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Abstract. B7-homolog 4 (B7-H4), one of the costimulatory
molecules of the B7 family, has been reported to be widely
expressed in multiple types of cancer tissues, and to be impor-
tant in tumor progression and poor prognosis. However, the
role of B7-H4 in esophageal precancerous lesions has not been
elucidated yet. In the present study, a model of esophageal
squamous cell carcinogenesis was established in 208 C57BL/6
mice by 4-nitroquinoline-1-oxide (4NQO) drinking water of
mice, and the changes in the expression of B7-H4 during the
whole pathological process were investigated. Hematoxylin and
eosin staining results demonstrated that the pathological stage
was exacerbated with the increase in time of 4NQO-mediated
carcinogenesis induction, and the pathological features were
similar to those observed in humans. Immunohistochemistry
results revealed that B7-H4 expression was upregulated and
positively correlated with pathological stage (P<0.0001) as
well as with infiltration of cluster of differentiation (CD) 11b*
macrophage cells (P=0.0002). In addition, B7-H4 messenger
RNA expression increased in the esophagi of model mice
compared with that of control mice, which was positively
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associated with the gene expression of interleukin (IL)-6 and
signal transducer and activator of transcription 3 (STAT3),
according to the results of reverse transcription-quantitative
polymerase chain reaction analysis. Similarly, B7-H4 protein
expression was upregulated in the esophageal tissues of
model mice in comparison with that of control mice, and
was positively associated with IL-6 expression and STAT3
phosphorylation. In conclusion, the present data suggested
that B7-H4 expression increased during esophageal squamous
cell carcinogenesis in mice in association with IL-6/STAT3
signaling pathway activation.

Introduction

Esophageal cancer is the eighth most common type of cancer
and the sixth leading cause of cancer-associated mortality
worldwide (1). There are two histological types of esophageal
cancer: Squamous cell carcinoma (SCC) and adenocarcinoma
(ADE) (2). Although the incidence of ADE has increased
rapidly in Western countries during the last 30 years, SCC
is still the major type of esophageal cancer-related threat in
Asia, Southern and Eastern Africa, and Northern France (3).
In Africa and Asia, 90% of esophageal cancer cases are SCC,
with a 5-year survival rate of only ~20%, since the majority of
cases are diagnosed in the advanced stage, when the best treat-
ment opportunity has been missed (4). Therefore, it is urgently
required to investigate the mechanism of SCC formation and
to explore novel biomarkers for the diagnosis and treatment of
esophageal precancerous conditions.

4-Nitroquinoline-1-oxide (4NQO), a water-soluble quino-
lone derivative, can induce squamous cell carcinogenesis
through oxidative stress and inhibition of DNA synthesis (5).
The tumor formation induced by 4NQO is tissue-specific.
Lung cancer, for example, can be induced by subcutaneous
injection of 4NQO, while oral tumors can be induced by
oral administration of 4NQO (6-9). However, the study of
esophageal precancerous lesions induced by 4NQO remains
undetermined.

B7-homolog 4 (B7-H4) is a member of the B7 family,
which comprises costimulatory molecules (10). In 2003,
B7-H4, a type-I transmembrane protein, was identified by
three different laboratories simultaneously, and was assigned
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three different names: B7-H4 (11), B7s1 (12) and B7x (13).
More recently, it was reported that B7-H4 messenger RNA
was broadly expressed in human peripheral tissues, while
B7-H4 protein expression was confined only to certain tumor
tissues or cancer cells, including lung (14), ovarian (15), pros-
tate (16), melanoma (17), stomach (18), breast (19) and kidney
cancer (20). Besides, B7-H4 expression is induced in activated
T cells, B cells and antigen presenting cells (APCs), including
dendritic cells and macrophages (21). Although it has been
demonstrated that B7-H4 expression in APCs induced by
interleukin (IL)-6 inhibited the function and proliferation
of T cells (22), the association between B7-H4 expression in
tumor cells and the IL-6/signal transducer and activator of
transcription 3 (STAT3) signaling pathway remains unknown.
In addition, it was suggested that B7-H4 was overexpressed
in SCC, which was positively correlated with tumor progres-
sion and a poor prognosis (23), and that B7-H4 facilitated
SCC cell proliferation (24); however, the expression of B7-H4
in esophageal precancerous conditions has not been investi-
gated to date. In the present study, therefore, a model of SCC
formation was established in mice by 4NQO drinking water to
explore changes in B7-H4 expression and its association with
the IL-6/STATS3 signaling pathway.

Materials and methods

Animals and carcinogen treatment. A total of 208C57BL/6
mice (age, 5-6 weeks; weight, 16+2 g), including the same
number of male and female mice, were obtained from
Beijing Weitong Lihua Laboratory Animal Technology Ltd.
Co., Beijing, China. The mice were raised in the specific
pathogen-free animal laboratory of the Fourth Hospital of
Hebei Medical University (Shijiazhuang, China), where the
housing conditions were strictly controlled (temperature,
18-24°C; humidity, 40-60%; and light/dark cycle, 12/12 h). The
carcinogen 4NQO (Sigma-Aldrich; Merck Millipore, Darm-
stadt, Germany) was dissolved and diluted in sterile distilled
water to 50 ug/ml. All experiments followed the guidelines
of the welfare committee of the Fourth Hospital of Hebei
Medical University.

Model protocol. After 1 week of adaptive feeding, the 208
mice were assigned to the control group (n=64) or to the
4NQO model group (n=144). The experiment lasted 28 weeks.
The control mice were administered sterile distilled water
during these 28 weeks, while the 4NQO model mice were
fed with 4NQO (50 ug/ml) as drinking water from the 1st to
the 15th week, and then with sterile distilled water from the
16th to the 28th week. The body weight of all mice was tested
once every 2 weeks in order to assess their physical condition.
In the period ranging from week 16 to 28, 9 mice from the
control group and 20 mice from the 4NQO model group were
sacrificed by removing the cervical vertebra every 2 weeks.

Hematoxylin and eosin (H&E) staining and immunohisto-
chemistry tests. For every sacrifice, samples derived from
3 control mice and 7 4NQO model mice were subjected to
H&E staining and immunohistochemistry tests. Following
sacrifice, the thoracic cavity and abdominal cavity of the mice
were exposed, and the esophageal tissues were separated and

CHEN et al: B7-H4 EXPRESSION INCREASES DURING ESOPHAGEAL CARCINOGENESIS WITH IL-6/STAT3 ACTIVATION

dissected longitudinally, rolled up from cardiac end to tongue
end, and then fixed with pins. Subsequently, the esophagi were
fixed in 4% formaldehyde, embedded in paraffin and sectioned
into 4-um-thick sections. Sections were stained with H&E.
The H&E staining result was defined according to the highest
pathological stage for each sample.

Immunohistochemistry tests were performed to detect the
expression of B7-H4 as well as the infiltration of cluster of
differentiation CD4*T, CD8*T and CDI11b* macrophage cells
in esophageal tissues. The sections were dewaxed, rehydrated
and exposed to 3% H,0, solution for 20 min to block endog-
enous peroxidase. Then, antigens were hot-retrieved with high
pressure (B7-H4, 4.5 min heating time and pH=6.0 citrate
buffer; CD4 and CDS, 8 min heating time and pH=8.0 EDTA
buffer; and CDI11b, 10 min heating time, and pH=6.0 citrate
buffer). Sections were incubated with primary antibodies
against B7-H4 (1:500; GTX62090; GeneTex, Inc., Irvine, CA,
USA), CD4 (1:50; orb4241; Biorbyt, Ltd., Cambridge, UK),
CDS8 (1:50; orb10325; Biorbyt, Ltd.) or CD11b (1:100; cbl1211;
Abcam, Shanghai, China) at 4°C overnight. Standard protocols
for immunohistochemistry were followed as described previ-
ously (25). Scores of B7-H4 expression were derived from
the multiplication of the area and intensity scores (26). The
prevalence of CD4*T, CD8'T or CD11b* macrophage cells was
semi-quantitatively evaluated according to the number of each
type of cells present per vision field (magnification, x400) (27).
Of note, the pathological grade of the observation field was in
line with the H&E pathological result in each sample.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). For every sacrifice, tissue samples derived from
3 control mice and 7 4NQO model mice were subjected to
RT-qPCR analysis to evaluate the gene expression of B7-H4
and associated molecules. Total RNA was extracted from the
tissue samples using TRIzol Reagent (Sigma-Aldrich; Merck
Millipore) according to the manufacturer's protocol. Total
RNA (2 ug for each sample) was reverse transcribed to cDNA
with a Reverse Transcription System (Promega Corporation,
Madison, WI, USA) according to the manufacturer's protocol.
gPCR was performed in a total volume of 20 yl, and the reac-
tion mixture contained cDNA product (1 ug), specific primers
(0.2 ymol/1), SYBR-Green qPCR Master Mix (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and nuclease-free water.
The sequences of the primers were as follows: B7-H4 sense,
5'-CACTCCTATCTCTCTCCTGTTGCCT-3" and antisense,
5'-CACATCTTGTTCCTGTCTGCTCTCT-3'; interleukin
(IL)-6 sense, 5'-CCATCCAGTTGCCTTCTTGG-3' and anti-
sense, 5'-CTCCTCTCCGGACTTGTGAA-3"; IL-10 sense,
5'-CTGAAGACCCTCAGGATGCG-3' and antisense, 5-TGG
CCTTGTAGACACCTTGG-3'; transforming growth factor
(TGF)-f sense, 5'-GCTGAACCAAGGAGACGGAA-3' and
antisense, 5'-"AGAAGTTGGCATGGTAGCCC-3'; interferon
(IFN)-v sense, 5'-"AGCCTCAGGAAGCGGAAAAG-3' and
antisense, 5-TGAGTTCAGTCAGCCGCTTG-3'; STAT3
sense, S"TTGAGTCGCTCACGTTTGAC-3' and antisense,
5'-GGCACTTGTCTAACAACCAACC-3";and GAPDH sense,
5'-CTTTGGCATTGTGGAAGGGCTC-3' and antisense,
5'-GCAGGGATGATGTTCTGGGCAG-3'. The number of
specific transcripts was normalized to the housekeeping gene
GAPDH. The qPCR cycling conditions were as follows: 95°C
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for 10 min, followed by 42 cycles of 95°C for 15 sec, 55°C for
15 sec and 60°C for 1 min. Differences in the expression levels
of the genes were determined by calculating the fold-change in
expression according to the 2"44% method (28).

Western blotting for protein analysis. For every sacrifice,
samples derived from 3 control mice and 6 4NQO mice were
used to evaluate the expression of B7-H4 and associated
proteins. The proteins were extracted from homogenates of
esophageal tissues and quantified using the Bicinchoninic
Acid kit (Sigma-Aldrich; Merck Millipore), as described previ-
ously (29). Western blot analysis was performed as described
previously (30). All proteins were subjected to 10% SDS-PAGE
and electrophoretically transferred onto a nitrocellulose
membrane. The transfer times were 40 min, 1, 1.5 and 1.5 h
for f-actin, B7-H4, STAT3 and phosphorylated (p)-STATS3,
respectively. The membrane was blocked with 5% bovine serum
albumin (Sigma-Aldrich; Merck Millipore) at 37°C for 1 h and
incubated with primary antibodies, including rabbit anti-mouse
B-actin (1:5,000; 600-401-886s; Rockland Immunochemicals,
Inc., Philadelphia, PA, USA), anti-B7-H4 (1:2,000; GeneTex,
Inc.), anti-STAT3 (1:2,000; 79D7; Cell Signaling Technology,
Inc., Danvers, MA, USA) and anti-p-STAT3 (1:500; 3771; Cell
Signaling Technology, Inc.) monoclonal antibodies overnight at
4°C, followed by incubation with a fluorescent rabbit antibody
(1:5,000; sc2020; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) for 1 h at 37°C. Finally, the gray value was detected with
an Odyssey fluorescence scanner (LI-COR Biotechnology
GmbH, Bad Homburg, Germany).

ELISA for protein analysis. ELISA for 1L-6 evaluation was
detected according to the protocol of the Mouse IL-6 ELISA
kit (Dakewe Biotech Co., Ltd., Beijing, China). A total of 50 ul
protein solution was required for each sample. Protein samples
and IL-6 standard solutions were added to enzyme-labeled
wells. Subsequently, 100 ul biotinylated antibody was added
to each well and the plates were incubated for 90 min at 37°C.
After washing five times, 100 pl streptavidin-horseradish
peroxidase was added to each well and incubated for 30 min at
37°C. Then, 100 ul 3,3',5,5'-tetramethylbenzidine was added to
each well and incubated for 20 min at 37°C. Finally, the reac-
tion was stopped by 100 ul/well stop solution. The absorbance
value was detected at 620 nm.

Statistical analysis. Results are presented as the mean + stan-
dard deviation. All the experimental data were analyzed with
GraphPad Prism 5.0 statistical software package (GraphPad
Software, Inc., La Jolla, CA, USA). Spearman correlation
analysis was performed to compare the correlation between
different parameters. Student's 7-test and Kruskal-Wallis
analysis were performed to compare the difference between
=2 groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

SCC is induced by 4NQQO in mice. Firstly, with the prolongation
of the time of inducing cancer, the physical conditions of 4NQO
model mice became poor, and their body weight increased
more slowly compared with that of control mice (Fig. 1A). In
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addition, 1 control mouse and 4 4NQO model mice died without
additional intervention and were excluded from the study.

Secondly, the esophageal tissues of all mice were dissected.
Among these tissues, the esophagi of control mice exhibited
smooth surface, normal thickness and flexibility, without
any abnormal convex or concave appearance. However, the
esophagi of 4NQO model mice exhibited exacerbation of
the pathological conditions with the prolongation of the time
(Fig. 1B). There were white patches scattered in the epidermis
of esophagi from weeks 16 to 18. Subsequently, the esophageal
tissues commenced to appear thicker and rough, with abnormal
touchable protuberances from weeks 20 to 22. Furthermore,
the thickness of the esophagi increased further and the surface
became uneven, with an increased number of obvious masses
of different size from weeks 24 to 28. In the present study,
H&E staining revealed that, during the whole process of carci-
nogenesis, the pathological stage of the esophageal epithelium
underwent normal, low-grade intraepithelial neoplasia (LGIN)
and high-grade intraepithelial neoplasia (HGIN), as shown in
Fig. 1C. Normal esophageal epithelial cells displayed regular
distribution, natural nuclear size and polarity. In LGIN,
however, the mucosal epithelium became thicker, and less than
half of the cells lost polarity, their nuclei became enlarged and
were hyperchromatic. Furthermore, in HGIN, the epithelial
layer became even thicker, and >1/2 of cells lost polarity and
presented a more enlarged nucleus. Additionally, carcinoma
in situ, which occurs when the cells in the whole epithelium
lose polarity and become immature (31), was also observed in
HGIN. All the above pathological characteristics were similar
to those observed in humans (31).

The association between esophageal pathological stage
and time of carcinogenesis induction was analyzed (Table I).
In the present study, no mice exhibited abnormal pathological
conditions in the control group. 4NQO model mice, on the
contrary, exhibited all types of precancerous conditions
(LGIN and HGIN). Furthermore, with increasing time, the
pathological degree of their esophagi markedly increased
(P<0.0001). There was no difference in the pathological stage
between male and female mice, according to the results of
Kruskal-Wallis analysis.

Overall, these findings indicated that 4NQO was a
carcinogen able to induce SCC formation in mice, and the
precancerous conditions exacerbated with increased time of
induction. Therefore, the expression and significance of B7-H4
in the mouse model of SCC induced by 4NQO were evaluated.

B7-H4 expression is upregulated during SCC formation,
according to the results of immunohistochemistry analysis.
B7-H4 was expressed in the cytoplasm and membrane of the
epithelial cells in the mucosal layer (Fig. 2). According to the
final scores (low or high expression), there were only 2 of 22
normal samples (9.1%) with B7-H4 high expression. As to the
precancerous conditions, the B7-H4 high-expression rate was
40.7% (11/27) in LGIN specimens and 81.0% (17/21) in HGIN
cases (Table II). Spearman correlation analysis demonstrated
that the expression of B7-H4 was positively correlated with the
pathological stage (P<0.0001), but not with the gender of the
mice (P=0.2959).

CD4, CD8 and CDI11b are membrane molecules mainly
expressed in CD4*T, CD8*T and macrophage cells (32). As
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Table I. Pathological changes in esophageal tissues during the whole carcinogenesis process in mice.

Control® 4NQOP
Time (weeks) Normal LGIN HGIN Normal LGIN HGIN
16 32,1 0(0,0) 00,0 1(0,1) 532 1(0,1)
18 3(1,2) 0(0,0) 00,0 00,0 6(3,3) 1(1,0)
20 32,1 0(0,0) 0(0,0) 0(0,0) 5(2,3) 2(2,0)
22 3(1,2) 0(0,0) 0(0,0) 00,0 422 3(1,2)
24 3(2.,1) 00,0 00,0 0(0,0) 4(22) 3(2,1)
26 3(1.,2) 0(0,0) 0(0,0) 0(0,0) 2(1,1) 5(3.2)
28 32,1 0(0,0) 0(0,0) 00,0 1(1,0) 624)

The values in parentheses refer to the number of female mice and male mice, respectively. “No abnormal pathological condition was identified
in the esophagi of control mice. "The pathological grades of the esophagi in the 4NQO group were positively correlated with the time of
induction (P<0.0001, Spearman correlation analysis). There was no significant difference regarding the pathological stage between male and
female mice (P=0.3333, Kruskal-Wallis analysis). LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade intraepithelial neoplasia;
4NQO, 4-nitroquinoline-1-oxide.

Table II. Association between B7-H4 expression and pathological stage or lymphocytes infiltration in the epithelia of esophageal
tissues during the carcinogenesis process.

B7-H4 expression®

Relative parameters Number of mice Low High P-value
Pathological stage <0.0001
Normal 22 20 2
LGIN 27 16 11
HGIN 21 4 17
Gender 0.2959
Female 36 20 16
Male 34 10 14
Lymphocytes infiltration 0.8507
CD4*T cells
Low 59 34 25
High 11 6 5
CDS8'T cells 0.3166
Low 51 31 20
High 19 9 10
CD11b*macrophages 0.0002
Low 49 35 14
High 21 5 16

“B7-H4 expression was positively correlated with pathological stage (P<0.0001) and CD11b macrophages infiltration (P=0.0002), according to
Spearman correlation analysis. LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade intraepithelial neoplasia; B7-H4, B7-homologue 4;
CD, cluster of differentiation.

represented in Fig. 2, the infiltrations of these three types of
lymphocytes were predominantly located in the submucosa of
esophageal epithelia instead of the mucosa layer. It was specu-
lated that the reason for this observation maybe that the extent
of the lesion was not severe enough to be infiltrated by lympho-
cytes into the mucosa layer. In addition, it was observed that,

during the precancerous condition, the effect of lymphocytes
on the lesion was indirect, which may be due to the secretion
of cytokines. The association between B7-H4 expression in the
mucosa and lymphocytes infiltration in the pertinent submu-
cosa was also analyzed. As indicated in Table II, the results of
Spearman correlation analysis revealed that B7-H4 expression



ONCOLOGY LETTERS 13: 2207-2215, 2017 2211

A
304 404
-o- control (female) - control (male)
- 4NQO (female) - 4NQO (male)
T 251 C)
= = 30
=0 =
'S 204 k]
= = 1
% 'E‘ 204 * ok ¥ * ®%
= =
= 157 =] ok
H%k
n ** n
1" L L) L) L) T L L L L] L) Ll L T L 1‘-' L) L L L T L] L L L] L L) L L] L]
1 357 9111315171921232527 13 57 9111315171921232527
Time (weeks) Time (weeks)

22 weeks

Figure 1. Changes in body weight and esophageal pathological conditions during squamous cell carcinoma formation induced by 4NQO in C57BL/6
mice. (A) The body weight of female and male 4NQO model mice increased more slowly than that of control mice ("P<0.05, ““P<0.01, Student's -test).
(B) The esophageal pathological conditions of 4NQO model mice were exacerbated during the carcinogenesis process. (C) Hematoxylin and eosin staining
of esophageal precancerous lesions (magnification, x400). LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade intraepithelial neoplasia; 4NQO,
4-nitroquinoline-1-oxide.

Low
expression

High
expression

Figure 2. B7-H4 expression, and CD4*T, CD8*T and CD11b* macrophage cell infiltration in esophagi of mice, as estimated by immunohistochemistry staining.
B7-H4 was expressed in the membrane and cytoplasm of epithelial cells in the mucosa layer. Infiltration of CD4*T, CD8*T and CD11b* macrophage cells was

predominantly located in the submucosa of esophageal tissues. Magnification, x400. The arrows indicate the cells that are positive. B7-H4, B7-homolog 4; CD,
cluster of differentiation.

was positively correlated with CD11b* macrophages infiltration Collectively, these data indicated that B7-H4 protein
(P=0.0002), but not with CD4*T (P=0.8507) or CD8*T cells  expression increased significantly and was positively corre-
infiltration (P=0.3166). lated with pathological variables and macrophages infiltration,
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Figure 3. Gene expression of B7-H4 and associated molecules in control mice. The expression of genes in the esophagi of control mice did not change obviously
from weeks 16 to 28 (B7-H4: P=0.0650; IL-6: P=0.2842; IL-10: P=0.2816; TGF-f, P=0.0743; IFN-y: P=0.3399; STAT3: P=0.3225; Kruskal-Wallis analysis).
mRNA, messenger RNA; Cq, quantification cycle; B7-H4, B7-homolog 4; CD, cluster of differentiation; IL, interleukin; TGF, transforming growth factor; IFN,
interferon; STAT3, signal transducer and activator of transcription 3.
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Figure 4. Gene expression of B7-H4, IL-6, IL-10, TGF-f and STAT3 in the esophagi of 4NQO model mice increased during the carcinogenesis process
("P<0.05, "P<0.01, vs. the control group; Kruskal-Wallis analysis). mRNA, messenger RNA; Cq, quantification cycle; B7-H4, B7-homolog 4; CD, cluster

of differentiation; IL, interleukin; TGF, transforming growth factor; IFN, interferon; STAT3, signal transducer and activator of transcription 3; 4NQO,
4-nitroquinoline-1-oxide.

but was not associated with gender or with CD4*T or CD8*T  or cytokines secreted by macrophage cells, B7-H4, IL-6, IL-10,
cell infiltration during the carcinogenesis process induced by ~ TGF-f, IFN-y and STAT3 gene expression was assessed by
4NQO. Thus, the present data suggested that B7-H4 prob-  RT-qPCR. Firstly, there was no obvious change in the expression
ably is important in promoting the progression of esophageal  of these genes in the control mice from the 16th to the 28th week
precancerous lesions, which may be attributed to its associa-  (Fig. 3). Therefore, the control value of one gene comes from
tion with certain type of cytokines secreted by macrophages. the data of all esophagi of the control mice during the whole

carcinogenesis. Secondly, it was shown that the expression level
B7-H4 gene expression is increased and is associated with IL-6 ~ of B7-H4,1L-6, IL-10, TGF-f3 and STAT3 genes in the esophagi
and STAT3 gene expression during SCC formation, according  of 4NQO model mice increased significantly compared with
to the results of RT-qPCR analysis. To evaluate the association  that of control mice, while IFN-y gene expression did not
between B7-H4 expression and esophageal precancerous lesions  change obviously (Fig. 4). Additionally, there were significantly
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Figure 6. B7-H4, p-STAT3 and IL-6 protein expression in the esophagi of 4NQO model mice increased during the carcinogenesis process ("P<0.05, “P<0.01
vs. the control group; Kruskal-Wallis analysis). B7-H4, B7-homolog 4; IL, interleukin; STAT3, signal transducer and activator of transcription 3; p-, phos-

phorylated; 4NQO, 4-nitroquinoline-1-oxide.

positive correlations between B7-H4 gene expression and IL-6
(r=0.5952, P<0.0001), IL-10 (r=0.6561, P<0.0001), TGF-f
(r=0.6586, P<0.0001) and STAT3 (1=0.5799, P<0.0001) gene
expression. Therefore, the present data supported the hypothesis
that B7-H4 participated in the formation of esophageal precan-
cerous lesions via interaction with the IL-6, IL-10, TGF-f or
STAT3 signal transduction pathways.

B7-H4 protein expression is increased, and is associated
with IL-6 and p-STAT3 expression during SCC formation.
The present study focused on the association between B7-H4
expression and the IL-6/STAT?3 signaling pathway. The protein
levels of B7-H4, STAT3, p-STAT3 and IL-6 were determined

by western blotting and ELISA. No obvious changes in the
expression levels of these proteins were observed in the control
mice from weeks 16 to 28 (Fig. 5). Thus, the control value of
one protein came from the data of all esophagi of control mice
during the whole carcinogenesis in the following statistical
analysis. As presented in Fig. 6, in comparison with control
mice, B7-H4 and IL-6 protein expression was upregulated in the
model group during the esophageal carcinogenesis process, and
increased significantly in weeks 26 and 28 (B7-H4: P=0.0159
and 0.0025, respectively; IL-6: P=0.0265 and 0.0057, respec-
tively). Additionally, p-STAT3 levels also increased significantly
in the 28th week (P=0.0127), despite the fact that the change in
STAT?3 expression was not significant (P=0.1033). During the
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whole process of carcinogenesis, B7-H4 expression was posi-
tively correlated with IL-6 and p-STAT3 expression (r=0.6145,
P<0.0001; and r=0.6180, P<0.0001, respectively). Overall, these
results implicated that the high expression of B7-H4 and its
function enhancing esophageal precancerous lesions is associ-
ated, at least in part, with IL-6/STAT3 activation.

Discussion

In the present study, a model of esophageal carcinogenesis was
successfully established in mice by 4NQO drinking water.
Although Tang ef al (33) and Tseng et al (34) have reported
that 4NQO could induce SCC in mice, the present study is
the first to profile in detail the precancerous conditions in
esophageal carcinogenesis. In future studies, the present
model could be used to investigate the mechanism of SCC,
to explore additional biomarkers of esophageal precancerous
conditions and to evaluate the efficacy of genes targeted or
chemotherapy drugs, which may provide a significant basis
for early prevention and treatment of SCC.

In the present study, the results of immunohistochem-
istry demonstrated that B7-H4 expression was significantly
correlated with pathological stage. In addition, in contrast
to CD4'T and CDS8*T cells, B7-H4 expression was mark-
edly associated with macrophage cell infiltration. This
finding was not strictly in accordance with a recent report
from Mugler et al, who noticed that B7-H4 expression was
inversely correlated with CD8*T cell infiltration (19). This
discrepancy may be due to the extent of the pathological
lesions. In the precancerous stage, the majority of lympho-
cyte cells are predominantly located in the submucosa
instead of the mucosa layer, which impedes the interaction
between B7-H4 and lymphocytes. Additionally, other types
of T cells, including regulatory and memory T cells, were
not evaluated in the present study. Overall, the present
results suggested that the function of B7-H4 in inhibiting
T cell proliferation or inducing T cell apoptosis to mediate
tumor escape was limited during the formation of esophageal
precancerous lesions.

The results of RT-qPCR demonstrated that B7-H4 gene
expression increased markedly with the increase in time
during carcinogenesis. Additionally, B7-H4 gene expres-
sion was positively correlated with IL-6, IL-10, TGF-f and
STAT3 gene expression, but not with IFN-y gene expression.
It is well known that IL-6 (35), IL-10 (36) and STAT3 (37)
are important in exerting antitumor inhibitory effects, while
IFN-v is a tumor-killing factor (38). Therefore, the data of
the present study suggested that B7-H4 gene expression was
positively correlated with antitumor inhibitory cytokines
and factors, including IL-6, IL-10 and STAT?3, in the tumor
microenvironment or in cancer cells. Additionally, the results
of ELISA and western blot analysis for esophageal tissues
revealed that B7-H4 protein expression was positively corre-
lated with IL-6 and p-STAT3 expression. Collectively, the
present findings indicated that B7-H4 expression increased
during SCC formation in association with IL-6/STAT3 acti-
vation.

Despite the fact that our study indicated that B7-H4 maybe
a potential biomarker of esophageal precancerous lesions in
association with IL-6/STAT3 signaling pathway activation,

CHEN et al: B7-H4 EXPRESSION INCREASES DURING ESOPHAGEAL CARCINOGENESIS WITH IL-6/STAT3 ACTIVATION

additional studies are required to investigate in depth the
mechanism of B7-H4 in the process of esophageal carcino-
genesis and to provide further evidence for the diagnosis and
treatment of esophageal precancerous conditions. Thus, further
studies are required: i) To detect the expression of B7-H4 in
esophageal squamous cancer cells and to evaluate the effect of
B7-H4 expression on cell proliferation and its association with
the activation of the IL-6/STAT3 signaling pathway via B7-H4
RNA interference treatment; ii) to establish an esophageal
carcinogenesis model induced by 4NQO in B7-H4-positive and
B7-H4-negative mice in order to further analyze the effect of
B7-H4 on esophageal carcinogenesis; and iii) to analyze the
expression of B7-H4 in esophageal precancerous tissues and
blood of patients in order to elucidate the correlation between
B7-H4 expression and pathological stage.

In conclusion, the present study is the first to analyze the
expression of B7-H4 in esophageal precancerous conditions in
mice, and to provide a novel association between B7-H4 and
the IL-6/STAT3 signaling pathway, which is classically recog-
nized as an important stimulator in carcinogenesis and cancer
progression. However, further studies are required in order to
clarify the association between B7-H4 expression and esopha-
geal carcinogenesis.
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