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Abstract The overexpression of B7-H1 in hepatocellular
carcinoma (HCC) mediates HCC immune escape and
obstructs the immunotherapy based on tumor-speciWc
CD8+ T cells. Tumor-associated macrophages (TAM) are a
major component of cancer-related inXammation and play a
central role in tumor promotion. To classify the mechanism
underlying the overexpression of B7-H1 in HCC, we exam-
ined B7-H1 expression and TAM inWltration in 63 cases of
human HCC samples using immunohistochemistry method
and found that B7-H1 overexpression was associated with
TAM inWltration in HCC tissues. Furthermore, B7-H1
expression was upregulated at both mRNA level and pro-
tein level in HCC cells (BEL-7402 and SMMC-7721)
cocultured with macrophages in a transwell system. The
upregulation of B7-H1 expression induced by macrophage
was inhibited by blocking NF-�B or STAT3 signal path-
ways. These results suggest that overexpression of B7-H1
in HCC may be induced by inXammatory microenviron-
ment involving macrophages and imply that anti-inXamma-

tion therapy might be preventive for immune escape and
assistant for immunotherapy of HCC.
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Introduction

Hepatocellular carcinoma (HCC) represents the third most
common cause of cancer-related death worldwide.
Although resection and transplantation are possible thera-
peutic options, 5-year recurrence rates following resection
can exceed 50% [1, 2]. Antitumor immunity mediated by
CD8+ T cells plays an important role in controlling tumor
progression or recurrence in HCC [3]. Immunotherapy
based on CD8+ T cells is a potential therapeutic option for
patients with HCC [4, 5]. However, tumors have also
evolved numerous immune escape mechanisms, including
the production of immunosuppressive cytokines such as IL-
10 and TGF-� and generation of cells with immune
suppressor functions, such as regulatory T cell (Treg) and
myeloid-derived suppressor cell (MDSC) [5–7]. Expression
of inhibitory costimulator on CD8+ T cells, such as B7-H1
(also termed PD-L1 and CD274), is also an important
mechanism of tumor escape [8–11]. Better understanding
of the mechanisms of tumor escape is essential for the
design of eVective immunotherapy-based clinical protocols
to enhance tumor-speciWc CD8+ T-cell responses.

B7-H1 is a member of B7 family of cosignaling
molecules, mainly expressed on immune cells such as B
cells, dendritic cells, macrophages, mast cells and T cells.
The binding of B7-H1 to its receptor programmed death 1
(PD-1) expressed on activated T cell delivers an inhibitory
signal that regulates the balance among T-cell activation,
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tolerance and immune-mediated tissue damage [12]. In
addition to immune cells, most human cancer cells also
express high level of B7-H1 protein. The overexpression of
B7-H1 in tumor cells leads to apoptosis or impaired activity
of tumor-speciWc T cells inWltrated in tumor tissues, result-
ing in tumor immune escape [8–11]. Recent studies show
that B7-H1 is also overexpressed in HCC cells, and its
overexpression is associated with tumor aggressiveness,
poor prognosis and postoperative recurrence [10, 11, 13].
However, the mechanisms underlying the overexpression
of B7-H1 in HCC are not well understood.

Cancer-related inXammation is considered as the seventh
hallmark of cancer, playing decisive role in tumor develop-
ment [14]. Tumor-associated macrophage (TAM) is a piv-
otal component of cancer-related inXammation, promoting
tumor growth, angiogenesis, invasion and metastasis. The
major tumor-promoting mechanism of TAM is the produc-
tion of cytokines that activate signaling pathways such as
NF-�B and STAT3 in malignant cells to induce genes
responsible for cell survival, proliferation and migration. In
addition, TAM plays an import role in repression of antitu-
mor immunity by producing immunosuppressive cytokines
to inhibit the activity of CD8+ T cells, or secreting chemo-
kines to preferentially attract Treg and MDSC [15–17].

The TAM in hepatocellular carcinoma also plays tumor-
promoting roles. Macrophage activity facilitates tumor
development in a murine model of chemically induced
HCC [16]. Studies in human HCC demonstrate that TAM
inWltration correlates to tumor size, metastasis, recurrence
and angiogenesis, resulting in poor prognosis in HCC
patients [18–21]. However, it is unknown whether the B7-H1
overexpression in HCC is associated with TAM. Therefore,
we analyzed the relationship between B7-H1 expression
and TAM inWltration in HCC tissues and investigated B7-H1
expression in HCC cell lines cocultured with macrophages.
The results showed that the overexpression of B7-H1 in
tumor cells was correlated with TAM inWltration in HCC
tissues. Besides, the expression of B7-H1 in HCC cell lines
was upregulated by macropahges through NF-�B and
STAT3 signaling. These results suggested a close relation
between B7-H1 overexpression in HCC cells and TAM.

Materials and methods

Cell lines and clinical specimens

Human hepatocellular carcinoma cell lines BEL-7402 and
SMMC-7721 and human monocytic cell line THP-1 were
obtained from the Cell Bank of Type Culture Collection of
Chinese Academy of Science (CBTCCCAS), Shanghai,
China. BEL-7402, SMMC-7721 and THP-1 cells were
maintained in Dulbecco’s modiWed Eagle’s medium

(DMEM) supplemented with 10% heat-inactivated fetal
bovine serum at 37°C with 5% CO2.

Sixty-three cases of tumor specimens (archived paraYn-
embedded sections) included 34 cases from Qilu hospital
and 29 cases from Shanghai Outdo Biotech Company. All
the patients who the specimens derived from were
untreated before receiving surgical excision of HCC from
2003 to 2009. Human peripheral blood was donated from
12 healthy volunteers. The medical ethical committee of
Shandong University approved this study. Both the healthy
volunteers and the patients with HCC gave their written
informed consent. Conventional clinicopathologic vari-
ables, including age, gender, tumor size and diVerentiation,
were obtained by reviewing the patients’ medical records.

Immunohistochemistry for B7-H1 and macrophages

Immunohistochemistry for B7-H1 was performed on a
4-mm-thick section using a two-step method with a poly-
clonal goat anti-B7-H1 antibody (1:75 dilution; Everest
Biotech, Oxford, UK) as the primary antibody and a rabbit
anti-goat IgG antibody conjugated to horseradish peroxi-
dase (HRP) (ZSGB-BIO, Beijing, China) as the secondary
antibody. Immunohistochemistry for macrophages was car-
ried out on the consecutive section using a two-step proto-
col with a monoclonal mouse anti-CD68 antibody (1:100
dilution; ZSGB-BIO, Beijing, China) as the primary anti-
body and a goat anti-mouse IgG antibody conjugated to
HRP (Maixin, Fuzhou, China) as the secondary antibody.
BrieXy, paraYn sections were dewaxed and hydrated
before heat-mediated antigen retrieval. The endogenous
peroxidase was blocked by incubation with 3% solution of
hydrogen peroxide in methanol, and non-speciWc binding
sites were blocked with blocking serum. After incubation
with the primary antibodies at 4°C overnight, then the sec-
ondary antibodies at room temperature for 20 min, the sec-
tions were developed in diaminobenzidine solution and
counterstained with hematoxylin. Negative controls were
performed by omitting the primary antibodies.

B7-H1 expression was evaluated by a digital image sys-
tem. BrieXy, three images of representative Welds were cap-
tured at a magniWcation of £200 and saved as TIFF Wles.
Images were analyzed with Image-Pro Plus version 6.0
software. In order to distinguish B7-H1 expression on HCC
cells from those on some inWltrating immune cells, selec-
tion tool in the software was used to include cancer nest tis-
sue and exclude peritumoral stroma with more immune
cells. The area and the integrated optical density (IOD) of
positive staining of B7-H1 were measured, and the mean
density is calculated as IOD/area in each image. The aver-
age of mean densities of three images from each slide was
used to represent an individual sample. TAM was identiWed
as the cell positive of CD68 staining and counted manually
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at high-power Weld on the consecutive section. The number
of TAM in each sample was determined by averaging the
number of TAM in 3 high-power Welds where the most
CD68 staining was observed and there were not necrosis
areas.

Macrophage and HCC cell coculture

THP-1 cells diVerentiate into macrophages when treated
with phorbol-12-myristate-13-acetate (PMA) [22]. To
generate macrophages, 1 £ 106 THP-1 cells were seeded
into the upper insert of a six-well transwell apparatus with
0.4-�m pore size (Corning, Lowell, MA, USA) and treated
with PMA (Sigma, St. Louis, MO, USA) at a concentration
of 320 nM for 24 h. After a thorough wash to remove all
PMA, PMA-treated THP-1 macrophages were cocultured
with BEL-7402 or SMMC-7721 cells (in a six-well plate,
2 £ 105 cells per well), without direct contact. In the cocul-
ture system, BEL-7402 or SMMC-7721 cells were cultured
with THP-1-diVerentiated macrophages for 6, 24 and 48 h
and then harvested for use in subsequent experiments.

Human peripheral blood mononuclear cells (PBMC)
were isolated by Ficoll Paque density centrifugation from
peripheral blood donated by healthy volunteers. As previ-
ously described [23, 24], the monocytes were acquired by a
plastic adsorptive process and seeded into six-well plates at
a density of 5 £ 105 cells/well. The monocytes were
induced into macrophages by PMA at a concentration of
320 nM in DMEM supplemented with 10% heat-inacti-
vated fetal bovine serum for 24 h at 37°C with 5% CO2.
After a thorough wash to remove all PMA, the human mac-
rophages were cocultured with BEL-7402 or SMMC-7721
cells (in the upper insert of a six-well transwell apparatus
with 0.4-um pore size, 2 £ 105 cells per well), without
direct contact. In the coculture system, BEL-7402 or
SMMC-7721 cells were cultured with PMA-induced
macrophages for 12 and 24 h and then harvested for use in
RT-PCR analysis.

Inhibition of NF-�B and STAT3 signaling pathways

For the inhibition of NF-�B pathway, BEL-7402 and
SMMC-7721 cells were treated with pyrollidine dithiocar-
bamate (PDTC) (Sigma, St. Louis, MO, USA) at 10 ng/mL
for 1 h. After thorough wash to remove all the PDTC,
BEL-7402 or SMMC-7721 cell was cocultured with THP-
1-diVerentiated macrophage for 6 h and then harvested for
later use. For the inhibition of STAT3 pathway, BEL-7402
and SMMC-7721 cells were treated with tyrphostin AG490
(Sigma, St. Louis, MO, USA) at 20 ng/mL for 24 h. After
thorough wash to remove all the AG490, BEL-7402 or
SMMC-7721 cell was cocultured with THP-1-diVerentiated
macrophage for 6 h and then harvested for later use.

RT-PCR analysis

Total RNA was extracted from HCC cells (BEL-7402 and
SMMC-7721) with Trizol reagent (Invitrogen, USA) in
accordance with the manufacturer’s protocol. After
conWrming RNA concentration and assessment of purity
with Eppendorf Biophotometer (Eppendorf, Hamburg,
Germany), equal amounts of total RNA (3 �g) from each
sample were reversely transcribed into cDNAs using
Reverse Transcription System (Promega, Madison, WI,
USA) according to the manufacturer’s recommendation.
Equal amounts of cDNA for each sample were used as tem-
plate for PCR. The following sequence-speciWc primers
were used for PCR ampliWcation: (1) the internal control �-
actin gene: forward, 5�-ATTGGCAATGAGCGGTTCCG-3�;
reverse, 5�-AGGGCAGTGATCTCCTTCTG-3� and (2)
B7-H1 gene: forward, 5�-CTGGCACATCCTCCAAATGA
AAG-3�; reverse, 5�-GAGGCATTGAGTGGAGGCAA
AG-3�. RT-PCR of �-actin was performed with 26 cycles
of 30 s at 94°C, 30 s at 60°C and 30 s at 72°C, followed by
5 min at 72°C. The product was 212 bp. RT-PCR of B7-H1
was performed with 30 cycles of 30 s at 94°C, 30 s at 56°C
and 30 s at 72°C, followed by 5 min at 72°C. The product
was 572 bp. The PCR products were electrophoretically
separated on a 1.5% agarose gel and visualized by ethidium
bromide staining. The gels were scanned on a digital imag-
ing system, and the density of the bands was quantiWed by
densitometry using GelPro 3.2 software. The amount of
B7-H1 mRNA in each PCR was normalized on the basis of
�-actin mRNA content. The B7-H1/�-actin density ratios
represented the expression level of B7-H1 in each individ-
ual sample.

Western blot assay

Cells were harvested and washed twice with ice-cold
phosphate-buVered saline (PBS). The lysates were obtained
with the lysis buVer (50 mM Tris–HCl pH 7.4, 150 mM
NaCl, 0.5% deoxycholate 0.1% SDS, 1% Nonidet P-40,
0.02% sodium azide, 100 �g/ml PMSF, 1 �g/ml peptin and
1 �g/ml aprotinin) and then subjected to 10,000£g
centrifugation at 4°C for 20 min. Protein levels were quan-

tiWed with BCA Protein Assay Kit (Beyotime Biotechnol-
ogy, Shanghai, China). Equal amount of protein from each
lysate was subjected to electrophoresis on 12% SDS–poly-
acrylamide gels and subsequently transferred onto a polyvi-
nylidene diXuoride membrane. After blocking with
blocking buVer (50 mM Tris–HCl pH 7.4, 0.5 M NaCl and
0.05% Tween-20) containing 5% (w/v) skim milk, the
membrane was incubated with primary antibodies (goat
anti-human B7-H1 antibody, 1:250 dilution, Everest
Biotech, Oxford, UK; mouse anti-human �-actin antibody
as an internal control, 1:1,000 dilution, ZSGB-BIO,
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Beijing, China) at 4°C overnight. After washing, the mem-
brane was further incubated with HRP-conjugated
secondary antibodies (rabbit anti-goat IgG and rabbit anti-
mouse IgG antibody, 1:2,000 dilution, ZSGB-BIO, Beijing,
China) at room temperature for 1 h and then developed
using enhanced chemiluminescence (ECL) system (Amer-
sham Biosciences, Buckinghamshire, UK). The density of
the bands was quantiWed by densitometry using GelPro 3.2
software. The B7-H1/�-actin protein ratios were deter-
mined by densitometry and represented the normalized
expression level of B7-H1 protein.

Statistical analysis

The statistical analysis was performed with the GraphPad
Prism software, version 5.0. P < 0.05 was considered statis-
tically signiWcant. The statistical signiWcance of diVerences
between two experiment groups or among three experiment
groups was determined by Mann–Whitney test, paired t test
or One-way ANOVA, as appropriate.

Results

The overexpression of B7-H1 was associated with TAM 
inWltration in HCC tissues

We analyzed B7-H1 expression and TAM inWltration in
consecutive sections of 63 HCC tissues samples. Among all
HCC specimens, the expression of B7-H1 was shown in
cell membrane and cytoplasm and recorded as a value of
optical density (average IOD/area). The range of the aver-
age IOD/area was 0–0.1 arbitrary unit. The strength of B7-
H1 expression was classiWed into three grades based on the
average IOD/area, that is grade +, 0–0.01; grade ++, 0.01–
0.05; and grade +++, 0.05–0.1. Groups of grade +, grade ++
and grade +++ included 16, 18 and 29 cases of HCC
patients, respectively. Among all HCC specimens, the num-
ber of TAM was in the range of 12–350 per high-power
Weld. The averages of TAM number in the grade + group,
grade ++ group and grade +++ group were 75, 177 and 235,
respectively. TAM numbers in the three groups were sig-
niWcantly diVerent (P < 0.0001, One-way ANOVA among
the three groups; P = 0.0011, Mann–Whitney test between
the grade + group and the grade ++ group; P < 0.0001,
Mann–Whitney test between the grade + group and the
grade +++ group; P = 0.022, Mann–Whitney test between
the grade ++ group and the grade +++ group). These results
clearly revealed a signiWcant correlation between B7-H1
expression and TAM inWltration in HCC (Fig. 1).

Fig. 1 B7-H1 overexpression was associated with TAM inWltration
in HCC tissues. a Expression of B7-H1 and CD68 was tested in con-
secutive sections from 63 HCC patients using immunohistochemitry
method. CD68-positive staining indicated the TAM inWltration. The
strength of B7-H1 expression was classiWed into grade +, grade ++
and grade +++ using Image-Pro Plus 6.0 software. Three representa-
tive cases showed B7-H1 expression and TAM inWltration. Positive
cells were stained brown (£200). Negative controls were performed
by omitting the primary antibodies. b Statistical analysis of the rela-
tionship between B7-H1 expression and TAM inWltration. TAM
number in HCC tissues with high expression of B7-H1 was signiW-
cantly higher than that in HCC tissues with low expression of B7-H1.
Data shown are expressed as means § SE. Asterisk indicates
P < 0.05. Double asterisk indicates P < 0.01. Triple asterisk indi-
cates P < 0.001
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B7-H1 expression was upregulated in HCC cells 
by PMA-induced macrophages

To determine whether macrophage induces the expression
of B7-H1 on human HCC cells, we evaluated B7-H1
expression at mRNA and protein levels in BEL-7402 and

SMMC-7721 cell lines cocultured with PMA-treated THP-
1 cells by RT-PCR and Western blot assays. B7-H1 mRNA
expression was signiWcantly upregulated in BEL-7402 and
SMMC-7721 cell lines cocultured with PMA-treated THP-
1 cells for 6 and 24 h. B7-H1 protein expression was also
increased in both cell lines after 24 and 48 h of coculture
with PMA-treated THP-1 cells (Fig. 2).

To generalize our Wndings, monocytes were isolated
from human peripheral blood and induced to macrophages
by PMA. The B7-H1 mRNA expression in BEL-7402 or
SMMC-7721 cell line cocultured with the PMA-induced
human macrophages was signiWcantly upregulated (Fig. 3).

The upregulation of B7-H1 expression was inhibited 
by blocking NF-�B and STAT3 signal pathways

To further clarify the mechanism of upregulation of B7H1
expression in HCC cells cocultured with THP-1-diVerenti-
ated macrophages, experiments of blocking NF-�B and
STAT3 signal pathway were performed. PDTC is a speciWc
inhibitor of NF-�B pathway, while AG490 can selectively
inhibit STAT3 pathway. PDTC abrogated the upregulation
of B7H1 mRNA expression in both BEL-7402 and SMMC-
7721 cells cocultured with PMA-treated THP-1 cells for 6 h
(Fig. 4). AG490 partially inhibited the increase in B7-H1
mRNA expression in BEL-7402 and SMMC-7721 cells
cocultured with PMA-treated THP-1 cells for 6 h (Fig. 5).
These results suggested that PMA-treated THP-1 cells

Fig. 2 B7-H1 expression was upregulated in HCC cells by PMA-
treated THP-1 cells. a B7-H1 mRNA expression was upregulated in
HCC cells by PMA-treated THP-1 cells. After coculture for 6 and 24 h
with PMA-treated THP-1 cells in a transwell system, BEL-7402 (left
Wgure) and SMMC-7721 (right Wgure) cells were harvested, and B7-
H1 mRNA expression was determined by RT-PCR. Lane 1, non-cocul-
tured 6 h; lane 2, cocultured 6 h; lane 3, non-cocultured 24 h; lane 4,
cocultured 24 h. Densitometric data shown are means § SE of the
results for three independent experiments. b B7-H1 protein expression
was upregulated in HCC cells by PMA-treated THP-1 cells. HCC cells
were cocultured with PMA-treated THP-1 cells in a transwell system.
After 24 and 48 h of coculture, BEL-7402 (left Wgure) and SMMC-
7721 (right Wgure) cells were harvested, and B7-H1 protein expression
was determined by Western blot. Lane 1, non-cocultured 24 h; lane 2,
cocultured 24 h; lane 3, non-cocultured 48 h; lane 4, cocultured 48 h.
Densitometric data shown are means § S.E of the results for three
independent experiments. Asterisk indicates P < 0.05. Double asterisk
indicates P < 0.01

Fig. 3 B7-H1 expression was upregulated in HCC cells by PMA-in-
duced human macrophages After coculture for 12 and 24 h with PMA-
induced human macrophages in a transwell system, BEL-7402 (a) and
SMMC-7721 (b) cells were harvested, and B7-H1 mRNA expression
was determined by RT-PCR. Lane 1, non-cocultured 12 h; lane 2,
cocultured 12 h; lane 3, non-cocultured 24 h; lane 4, cocultured 24 h.
Densitometric data shown are means § S.E of the results for three
independent experiments. Asterisk indicates P < 0.05. Double asterisk
indicates P < 0.01
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might induce upregulation of B7-H1 expression in BEL-
7402 and SMMC-7721 cells through NF-�B and STAT3
signal pathways.

Discussion

B7-H1 is overexpressed in HCC and leads to apoptosis of
antitumor CD8+ T cells, contributing to immune escape
[10, 11]. In order to explore the mechanisms underlying the
overexpresion of B7-H1, we analyzed the relationship
between the B7-H1 expression and TAM in HCC. The
results showed that the B7-H1 expression in tumor cells
was correlated with the inWltration of TAM in HCC tissues.
Furthermore, THP-1-diVerentiated macrophages induced
the upregulation of B7-H1 expression in HCC cells lines,
depending on the activity of NF-�B and STAT3 signal
pathways. These Wndings suggest that B7-H1 overexpres-
sion in tumor cells may result from the cancer-related
inXammation involving macrophages in HCC.

Macrophages may induce the B7-H1 expression in HCC
through the production of multiple inXammatory cytokines.
B7-H1 is inducible in both immune cells and non-immune
cells. For instance, cytokines IL-2, IL-7 and IL-15 increase
B7-H1 expression on human T cells [25]. Cytokine IL-27
leads to speciWc upregulation of B7-H1 in DC cells [26].
Autocrine TNF-� and IL-10 released from activated mono-
cytes stimulated monocyte to express B7-H1 in the HCC
environment [8, 9]. As for non-immune cells, B7-H1 can be
induced by IFN-� and TNF-� on endothelial cells [27]. And
B7-H1 experession on renal tubular epithelial cells (TECs)
was increased after TECs were stimulated with IL-1�,
TNF-� and IFN-� [28]. In addition, IFN-� and -� also can
induce B7-H1 expression in hepatocytes and cholangio-
cytes [29, 30]. InXammation-associated cytokines, such as
TNF-�, IL-10, IL-1�, IL-6, IL-8, IL-12p40 and GM-CSF,
are abundant in HCC microenvironment, and the abun-
dance of cytokines can be reXected by their elevated levels
in serum of HCC patients [31, 32]. TAM is the major
source of the inXammatory cytokines in tumor microenvi-
ronment [15–17]. Our results showed that the overexpres-
sion of B7-H1 in tumor cells was correlated with TAM
inWltration in HCC tissues. Coculture experiment revealed
that B7-H1 expression was increased by PMA-treated
THP-1 cells or PMA-treated human monocytes. Therefore,
the overexpression of B7-H1 in HCC might be induced by
cytokines released from TAM.

The overexpression of B7-H1 induced by activated mac-
rophages was dependent on NF-�B and STAT3 signal path-
ways in HCC cells. Recent studies demonstrate that the
expression of B7-H1 gene is involved in activation of
STAT3 and NF-�B pathways. Moreover, STAT3 and NF-
�B binding sites are identiWed on the promoter region of

Fig. 4 The induction of B7-H1 expression was inhibited by blocking
NF-�B pathway. BEL-7402 and SMMC-7721 cells were treated with
PDTC (10 ng/mL) for one h before coculture with PMA-treated THP-
1 cells. After 6 h of coculture, BEL-7402 (a) and SMMC-7721
(b) cells were harvested, and B7-H1 mRNA expression was deter-
mined by RT-PCR. Lane 1, non-cocultured; lane 2, cocultured; lane 3,
PDTC-treated and cocultured. Densitometric data shown are the
means § SE of triplicate experiments. Asterisk indicates P < 0.05.
Double asterisk indicates P < 0.01

Fig. 5 The induction of B7-H1 expression was inhibited by blocking
STAT3 pathway. BEL-7402 and SMMC-7721 cells were treated with
AG490 (20 ng/mL) for 24 h before coculture with PMA-treated THP-
1 cells. After 6 h of coculture, BEL-7402 (a) and SMMC-7721
(b) cells were harvested, and B7-H1 mRNA expression was deter-
mined by RT-PCR. Lane 1, non-cocultured; lane 2, cocultured; lane 3,
AG490-treated and cocultured. Densitometric data shown are the
means § SE of triplicate experiments. Asterisk indicates P < 0.05.
Double asterisk indicates P < 0.01
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B7-H1 gene [33, 34]. In tumor microenviroment, the
inXammatory cytokines secreted from TAM mainly acti-
vate STAT3 and NF-�B pathways in tumor cells to induce
expression of genes responsible for promotion and progres-
sion of tumor [15–17]. In this study, the upregulation of
B7-H1 expression in HCC cells cocultured with THP-1-
diVerentiated macrophages was abrogated by inhibitors
speciWc for NF-�B or STAT3 signaling. Therefore, the
overexpression of B7-H1 may be induced by the inXamma-
tory cytokines released from TAM inWltrated in HCC tis-
sues through activating NF-�B or STAT3 signal pathway.

Our Wndings that B7-H1 overexprssion in HCC is due to
the inXammatory environment provide supportive data for
anti-inXammation therapy of HCC. B7-H1 expressed on
malignant cells inhibits antitumor immunity by leading to
CD8+ T-cell apoptosis, induction of Treg and secretion of
IL-10 [12, 35, 36]. Anti-inXammatoy therapies targeting on
TAM or signaling pathways like NF-�B and STAT3 may
downregulate the B7-H1 expression on malignant cells and
enhance the eYcacy of immunotherapy based on tumor-
speciWc CD8+ T cells.

PMA-treated THP-1 cells present stable M2 phenotye
similar to tumor-associated macrophages. Most TAMs in
tumor microenvironment resemble M2 macrophages [15,
17]. We used PMA-treated THP-1 cells as a cell coculture
model to provide inXammatory microenvironment for HCC
cell lines in vitro because the PMA-treated THP-1 exhibits
the functional proWle of M2 macrophages. In a previous
study [22], M1-polarized THP-1 macrophages were gener-
ated by treating THP-1 cells with PMA, IFN-� and LPS for
24 h. M2-polarized THP-1 macrophages were obtained
from THP-1 cells treated with PMA, IL-4 and IL-13 for
24 h. Then, the cytokine proWles of the PMA-treated, M1-
polarized and M2-polarized THP-1 macrophages were
compared. The PMA-treated and M2-polarized THP-1
macrophages shared the same proWle, that is low TNF-�,
IL-1b, IL-6 and high TGF-�, which was exact opposite to
that of M1-polarized THP-1 macrophages. The PMA-
treated THP-1 macrophages also exhibited signiWcant
expression of M2 macrophage surface markers CD206 and
CD204. Therefore, the phenotype of the PMA-treated THP-
1 cells is M2 type.

Our results must be carefully explained with great cau-
tion. There are some limitations in the present study. First,
it is diYcult to completely distinguish B7-H1 molecules on
HCC cells from those on some inWltrating immune cells
when presenting B7-H1 expression as integrated optical
density/area in immunohistochemistry assay, although the
immune cells are a minor fraction of the tumor, accounting
for 0.5–5% of total cells [37]. In our present study, we
therefore used selection tool to include the cancer nest and
exclude peritumoral stroma in the Image-Pro Plus version
6.0 software. This is the way we attempted to make the

cells expressing B7-H1 molecule be mostly HCC cells.
However, we should still not ignore the B7-H1 expression
of the tumor-inWltrating immune cells even if they are a
minor population. The phenotype of those cells may be
diVerent from immune cells in the peri-tumor tissue. Sec-
ond, the macrophages used in this study were derived from
THP-1 cell line and human PBMC. They may be diVerent
from TAM in HCC tissues, although PMA-treated THP-1
cells are able to present stable M2 phenotype and mimic the
activity of tumor-associated macrophages to a certain
extent [22]. Since there is no evidence that tumor-associ-
ated macrophages directly enhance the B7-H1 molecules
on HCC cells, our Wndings presented here might be
observed only under a speciWc condition. To generalizing
our Wndings further, macrophages derived from HCC tis-
sues will be performed as an emphasis in our next work.
Third, cytokines responsible for the increased B7-H1
expression in HCC cells are not identiWed. It would be
highly relevant to know which soluble factors, released by
TAM, can upregulate B7-H1 expression in HCC cells. In
our future work, we will perform protein array to identify
the cytokines and use immunohistochemistry method to
analyze the relation between the cytokine expression and
B7-H1 expression in HCC tissues to improve the relevance
of our Wndings.

In summary, the present study analyzed the relationship
between B7-H1 expression and TAM in HCC. We found
that the overexpression of B7-H1 in malignant cells was
associated with TAM inWltration in HCC tissues. The B7-
H1 expression in HCC cell lines was upregulated by PMA-
induced macrophages, and the upregulation of B7-H1
expression depended on NF-�B and STAT3 signaling path-
ways. These results suggested that inXammatory microen-
vironment may be responsible for B7-H1 overexpression in
tumor cells and involved in immune escape of HCC. There-
fore, anti-inXammation therapy may be preventive for
immune escape and assistant in immunotherapy of HCC.
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