, metastasis, and drug resistance. Cytokine
signaling pathways utilized by pancreatic and prostatic tumor cells through an autocrine-signaling mechanism to elevate their own
growth, angiogenesis, and drug resistance. In addition, upregulation of these signaling molecules also renders tumor cells a more
mesenchymal-like phenotype, which in turn, promotes metastasis. TF: transcription factor; IL-8: interleukin-8; AR: androgen receptor;
EMT: epithelial mesenchymal transition; p: phosphorylated.
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Higher expressions of TGFβ have been detected in
human PDAC tissue samples and associated with a better
prognosis of PDAC patients [72–74]. In human pancreatic
cancer Panc-1 cells, results from knockdown of TGFβ sig-
naling mediators Smad2 and Smad3 demonstrated an
opposite function of Smad2 versus Smad3 on TGFβ-
induced cell migration [75]. Silencing Smad4 in Panc-1
cells impeded epithelial-to-mesenchymal transition ability
of cells (increased E-cadherin; decreased N-cadherin and
vimentin), and this alteration of EMT is mediated by loss
of nestin, a protein expressed in stem cells during develop-
ment [76]. In the KPC transgenic mouse model of PDAC,
cancer precursors, which are acinar-to-ductal metaplasia
(ADM) and PanIN, and PDAC expressed higher levels of
activated Smad2 [77]. Moreover, suppression of TGFβ by a
TGFβ-neutralizing antibody in these mice expedited PDAC
proliferation and malignant progression and caused death,
suggesting an inhibitory effect of TGFβ during PDAC growth
and development. In addition to stromal cells as well as the
cells of benign prostatic hyperplasia (BPH) and of prostatic
intraepithelial neoplasia (PIN), increased mRNA and protein
levels of both TGFβ and its receptors were detected in cancer
cells of human and rat prostate adenocarcinoma tissues
[78, 79]. In an allotransplantation model of rat prostate
cancer cells that overexpressed TGFβ, these tumors grew
faster and metastasized to the lungs and lymph nodes.
Treating these animals with a TGFβ-neutralizing antibody
rescued the phenotype [80]. Moreover, when the TGFβ-
expressed cancer cells were cultured in vitro in 2D, their
proliferation were inhibited as numerous cases reported
in cultured human prostate cancer cell lines. This result
suggested the importance of cell environment regarding
the impact of TGFβ expressed by cancer cells on their
own proliferation and malignancy.

Increased CCL2 expression was present in PDAC tissues
and a portion of human PDAC cancer cell lines [13, 81].
Moreover, no CCR2, a receptor for CCL2, was detected in
the tested human CCL2-expressed PDAC cell lines. This
may be due to a low sensitivity of Northern blotting to detect
CCR2 transcripts or cell culture conditions such as 2D cul-
ture system versus 3D culture system, hypoxic environment,
and so on. Although it is unclear whether tumor cells of
PDAC tissues have CCR2, presence of CCR2 was shown in
preinvasive PanIN lesions of transgenic KC mice [13]. In
addition, in a 3D culture system of murine duct-like cells
derived from KC mouse pancreas, exogenous CCL2 treat-
ment promoted cell proliferation through activation of
ERK. These results suggested an autocrine mechanism of
CCL2 used by pancreatic tumor cells to benefit their growth.
Similar to pancreatic cancer, expressions of CCL2 and CCR2
were present in prostate cancer tissues and led to increased
cancer proliferation and invasion through Akt signaling
[82, 83]. Interference with this pathway by administration
of CCR2 antagonist, CCL2 neutralizing antibody, or PI3
kinase inhibitor or by knockdown of CCL2 in prostate cancer
PC3 cells all resulted in decreased tumor formation, smaller
tumor size, and less metastases in vivo [82–84].

CXCR4 and its ligand CXCL12 were present in PanIN
lesions and PDAC tissues and demonstrated to result in

tumor proliferation, cancer progression, angiogenesis, and
metastasis [85–87]. CXCR4-CXCL12-caused cell prolifera-
tion was mediated via EGFR-Src-PI3 kinase signaling
pathway, which subsequently activates ERK [87–89]. For
CXCR4-CXCL12-mediated invasion and metastasis of
human pancreatic cancer cell lines, activation of Wnt, and
Hedgehog signaling pathways were required and led to an
EMT phenotype [90, 91]. Interestingly, inhibition of Wnt,
Hedgehog, or CXCL12-CXCR4 signaling by pharmacological
compounds resensitized cancer cells to gemcitabine-induced
cytotoxicity, suggesting the importance of CXCL12-CXCR4
in PDAC drug resistance [92–94]. Similar to the functions
of CXCR4-CXCL12 in PDAC, prostate cancer cells express
high levels of CXCR4 and CXCL12 and utilize the same
signaling pathways described above to modulate their prolif-
eration, angiogenesis, drug resistance, and metastasis (see
review in [95, 96]).

Cytokine granulocyte-macrophage colony-stimulating
factor (GM-CSF) can affect tumor immune response
positively or negatively depending on the local tumor micro-
environment, which is distinct among cancer types [97].
Accumulating evidence supports a role of GM-CSF in pro-
moting rather than inhibiting the development of pancreatic
cancer. Higher expressions of GM-CSF were detected in
human and mouse PDAC tissues and have been shown to
modulate development of Gr-1+CD11b+ myeloid cells, which
inactivate cytotoxic CD8+ T cells [98, 99]. In addition,
blockade of GM-CSF derived from PDAC by either a
GM-CSF-neutralizing antibody or a specific knockdown
of GM-CSF in pancreatic cancer cells suppressed tumor
growth with less infiltrating Gr-1+CD11b+ cells in vivo.
Interestingly, GM-CSF secreted by cancer-associated mesen-
chymal stem cells (CA-MSC) was required for cell invasion,
metastasis, and transendothelial migration of human pancre-
atic cancer [100]. In addition, it also modulated EMT and
stemness of PDAC. In contrast, despite of unknown mecha-
nism of how GM-CSF inhibits metastatic prostate cancer,
GM-CSF has been in the clinical trials for prostate cancer
patients since 2001. It has been shown that systemic GM-
CSF given to the patients in the clinical trials altered immune
cell populations with an increase in CD4+ T cells, CD8+ T
cells, and mature myeloid dendritic cell and a decrease in
Treg cells [101]. Interestingly, expressions of receptors for
GM-CSF are reported in cultured human prostate carcinoma
LNCaP cells [102].

Activation of Fas ligand (FasL) and its receptor (Fas)
leads to cell apoptosis. In pancreatic cancer, expressions of
FasL and Fas were present in human PDAC tissues and
cultured cancer cell lines [103–105]. It has been demon-
strated that FasL-expressed PDAC induced apoptosis of the
infiltrating lymphoid cells, thus eliminating tumor-killing
immune cells [103, 105]. Meanwhile, pancreatic cancer cells
were resistant to Fas-induced apoptosis by downregulation
of Fas or upregulation of Fas-associated phosphatase 1
(FAP-1), which is mediated by JNK and p38 MAPK [104].
Similar to the functions and expressions of FasL in pancreatic
cancer, human prostate cancer cells were also resistant to
FasL-induced apoptosis. In addition, soluble FasL (sFasL)
was consistently secreted through a cleavage on membrane-
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bound FasL by MMPs in prostate cancer [106]. Tumor
exosomes of human prostate carcinoma LNCaP cells
expressed FasL and caused cytotoxic CD8+ T cell apoptosis
[107]. It has been shown that interaction of FasL with Fas
in the intracellular compartment resulted in cancer cell
apoptosis of human prostate carcinoma cells that are resis-
tant to anti-Fas antibody CH-11 [108].

5. Conclusion

Increased cytokine signaling in both tumor-infiltrating
immune cells and cancer cells potentiates tumor growth,
metastasis, and drug resistance of pancreatic and prostate
cancers. Many cytokines upregulated in cancer cells are
mediated through autocrine signaling. Meanwhile, cancer
cells also use paracrine-signaling mechanism to recruit
immune cells to the tumor site. These infiltrating immune
cells then produce more cytokines to directly or indirectly
support tumor growth. Certain downstream effectors of
cytokines, especially upregulated by cancer cells, modulate
stem cell-like properties such as Notch, Wnt, and Hedgehog.
Through controlling these pathways, cancer cells are capable
of proliferating and surviving even when under harsh condi-
tions, for example, cancer therapy. A comprehensive view of
this complex cytokine network among tumor cells, immune
cells, and other types of cells including stromal cells, endo-
thelial cells, and so on will provide invaluable information
on best strategies to defeat cancer-caused death, for example,
use of cytokine inhibitor cocktails in the future.
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Glioma is the most common malignant tumor in the central nervous system. This study aims to explore the potential mechanism
and identify gene signatures of glioma. The glioma gene expression profile GSE4290 was analyzed for differentially expressed genes
(DEGs). Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were applied for the enriched
pathways. A protein-protein interaction (PPI) network was constructed to find the hub genes. Survival analysis was conducted
to screen and validate critical genes. In this study, 775 downregulated DEGs were identified. GO analysis demonstrated that the
DEGs were enriched in cellular protein modification, regulation of cell communication, and regulation of signaling. KEGG
analysis indicated that the DEGs were enriched in the MAPK signaling pathway, endocytosis, oxytocin signaling, and calcium
signaling. PPI network and module analysis found 12 hub genes, which were enriched in synaptic vesicle cycling rheumatoid
arthritis and collecting duct acid secretion. The four key genes CDK17, GNA13, PHF21A, and MTHFD2 were identified in both
generation (GSE4412) and validation (GSE4271) dataset, respectively. Regression analysis showed that CDK13, PHF21A, and
MTHFD2 were independent predictors. The results suggested that CDK17, GNA13, PHF21A, and MTHFD2 might play
important roles and potentially be valuable in the prognosis and treatment of glioma.

1. Introduction

Among the various histological subtypes of brain tumor, gli-
oma is the most common malignant tumor in the central
nervous system [1]. Established by theWorld Health Organi-
zation (WHO), it can be classified from grade I to grade IV
based on histopathological and clinical criteria [2]. During
invasive growth, most gliomas extend processes, resulting
in a lack of clear borders between tumor and normal brain
tissue, making surgical resection of the entire carcinoma dif-
ficult. Currently, imageological examination is the most
important diagnostic method, as well as the evaluation of
the postoperative curative effect. However, imaging is influ-
enced by many factors, such as radiation injury and surgery

that result in poor specificity. It is difficult to achieve early
diagnosis and treatment of glioma due to a lack of specificity
of auxiliary examination indices, so that many patients can
lose the chance for radical excision, thereby increasing the
risk for poor prognosis. The 5-year overall survival (OS) of
patients with glioblastoma is less than 10% [3]. Therefore,
the identification of sensitive and specific biological markers
that would help identify patients at a higher or lower risk of
death from glioma is of vital importance, not only for a better
understanding of the molecular and cellular processes
involved in tumorigenesis but also for more effective diagno-
sis, suitable treatment, and improved prognosis.

Gene expression profiling analysis is a useful method
with broad clinical application for identifying tumor-related
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genes in various types of cancer, from molecular diagnosis to
pathological classification, from therapeutic evaluation to
prognosis prediction, and from drug sensitivity to neoplasm
recurrence [4–6]. However, the use of microarrays in clinical
practice is limited by the overwhelming number of genes
identified by gene profiling, lack of both repeatability and
independent validation, and need for complicated statistical
analyses [7]. Therefore, in order to put these expression pro-
files in clinical practice, it is necessary to identify a suitable
number of genes and develop a method that can be operated
by routine assay. In this study, we downloaded original data
from the glioma microarray in the Gene Expression Omni-
bus (GEO, http://www.ncbi.nlm.nih.gov/geo/), an online
public collection database for registration, which is not only
for saving microarray data but also for helping the user query
and download. We compare gene expression profiles of
tumor cells with normal brain cells in order to identify differ-
entially expressed genes (DEGs). Subsequently, the identified
DEGs were screened by using Morpheus online software,
followed by gene ontology (GO) and pathway enrichment
analysis. After analyzing their biological functions and path-
ways, we further explored the potential biomarkers for diag-
nosis and prognosis by survival analysis in two independent
datasets in order to gain insight on glioma development
and progression at the molecular level.

2. Materials and Methods

2.1. Microarray Data. We downloaded the gene expression
profiles in GSE4290, GSE4412, and GSE4271 from the GEO
database. GSE4290 has a total of 180 samples, including
157 cases of glioma (26 astrocytomas, 50 oligodendroglio-
mas, and 81 glioblastomas) and 23 cases of normal brain
tissue, based on the GPL570 platform (Affymetrix Human
Genome U133 Plus 2.0 Array) by Fine HA et al. Using the
GPL96 platform (Affymetrix Human Genome U133A
Array), the GES4412 dataset containing 85 cases of glioma
was submitted by Nelson SF; and the GES4271 dataset, con-
taining 100 samples that included 77 cases of primary tumor
samples and 23 cases of recurrence, was submitted by Phillips
HS et al.

2.2. Screen Genes of Differential Expression. The analysis was
carried out by using GEO2R, an online analysis tool, for
the GEO database, based on R language. We applied anal-
ysis to classify the sample into two groups that had similar
expression patterns in glioma and normal brain tissue. We
defined DEGs as differentially expressed with logFC> 2 or
logFC<−2, a criteria as described in the references [8, 9].
An adj. P value < 0.05 was considered statistically significant.
In addition, we used visual hierarchical cluster analysis to
show the two groups by Morpheus online analysis software
(https://software.broadinstitute.org/morpheus/) after the rel-
ative raw data of TXT files was downloaded.

2.3. Gene Ontology and KEGG Pathway Analysis of DEGs.
With functions including molecular function, biological
pathways, and cellular component, gene ontology (GO)
analysis annotates genes and gene products [10]. KEGG

comprises a set of genome and enzymatic approaches and a
biological chemical energy online database [11]. It is a
resource for systematic analysis of gene function and related
high-level genome functional information. DAVID (https://
david.ncifcrf.gov/) can provide systematic and comprehen-
sive biological function annotation information for high-
throughput gene expression [12]. Therefore, we applied GO
and KEGG pathway analyses to the DEGs by using DAVID
online tools at the functional level. A P < 0 05 was considered
to have significant differences.

2.4. Integration of Protein-Protein Interaction (PPI) Network
and Module Analysis. The STRING database is an online tool
for assessment and integration of protein-protein interac-
tions, including direct (physical), as well as indirect (func-
tional) associations. STRING version 10.0 covers 9,643,763
proteins from 2031 organisms [13]. We drew DEGs using
STRING in order to assess the interactional relationships
among the DEGs, then used the Cytoscape software to build
a PPI network, employed the plug-in Molecular Complex
Detection (MCODE) to screen PPI network modules, and
established scores> 3 and nodes> 4 in the MCODE module,
function, and pathway enrichment analysis. A P < 0 05 was
considered statistically significant.

2.5. Identification of Biomarkers. Based on the information in
the individual MCODE modules, the node with the highest
score was selected as the hub gene in GSE4290. Every hub
gene was also found in two independent datasets (generation
dataset GSE4412, primary tumor samples n = 85, and valida-
tion dataset GSE4271, primary tumor samples n = 77) based
on the downloaded raw data files, including the information
of gene expression value, overall survival time (OS), and sur-
vival state. Statistical analyses were performed using SPSS
version 20.0 for Windows (IBM, Chicago, IL). We divided
expression values into two groups, high expression and low
expression, according to X-tile [14]. The Kaplan-Meier
method was used to determine the probability of survival
and analyzed by the log-rank test. A P < 0 05 was considered
statistically significant.

3. Results

3.1. Identification of DEGs. A comparison of 157 cases of gli-
oma samples with 23 cases of normal brain tissue in GSE4290
by using the GEO2R online analysis tool resulted in the iden-
tification of the DEGs listed in Figure 1. Based on GEO2R
analysis, using an adjusted P < 0 05 and log (fold change)
(logFC)≥ 2.0 criteria, there were 775 downregulated genes
identified. We further validated the results by using the
Morpheus online tool, resulting in a DEG expression heat
map, of the top 50 downregulated genes, shown in Figure 1.

3.2. Gene Ontology Enrichment Analysis. We used the
DAVID online analysis tool to identify statistically signifi-
cantly enriched GO terms and KEGG pathways after upload-
ing all downregulated genes. GO analysis results showed that
downregulated DEGs were significantly enriched in molecu-
lar function (MF), including small molecule binding, nucleo-
side phosphate binding, and carbohydrate derivative binding
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(Table 1). For biological processes (BP), the downregulated
genes were enriched in cellular protein modification, regula-
tion of cell communication, and regulation of signaling
(Table 1). In addition, GO cell component (CC) analysis also
displayed that the downregulated DEGs were significantly
enriched in the cytosol, membrane-bounded vesicles, and
nucleoplasm (Table 1).

3.3. KEGG Pathway Analysis. The significant enriched path-
ways of the downregulated DEGs, analyzed by KEGG analy-
sis, are shown in Table 2. The downregulated genes were
enriched in the MAPK signaling pathway, endocytosis, oxy-
tocin signaling pathway, calcium signaling pathway, proteo-
glycans in cancer, purine metabolism, cAMP signaling
pathway, and regulation of the actin cytoskeleton.
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Gene symbol
NAV3
DNAJC6
PRKCZ
KIF5C
ANK3
GAS7
OAT
CRHBP
RAB40B
DCTN1
PLEKHB2
PPFIA2
STMN1
PPP1R12B
ZNF365
UBE2D2
TM2D3
PRKACB
NRXN3
TERF2IP
NAV3
FAIM2
RCAN2
USP14
IQSEC1
NUAK1
0
RAPGEF2
APBB1
AGTPBP1
ASPHD1
GABRA5
ANK2
SNCA
AGTPBP1
DYNC1I1
GRM3
RAB11FIP2
SERPINI1
PAK6
GNAZ
SV2B
GLS
PCMT1
GABRA2
ATOH7
LDOC1
ULK2
KIAA1107
PHIP

Figure 1: Heat map of the top 50 downregulated genes (red: upregulated; purple: downregulated).

Table 1: Gene ontology analysis of downregulated genes associated with glioma.

Category Term/gene function Count % P value

GOTERM_MF_FAT GO:0036094~small molecule binding 119 0.125 2.76E− 06
GOTERM_MF_FAT GO:0000166~nucleotide binding 116 0.121 3.45E− 07
GOTERM_MF_FAT GO:1901265~nucleoside phosphate binding 116 0.121 3.52E− 07
GOTERM_MF_FAT GO:0097367~carbohydrate derivative binding 100 0.105 1.00E− 04
GOTERM_MF_FAT GO:0019899~enzyme binding 94 0.098 2.24E− 07
GOTERM_MF_FAT GO:0017076~purine nucleotide binding 92 0.096 9.44E− 06
GOTERM_MF_FAT GO:0032555~purine ribonucleotide binding 91 0.095 1.26E− 05
GOTERM_MF_FAT GO:0032553~ribonucleotide binding 91 0.095 1.76E− 05
GOTERM_BP_FAT GO:0036211~protein modification process 148 0.155 8.31E− 04
GOTERM_BP_FAT GO:0006464~cellular protein modification process 148 0.155 8.31E− 04
GOTERM_BP_FAT GO:0023051~regulation of signaling 140 0.147 3.36E− 07
GOTERM_BP_FAT GO:0010646~regulation of cell communication 139 0.146 2.25E− 07
GOTERM_BP_FAT GO:0033036~macromolecule localization 138 0.145 5.25E− 09
GOTERM_BP_FAT GO:0006793~phosphorus metabolic process 134 0.140 1.05E− 05
GOTERM_BP_FAT GO:0006796~phosphate-containing compound metabolic process 133 0.139 1.53E− 05
GOTERM_BP_FAT GO:0008104~protein localization 124 0.130 6.40E− 09
GOTERM_CC_FAT GO:0005829~cytosol 163 0.171 4.20E− 08
GOTERM_CC_FAT GO:0031988~membrane-bounded vesicle 152 0.159 2.84E− 04
GOTERM_CC_FAT GO:0005654~nucleoplasm 130 0.136 2.88E− 04
GOTERM_CC_FAT GO:0097458~neuron part 91 0.095 1.38E− 11
GOTERM_CC_FAT GO:0030054~cell junction 75 0.078 1.15E− 05
GOTERM_CC_FAT GO:0043005~neuron projection 66 0.069 1.72E− 08
GOTERM_CC_FAT GO:0005794~Golgi apparatus 66 0.069 0.008029

GOTERM_CC_FAT GO:0016023~cytoplasmic, membrane-bounded vesicle 64 0.067 7.15E− 05
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3.4. Module Analysis and Hub Gene Selection in the PPI
Network. Based on the information in the STRING database,
the highest module was shown by using the MCODE plug-in,
and the functional annotation of the genes involved in the
module was analyzed (Figure 2). Enrichment pathway analy-
sis showed that the genes in the module were related to syn-
aptic vesicle cycling, rheumatoid arthritis, and collecting duct

acid secretion. Moreover, the 12 hub nodes of the highest
score were screened in all modules. The hub genes included
PDS5 cohesin associated factor B (PDS5B), chromodomain
helicase DNA binding protein 5 (CHD5), cyclin-dependent
kinase 17 (CDK17), eukaryotic translation initiation factor
3 subunit E (EIF3E), ATPase H+ transporting V1 subunit
H (ATP6V1H), G protein subunit alpha 13 (GNA13), PHD

Table 2: KEGG pathway analysis of downregulation genes associated with glioma.

Term Pathway Gene count % P value Genes

hsa04010
MAPK signaling

pathway
22 0.023 6.35E− 05

MEF2C, BRAF, MAP2K1, NLK, MAP2K4, TP53, PPP3R1, PTPRR,
CACNG3, PRKCG, PRKCB, CDC42, RASGRF2, MAPK9, MAPK8IP3,
STMN1, PAK1, PRKACB, RAPGEF2, CACNA1C, DUSP7, CACNA1B

hsa04144 Endocytosis 20 0.021 5.98E− 04
SH3GL3, PARD3, CLTB, PSD3, PIP5K1C, HLA-E, EPS15, RAB11FIP4,

MVB12A, CDC42, AP2A2, RAB31, SH3GLB2, NEDD4, ARPC5L,
ARF3, KIAA1033, NEDD4L, IQSEC1, F2R

hsa04921
Oxytocin signaling

pathway
15 0.015 5.25E− 04

MEF2C, ADCY2, CAMK1G, MAP2K1, PPP1R12B, PPP3R1, CACNG3,
PRKCG, CAMKK1, PRKCB, CAMKK2, CAMK2B, GUCY1B3,

PRKACB, CACNA1C

hsa04020
Calcium signaling

pathway
14 0.014 0.0048

SLC8A1, ADCY2, PTGER3, CCKBR, PPP3R1, PRKCG, PRKCB,
ATP2B1,PDE1A, CAMK2B, PRKACB, CACNA1C, CACNA1B, F2R

hsa05205
Proteoglycans
in cancer

14 0.014 0.012
CDC42, WNT10B, HIF1A, MAP2K1, BRAF, ANK3, PPP1R12B,
TP53, PRKCG, CAMK2B, PAK1, PRKACB, TIMP3, PRKCB

hsa00230 Purine metabolism 13 0.013 0.0109
NME4, ADSS, GDA, ADCY2, POLR1E, RRM2, PDE1A, PRIM2,

AK5, GUCY1B3, ENTPD4, HPRT1, GART

hsa04024
cAMP signaling

pathway
13 0.013 0.0253

PPARA, ADCY2, PTGER3, BRAF, MAP2K1, ATP2B1, NPY,
MAPK9, CAMK2B, PRKACB, PAK1, CACNA1C, F2R

hsa04810
Regulation of

actin cytoskeleton
13 0.013 0.0387

GNA13, PAK6, CDC42, ENAH,MAP2K1, BRAF, ARHGEF6,
PPP1R12B, ARPC5L, WASF2, PIP5K1C, PAK1, F2R

MEF2C
RPS19

G3BP1

NDC80

RPS21

PAFAH1B1

ATP6V0A1

MAPK6

BIRC5

RPS15A
ATP6V1E1

RPLP0

EIF3EATP6V0C

PPP2CA
ATP6V1A

NUP160

PDS5B

ATP6V1H

GNA13

PRKCG

ATP6V1D

PHLPP2

RHOC

RRM2

EIF4E

ATP6V0E1
NUP37

NDEL1

PABPC1

Figure 2: Highest module selected from the PPI network.
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finger protein 21A (PHF21A), methylenetetrahydrofolate
dehydrogenase (NADP+ dependent) 2 (MTHFD2), lipopro-
tein lipase (LPL), adenylosuccinate synthase (ADSS), Wnt
family member 10B (WNT10B), and serine and arginine-
rich splicing factor 1 (SRSF1). The enriched pathways for
genes in the highest module were shown in Table 3.

3.5. Identification of Biomarkers. In order to identify bio-
markers, we calculated the survival rate for two groups of
12 hub genes in the generation dataset (GSE4412) and com-
pared the result with the validation dataset (GSE4271)
through Kaplan-Meier analysis and log-rank test. According
to the analysis, we found that only the downregulation of
CDK17, GNA13, PHF21A, and MTHFD2 was closely associ-
ated with a decreased overall survival among patients with
glioma (Figures 3 and 4). The remaining 8 biomarkers had
no statistical significance between gene expression and clini-
cal outcome of glioma or no recoverability in the validation
dataset. Furthermore, using the Cox proportional hazards
model, a multivariate analysis was performed identifying that
expression levels of CDK17, PHF21A, and MTHFD2 were
independent prognostic factors (Table 4).

4. Discussion

In the present study, we identified DEGs between glioma and
normal samples and used a series of bioinformatics analyses
to screen key gene and pathways associated with cancer.
However, GSE4290 dataset contains only limited number of
control samples, 23 out of 180 samples. In order to improve
the statistical power of DEG, we defined that the absolute
value of the logarithm (base 2) fold change (logFC) greater
than 2 and 775 DEGs was obtained. Bioinformatics analysis
on DEGs, including GO enrichment, KEGG pathway, PPI
network, and survival analyses, found glioma-related genes
and pathways that play an important role in cancer initiation
and progression.

GO term enrichment analysis demonstrated that 775
downregulated DEGs were significantly enriched in func-
tions involving cellular protein modification, regulation of
cell communication, and regulation of signaling. Many stud-
ies found that the cellular protein modification, including
phosphorylation, ubiquitination, and acetylation, can change
the cell biology function, influence disease phenotype, affect
glioma cell proliferation, invasion, and apoptosis, and regu-
late the development of glioma [15–17]. And glioma cells
can regulate cell communication, through the information
passed to the target cells, interact with the receptor, resulting
in specific biological effect such as cell proliferation and cyto-
skeleton changes, and promote glioma progression and
angiogenesis [18]. KEGG pathway analysis indicated that

the functions of the downregulated genes were enriched in
MAPK signaling, endocytosis, oxytocin signaling, and cal-
cium signaling. Zhang et al. [19] demonstrated that the
MAPK signaling pathway induces cell apoptosis in glioma
cells and the calcium signaling pathway is involved in quies-
cence, maintenance, proliferation, and migration in glioma
cells [20, 21]. PPI network and module analysis found that
the first gene module significantly was enriched in synaptic
vesicle cycling. Some results indicate that interference synap-
tic vesicle cycling could disrupt synaptic function and
homeostasis, which would lead to cognitive decline and neu-
rodegeneration in Alzheimer’s disease [22]. Therefore, mon-
itoring these signaling pathways may help in the prediction
of tumor occurrence and progression.

Since no survival data about GSE4290 could be available,
two independent glioma datasets GSE4412 and GSE4271
were applied to detect whether the hub gene could affect
the survival time of glioma patients. Survival analysis found
that CDK17, GNA13, PHF21A, and MTHFD2 are closely
associated with glioma. CDK17 is a member of the cyclin-
dependent kinase family. Chaput et al. [23] found that the
expression levels of CDK17 are significantly increased in
Alzheimer’s disease and are associated with the mechanism
to promote AD neurodegeneration and may inhibit the
pathology development in AD, and Demirkan et al. [24],
through a genome-wide association study, found that the
CDK17 can be mapped to the glycerophospholipid metabo-
lism pathway. GNA13, one member of the G protein family,
is involved in metastasis of tumor cells [25], angiogenesis,
and cellular responses to chemokines [26]. In neuronal cells,
GNA13 affects neurite outgrowth together with Rho, which is
closely related with cell motility and differentiation [27]. Fur-
thermore, GNA13 is coupled to brain-specific angiogenesis
inhibitor-1 (BAI1), which is an adhesion-related GPCR,
and regulates synaptic function via Rho signaling [28].
PHF21A (also known as BHC80), a plant homeodomain
finger-containing protein, can affect the neurofacial and cra-
niofacial development and suppression of the latter and lead
to both craniofacial abnormalities and neuronal apoptosis
[29]. Moreover, PHF21A specifically binds H3K4me, which
is a transcribed genomic locus of regulated posttranslational
modification, and implicated the development and mainte-
nance of neural connections [30]. MTHFD2 (methylenetet-
rahydrofolate dehydrogenase 2) is a mitochondrial enzyme
with methylenetetrahydrofolate dehydrogenase and methe-
nyltetrahydrofolate cyclohydrolase activities and has an effect
on cancer cell proliferation [31], migration, and invasion
[32]. In the expression level of human tumors, MTHFD2 is
overexpressed in most cancer types, but exceptions are found
in glioma [33], similar to our results. Up to now, the biolog-
ical functions of CDK17, GNA13, PHF21A, and MTHFD2 in

Table 3: The enriched pathways for genes in the highest module.

Pathway P value FDR Nodes

Synaptic vesicle cycle 3.36E− 08 3.58E− 05 ATP6V0C, ATP6V1A, ATP6V0E1, ATP6V1E1, ATP6V1H, ATP6V0A1, ATP6V1D

Rheumatoid arthritis 3.43E− 07 3.66E− 04 ATP6V0C, ATP6V1A, ATP6V0E1, ATP6V1E1, ATP6V1H, ATP6V0A1, ATP6V1D

Collecting duct acid secretion 2.29E− 08 2.44E− 05 ATP6V0C, ATP6V1A, ATP6V0E1, ATP6V1E1, ATP6V0A1, ATP6V1D
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glioma have remained unclear. However, our study shows
that the expression level of four key genes are all downregu-
lated in glioma, after comparison with normal brain tissue,
and the downregulation is associated with poorer prognosis,
as the patients with extended survival time have increased
expression of these genes.

At the moment, there are some related bioinformatic
research reports of GSE4290 in glioma. Some studies have
shown that different enrichment pathway analyses of DEGs
can be classified according to their degrees of differential
expression during tumor progression in order to explore
the deterioration of low into high grade glioma [34]. Some
research finds that the DEGs are regulated by transcription
factors in glioblastoma [35] and microarray technology has

been used to identify the DEGs and their functions in the
development of three types of glioma (astrocytoma, glioblas-
toma, and oligodendroglioma) [36]. Different from these, our
study selects the node of the highest score from each module
as hub genes in MCODE after comparing nontumor samples
with glioma samples. These hub nodes are the key genes of
interaction, in the PPI network, that may play important
roles in the occurrence and development of glioma. More-
over, hub gene identification is more persuasive, since we val-
idate the association of hub genes and glioma by using
survival analysis in two independent datasets to identify four
genes that may be cancer biomarkers for glioma. Though not
all hub genes associated with the survival of glioma patients,
but some hub genes play important roles in immune or
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Figure 3: Kaplan-Meier analysis of overall survival for 12 hub genes in the generation dataset of 85 cases.
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inflammation. For example, WNT10B plays an important
role in regulating asthmatic airway inflammation through
modification of the T cell response [37].

In conclusion, we presumed these key genes identified by
a series of bioinformatics analyses on DEGs between tumor
samples and normal samples, probably related to the devel-
opment of glioma. These hub genes could also affect the sur-
vival time of glioma patients as validated from two
independent datasets. These identified genes and pathways
provide a more detailed molecular mechanism for underly-
ing glioma initiation and development. According to the
study, downregulation of CDK17, GNA13, PHF21A, and
MTHFD2 can be considered as biomarkers or therapeutic
targets for glioma. However, further molecular and biological
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Figure 4: Kaplan-Meier analysis of overall survival for 12 hub genes in the validation dataset of 77 cases.

Table 4: Cox multivariate analyses of biomarkers associated with
OS in the generation and validation datasets.

Dataset Parameter
Regression
coefficient

P
value

Risk
ratio

95%
confidence
interval

Generation CDK17 −0.882 0.011 0.414 0.210~ 0.815
MTHFD2 −1.264 0.001 0.283 0.133~ 0.598
PHF21A −0.671 0.018 0.511 0.293~ 0.891

Validation CDK17 −0.847 0.016 0.429 0.215~ 0.856
MTHFD2 −0.482 0.046 0.617 0.384~ 0.992
PHF21A −0.620 0.024 0.538 0.314~ 0.921

7Journal of Immunology Research



experiments are required to confirm the functions of the key
genes in glioma.
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The epigenetic silencing of tumor suppressor genes in myelodysplastic syndromes (MDS) can potentially confer a growth
advantage to individual cellular clones. Currently, the recommended treatment for patients with high-risk MDS is the
methylation agent decitabine (DAC), a drug that can induce the reexpression of silenced tumor suppressor genes. We
investigated the effects of DAC treatment on the myeloid MDS cell line SKM-1 and investigated the role of FOXO3A, a
potentially tumor-suppressive transcription factor, by silencing its expression prior to DAC treatment. We found that FOXO3A
exists in an inactive, hyperphosphorylated form in SKM-1 cells, but that DAC both induces FOXO3A expression and reactivates
the protein by reducing its phosphorylation level. Furthermore, we show that this FOXO3A activation is responsible for the
DAC-induced differentiation of SKM-1 cells into monocytes, as well as for SKM-1 cell cycle arrest, apoptosis, and autophagy.
Collectively, these results suggest that FOXO3A reactivation may contribute to the therapeutic effects of DAC in MDS.

1. Introduction

FOXO3A, also known as forkhead in rhabdomyosarcoma-
like protein 1 (FKHRL1), is a transcription factor with
important roles in embryonic development, differentiation,
and tumorigenesis [1]. It is characterized by the presence of
the distinctive forkhead DNA binding domain, a highly con-
served winged helix motif, and regulates the transcription of
genes involved in a variety of processes, including cell cycle
regulation [2, 3], apoptosis [4, 5], DNA repair [6], and
autophagy [7–9]. FOXO3A function is regulated by post-
translational modifications such as phosphorylation, acetyla-
tion, and ubiquitination, which ultimately affect its nuclear/
cytoplasmic transport and hence cellular location [10–12].
FOXO3A is considered to be a potential tumor suppressor
gene and is involved in the regulation of differentiation in
various cell types [13–16]. Furthermore, FOXO3A is inacti-
vated, and its target genes are downregulated, following
phosphorylation by oncogenic kinases such as AKT,
MAPK1, and IKK, which are upregulated in many tumors
[17–19]. Interestingly, the reexpression and activation of

FOXO3A in tumor cells reportedly have potential in antitu-
mor treatment [20].

A previous study showed that the epigenetic silencing of
tumor suppressor genes could confer a growth advantage to
a subgroup of myelodysplastic syndrome (MDS) cell clones.
Such epigenetic modifications are reversible, and the silenced
genes can be reactivated using methyltransferase inhibitors
such as decitabine (DAC). Indeed, high doses of DAC are
known to impair gene methylation, resulting in the activation
of various cellular processes such as apoptosis [21]. On the
other hand, at low doses, DAC is incorporated into newly
synthesized double-stranded DNA during the S phase of
the cell cycle without affecting elongation and induces cell
cycle arrest and cellular differentiation [22, 23]. Such S
phase-specific DAC incorporation may be responsible for a
plateau in DAC activity that was observed in AML cell lines,
wherein cellular activity could not be lowered beyond 40%
even when the DAC concentration was increased to 50μM
[24]. However, it is possible to enhance the impact of DAC
on cellular activity by extending the treatment duration; a
reduction to just 15% of the original activity has been
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observed after 6 days of DAC treatment [24]. Other reports
have confirmed that DAC-induced inhibition of cellular pro-
liferation depends mainly on treatment duration. Addition-
ally, DAC-induced differentiation has been primarily
observed at low doses, while high doses tend to be cytotoxic
[25]. The optimal dosage of DAC has been explored; Cmax
values of 0.3–1.6μM have been reported in human plasma
[26–28], while the reported EC50 for a variety of AML cell
lines reportedly ranged from 0.4 to 0.8μM [24, 29].

In this study, we investigated the effects of DAC on differ-
entiation, apoptosis, cell cycle arrest, and autophagy using
the myeloid MDS tumor cell line SKM-1. Our model used a
low concentration of DAC (0.5μM) and a duration of treat-
ment of 6 days. Furthermore, we investigated the role of
FOXO3A in DAC-dependent processes by measuring the
expression levels and activity of this gene and its downstream
targets following DAC treatment.

2. Materials and Methods

2.1. Cell Culture and DAC Treatment.Human myelodysplas-
tic syndrome cell line SKM-1 was a gift from Professor Li
Chunrui at the Department of Hematology, Tongji Medical
College, Tongji Hospital, China. SKM-1 cells were cultured
in Dulbecco’s modified eagle medium (DMEM; Gibco Life
Technologies, Grand Island, NY, USA) containing 10% FBS
(Gibco Life Technologies) and 1% penicillin-streptomycin
at 37°C in 5% CO2. When cells reached the logarithmic
growth phase, they were seeded at a density of 5× 105 cells/
well in 6-well plates and treated with 0.5μM DAC (Xian-
Janssen Pharmaceutical, Xian, China) for 6 days. Every 48
hours, the medium in the wells was replaced with fresh
medium containing 0.5μM DAC.

2.2. Cellular Transfection. Cells were transfected with either
Silencer® Select FOXO3a (cat. number 4392420) or Silencer
Select Negative Control (cat. number 4390843) siRNAs, both
of which were purchased from Ambion (Thermo Fisher
Scientific, Waltham, MA, USA), and Lipofectamine® 3000
reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Briefly, SKM-1 cells were
washed twice in phosphate-buffered saline (PBS) before
being resuspended in Opti-MEM medium (Gibco Life
Technologies) at a density of 1× 106 cells/ml. Five hundred
microliters of this cell suspension was then diluted 2-fold
in Opti-MEM medium and added to 6-well plates, giving
5× 105 cells/well. To prepare the siRNA liposomes, 3.75μl
Lipofectamine 3000 reagent and 75 pg of the appropriate
siRNA were each gently mixed with individual 125μl ali-
quots of Opti-MEM, before being combined, and incubated
at room temperature for 5 minutes. All 250μl of the liposome
mixture was then added to each well, and cells were incu-
bated at 37°C in 5% CO2. After 24 hours of transfection,
the medium was replaced with fresh DMEM. The transfected
cells were either cultured or treated with 0.5μM DAC for 48
hours as required.

2.3. Assessment of Apoptosis Using Hoechst 33342 Staining.
To examine the degree of apoptosis, DAC-treated cells were

collected and washed once in PBS, before being counted
and resuspended in PBS at a concentration of 1× 107 cells/
ml. Cells were then dried naturally onto antioff slides
(ZSGB-BIO, Beijing, China) at room temperature, before
being fixed in 4% paraformaldehyde at room temperature
for 15 minutes and washed three times for 5 minutes in
PBS. One hundred microliters of Hoechst 33342 stain
(Beyotime Institute of Biotechnology, Nanjing, Jiangsu,
China) was added to each slide, and the slides were incubated
for 5 minutes at room temperature in darkness within a
humidity chamber. Finally, slides were washed three times
for 5 minutes in PBS; then, within 1 hour, they were visual-
ized and photographed using a fluorescence microscope
(Olympus TH4-200).

2.4. Assessment of Apoptosis Using Flow Cytometry. Apo-
ptosis assays were performed using an Annexin V-FITC/
PI apoptosis kit (Beyotime Biotech) according to the man-
ufacturer’s instructions. Briefly, the DAC-treated cells were
collected and washed three times in PBS before being
counted and resuspended 2× 105 in 200μl binding buffer.
Ten microliters of Annexin V-FITC and 5μl propidium
iodide (PI; Beyotime Biotech) was then added to the cell
suspensions, and samples were incubated in darkness for
15 minutes. Within 1 hour, apoptotic cells were detected
by flow cytometry using a flow cytometer (FACSCanto
II, BD Biosciences, Franklin Lakes, NJ, USA). Experiments
were performed in triplicate.

2.5. Assessment of the Cell Cycle Using PI Staining. The cell
cycle stages of the SKM-1 cells were assessed using a PI
staining assay kit (Beyotime Biotech) according to the
manufacturer’s instructions. Briefly, collected cells were
washed once in cold PBS and resuspended in 75% ethanol
that had been precooled to −20°C. The cells were counted
and their concentration was adjusted to 2× 106 cell/tube
using 75% ethanol, and they were fixed at −20°C between
1 and 24 hours. Cells were then pelleted by centrifugation
at 2000g for 5 minutes, washed twice with cold PBS, and
resuspended in 200μl PBS. RNase was then added to each
tube to a final concentration of 100μg/ml, mixed, and
incubated at 37°C for 30 mins. Next, 235μl PBS and
60μl PI (50μg/ml final concentration) were added to
each tube, mixed, and incubated in darkness at 37°C for
30 minutes. Cell cycle stages were examined by flow
cytometry within an hour using a flow cytometer (FACS-
Canto II, BD Biosciences). Experiments were performed
in triplicate.

2.6. Detection of Cell Surface Markers. To assess the expres-
sion of cell surface markers, DAC-treated cells were collected
and washed three times in PBS before being counted and
resuspended in 200μl PBS at a concentration of 1× 106
cells/tube. Next, either 10μl FITC-conjugated anti-CD14 or
APC-conjugated anti-CD11b antibodies or FITC- or APC-
conjugated isotype controls (Becton Dickinson) were added
to the cells as appropriate, mixed gently, and incubated in
darkness at room temperature for 15 minutes. Cells were
then washed once in PBS and resuspended in 200μl PBS,
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and within 1 hour, the surface markers were analyzed by flow
cytometry using a flow cytometer (FACSCanto II, BD
Biosciences). Experiments were performed in triplicate.

2.7. Western Blot Analysis. Proteins were extracted from cells
using RIPA buffer with 1× protease/phosphatase inhibitor
cocktail (Cell Signaling Technology, Danvers, MA, USA)
according to the manufacturer’s instructions, and the
concentration of total protein was determined using the
BCA Protein Assay kit (Beyotime Biotech) according to the
manufacturer’s protocol. Thirty micrograms of total protein
was separated using a sodium dodecyl sulfate polyacrylamide
gel electrophoresis kit (Beyotime Biotech) according to the
manufacturer’s instructions, before being transferred onto
polyvinylidene fluoride membranes (Millipore, Billerica,
MA, USA) in transfer buffer (200mM glycine, 40mM Tris,
and 20% methanol) at 240mA for between 30 and 90
minutes, depending on the molecular weight of the proteins.
Membranes were then blocked with 5% BSA (CST) in TBS
with 0.1% TBST (CST) for 1 hour at 37°C before incubat-
ing with the described primary antibodies (Supplementary
Table 1 available online at https://doi.org/10.1155/2017/
4302320; diluted according to instructions) overnight at
4°C. Membranes were then washed three times for 5 minutes
in 0.1% TBST and then incubated for 1 hour at 37°C with
horseradish peroxidase-conjugated anti-rabbit secondary
antibody (Cell Signaling Technology) at a dilution of
1 : 3000. Membranes were washed a further three times for
5 minutes in 0.1% TBST before ECL Chemiluminescent
Substrate reagent (Cell Signaling Technology) was added
and images were obtained using Bio-Rad ChemiDoc™
XRS+ Imaging System (Bio-Rad Laboratories, Hercules,
CA, USA). The intensity of bands was quantified using Image
Lab software version 2.0 (Bio-Rad Laboratories, Hercules,
CA, USA), and GAPDH was used as an internal standard.

2.8. Statistical Analysis. Results were obtained from three
independent replicate experiments and are expressed as
mean± standard deviation. Data were analyzed using SPSS
version 13.0 software (SPSS Inc., Chicago, IL, USA). The
significance of differences between groups was assessed
using Student’s t-test, and statistical significance was defined
as P < 0 05.

3. Results

3.1. FOXO3A Contributes to DAC-Induced SKM-1 Cell
Differentiation. The impact of DAC treatment on SKM-1 cell
differentiation was examined by measuring the cell surface
levels of both the monocyte differentiation marker CD14
and the myeloid cell differentiation marker CD11b before
and after treatment. While we observed no CD14 expression
on the surface of SKM-1 cells, more than half of the cells
expressed CD11b on their surface (59.71%± 3.80%). This
CD11b expression remained constant throughout DAC
treatment, whereas CD14 expression gradually increased on
exposure to DAC, with the proportion of CD14-positive
cells reaching a maximum of 37.19%± 9.44% (P < 0 05)
after 6 days of treatment (Figures 1(a) and 1(b)). FOXO3A

expression in SKM-1 cells was very low in the absence of
DAC, but increased statistical significance on days 3 and
6 following the initiation of treatment (Figure 1(c)). Expres-
sion of the inactive, phosphorylated form of FOXO3A
(p-FOXO3A) was predominant in SKM-1 cells, indicating
that FOXO3A exists primarily in the inactive form. Inter-
estingly, DAC treatment significantly reduced the relative
expression of the inactive p-FOXO3A form, resulting in
a consequent increase in the FOXO3A/p-FOXO3A ratio
(Figure 1(c)) and strongly indicating that DAC induces
FOXO3A activation in SKM-1 cells.

Next, we investigated the role of FOXO3A in the
observed DAC-induced differentiation of SKM-1 cells, by
silencing FOXO3A expression with targeted siRNAs prior
to DAC treatment. FOXO3A expression increased 1.77-fold
in negative control siRNA-treated SKM-1 cells following
treatment with DAC. Conversely, no significant difference
in FOXO3A expression was seen following DAC treatment
of cells treated with siRNAs targeting FOXO3A (P = 0 729);
the expression of FOXO3A following DAC treatment was
significantly lower in cells treated with the siRNA targeting
FOXO3A than in cells that did not undergo NT-siRNA treat-
ment (Figure 1(f)). These data confirm that FOXO3A expres-
sion was inhibited by the siRNA.

No significant differences in the surface expression of
CD14 and CD11b were observed between SKM-1 cells
where FOXO3A was silenced and nonsilenced controls
(Figure 1(e)), suggesting that transient inhibition of
FOXO3A expression does not affect the basal differentiation
of SKM-1 cells. Interestingly, however, when FOXO3A
siRNA-SKM-1 cells were treated with DAC, the observed
increase in CD14-positive cells was approximately 50%
lower than in cells carrying the negative control siRNA
(Figure 1(g)), suggesting that silencing FOXO3A expression
before DAC treatment impairs, but does not abolish, DAC-
induced SKM-1 cell differentiation into monocytes. Thus, it
appears that FOXO3A activation contributes to DAC-
induced SKM-1 cell differentiation.

3.2. DAC Induces Cell Cycle Arrest in SKM-1 Cells. Having
shown that DAC treatment induced differentiation in
SKM-1 cells, we next investigated its impact on the cell cycle.
Following DAC treatment, the proportion of cells in the S
phase reduced while the proportions of cells in both G0/G1
and G2/M phases were increased, suggesting the induction
of cell cycle arrest via blocks at G0/G1 and G2/M
(Figures 2(a) and 2(b)). However, silencing FOXO3A before
DAC treatment significantly attenuated the DAC-induced
reduction of cells in the S phase (Figure 2(f)) and partly
reversed the DAC-induced G0/G1 and G2/M blocks, indicat-
ing that FOXO3A is important for DAC-induced SKM-1 cell
cycle arrest.

We next considered the impact of DAC treatment on
gene expression. CDKN1A and CDKN1B are targeted by
FOXO3A [30] and are downregulated in a variety of tumors.
As shown in Figure 2(c), protein expression of both of these
genes was rare in untreated SKM-1 cells, but increased
after DAC treatment, especially CDKN1A (P < 0 01). While,
compared with control siRNA, silencing FOXO3A had no
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Figure 1: FOXO3A contributes to DAC-induced SKM-1 cell differentiation. (a, b) CD14 (marker for monocytes), but not CD11b (marker for
myeloid cells), was significantly induced in SKM-1 cells treated with 0.5 μM DAC for 3 and 6 days. (c) Western blot showed that DAC
treatment increases FOXO3A expression and FOXO3A/p-FOXO3A ratio. (d) Western blot showed that siRNA targeting FOXO3A
decreased FOXO3A expression about 70% compared to negative control siRNA. (e) Surface CD14 and CD11b expression had clearly no
change between FOXO3A siRNA and negative control siRNA in SKM-1 cells. (f) Western blot showed that FOXO3A siRNA could
decrease FOXO3A expression in DAC-treated SKM-1 cells. (g) Surface CD14 expression was impaired by about 50% in FOXO3A siRNA
compared with negative control siRNA in DAC-treated SKM-1 cells. ∗Two tailed P < 0 05.
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Figure 2: Continued.
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significant effect on the cell cycle (Figure 2(d)), expression of
the FOXO3A downstream targets CDKN1A and CDKN1B
was decreased, with the effect on CDKN1A being particularly
striking (Figure 2(e)). MYC is another key transcription
factor that plays an important role during the G1/S phase
of the cell cycle. Some studies have reported MYC to be a
downstream target of FOXO3A, and, indeed, MYC activity
can be inhibited by FOXO3A via the MXI1-SRα variant
[31]. Consistent with this, MYC protein expression was pro-
moted in cells where FOXO3A was silenced compared to in
controls (Figure 2(e)). In the presence of FOXO3A silencing,
DAC had no effect on either CDKN1A or CDKN1B protein
expression, but MYC protein expression was downregulated
(Figure 2(g)).

Overall, this suggests that DAC induces cell cycle arrest
in SKM-1 cells and that the observed upregulation of
CDKN1A and CDKN1B is dependent on FOXO3A, but that
DAC-induced MYC downregulation is not dependent on
active FOXO3A.

3.3. DAC Induces Apoptosis in SKM-1 Cells. Having shown
that DAC could induce cell cycle arrest in SKM-1 cells, we
investigated the effect of DAC treatment on SKM-1 apopto-
sis. First, DAC-treated cells were stained with Hoechst
33342 and examined using a fluorescence microscope. Apo-
ptosis was visible from 3 days after treatment, with the apo-
ptotic fraction reaching approximately two-thirds of the
whole population by day 6 (Figure 3(a)). This trend was con-
firmed using Annexin-V-FITC/PI double labeling, which
also showed a progressive increase in apoptosis on days 3

and 6, with the rate of increase in early apoptotic cells being
most notable (Figures 3(b) and 3(c)).

Next, the expression of apoptosis-related FOXO3A
downstream target proteins was examined. Detectable
expression of the apoptosis-associated proteins BCL2L11
and FASLG was observed in untreated SKM-1 cells
(Figure 3(d)). While DAC treatment had no significant effect
on FASLG expression, BCL2L11 protein expression
increased significantly after treatment, with the strongest
expression seen on day 6. These results suggest that DAC
induces apoptosis in SKM-1 cells primarily through the
mitochondrial apoptosis pathway and that death receptor-
mediated apoptosis, which features FASLG, is less important
in these cells.

Annexin-V-FITC/PI double labeling indicated that
silencing FOXO3A did not significantly affect apoptosis in
SKM-1 cells (Figure 3(e)), although Western blot analysis
did suggest that expression of the proapoptotic molecule
BCL2L11 was significantly decreased after FOXO3A silenc-
ing (Figure 3(f)). Interestingly, FOXO3A silencing inhibited
the accumulation of SKM-1 cells in the later stages of apopto-
sis that was observed following DAC treatment, but not the
corresponding accumulation of cells in early apoptosis
(Figures 3(d) and 3(e)), suggesting that FOXO3A might be
required for the later stages, but not the early stages, of
DAC-induced apoptosis. The reduction in BCL2L11 expres-
sion observed following FOXO3A silencing was not reversed
by subsequent DAC treatment, suggesting a role in apoptosis
that is downstream of FOXO3A activation (Figure 3(g)). As
our data suggest that FOXO3A is involved only in the later
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Figure 2: DAC induces cell cycle arrest in SKM-1 cells. (a, b) DAC treatment could decrease cells in S phase and arrest SKM-1 cells in G0/G1
and G2/M phases. (c) CDKN1A and CDKN1B levels examined inWestern blot were both increased after DAC treatment in SKM-1 cells. The
histogram summarizes the target/GAPDH ratio. (d) Cell cycle had clearly no change comparing FOXO3A siRNA with control siRNA. (e)
Western blot showed that CDKN1A and CDKN1B levels in SKM-1 cells were decreased, but MYC was increased after FOXO3A silencing.
(f) DAC-induced reduction of cells in the S phase was significantly attenuated after silencing FOXO3A. (g) DAC could not increase
CDKN1A or CDKN1B protein expression in the presence of FOXO3A silencing. ∗∗Student’s t-test P < 0 01 and ∗P < 0 05.
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stages of DAC-induced apoptosis, it is likely that BCL2L11
also plays a role at this stage.

3.4. FOXO3A Contributes to DAC-Mediated Autophagy in
SKM-1 Cells. The conversion of the nonlipidated LC3 form
LC3-I to the lipidated LC3-II form is a common marker of
autophagic activity [32]. Western blot analysis showed that
LC3-I expression was slightly higher than LC3-II expression
in SKM-1 cells and that while DAC treatment induced
expression of both LC3-I and LC3-II, the induction of LC3-
II was more prominent, giving the increased LC3-II/LC3-I
ratio that is indicative of autophagy induction (Figure 4(a)).
Furthermore, the autophagy initiation protein BECN1 and
the ATG5-ATG12-ATG16 complex proteins, which are asso-
ciated with nucleation and elongation of the autophagosome,
were both upregulated following DAC treatment, confirming
the DAC-mediated induction of autophagy in SKM-1 cells
(Figure 4(b)).

Following FOXO3A silencing, the expression of both
LC3-I and LC3-II was reduced, but the LC3-II/LC3-I ratio
was preserved. Treating the knockdown cells with DAC
could not rescue expression of LC3-I but could rescue LC3-
II expression to an extent; expression was restored to baseline
levels but was still significantly lower than was seen in nonsi-
lenced cells treated with DAC (Figure 4(d)). While the LC3-
II/LC3-I ratio in FOXO3A-silenced cells treated with DAC
was higher than in untreated silenced cells, indicating the
partial induction of autophagy, this ratio remained signifi-
cantly lower than in DAC-treated cells.

Further to the LC3 results, FOXO3A silencing was asso-
ciated with the downregulation of ATG12, ATG16, ATG5,
and BECN1 protein expression (Figure 4(c)). In contrast,
DAC treatment of nonsilenced SKM-1 cells upregulated
expression of these autophagy-related proteins, but this
upregulation was attenuated on FOXO3A silencing resulting
in lower protein expression levels. Overall, these data indicate
that FOXO3A contributes to DAC-induced autophagy in
SKM-1 cells via the induction of the autophagy-related genes
ATG12, ATG16, ATG5, and BECN1, as silencing FOXO3A
leads to a reduction in downstream effector protein expres-
sion and a partial attenuation of autophagy.

4. Discussion

MDS is a highly heterogeneous myeloid malignant disease
that is characterized by ineffective hematopoiesis and cytope-
nia and that can occasionally progress into acute myeloid
leukemia. While the exact mechanisms underpinning this
transformation are unknown, the accumulation of genetic
or epigenetic abnormalities is likely to play a role. In particu-
lar, the epigenetic silencing of tumor suppressor genes could
confer a growth advantage and accelerate clonal evolution in
abnormal MDS cells. In this study, we have demonstrated
that FOXO3A, a potential tumor suppressor gene, is hyper-
phosphorylated and thus inactivated in SKM-1 cells. How-
ever, DAC treatment activated FOXO3A by both increasing
expression and reducing phosphorylation, leading to the
upregulation of the downstream effectors CDKN1A,
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Figure 3: DAC induces apoptosis in SKM-1 cells. (a) Hoechst 33342 assay detected that DAC treatment could induce SKM-1 cell apoptosis.
(b, c) Annexin-V-FITC/PI assay showed that apoptosis occurred in SKM-1 cells after DAC treatment. (d) BCL2L11 and FASLG proteins were
examined in Western blot. BCL2L11, not FASLG, was increased after DAC treatment in SKM-1 cells. The histogram summarizes the target/
GAPDH ratio. (e) Cell activity had clearly no change when compared FOXO3A siRNA with control siRNA. (f) Western blot found that
BCL2L11 in SKM-1 cells were decreased after FOXO3A silencing. (g, h) FOXO3A silencing decreased the accumulation of late apoptosis
of SKM-1 cells that was observed following DAC treatment. (i) BCL2L11 expression was inhibited after FOXO3A silencing and could not
be induced by subsequent DAC treatment. ∗∗Student’s t-test P < 0 01 and ∗P < 0 05.
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CDKN1B, BCL2L11, BECN1, ATG5, ATG12, and ATG16.
Consequently, DAC-induced differentiation of SKM-1 cells
into monocytes, SKM-1 cell cycle arrest, apoptosis, and
autophagy were observed.

We found that DAC greatly increased the expression of
CDKN1A from a trace basal level in SKM-1 cells. While the
CDKN1A promoter region is reportedly surrounded by
CpG islands, a study of leukemic cells detected no methyla-
tion of these CpG motifs [4], suggesting that gene silencing
caused by hypermethylation is not responsible for CDKN1A
inactivation in leukemia cells and that other mechanisms
may be involved in DAC-induced CDKN1A expression. In

the ML-1 and BV-173 leukemia cell lines and the HCT116
colon cancer cell line, both of which contain wild-type
TP53; DAC-induced apoptosis occurs in parallel with a
TP53-dependent, but DNMT1-independent, upregulation
of CDKN1A. This effect is not seen in the TP53-null HL-
60 cell line, leading to the suggestion that DAC-induced
CDKN1A upregulation is dependent on a DNA damage/
ATM/TP53 axis [4]. As the SKM-1 cell line used in this
study carries an inactive mutant form of TP53 [33], it is
likely that DAC induces CDKN1A expression via other
mechanisms. We observed that the expression and activity
of FOXO3A, a gene that is involved in the regulation of
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Figure 4: FOXO3A contributes to DAC-mediated autophagy in SKM-1 cells. (a) LC3-I and LC3-II were both increased after DAC treatment
as well as the LC3-II/LC3-I ratio. (b) BECN1 and ATG5-ATG12-ATG16 complex proteins were both upregulated following DAC treatment.
(c) LC3-I, LC3-II BECN1, and ATG5-ATG12-ATG16 complex proteins were decreased after FOXO3A silencing. (d) In DAC-treated
SKM-1 cells, LC3-I, LC3-II BECN1, and ATG5-ATG12-ATG16 complex proteins were decreased after FOXO3A silencing. ∗∗Student’s
t-test P < 0 01 and ∗P < 0 05.
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the G0/G1 phase of the cell cycle, increased significantly
after DAC treatment. We therefore speculate that the
upregulation of CDKN1A, a FOXO3A target gene, is associ-
ated with the DAC-mediated activation of FOXO3A in
SKM-1 cells; this theory is supported by our FOXO3A
silencing data.

The protooncogenes MYC and CDKN1B play a crucial
role in the control of cell cycle progression, and the induction
of CDKN1B transcription by FOXO3A leads to cell cycle
arrest and apoptosis. Both FOXO3A and MYC interact func-
tionally with the forkhead binding element in the CDKN1B
proximal promoter [34], meaning that MYC may inhibit
the activation of CDKN1B by FOXO3A in tumor cells,
potentially leading to the uncontrolled proliferation and
invasiveness of a variety of tumors. MYC expression
increased markedly when FOXO3A was silenced in SKM-1
cells, which could indicate that MYC is a downstream target
of FOXO3A and that the tumor-suppressive properties of
FOXO3A may be related to MYC inhibition. Furthermore,
there is considerable overlap in the genes regulated by both
FOXO3A and MYC, both in those related to growth promo-
tion such as CCND2, CDK4, and CCNE2 and in those related
to growth inhibition such as BBC3, CDKN1B, and GADD45A
[35, 36], suggesting that the expression of such genes is regu-
lated by both FOXO3A and MYC in an antagonistic manner.
We found that FOXO3A silencing did not affect the MYC
downregulation induced by DAC, which could explain why
FOXO3A silencing Foxo3a could only partially reverse
DAC-induced apoptosis and cell cycle arrest in SKM-1 cells.

BCL2L11 (also known as Bim) is a proapoptotic factor
containing a BH3 domain that can bind to and neutralize
the antiapoptotic protein BCL2. Activated FOXO3A regu-
lates the transcription of the BCL2L11 gene by translocating
to the nucleus, binding to the BCL2L11 promoter, and induc-
ing expression [37, 38]. High doses of 5-azacitidine (5-AZA;
2μM) can reportedly activate FOXO3A and thus upregulate
BCL2L11 expression and trigger apoptosis in AML cells [39].
We also observed the induction of BCL2L11 expression
using low doses of DAC, although this treatment had no
significant effect on FASLG expression. It is therefore likely
that the apoptosis induced by low doses of DAC was medi-
ated primarily through the mitochondrial pathway, with the
death receptor pathway, which involves FASLG, playing no
role in SKM-1 cells.

Autophagy, a vital mechanism for maintaining energy
balance and metabolic homeostasis in cells, has a dual role
in cellular biology that it can promote either cell survival or
cell death. The effect of demethylation agents on tumor cell
autophagy has been investigated previously, and azacitidine
(AZA) treatment was found to induce apoptosis and autoph-
agy in SKM-1 cells [40], with similar observations reported in
CML cell lines [41]. In the latter study, autophagy occurred
first and it was followed by apoptosis [41]. These studies,
together with our results, show that demethylating agents
activate cellular stress responses, eventually leading to
autophagy and apoptosis. Previously, it was reported that cell
death in BCR-ABL-positive CML cells was significantly
increased following either treatment with an autophagy
inhibitor or the silencing of the autophagy genes ATG5 and

ATG7. Furthermore, the simultaneous inhibition of the
Hedgehog signaling pathway and autophagy significantly
reduced the activity of, and induced apoptosis in, BCR-
ABL-positive CML cells, irrespective of whether they were
sensitive or resistant to imatinib [42, 43]. Interestingly,
silencing LC3 in MDS cell lines significantly increased
AZA-induced cell death, indicating that AZA-induced
autophagy may be a protective, rather than cytotoxic, mech-
anism in cells [44] and that the AZA-induced autophagy
observed by Cluzeau et al. [40] may not be contributing to
cell death. It is possible that the autophagy occurring with
other traditional chemotherapy drugs, as with AZA, may
constitute a compensatory mechanism to protect cells from
drug-induced damage and apoptosis. It is therefore not pos-
sible to determine whether the autophagy that is observed in
SKM-1 cells in response to DAC treatment is a drug-induced
protective stress response or a cytotoxic response.

5. Conclusion

This study showed that silencing FOXO3A expression
impaired DAC-induced cellular differentiation, cell cycle
arrest, and apoptosis, potentially because of the observed
downregulation of CDKN1B, CDKN1A, and BCL2L11.
Interestingly, DAC-induced MYC downregulation was not
reversed by FOXO3A silencing, which could explain the par-
tial reversal of DAC-induced cell cycle arrest and apoptosis
that is observed when FOXO3A expression is lost. The
upregulation of the autophagy-related proteins BECN1,
ATG5, ATG12, and ATG16 in SKM-1 cells following
DAC treatment, as well as the consequent increase in autoph-
agy, was found to be related to the DAC-induced upregula-
tion and activation of FOXO3A. Collectively, these results
suggest that DAC-reactivation of FOXO3A has potential in
MDS therapeutics.
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Prostate cancer treatment is currently based on surgical removal, radiotherapy, and hormone therapy. In recent years, another
therapeutic method has emerged—immunological treatment. Immunotherapy modulates and strengthens one’s immune
responses against cancer. Neoplastic cells naturally escape from the control of the immune system, and the main goal of
immune therapy is to bring the control back. Satisfying outcomes after treatment of advanced melanoma and lung cancer
suggest a great potential of immunotherapy as an approach for other tumors’ treatment, especially in patients primarily
introduced to palliative care. After initial clinical trials, immunotherapy seems to have different side effects than chemotherapy.
Prostate cancer was the first neoplasm in which a specific vaccine significantly improved survival. There is a tremendous
potential for synergistic combinations of immunotherapy with conventional cancer treatments. A combination of several drugs
or methods can be a key in radical treatment of metastatic prostate cancer as demonstrated by preliminary studies.

1. Introduction

Prostate cancer (PC) is the second leading cause of cancer
death in men, behind only lung cancer [1]. The American
Cancer Society estimates that over 180,000 new cases of
prostate cancer will be diagnosed in 2016 [2]. Additionally,
a review of almost 800,000 cases revealed that the annual
incidence of metastatic prostate cancer increased signifi-
cantly in recent years [3]. Prostate cancer usually does not
show any signs until it has progressed to an advanced stage.
Prostate-specific antigen (PSA) has been used as a tumor
marker for many years; however, the US Preventive Services
Task Force (USPSTF) recommends against any routine PSA-
based screening for prostate cancer [4]. Researchers pointed
the possibility of overtreatment based on the aforementioned

screening method with an increasing risk of side effects.
Standard treatments of PC include surgical removal, radia-
tion, and hormone therapy. In the last years, immunotherapy
as an alternative method has gained increasing interest.
Immunotherapy appears promising and probably will
improve therapeutic strategy for patients with PC, resulting
in increased quality and quantity of life. Immunotherapies
fall into three categories such as checkpoint inhibitors,
cytokines, and therapeutic cancer vaccines [5] (Table 1).
There are numerous clinical trials on immune checkpoint
therapy and therapeutic vaccines for PC. Moreover, immu-
notherapy has already been used in clinical trials for other
malignant neoplasms, and positive clinical outcomes were
observed in colon, renal, and lung cancer and in metastatic
melanoma [6]. A key to the successful management of
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metastatic castrate-resistant prostate cancer (CRPC) is to
understand the complexity of tumor cells and their interac-
tions with the surrounding microenvironment, in particular
with infiltrating macrophages and lymphocytes [7]. During
the course of the disease, neoplastic cells develop amechanism
of an immune escape and develop resistance to proapoptotic
signals, for example, by blocking immune checkpoints in the
PD-1, PD-L1, PD-L2, and CTLA-4 axes [8].

2. The Evolving Role of Immunotherapy in
Prostate Cancer

2.1. Prostate Cancer Vaccines. In contrast to other solid
tumors, cancer of the prostate was seen as an inflammatory
disease for a long time. Recent studies on murine models
revealed that chronic inflammation is preceded by endothelial
changes that allow immune cell extravasation. Many studies
have evaluated the relationship between specific immune cells
and prostate cancer. In prostate cancer, we have learned to use
significant amounts of vaccines, but they are still behind the
results observed in other solid tumors such as melanoma,
bladder and kidney cancer, and non-small-cell lung cancer.
Currently, several vaccines for prostate cancer are available;
however, most of them fail to meet expectations.

PC cells usually proliferate slowly, providing the time
needed to elicit an immune response, even in patients with
advanced disease. Hence, the PC represents an ideal target
for cancer vaccines [9] (Table 2). Sipuleucel-T is an autolo-
gous vaccine in which the patient’s peripheral blood mono-
nuclear cells are retrieved via leukapheresis [3]. Vaccine’s
target is prostatic acid phosphatase (PAP), a glycoprotein
enzyme synthesized in the prostate epithelium that signifi-
cantly increases as cancer progresses. PAP is elevated in
patients with bone metastasis and correlates with poor
prognosis [10]. According to the phase III clinical trial
known as Immunotherapy for Prostate Adenocarcinoma
Treatment (IMPACT), treatment with sipuleucel-T resulted
in a 4.1-month overall survival (OS) benefit and a 22%
relative risk reduction of mortality in patients with metastatic
CRPC [11]. Data from IMPACT also revealed that the
greatest benefit occurs in patients with a lower disease burden
[9, 12] indicating the importance of early screening and diag-
nosis of PCa. Sipuleucel-T is approved by the Food and Drug
Administration (FDA); however, the treatment is currently
cost-prohibitive [13]. Despite the survival benefits, only min-
imal antineoplastic responses were observed. It turned out
that PC compared to melanoma responds to checkpoint
inhibitors in a totally different manner. Vaccines seem to
have a subtle impact on immunological microenvironment.
There is evidence that antigen-specific B and antigen-
specific T cell responses may be generated early, for exam-
ple, after the first infusion, and can be restimulated

in vitro. Many cytokines are involved in T cell activation
including IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-17, inter-
feron gamma (IFN-γ), and tumor necrosis factor-alpha.
All of them can be detected in cell culture fluids after
the second and third signal [14, 15].

Prostvac-VF is a viral-based vaccine based on a combina-
tion of two viral vectors, vaccinia that is a potent immuno-
logic priming agent and fowlpox that is used as a boosting
agent [9]. Each vector encodes for PSA and three immune
costimulatory molecules including intracellular adhesion
molecule 1, costimulatory molecule for T cells (B7–1), and
lymphocyte function-associated antigen 3 [16]. The virus
infects antigen-presenting cells (APCs), promoting cell
surface protein expression and interaction with T cells, in
consequence facilitating targeted immune response and
cell-mediated tumor cell destruction [17]. In the phase II
clinical trial, Prostvac-VF was well tolerated and improved
OS compared with control vectors (25.1 months versus 16.6
months) in patients with minimally symptomatic CRPC
[17]. Patients with aggressive or end-stage disease exhibited
lower benefits [17, 18]. In contrast to preparation of sipuleu-
cel-T, this construct is based on the inherent immunogenicity
of the vaccinia virus. Induced T cell response directed against
PSA can have other antigens that can activate other T cells.
Results of phase I were encouraging for a phase II study,
suggesting that the benefits of survival are comparable with
the values of sipuleucel-T. However, the results of phase III
trials are eagerly awaited [17]. GVAX is an allogeneic whole
cell-based prostate cancer vaccine. In this approach, autolo-
gous or allogeneic tumor cells are genetically modified to bear
GM-CSF [3]. GM-CSF induces the recruitment of APCs
invoking a cascade of immune responses [9]. The whole
tumor cell is used as an antigen that consequently facilitates
both humoral and cellular immune responses. Although
phase I and II studies confirmed clinical activity and safety,
phase III was stopped due to increased mortality and futility
analysis [3, 9].

DCVAC/PCa is an autologous dendritic cell-based vac-
cine composed of poly I:C-activated DCs pulsed with killed
LNCaP prostate cancer cell line. Phase I and II trials showed
that chemoimmunotherapy combined with DCVAC and
docetaxel resulted in a 7.2-month OS benefit with no signifi-
cant complications [19]. Currently, a phase III clinical trial

Table 1: Types of cancer immunotherapy.

Blockade of immune checkpoint Cytokines Therapeutic vaccines

Disrupts signals that allow cancer
immune evasion

Direct the immune system against
cancer cells

Enhance host’s natural immune
response against cancer

Table 2: Prostate cancer vaccines.

Drug Agent description-based vaccine

Sipuleucel-T Targets prostatic acid phosphatase (PAP)

Prostvac-VF Fowlpox virus

GVAX Expressing GM-CSF

DCVAC/PCa Poly I:C
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(NCT02111577) is being conducted to evaluate the efficacy
and safety of DCVAC/PCa versus placebo in men with met-
astatic CRPC eligible for first-line chemotherapy.

DNA-based vaccines consist of genetically engineered
DNA containing the coding sequence of a targeted antigen.
This sequence can be taken up by cells which subsequently
express the genes that induce an immune response [20].
Phase I trials have been done targeting various tumor-
associated antigens, including PSA, PSMA, PAP, and the
cancer-testis antigen NY-ESO-1. Little clinical efficacy has
been demonstrated to date; however, most trials have dem-
onstrated immunologic activity [21].

3. Novel Therapies in Castration-Resistant
Prostate Cancer: The Blockade of Immune
Checkpoints

3.1. CTLA-4-Based Immunotherapy. The first monoclonal
antibody (ipilimumab, Yervoy™) directed against the control
molecule, CTLA-4 [22], was approved for melanoma to
improve survival and increase antitumor efficacy. CTLA-4
is a protein receptor that belongs to the immune checkpoints.
It downregulates immune responses. CTLA-4 appears on the
surface of T lymphocytes activated by contact with the anti-
gen and acts to inhibit further lymphocyte response. T cells
require two signals to become fully activated. CD28 and
CTLA-4 are T cell receptors that play a decisive role in initial
activation and subsequent control of cellular immunity.
CD28 transmits a stimulatory signal to T cells. CTLA-4 is
homologous to CD28. Both molecules bind to B7 on APCs.
CTLA-4 binds to B7 with a greater affinity and avidity than
CD28 thus enabling it to outcompete CD28 for its ligands. Ipi-
limumab is a fully humanmonoclonal antibody that decreases
the binding of CTLA-4 to B7, which results in enhanced anti-
tumor immunity [23]. A phase III trial in which men with
CRPC that had progressed after docetaxel chemotherapywere
treatedwith radiation therapy to a bonemetastasis followedby
either ipilimumab or placebo indicated that ipilimumab can
prolong median OS in a select subset of patients lacking
visceral disease and with favorable laboratory values [24].
However, patients who did not receive docetaxel did not
achieve overall survival benefit, but it was suggested that
patients with visceral metastases had poorer prognosis [22].
Combining ipilimumabwith prostate cancer vaccines appears
even more beneficial for the patients [24, 25].

3.2. Roles of the PD-1, PD-L1, and PD-L2 Pathway in Healthy
Hosts. PD-1 (programmed cell death receptor-1) (also
known as CD279) belongs to the CD28 (or B7) family and
is coded by the PDCD-1 gene (programmed cell death genes)
which is localized on chromosome 2 (2q37). PD-1 is a type I
transmembrane glycoprotein composed of 288 amino acids
[26]. PD-1 is expressed on the cellular surface of activated
T cells (cytotoxic T lymphocytes (CTLs)) and B cells and
on the activated monocytes, dendritic cells and natural killer
(NK) cells, NKT cells, dendritic cells (DCs), and macro-
phages [27]. PD-1 is responsible for regulating immune
responses and programmed cell death. PD-1 participates in
induction and supports peripheral T cell immunity [28].

The crucial role of this immune checkpoint receptor in the
inflammatory process is to reduce T cell activity in peripheral
tissue, preventing autoimmunity [29].

PD-1 can bind to one of its two ligands, programmed
cell death protein ligand 1 (PD-L1) or programmed cell
death protein ligand 2 (PD-L2). Both of them are
expressed on the surface of tumor cells and correlate with
patient prognosis [30]. PD-1 signaling inhibits allogeneic
activation of T cells and may promote inducible regulation
of T cell development. Furthermore, it influences several
control points of the cell cycle [31–33]. Ligands for the
PD-1 receptor are located on the surface of APCs and tar-
get cells (tumor cells). Interaction of PD-L1 or PD-L2 with
the PD-1 antigen located on the surface of lymphocyte
causes inhibition of their activity and leads to the blockade
of immune response [34].

Recent studies reported successful use of an anti-PD-1
antibody in the treatment of advanced melanoma (FDA-
approved pembrolizumab in September 2014) and metastatic
melanoma (FDA-approved nivolumab in December 2014)
[35, 36]. Moreover, nivolumab was approved for metastatic
or advanced non-small-cell lung cancer in March 2015 [37].
There are only two clinical trials with anti-PD-L1 and anti-
PD-L2 for prostate cancer. Pembrolizumab is being investi-
gated in a phase II study in metastatic CRPC after androgen
deprivation therapy (NCT02312557) [38]. Pidilizumab in
combination with sipuleucel-T and cyclophosphamide is
being studied in metastatic CRPC (NCT01420965) [39]
(Table 3).

3.3. Cytokines in Prostate Cancer Immunotherapy. Stimula-
tion of the immune system by affecting the cytokines may
result in a strong antitumor immunity [40]. It is associated
with the activity of innate and adaptive immune system
[41]. Studies on PC demonstrated elevated levels of numer-
ous interleukins such as IL-1α, IL-2, IL-4, IL-6, IL-7, IL-11,
IL-12, IL-15, IL-17, IL-18, IL-27, and IL-35 [42–51]. The
levels of interleukins usually correlate with the progression
of PC including metastasis [42–51]. Recent studies focus on
the possibility of blocking interleukins or their receptors.
Cheng et al. showed that mesenchymal stem cells pretreated
with IL-1α promoted the growth of prostate RM-1 mouse
cancer cell line [42]. Dieli et al. in a phase I clinical trial inves-
tigated implications of the γδ T cell agonist zoledronate with
or without IL-2 for metastatic hormone-resistant prostate
cancer. Most patients who received only zoledronate had
progressive clinical deterioration, while a combination with
IL-2 induced better clinical response [44]. Mackiewicz et al.
demonstrated that vaccination with TRAMP-H6 (vaccines
modified with hyper-IL-6) and TRAMP-H11 (vaccines

Table 3: The blockade of immune checkpoints in prostate cancer.

Drug Agent description

Ipilimumab The inhibition of CTLA-4

Pembrolizumab (previously known
as MK-3475 and lambrolizumab)

The inhibition of PD-1

Pidilizumab The inhibition of PD-1
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modified with hyper-IL-11) extends OS of mice with PC [45].
Recent studies indicate that the inflammatory process initi-
ated by IL-17 may induce the progression of PC [52–54].
Yang et al. showed that expression of PD-1 and its ligands
was higher in IL-17rc wild-type mouse PCs than IL-17rc-
knockout mouse PCs. Furthermore, PD-1 expression was
found primarily in the infiltrating inflammatory cells, while
that of PD-L1 and PD-L2 was found in the neoplastic epithe-
lial cells. It is suggested that elevated expression of PD-1 and
its ligands promotes murine PC progression [7].

3.4. The Multitude of Different Potential Treatment
Combinations for Prostate Cancer. The heterogeneity of pros-
tate cancer, treatment resistance, and the growing need for
individual therapy guide the latest research into combining
different approaches. Although various drugs are available
now in clinical practice, the potential toxicity resulting from
their interactions has to be assessed [55, 56].

There are ongoing studies on combination vaccines with
androgen deprivation therapy (ADT) and radiotherapy (RT).
RT induces vaccination on T cells by releasing tumor anti-
gens and soluble proinflammatory mediators. ADT, on the
other hand, promotes lymphopoiesis, immune cell traffick-
ing, and tumor penetration. Both strategies may be used in
conjunction with immunotherapy. Clearly, maximum syn-
ergy can be achieved by thoroughly investigating each inter-
vention at the exact phase of the immune response induced
by therapy. The immune modulation is rather difficult and
depends on many factors such as ADT type, RT strategy
(type, dose, and duration), and administered immunothera-
peutic agent. In a pilot study of intratumoral DC administra-
tion, patients remaining in the therapy of androgen
suppression (GnRH agonist and bicalutamide) underwent
external beam radiotherapy (EBRT) [55]. One patient had
transient preexisting T cell responses to PSA, PSMA, and
Her2/neu. Larger studies are needed to determine the opti-
mal use of DC-based immunotherapy with RT-induced apo-
ptosis and inflammatory responses [57].

A multicenter randomized phase II study tests active
DCVAC/PCa cell immunotherapy in patients with localized
high-risk prostate cancer after primary RT. The purpose of
this study is to determine whether DCVAC/PCa can improve
PSA progression times. This study is ongoing. The estimated
completion date for the study is scheduled for September
2018 [58].

Another randomized phase II clinical trial investigates
the role of 153Sm-EDTMP (Quadramet) with or without a
PSA/TRICOM vaccine in men with androgen-insensitive
metastatic prostate cancer. Patients treated with both PSA-
TRICOM and 153Sm-EDTMPwere found to have an increase
in PSA-specific T cell lymphocytes and lower levels of
circulating myeloid-derived suppressor cell (MDSC) sub-
groups compared to patients in the 153Sm-EDTMP alone
after 60 days of therapy. Although a statistically significant
difference in overall survival was observed, patients receiving
153Sm-EDTMP and PSA-TRICOM experienced more than
twice the disease progression compared to those receiving
153Sm-EDTMP alone (3.7 months versus 1.7 months, resp.).
This vaccination strategy resulted in a strong immunological

response in tumor biopsy, with a marked prolongation of
PSA doubling time [59].

The alternative approach addresses CTLA-4, PD-1, PD-
L1, and PD-L2. McNeel et al.6 tested tremelimumab in
combination with bicalutamide in biochemically recurrent
PC after local therapy. Eleven patients were enrolled and
completed at least 1 year of follow-up. Monotherapy of
ipilimumab resulted in decreased PSA level; however, the
primary endpoint was not reached [60]. The early results of
phase II studies on pembrolizumab in combination with
enzalutamide showed a complete PSA response in 3/10
patients. Tumor regression indicates a great potential for a
combination of immune checkpoint blockades for PC [61].

4. Conclusions

Science’s editors have chosen cancer immunotherapy as the
breakthrough of the year for 2013 [62]. Neoplastic cells nat-
urally escape from the control of the immune system, and
the main goal of immune therapy is to bring the control back.

Satisfying outcomes after treatment of advanced mela-
noma and lung cancer suggest a great potential of immuno-
therapy as an approach for other tumors’ treatment,
especially in patients primarily introduced to palliative care.

After initial clinical trials, immunotherapy seems to have
different side effects than chemotherapy [63, 64]. Prostate
cancer was the first neoplasm in which a specific vaccine
significantly improved survival. Preliminary studies on new
drugs blocking the immune checkpoints in CRPC indicate
that it might be a solution for these patients. There is a
tremendous potential for synergistic combinations of immu-
notherapy with conventional cancer treatments [65]. A com-
bination of several drugs or methods can be a key in radical
treatment of metastatic prostate cancer as demonstrated by
preliminary studies. We definitely need more studies to
clearly define the role of immunotherapy in the treatment
of advanced prostate cancer.
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Enavatuzumab is a humanized IgG1 anti-TWEAK receptor monoclonal antibody that was evaluated in a phase I clinical study for
the treatment of solid malignancies. The current study was to determine whether and how myeloid effector cells were involved in
postulated mechanisms for its potent antitumor activity in xenograft models. The initial evidence for a role of effector cells was
obtained in a subset of tumor xenograft mouse models whose response to enavatuzumab relied on the binding of Fc of the
antibody to Fcγ receptor. The involvement of effector cells was further confirmed by immunohistochemistry, which revealed
strong infiltration of CD45+ effector cells into tumor xenografts in responding models, but minimal infiltration in
nonresponders. Consistent with the xenograft studies, human effector cells preferentially migrated toward in vivo-responsive
tumor cells treated by enavatuzumab in vitro, with the majority of migratory cells being monocytes. Conditioned media from
enavatuzumab-treated tumor cells contained elevated levels of chemokines, which might be responsible for enavatuzumab-
triggered effector cell migration. These preclinical studies demonstrate that enavatuzumab can exert its potent antitumor activity
by actively recruiting and activating myeloid effectors to kill tumor cells. Enavatuzumab-induced chemokines warrant further
evaluation in clinical studies as potential biomarkers for such activity.

1. Introduction

Functional antibodies targeting cell surface receptors with
the ability to induce signaling represent a relatively new class
of therapeutic antibodies. Members of the TNF receptor
super family (TNFRSF) are attractive targets for developing
functional antibodies since stimulating this class of receptors
potently regulates a wide variety of biological functions.
Several antibodies targeting the members of TNFRSF, such
as anti-TRAILR, anti-OX40, anti-CD40, and anti-4-1BB,
have been developed and evaluated in preclinical studies or
in clinical trials [1]. Enavatuzumab (also called PDL192) is
a humanized IgG1 monoclonal antibody targeting the recep-
tor of TNF-like weak inducer of apoptosis (TWEAK), one of
the TNFRSF members, also known as Fn14 or TNFRSF12A

[2, 3]. TWEAK is the natural ligand of the TWEAK receptor
(TweakR), which stimulates multiple cellular responses,
including proliferation, differentiation, apoptosis, and migra-
tion, as well as wound repair and inflammation [4, 5].

Although TWEAK has pleiotropic functions, it was ini-
tially identified as a weak inducer of apoptosis [6]. Additional
studies further indicated that TWEAK can induce multiple
cancer cell lines to undergo caspase-dependent apoptosis,
and cell death can be further enhanced when combined with
TNFα or IFNγ treatment [7–9]. Since TweakR is overex-
pressed in multiple tumors, such as breast cancer, lung
cancer, ovarian cancer, glioma, and endometrial cancer
[10–15], several functional anti-TweakR antibodies have
been investigated for treating cancers [16]. Due to the
relatively low expression of TweakR in normal tissues, an
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immunotoxin-conjugated TweakR antibody has been tested
in preclinical cancer models [17, 18]. We also reported previ-
ously that the antitumor activity of enavatuzumab has been
attributed to three distinct mechanisms of action: (1) direct
killing of tumor cells by inducing caspase-3/7 activation, (2)
growth inhibition of tumor cell lines through p21-mediated
cell cycle arrest, and (3) via antibody dependent cell-
mediated cytotoxicity (ADCC) [2, 19].

Depletion of target cells through ADCC has been impli-
cated as a major mechanism for therapeutic antibodies,
including rituximab, alemtuzumab, and trastuzumab in
treating both hematologic malignancies and solid tumors
[20]. In addition to this conventional role in mediating
ADCC, the interaction of Fc and the Fcγ receptor (FcγR) also
provides a means to crosslink the antibodies, which for
agonist antibodies enhances their signaling potential upon
binding to the target antigen, as was recently confirmed for
anti-DR5 antibodies [21]. The availability of Fc receptor-
positive cells is therefore critical for antibodies to function
through ADCC as well as through targets. Results from clin-
ical studies in breast cancer patients indicate that increased
numbers of lymphocytes within the tumor correlates with
improved response to trastuzumab [22]. Thus, the presence
of effector cells within the tumor microenvironment may be
required for antibodies to best achieve their antitumor activ-
ities. Although ADCC function has been extensively studied
preclinically for many therapeutic antibodies, very few
studies have focused on whether therapeutic antibodies can
actively recruit FcγR-positive cells into the tumor microenvi-
ronment, which may enhance ADCC or agonistic activity of
therapeutic mAb in vivo.

As previously described, enavatuzumab induces tumor
growth inhibition through direct TweakR signaling and
ADCC. However, this may be an oversimplification of the
mechanisms of this antibody given the pleiotropic nature of
TweakR-mediated signaling. In the current study, we focused
on the interaction of enavatuzumab with tumor cells and
immune effector cells. We found that enavatuzumab treat-
ment results in activation of immune effector cells and infil-
tration of immune cells into the tumors in mice bearing
xenograft tumors sensitive to the antibody. We also showed
that enavatuzumab stimulates migration of human immune
cells in vitro toward tumor cells sensitive to enavatuzumab
and that MCP-1 is a key driver of this migration. MCP-1
was also found to be increased in the serum of mice and in
human patients after enavatuzumab treatment, suggesting
that the preclinical findings may translate into the clinical
setting.

2. Methods

2.1. Cell Lines and Therapeutic Antibodies. Tumor cell lines
H520, A375, HCT116, and DLD-1 cells were obtained from
ATCC, while SN12C was purchased from NCI. H520 lung
cancer cells, SN12C renal cancer cells, and HCT116 and
DLD-1 colorectal cancer cells were maintained in RPMI,
and A375 melanoma cells were maintained in DMEM.
H520 cells were transfected with a TweakR expression con-
struct to generate H520-TweakR cell line. All cells were

maintained and assays were done in the appropriate growth
media containing fetal bovine serum (10%), unless otherwise
indicated. All cell culture media and serum were purchased
from Hyclone (Thermo Fisher Scientific).

Enavatuzumab and the human IgG1 isotype control
(MSL109) have been described previously [2]. The enavatu-
zumab Fc mutant 1 is on a human IgG1 backbone that
contains the L234A/L235A mutations in the Fc region
(huIgG1-LALA), while the enavatuzumab Fc mutant 2 vari-
ant is a human IgG2 isotype containing the V234A/G236A
mutations (hIgG2-VAGA).

2.2. Animal Models. Tumor cells were inoculated subcutane-
ously into the right flank of 6-week old severe combined
immunodeficient (SCID) mice (IcrTac:ICR-Prkdc<scid>,
Taconic, Germantown, NY) at 1× 107 cells per mouse. Ani-
mals were randomized into groups when the mean tumor
volume reached 110–160mm3. Antibodies were administered
intraperitoneally at 10mg/kg, unless otherwise indicated.

For efficacy studies, tumor volumes (L ×W×H/2) were
generally measured on each dosing day; the group means
± SEM is displayed. Groups were removed from the study
when at least one tumor in the group reached the allowable
limit (1500mm3). The statistical significance of the differ-
ences between groups was determined by t-test using SAS
statistical software (version 9). Mean tumor volumes between
groups were considered significantly different if p < 0 05.

For tumor samples collected for immunohistochemistry,
animals were administered antibody on days 0 and 2 or 3,
and tumors were harvested on day 4.

For cytokine measurements, A375 tumor-bearing mice
were given a single dose of antibody, and blood samples were
taken up to 14 days after antibody dose. Cytokine levels were
measured in serum by Luminex® (Millipore, Billerica, MA),
according to the manufacturer’s instructions.

All animal work was carried out under NIH guidelines
“Guide for the Care and Use of Laboratory Animals” using
AbbVie Biotherapeutics IACUC approved protocols.

2.3. Phenotyping of Mouse Splenocytes. SN12C or HCT116
tumor-bearing mice were given 7 or 9 doses, respectively, of
enavatuzumab or a control antibody (10mg/kg three times
per week). Three days after the last antibody dose, spleens
were harvested from 5–7 mice in each group, and isolated
splenocytes were stained with conjugated staining antibodies
from BD Bioscience (San Jose, CA): CD45-FITC, CD11b-
APC-Cy7, DX5-PE, and biotinylated CD27. FACS data were
collected by FACSCanto™ (BD Biosciences, San Jose, CA)
and analyzed with Flowjo (Tree Star, Ashland, OR).

2.4. Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)
Assay. The ADCC activity of enavatuzumab wild-type or
mutant antibodies was measured by Cr-51 release as
described previously [2] using human peripheral blood
mononuclear cells (PBMCs) as effectors and TweakR-
positive tumor cells as targets. In brief, target cells were
labeled with 50μCi of Cr-51 (Perkin Elmer, Waltham, MA)
per 1× 106 cells for 1 hour (hr) at 37°C. Labeled target cells
were mixed and incubated with serially diluted antibody for
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30min at 4°C. PBMCs were prepared from fresh whole blood
using a Ficoll-Paque Plus gradient (GE Healthcare Biosci-
ences, Pittsburgh, PA). PBMCs were then added to the
opsonized cells at a E : T ratio at 40 : 1 and incubated for
4 hrs at 37°C in a CO2 incubator. Antibody-independent
cell-mediated cytotoxicity (AICC) was measured by incubat-
ing effector and target cells in the absence of antibody.
Maximum release (MR) was measured by adding 2%
Triton X-100 to target cells. Spontaneous release (SR)
was measured by incubating target cells in the absence of
antibody. After 4 hrs, the plates were gently centrifuged
and Cr-51 release was measured by counting 100μl of
cell-free supernatant in a Wizard 1470 gamma counter
(Perkin Elmer). The percent cytotoxicity was calculated
as Sample − SR / MR − SR × 100.

2.5. In Vitro Coculture Assay. PBMCs from healthy human
donors were added to 24-well plates, either alone or into wells
that contained SN12C cells that had been plated 24hrs previ-
ously. The cultures were incubated with enavatuzumab or a
control antibody (10μg/mL) for 24 hrs, after which the
immune cells were removed to measure activation markers
by flow cytometry. Immune cells were stained for monocytes
and nature killer (NK) cells with fluorochrome-conjugated
antibodies purchased from BD Biosciences: CD3-FITC,
CD54-PE, CD16-PerCP Cy5.5, CD14-PE Cy7, CD56-APC,
and CD69-APC Cy7. In some experiments, tumor cell cyto-
toxicity was assessed after 24 hr culture by measuring the
level of cytokeratin18 in the supernatant by M65® ELISA
(Peviva, Bromma, Sweden), according to the manufacturer’s
instructions.

2.6. In Vitro Migration Assay. A total of 6× 104 tumor cells
were plated into the bottom well of 24-well Transwell® plates
(Corning Inc., Corning, NY) and incubated with antibodies
(10μg/mL). Twenty-four hours later, 2× 105 PBMCs from
healthy donors were added to the top well (5μm) of the
Transwell plate and incubated for additional 4 hrs. Wells
containing no tumor cells in the bottom chamber were used
to quantify spontaneous migration. In some experiments,
anti-human MCP-1 or anti-human IL-8 (R&D Systems,
Minneapolis, MN) was added 30min before the addition
of PBMC. The total number of immune cells that had
migrated into the bottom well was quantified by FACS
using polystyrene beads (Polysciences, Warrington PA).
Specific migration was calculated by 100× ((number of
cells that migrated toward tumor cells−number of cells
that migrated spontaneously)/number of PBMCs seeded).
In some experiments, the supernatants from antibody-
treated tumor cells were measured for cytokine production
by Luminex, and immune cells that had migrated were
phenotyped by collecting migrated cells and staining them
with antibodies from BD Biosciences: CD3-FITC, CD56/
CD16-PE, CD4-PerCP Cy5.5, CD14-PE Cy7, CD11c-
APC, and CD20-APC Cy7. Analysis was performed on a
FACSCanto flow cytometer.

2.7. Immunohistochemistry Staining. Tumor xenografts were
harvested, fixed in 10% buffered formalin, and embedded in

paraffin. Five-micrometer sections were deparaffinized, and
antigen retrieval was performed in BORG solution (Biocare
Medical, Concord, CA), followed by blocking with Back-
ground Sniper (Biocare Medical). Slides were incubated with
anti-mouse CD45 antibody (rat IgG2b) or a control rat
IgG2b antibody (BD Bioscience) and detected using the Rat
on Mouse HRP detection system (Biocare Medical). Slides
were then incubated with diaminobenzidine for 5 minutes
and were counterstained with hematoxylin. Mouse effector
cells were identified by CD45-positive staining.

2.8. Cytokine Measurements in Human Serum Samples.
Serum samples were collected from patients in the enavatu-
zumab phase 1 study according to the study protocol. A 12-
plex Luminex assay from Millipore was validated to measure
cytokine/chemokine/growth factor levels in human serum.
The assay kit contains capture antibodies for each analyte
covalently bound to distinct color-coded microsphere
subsets distinguished by differing dye ratios. Calibrators,
controls, and study samples were incubated with micro-
spheres in the wells of 96-well plates. The assay signal for
each individual analyte was determined by measuring orange
fluorescence produced by a complex of biotinylated analyte-
specific antibodies and streptavidin-phycoerythrin as fluo-
rescence intensity (FI) using a Luminex XMAP instrument.
The concentration of each analyte was determined by using
the FI value to extrapolate against the calibration curve gen-
erated from the regression of the FI values of the calibrators
and their corresponding nominal concentrations.

2.9. Statistical Analysis. Data were analyzed using SAS statis-
tical software (version 9) and GraphPad Prism software, ver-
sion 4.03. They were subjected to one-way (treatment)
ANOVA. When ANOVA revealed a significant effect of
treatment, differences between treatments were tested using
Duncan’s multiple range tests.

3. Results

3.1. Enavatuzumab Exerted Potent ADCC on TweakR-
Positive Tumor Cells through Activating Immune Effector
Cells In Vitro. Enavatuzumab is a humanized IgG1 antibody,
and Fc-mediated effector cell killing has been proposed as
one of the mechanisms driving its antitumor activity. We
previously reported that enavatuzumab ADCC on cells
transfected with TweakR [2]. To further confirm the ability
of enavatuzumab to induce ADCC in vitro, ADCC was eval-
uated on multiple endogenous TweakR-expressing tumor
cell lines as targets [2]. Enavatuzumab showed potent
tumor cell killing on all TweakR-positive tumor cells
tested, including the renal carcinoma cell line SN12C, the
melanoma cell line A375, and the colorectal cancer cell
lines HCT116 and DLD-1 (Figure 1(a)).

ADCC is generally thought to be mediated by the activa-
tion of immune effector cells. To explore this further,
immune cell activation by enavatuzumab was assessed in
in vitro cocultures of human PBMCs and tumor cells. When
PBMCs were cultured, enavatuzumab treatment did not alter
the expression of CD54 and CD16 on monocytes or NK cells.
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In contrast, enavatuzumab treatment of cocultures of PBMCs
with any of the four TweakR-expressing tumor cell lines
resulted in activation of both monocytes and NK cells, as
defined by upregulation of CD54 and downregulation of
CD16 on both cell types (Figure 1(b)). To determine whether
effector cell activation is sufficient to mediate tumor cell kill-
ing, we compared enavatuzumab-induced effector cell activa-
tion and tumor cell killing across a range of effector : target
ratios (E : T). In cocultures of PBMCs and SN12C cells, NK
activation, indicated by CD69 upregulation, was observed
over a range of E : T, from 1 : 1 to 25 : 1 (Figure 1(c)). In con-
trast, enavatuzumab induced cytotoxicity of SN12C cells,

indicated by CK18 production, started at E : T of 10 : 1, with
marked cytotoxicity observed only at the highest E : T tested
(25 : 1, Figure 1(c)). At high E : T, enavatuzumab stimulated
cytotoxicity of all TweakR-expressing cells equivalently
in vitro (Figure 1(a)). These data suggest that the quantity
of effector cells is also essential for mediating tumor cell
killing in addition to effector cell activation.

3.2. Enavatuzumab Induced Diverse Responses on TweakR-
Positive Xenograft Tumors by Differentially Activating
Immune Effector Cells In Vivo. We next attempted to trans-
late the ability of enavatuzumab to kill a range of tumor cell
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Figure 1: Enavatuzumab induces effector cell activation and tumor cell killing in vitro. (a) Human PBMCs were coincubated with Cr-51-
labeled tumor target cells with E : T at 40 : 1 for 4 hr in the presence of enavatuzumab. Tumor cell cytotoxicity was calculated based on
Cr-51 released into culture supernatant. Antibody-independent cell cytotoxicity (AICC) was also calculated. Experiments were performed
with PBMCs from 4 donors. Representative data collected from one donor are shown. (b) Human PBMCs, cultured either alone or with
indicated tumor cells at a 10 : 1 ratio, were treated with enavatuzumab or a control antibody. 24 hrs later, CD54 and CD16 levels were
assessed on both monocytes (Mono) and NK cells by flow cytometry. Experiments were performed with PBMCs from 8 donors.
Representative data collected from one donor were shown. (c) PBMCs were cultured with SN12C cells at the indicated ratios for
24 hr in the presence of enavatuzumab or a control antibody, after which CD69 was assessed on NK cells by flow cytometry (left)
or cytokeratin18 levels were quantified in cell supernatants as a measure of tumor cell cytotoxicity (right). Enavatuzumab treatment
increased CD69 levels at all E : T ratios tested (representative data from 4 donors) but significantly stimulated cytotoxicity only at
10 : 1 and 25 : 1 ratios (n = 4, ∗p < 0 05).
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lines via ADCC in vitro into antitumor activity in vivo. Ena-
vatuzumab has previously been shown to exhibit potent anti-
tumor activity on human xenograft tumors implanted into
ICR-SCID mice. ICR-SCID mice maintain a largely intact
innate immune system and produce effector cells that express
multiple Fcγ receptors. Enavatuzumab has been shown to
induce ADCC in vitro using ICR-SCID mouse splenocytes
as effector cells [2], suggesting that the human IgG1 Fc is able
to bind effectively to mouse Fcγ receptors [23]. This bind-
ing was confirmed in flow cytometry assays measuring
enavatuzumab binding on mouse CD11bhigh splenocytes
(Figure 2(a)). This interaction is likely through Fc-FcγR, as
TweakR expression has not been detected on lymphoid cell
types, regardless of their activation state [2, 24]. Moreover,
enavatuzumab does not bind the mouse ortholog of human
TweakR (data not shown). When tested on a range of xeno-
graft tumor models, however, not all TweakR-positive
tumors showed similar in vivo responses to enavatuzumab
treatment. Some TweakR-expressing tumor cell lines, such
as HCT116 and DLD-1, were not sensitive to enavatuzumab
treatment in vivo (Figure 2(b)), though both cell lines were
effectively killed via ADCC in vitro with enavatuzumab.
Other TweakR-expressing cells, such as SN12C and A375,
were sensitive to enavatuzumab treatment both in vivo and
in vitro. However, the in vivo responses to enavatuzumab
treatment in these cell lines appeared to rely on different
mechanisms of action. In the SN12C model, an enavatuzu-
mab Fc mutant variant, Fc mutant 2 (hIgG2-VAGA), with
no binding to FcγR and no ADCC capability (Figure 2(a)),
was unable to inhibit the growth of tumors, suggesting a crit-
ical role for Fc-FcγR interaction and/or ADCC in this model
(Figure 2(b)). In contrast, a different Fc mutant variant, Fc
mutant 1 (hIgG1-LALA), which was unable to induce
ADCC, but retained some binding to mouse FcγR-expressing
cells (Figure 2(a)), inhibited the growth of A375 tumors to a
similar extent as wild-type enavatuzumab (Figure 2(b)), sug-
gesting that cell death signaling through TweakR, and not
ADCC, is critical for the antitumor activity of enavatuzumab
in this model.

The finding that not all xenograft tumors tested were
sensitive to enavatuzumab is not consistent with in vitro
results showing that enavatuzumab was able to induce
ADCC and immune cell activation efficiently on all
TweakR-positive tumor cell lines tested. This raised the
question of whether enavatuzumab might differentially
activate effector cells in vivo. To address this, splenocytes
isolated from tumor-bearing mice after enavatuzumab
treatment were assessed for levels of activation markers.
NK-like and monocyte-like cells were gated based on cell
size and CD11b expression (Figure 3(a)). The activation
markers DX5 and CD27 on monocyte-like cells (CD11b
high) and DX5 on NK-like cells (CD11b low) were found
to be up-regulated after enavatuzumab treatment in
responder xenografts that rely on ADCC, such as SN12C
tumor-bearing mice, but not in mice bearing HCT116
tumors which do not respond to treatment in vivo
(Figures 3(b) and 3(c)).

In SN12C tumor-bearing mice, up-regulation of activa-
tion markers after enavatuzumab treatment was observed

on splenocytes, indicating systemic activation of immune
cells. As this activation is unlikely to be mediated by ena-
vatuzumab through mouse TweakR on the immune cells,
the function of enavatuzumab on mouse immune effector
cells is likely through Fc-FcγR ligation; such “bridging”
between the FcγR on immune cells and TweakR on the
tumor target cells, as suggested in the PBMC-tumor cell
co-culture studies, is probably required for triggering effec-
tor cell activation in vivo.

3.3. Enavatuzumab Promoted Infiltration and Migration of
Effector Cells into Responder Tumor Xenografts as well as
toward Tumor Cells Cultured In Vitro. To better understand
the interaction between tumor cells and immune cells medi-
ated by enavatuzumab in vivo, we assessed the xenograft
tumors for the presence of immune cells by immunohisto-
chemistry. While few immune cells were observed within
the tumors after treatment with a control antibody, enavatu-
zumab treatment stimulated marked immune cell infiltration
into SN12C and A375 tumors, both of which were sensitive
to enavatuzumab (Figure 4(a)). The infiltration of immune
cells into these tumors was not dependent on ADCC capabil-
ity, as enavatuzumab and Fc mutant variants stimulated
immune cell infiltration to similar extents (Figure 4(b)). In
contrast, enavatuzumab did not stimulate infiltration of
immune cells into HCT116 or DLD-1 tumors (Figure 4(a)),
both of which were resistant to enavatuzumab in vivo. These
results suggested that enavatuzumab treatment of sensitive
tumors, but not resistant tumors, stimulated the migration
of immune cells into the tumor. To simulate the effector
cell infiltration observed in animal models, we used a
Transwell assay to assess the ability of enavatuzumab to
stimulate the migration of human immune cells toward
tumor cells. Enavatuzumab treatment of both SN12C and
A375 cells resulted in significantly increased migration of
immune effector cells toward the tumor cells (Figure 5(a)).
In contrast, treatment of HCT116 or DLD-1 cells with enava-
tuzumab did not stimulate immune cell migration. Pheno-
typing the immune cells that had migrated toward SN12C
or A375 cells showed that monocytes were the predominant
migrating immune cell type, as seen by the significant
increase in this population relative to the starting PBMCs
(Figure 5(b)). NK cells, dendritic cells (DC), and B cells were
also enriched in the migrated population. However, only
monocyte migration was significantly increased by enavatu-
zumab treatment of tumor cells (Figure 5(c)).

3.4. Chemokines Released from Enavatuzumab-Treated
Tumor Cells Were Critical for Effector Cell Migration. The
observed ability of enavatuzumab to stimulate migration of
immune cells is likely mediated by cytokines released from
the tumor cells. TWEAK has been shown to stimulate the
release of cytokines and chemokines from a number of cell
types [4, 5]; as a TweakR agonist, enavatuzumab would also
be expected to have this function. Indeed, enavatuzumab
stimulated release of multiple chemokines from A375 cells,
including GM-CSF, IL-8, IL-6, and MCP-1 (Figure 6(a)).
Treatment of SN12C with enavatuzumab had a more limited
effect, resulting in increased GM-CSF and IL-8 levels,
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Figure 2: Enavatuzumab showed diverse antitumor activities on different xenograft tumors. (a) Enavatuzumab or two variants of
enavatuzumab containing mutations in the Fc region were incubated with mouse splenocytes. Binding to CD11bhigh cells was measured by
FACS. ADCC activities of enavatuzumab and its Fc mutant variants were evaluated by Cr-51 release with H520-TweakR cells as targets
and mouse splenocytes as effectors at a ratio of 1 : 40. (b) Established SN12C tumors were treated with enavatuzumab, a variant of
enavatuzumab with no FcγR binding, or a control antibody (10mg/kg) three times a week for a total of seven doses, with dosing days
indicated by the arrows above the graph. Dosing groups contained 10 animals each. Treatment with enavatuzumab, but not the Fc
mutant, resulted in significant tumor growth inhibition on days 24–36 (p < 0 05). A375 tumors were similarly administered with nine
doses of enavatuzumab, an Fc mutant variant, or a control antibody. Dosing groups contained 8 animals each, and significant growth
inhibition was observed with both enavatuzumab and the Fc mutant on days 21–37 (p < 0 05). HCT116 and DLD-1 xenograft tumors
were treated with enavatuzumab or a control antibody for nine or six doses (n = 8 or 10). Enavatuzumab treatment resulted in no tumor
growth inhibition in either models.
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although untreated SN12C endogenously expressed high
levels of MCP-1. Enavatuzumab had a much reduced effect
on cytokine release by HCT116 or DLD-1, with only an
increase in GM-CSF released by DLD-1 in response to enava-
tuzumab (Figure 6(a)).

To test the hypothesis that chemokines mediated
enavatuzumab-induced migration of immune cells toward
tumor cells, we tested the ability of enavatuzumab to
stimulate immune cell migration in the presence of
chemokine-blocking antibodies. An IL-8-blocking antibody

had no effect on the migration of immune cells toward
A375 cells; however, an anti-MCP-1 antibody prevented
enavatuzumab-stimulated immune cell migration in a dose-
dependent manner (Figure 6(b)), with a marked reduction
in monocyte population (Supplemental Figure 1 available
online at https://doi.org/10.1155/2017/5737159).

Having shown that enavatuzumab treatment of tumor
cells stimulated release of multiple cytokines and chemokines
in vitro and that MCP-1 appeared to be a key functional
chemokine in immune cell migration, we next tested whether
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Figure 3: Enavatuzumab activated immune effector cells in responding tumor xenograft model. Splenocytes were isolated from tumor-
bearing mice after enavatuzumab treatment and phenotyped by flow cytometry. (a) CD45+ cells were gated out from dead cells and other
cell types. Of the live CD45+ cells, monocyte (CD11bhigh) and NK-like (CD11blow) cells were gated based on cell size and CD11b
expression. (b, c) Splenocytes from SN12C or HCT116 tumor-bearing mice were assessed for DX5 and CD27 on monocyte-like cells
(CD45+CD11bhigh) and for DX5 on NK-like cells (CD45+CD11blow) after enavatuzumab treatment. Enavatuzumab treatment significantly
upregulated expression of both markers in SN12C tumor-bearing mice (n = 6, ∗p < 0 05).
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enavatuzumab stimulated release of MCP-1 in vivo. A375
tumor-bearing mice were administered a single dose of
enavatuzumab, after which serum from mice was assessed
for human or mouse MCP-1 levels. Enavatuzumab treatment
resulted in a marked increase in circulating human MCP-1,
which peaked 6hrs after antibody injection (Figure 7(a)).
Enavatuzumab stimulated a modest elevation in mouse
MCP-1 at a single time point, 6 hrs after treatment. Treat-
ment of mice bearing SN12C tumors with enavatuzumab

also resulted in elevated circulating human and mouse
MCP-1 levels (Supplemental Figure 2).

To translate the preclinical finding that enavatuzumab
stimulated cytokine release from tumor cells in vitro and
in vivo as a mechanism to mediate the migration of
immune effector cells into tumors, we next assessed
whether enavatuzumab might also have an effect on circu-
lating chemokine levels in cancer patients. MCP-1 was
measured in the serum from phase 1 subjects at various
times after enavatuzumab treatment. At all dose levels
tested (0.1–1.5mg/kg), postdose elevations in MCP-1 were
observed, with 13/30 patients exhibiting at least a 2-fold
increase over baseline at 5 hr and/or 24hr after the first
infusion (Figure 7(b)). The increased level of MCP-1 could
be of value as a potential biomarker for enavatuzumab
biological activity in patients.

4. Discussion

Enavatuzumab is a functional anti-TweakR human IgG1
antibody that inhibits tumor cell growth through direct
signaling and also kills tumor cells through ADCC. The
current study confirmed that enavatuzumab can induce
cytotoxicity of all TweakR-positive tumor cells tested by
ADCC in vitro. However, not all TweakR-positive cells
which can be lysed by ADCC in vitro were sensitive to
enavatuzumab treatment in mouse xenograft tumor
models. We hypothesize that tumor cells sensitive to ena-
vatuzumab treatment in vivo actively recruit immune
effector cells and the presence of immune effector cells
within the tumor is critical for antibody-mediated tumor
cell killing.

Immunohistochemistry (IHC) staining demonstrated
strong presence of CD45+ leukocytes within xenograft
tumors sensitive to enavatuzumab treatment, and very few
CD45+ cells were found in nonresponding tumors. The infil-
tration of leukocytes into sensitive tumors was rapid and
occurred within 3 days after the first dose; thus, it is unlikely
that the leukocytes were recruited as a result of tumor necro-
sis at later time points (Supplemental Figure 3). In the in vitro
Transwell assay, enavatuzumab stimulated the responder
tumor cell lines to produce a number of cytokines and
chemokines which attracted human leukocytes. In contrast,
nonresponding lines produced few chemokines after
exposure to enavatuzumab. In experiments using condi-
tioned media, MCP-1 was found to be the major chemokine
responsible for leukocyte infiltration into tumors. These data
suggest that stimulation of TweakR signaling by enavatuzu-
mab not only leads to tumor growth inhibition as previously
reported [2] but can also result in chemokine release and
leukocyte infiltration. The ability to stimulate leukocyte
infiltration into tumors may explain the potent antitumor
activity of enavatuzumab in responding tumor models. In
xenograft models conducted in immune-deficient mice,
the major leukocytes are neutrophils, monocytes, and
NK-like cells, all of which express FcγR [25]. The presence
of FcγR-positive leukocytes within the tumor would allow
the antibody to bridge leukocytes and tumor targets
through binding to FcγR and TweakR, respectively, thus
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simultaneously modulating the functions of both tumor
target cells and leukocytes.

FcγR binding has been demonstrated to drive direct
signaling in target cells for antibody targeting members
of TNFRSF, such as anti-DR5 [21]. It is well-known that
members of the TNFRSF need to be oligomerized to initiate
downstream signaling. Antibodies clustered by FcγR
expressed on neighboring cells likely facilitate target receptor
oligomerization and subsequent downstream signaling. A

recent study on anti-TweakR antibodies confirmed this con-
cept and provided evidence that antibodies can enhance
TweakR-mediated signaling through FcγR binding [26].
One of the biological responses resulting from TweakR direct
signaling is cytokine or chemokine production [4, 5].
Crosslinking provided by leukocytes can enhance TweakR
signaling; thus, the subsequent cytokine or chemokine
production from tumor cells could further increase leuko-
cyte recruitment. This positive feedback loop created by
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Figure 5: Human effector cells can migrate toward enavatuzumab-treated tumor cells in culture. (a) SN12C, A375, HCT116, and DLD-1 cells
were plated into the bottom well of 24-well Transwell plates and treated with enavatuzumab or a control antibody. 24 hr later, PBMCs were
added to the top of the Transwell and incubated for an additional 4 hr, after which the number of PBMCs that had migrated to the bottom
chamber was quantified by flow cytometry and is represented as a percentage of the total number of PBMCs added. Enavatuzumab
significantly increased PBMC migration toward SN12C and A375 cells (∗, n = 4, p < 0 05) but had no effect on migration toward HCT116
or DLD-1 cells. (b) The phenotype of PBMCs prior to migration was compared to that of immune cells that had migrated toward A375
and SN12C cells after enavatuzumab treatment. The numbers of dendritic cells (CD11c+CD3−CD20−CD56−CD16−CD14−), B cells
(CD20+), NK cells (CD3−CD56/CD16+), and monocytes (CD14+) were quantified and are expressed relative to the number of T cells
in each population. (c) The absolute number of monocytes that migrated toward A375 and SN12C cells after antibody treatment was
quantified and is expressed as the number per 5000 counting beads (∗, n = 4, p < 0 05).
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leukocyte infiltration can therefore amplify the biological
activity of enavatuzumab. The other biological response
from TweakR direct signaling is tumor growth inhibition
or cell death [7–9]. We have shown that crosslinking the
Fc region of enavatuzumab using a soluble secondary anti-
body or by immobilizing enavatuzumab enhanced growth
inhibition in responding tumor cell lines in vitro [10, 19]. It
is possible that tumor-infiltrating leukocytes provide similar
crosslinking through Fc-FcγR interactions and therefore
enhance the antitumor activity of enavatuzumab in vivo.
This antitumor activity of enavatuzumab is independent

of its ADCC function. Such activity is likely a major
mechanism driving the antitumor activity in the A375
model, where enavatuzumab and an ADCC-null Fc
mutant (hIgG1-LALA) of enavatuzumab exhibited equiva-
lent antitumor activity. This Fc mutant retained some
mouse FcγR binding which might be sufficient to provide
the crosslinking required to promote TweakR signaling,
leading to tumor growth inhibition.

By bridging leukocytes and tumor cells, enavatuzumab
can not only stimulate TweakR signaling on tumor cells but
also enhance the activation of FcγR-bearing leukocytes.
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Figure 6: Enavatuzumab stimulates an increase in cytokine levels in some tumor cell cultures. (a) A375, SN12C, HCT116, and DLD-1 cells
were treated with enavatuzumab or a control antibody for 24 hr, after which the levels GM-CSF, IL-6, IL-8, and MCP-1 were measured in the
supernatants by Luminex multiplex assays (n = 4, ∗p < 0 05). (b) A375 cells were plated into the bottom of Transwell plates and treated with
enavatuzumab or a control antibody for 24 hr, after which antibodies blockingMCP-1 (left) or IL-8 (right) were added for 0.5 hr. PBMCs were
then added to the top of the Transwell; 4 hr later, the number of immune cells that had migrated toward the tumor cells was quantified by flow
cytometry (n = 4, ∗p < 0 05).
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Figure 7: Enavatuzumab treatment stimulates MCP-1 secretion in mouse xenograft models and in human cancer patients. (a) Mice bearing
established A375 tumors were given a single dose of enavatuzumab or a control antibody. Human MCP-1 (left) and mouse MCP-1 (right)
were measured by Luminex in the serum of 5 mice in each dosing group at the indicated times after treatment. Data from 5 mice are
shown as median and interquartile range at each time point in the graph. (b) Patients were treated with enavatuzumab at 0.1mg/kg (top)
or 0.3mg/kg (bottom) every two weeks, with dosing days indicated by the arrows above each graph. MCP-1 was measured in serum
samples by Luminex. Each colored line represents data from one patient and patient (Pt) numbers are also listed.
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Human IgG1 antibodies’ binding to activating FcγR and
engagement of activating FcγR by antibody-antigen com-
plexes may lead to leukocyte activation, cytokine release,
and ADCC stimulation [20, 27]. Consistent with this notion,
enavatuzumab activated NK cells and monocytes by modu-
lating expression of cell surface markers when human
PBMCs were cocultured with tumor cells. Since neither NK
cells nor monocytes express TweakR [2, 24], activation of
these cells is mediated by Fc-FcγR interactions and only
when PBMCs were cocultured with TweakR-expressing
tumor cells. In the absence of antigen engagement on the
tumor cells, enavatuzumab treatment did not alter the
expression of activation markers on PBMCs. These in vitro
data suggested that crosslinking through tumor target bind-
ing was required for FcγR-mediated effector cell activation
and is analogous to the ability of crosslinking through FcγR
engagement to promote signaling through TweakR as
discussed above. Enavatuzumab also activated leukocytes
in vivo, as evidenced by the upregulation of activation
markers expressed on the leukocytes from the spleens of mice
bearing xenograft tumors sensitive to enavatuzumab. Given
that the sensitive tumors were capable of attracting leuko-
cytes after treatment, leukocytes might be activated while
circulating through tumor xenografts in the presence of the
antibody. Further evidence of in vivo effector cell activation
by enavatuzumab comes from the observation that the pro-
duction of mouse cytokines was enhanced by enavatuzumab
in sensitive tumor models (Figure 7(a), Supplemental
Figure 2). Since enavatuzumab does not bind to mouse
TweakR, the mouse cytokines were likely secreted from
host leukocytes activated by antibody FcγR engagement.
Assessing cell surface marker expression and cytokine
production associated with in vivo effector cell activation
provided feasible ways to monitor biomarkers reflecting
the biological activity of enavatuzumab.

Many studies have suggested that the activation of effec-
tor cells is sufficient to induce target cell killing via ADCC
[28, 29]. In this study, however, we showed that tumor cell
killing also required a sufficient quantity of activated effector
cells, since optimal cell cytotoxicity mediated by enavatuzu-
mab could only be achieved at higher E : T ratios than that
was required for optimal activation of effector cells in culture.
Consistent with this finding, a previous study assessing the
ADCC capacity of effector cells derived from trastuzumab-
treated patients showed that response to trastuzumab cor-
related with the numbers of CD56+ or CD16+ lymphocytes
in PBMCs and with the ability of the PBMCs to lyse target
cells [30]. Thus, the quantity of effector cells is as impor-
tant as their functionality in mediating ADCC, suggesting
that the active recruitment of leukocytes into tumors
may further enhance the antitumor activity of enavatuzu-
mab via ADCC.

Taken together, these data suggest a model to describe
the various mechanisms by which enavatuzumab exerts its
antitumor activity in xenograft models. Binding of enavatu-
zumab to its target on tumor cells such as SN12C or A375
initiates signaling through TweakR which leads to cytokine
and chemokine production. The tumor-derived cytokines
and chemokines then trigger a cascade of biological

responses, including leukocyte infiltration, enhanced leu-
kocyte activation by antibody-tumor target engagement,
and enhanced tumor signaling through antibody cross-
linking via effector cells. The increased number of acti-
vated effector cells within the tumor facilitates tumor cell
killing through ADCC, while the enhanced tumor cell
signaling through TweakR further promotes direct tumor
growth inhibition.

MCP-1 was identified as a chemokine likely responsible
for enavatuzumab-stimulated leukocyte infiltration in xeno-
graft models. MCP-1 is known to attract monocytes and
has previously been shown to be secreted by tumor cells in
response to TweakR stimulation [11, 31]. It has also been
reported that monocytes and macrophages at the tumor site
may contribute to tumor growth inhibition through the
release of soluble TWEAK [11, 32]. The results described in
this manuscript demonstrate recruitment of monocytes and
NK cells toward tumor cells uponMCP-1 release after enava-
tuzumab treatment, resulting in activation of these innate
effector cells and subsequent ADCC or ADCP on tumor cells.
Immune-deficient mice carrying xenograft tumors provide a
relevant model to test enavatuzumab in contact with innate
immune cells. In an immune-competent environment, there
are studies showed that macrophage plays an important
role in depleting target cells [33, 34] as well as in mediat-
ing antitumor immunity [35]. However, other studies
showed that chronic activation of macrophage recruited
into tumor may suppress adaptive antitumor immunity
in syngeneic setting [36, 37]. The precise role of macro-
phages in the tumor microenvironment depends on multi-
ple factors, including the phenotype of the cells at a given
time, the timing of treatment, and the tumor model in
which the studies are performed [38]. To study the effects
of acute recruitment and activation of monocytes/macro-
phages by functional anti-TweakR mAb on tumor cells,
surrogate murine antibody will be required for testing in
mouse-syngeneic tumor models, which could provide a
better translation to understand the role of MCP-1
induced by enavatuzumab in cancer patients. Nevertheless,
the rapid induction of MCP-1 by enavatuzumab in clinical
studies suggests the potential for this molecule to be a bio-
marker of biological activity for enavatuzumab. Monitor-
ing this marker may provide a better understanding of
the relationship of pharmacokinetics, pharmacodynamics
and toxicity profile of enavatuzumab, which might facili-
tate the development of an appropriate dosing regimen
in clinical studies.
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