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Abstract. Hepatocellular carcinoma (HCC) accounts for
many cases of cancer-associated mortality. Tumor necrosis
factor (TNF)-a is a key mediator of tumor-promoting inflam-
mation. It has been demonstrated that anti-TNF-o treatments
have preclinical benefits for multiple types of cancer, however
their potential for treating HCC remains unclear. Through
fluorescence-activated cell sorter analysis and enzyme-linked
immunosorbent assay, the results of the current study indi-
cated that TNF-a was strongly expressed in HCC tissues and
the HCC cell lines HepG2 and Hep3B. In vitro, anti-TNF-a
antibodies (infliximab and etanercept) decreased HCC cell
viability via antibody-dependent cell-mediated cytotoxicity
and complement-dependent cytotoxicity effects. Infliximab
treatment also significantly increased apoptosis in HepG2 and
Hep3B cells compared with controls (P<0.001 and P<0.05,
respectively). In vivo, anti-TNF-a treatment delayed HCC
progression as indicated by the significantly prolonged survival
time in an HCC xenograft mouse model (P=0.0009). Further
analyses revealed that anti-TNF-a treatment significantly
decreased the expression of pro-inflammatory cytokines,
including TNF-a (P<0.01), interleukin (IL)-1p (P<0.05), IL-6
(P<0.05) and IL-17 (P<0.05) and induced apoptosis in HCC
tumors. The results of the current study suggest that TNF-a
is a potential target for novel therapeutic strategies to treat
HCC. Anti-TNF-a treatments compromised HCC tumor
progression by inducing cell death and decreasing levels of
pro-inflammatory cytokines.

Introduction

Liver cancer is the sixth most common type of cancer worldwide
and was the second most common cause of cancer-associated
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mortality in 2015 (1). Hepatocytes are the principal cellular
components of the liver, followed by other cells such as endothe-
lial cells and bile duct cells. Hepatocellular carcinoma (HCC),
which originates in the hepatocytes, is the most common
pathological type of liver cancer, accounting for ~80% of all
liver cancer cases in adults (2). Comprehensive therapeutic
strategies have been developed, including surgical resection,
radiofrequency ablation, chemotherapy and orthotopic liver
transplantation; however, metastasis and recurrence remain
major obstacles to HCC treatment. The estimated overall
five-year survival rate of patients with liver or intrahepatic bile
duct cancer is 18% (3).

Previous studies have indicated that inflammation is closely
associated with HCC development. Persistent infection with
either hepatitis B or hepatitis C virus, one of the major risk
factors of HCC, induces chronic inflammation and subsequent
cirrhosis, thus promoting HCC initiation and progression (4,5).
HCC patients with high levels of inflammation, marked by
increased levels of inflammatory cytokines and cells, tend
to have a poor prognosis (6,7). Pro-inflammatory cytokines,
including TNF-a, interleukin (IL)-1p and IL-6, are the prin-
cipal mediators of tumor-accelerating inflammation (8-10).
Therefore, targeting tumor-accelerating pro-inflammatory
cytokines may result in HCC tumor regression.

TNF-a was initially identified by its ability to induce
lysis in tumor cells (11). TNF-a has two forms: A cell memb-
rane-bound form and a soluble form. Two types of TNF-a
receptors, TNF-a receptors 1 and 2, which are either cell
membrane-bound or soluble, have been classified so far (11,12).
Although TNF-a was initially identified as a tumor-killing
cytokine, further studies have determined that it serves a more
complex role in cancer development (13). Furthermore, TNF-a
is a key mediator of the cancer-associated inflammatory
networks that have strong tumor-promoting properties (14,15).
Preclinical studies in various types of cancer, including breast,
pancreatic and blood cancer, have suggested that TNF-a stim-
ulates tumor growth in vivo and that anti-TNF-a treatments
may suppress tumor progression (16-18). Previous studies have
demonstrated that the level of serum TNF-a and a number of
other pro-inflammatory cytokines, were significantly higher
in patients with HCC compared with healthy individuals,
thus increased TNF-o was associated with the occurrence
of HCC (19,20). High levels of TNF-a were also associated
with increased inflammation in patients with chronic viral
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hepatitis C (21). These results suggest that TNF-a serves an
important role in regulating inflammation in HCC. However,
the effects of anti-TNF-a treatments in HCC have not yet been
elucidated. The aim of the current study was to investigate the
effects of anti-TNF-a treatments on HCC, in vitro and in vivo.

Materials and methods

Cell line culture. The human HCC cell lines HepG2 and
Hep3B were obtained from the Chinese Academy of Sciences
Cell Bank (Beijing, China) and Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany), respectively. Cells were cultured in
high-glucose Dulbecco's modified Eagle's medium (DMEM)
supplemented with 100 U/ml penicillin (both from Thermo
Fisher Scientific, Inc., Waltham, MA, USA), 100 ug/ml strep-
tomycin (Sigma-Aldrich; Merck KGaA), 2 mM L-glutamine
and 10% fetal bovine serum (both Thermo Fisher Scientific,
Inc.) in a humidified 5% CO, incubator at 37°C. The cells were
sub-cultured when they reached 80% confluence.

Cell viability assay. Cell viability was evaluated using a Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Inc., Kumamoto, Japan). Cells were seeded in 96-well plates
and treated with infliximab (Janssen Pharmaceuticals,
Inc., Horsham, PA, USA) and etanercept (Enbrel®; Wyeth
Pharmaceuticals; Pfizer, Inc., New York, NY, USA) in
gradient concentrations (2, 4, 8, 16 or 32 pg/ml) for 48 h.
Cells were incubated with CCK-8 solution for 1 h at 37°C,
then absorbance at 450 nm was measured using an MRX II
microplate reader (Dynex Technologies, Inc., Chantilly, VA,
USA). Relative cell viability was calculated as a propor-
tion of isotype controls according to the following formula:
(Treatment - blank)/(control - blank) (22).

Fluorescence-activated cell sorting (FACS) analysis. Cells
were harvested from fresh cell culture, dissociated into single
cells by trypsinization (Sigma-Aldrich; Merck KGaA). Cell
fixation and permeabilization were performed using a commer-
cial FIX & PERM® Cell Fixation and Permeabilization kit
(Thermo Fisher Scientific, Inc.) according to the manufactur-
er's instructions. The cells were subsequently incubated with
primary antibodies directed against TNF-a (dilution 1:200,
cat. no. ab6671; Abcam, Cambridge, MA, USA) on ice for 1 h,
followed by washing with PBS once. Apoptosis was detected
using an anti-cleaved caspase-3 antibody (dilution 1:200; cat.
no. ab13847; Abcam). Incubation with primary antibodies was
performed on ice for 1 h. Fluorescence-labeled secondary
antibodies (dilution 1:1,000, cat. no. A-11034; Thermo Fisher
Scientific, Inc.) were subsequently added and incubated for
15 min at room temperature. Stained cells were washed with
PBS three times prior to being analyzed with a FACSCanto II
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Data were visualized using Flowing 2.0 software (Turku
Center for Biotechnology, Turku, Finland).

Patient samples. Tumor and tumor-adjacent tissues were
collected from 5 patients who were diagnosed with HCC at
Weifang People's Hospital (Weifang, China) between August
and December 2014. A total of 2 of the patients were female
and 3 were male. The average age of the female patients was
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58.0 (55-61 years) and the average age of the male patients
was 52.0 (48-55 years). Fresh tissue samples were collected
immediately following tumor resection. They were broken
down into smaller pieces and dissociated into a single cell
suspension by incubation with collagenase type I at 37°C for
1 h. The single cells were then immediately used for FACS
analysis. Prior to ELISA the cell suspensions were centrifuged
at 1,000 x g for 5 min at 4°C. The cell pellets were subsequently
lysed by a radioimmunoprecipitation (RIPA) buffer with a
protease inhibitor (Thermo Fisher Scientific, Inc.). No patients
enrolled in this study received pre-operative chemotherapy or
radiotherapy. Informed consent was obtained from all patients
and the protocol was approved by the Local Ethics Committee
of Weifang People's Hospital (Weifang, China).

Xenograft mouse model. A subcutaneous HCC model was
established using 40, 5-week-old female BALB/c nude
mice (weight, 18-20 g) purchased from the Shanghai SLAC
Laboratory Animal Co., Ltd. (Shanghai, China), in order to
analyze the in vivo activity of TNF-a and infliximab. All
mice were kept in a specific pathogen-free environment
with 45% humidity under a 12 h light/dark cycle at room
temperature. The mice had free access to standard food and
sterilized water. A total of 5x10° HepG2 cells were injected
subcutaneously in the flanks of the mice. One week following
inoculation, all mice were randomized into 4 groups
(n=10 in each group) each receiving different treatments:
i) 10 mg/kg/week isotype immunoglobulin G (IgG) (control;
Thermo Fisher Scientific, Inc.); ii) 10 pg/mouse/week, TNF-a
recombinant human protein (Thermo Fisher Scientific, Inc.);
iii) infliximab, 10 mg/kg/week; and iv) 10 ug/mouse/week
TNF-a recombinant human protein + 10 mg/kg/week
infliximab. Tumor size and body weight were measured
every 5 days. Tumor volume was calculated according to the
following formula: Tumor volume = length x width? x p/6.
The survival of all mice was documented. Excessive weight
loss (>20%), ulceration or any other symptoms of distress
were considered as the endpoint of survival analysis and
observation. Once any of these symptoms were observed the
mouse was sacrificed by cervical dislocation. As the study
was performing survival analysis, all mice were ultimately
sacrificed by this method.

Antibody-dependent cell-mediated cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC) assays. For the
ADCC assay, human HCC tumor cell lines HepG2 and Hep3B
were used as target cells and peritoneal macrophages from
BALB/c mice were used as effector cells. Target cells were
seeded in a 96-well plate (2,000 cells/well) and pre-incubated
with infliximab or etanercept (2, 4, 8, 16, or 32 ug/ml) for 1 h
at 37°C. In the control group, infliximab or etanercept was
replaced with IgG. Subsequently, the target and effector cells
were mixed to a ratio of 1:15 and incubated for 48 h at 37°C.
For the CDC assay, target cells were plated in a 96-well
plate at a density of 5,000 cells/well. Target cells were then
incubated with 5% fresh guinea pig serum (Sigma-Aldrich;
Merck KGaA) with active complements and infliximab or
etanercept for 6 h at 37°C. Cell viability was determined using
the aforementioned CCK-8 assay according to the manufac-
turer's instructions. Cytotoxicity in each test was calculated as
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previously described (22). Briefly, the survival rate of the two
treatment groups was calculated use the formula: 100 x (cell
concentration of treatment group/cell concentration of the
control group). The survival rate of control group was defined
as 100% and its inhibition rate was defined as 0%. The curves
of the control groups were not illustrated in the figures. The
difference in cytotoxicity between infliximab and etanercept
treated groups was analyzed by a paired t-test.

Quantification of TNF-a, IL-183, IL-6 and IL-17 in HCC
xenograft tumor tissues as measured by ELISA. Tumor tissues
were dissociated into single cell suspension and cell pellets
as described above. They were lysed with a RIPA buffer with
protease inhibitor. ELISA was performed for TNF-a, IL-1f,
IL-6 and IL-17 according to the manufacturer's instructions
(cat. nos. KRC3011, EM2IL1B, EM2IL6, and 88-7371-22,
respectively) (all from Thermo Fisher Scientific, Inc.).

Immunofluorescence. The tumor tissues were collected by
resection from the HepG2 xenograft mouse model following
sacrifice. The tissues were fixed with 10% neutral-buffered
formalin followed by 70% ethanol (each for 24 h at room
temperature). The tissues were subsequently embedded in
paraffin and cut into 4-um-thick sections. The slides were
deparaffinized with xylene and rehydrated with gradient
ethanol. Antigen retrieval was performed by steaming with
Reveal Decloaker (Biocare Medical, Concord, CA, USA) for
40 min. Subsequently, 5% bovine serum albumin (Thermo
Fisher Scientific, Inc.) was added and incubated for 15 min at
room temperature and slides were then incubated with primary
antibodies against cleaved-caspase-3 (dilution 1:200) over-
night at 4°C. Alexa Fluor®-conjugated secondary antibodies
(dilution 1:1,000, cat. no. A-11034; Thermo Fisher Scientific,
Inc.) were used to detect the primary antibodies. The slides
were incubated with the secondary antibodies for 30 min at
room temperature. Photographs of the slides were captured
using an Olympus BX51 fluorescence microscope (Olympus,
Tokyo, Japan).

Statistical analysis. All quantification data are expressed as
the mean + standard error of the mean Differences between
individual groups were analyzed by Student's t-test or
one-way analysis of variance following Bonferroni's pairwise
comparisons. Overall survival was plotted using the Kaplan
Meier method and the significance was evaluated by the
log-rank test. P<0.05 was considered to indicate a statisti-
cally significant difference. All the statistical analyses were
performed using GraphPad Prism software, version 6.0
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

TNF-a is overexpressed in HCC. To understand the role of
TNF-a in HCC development, TNF-a expression was evalu-
ated in the human HCC cell lines HepG2 and Hep3B, and
tumor and tumor-adjacent healthy tissues from HCC patients.
Results from the FACS analysis indicated that TNF-a expres-
sion was higher in HepG2 and Hep3B cell lines and tumor
tissues compared with control isotype expression (Fig. 1A-C).
TNF-a expression was also higher in tumor tissues compared

EXPERIMENTAL AND THERAPEUTIC MEDICINE 16: 529-536, 2018

531

Hep3B Cell Line
Isotype

AN

HepG2 Cell Line
A Isotype P

wunosy
yunosy

TNF-a expression

TNF-u expression

C Isotype Tumor adjacent tissue D
—Tumor tissue
= *%k
_5150
o s
=]
£ 2 100
2 g
=
o
1 g s0
=]
3}
2
=
g o

TNF-u expression

Tumor adjacent tissue  Tumor tissue

Figure 1. TNF-a expression in HCC cell lines and tissues. TNF-a expression
was evaluated in the (A) HepG2 cell line, (B) Hep3B cell line and (C) tumor
and tumor-adjacent tissues from HCC patients. (D) Quantification of TNF-a
expression in tumor and tumor-adjacent tissues. “P<0.01 vs. tumor-adjacent
tissue. HCC, hepatocellular carcinoma; TNF-a, tumor necrosis factor-a.

with tumor-adjacent tissues (Fig. 1C). Quantification of
TNF-a concentration by ELISA indicated that TNF-a expres-
sion was significantly higher in tumor tissues compared
with tumor-adjacent tissues (P<0.01; Fig. 1D). These data
demonstrate that TNF-a is overexpressed in HCC.

Inhibition of TNF-a reduces viability of HCC cells through
ADCC and CDC effects. TNF-a is overexpressed in HCC,
therefore the current study investigated whether inhibiting
TNF-a expression may be developed as a therapeutic strategy
to treat HCC. Infliximab is an anti-TNF-a monoclonal anti-
body and etanercept is a protein that can bind to the TNF
receptor, thus acting as a TNF-a. inhibitor. In order to measure
the direct cytotoxicity of infliximab and etanercept on HepG2
and Hep3B cells, cells were treated with gradient concentra-
tions of each drug. Following exposure to infliximab and
etanercept, the viability of both cell lines was only slightly
decreased (Fig. 2A and B), suggesting that inhibition of TNF-a.
by infliximab and etanercept induces little direct cytotoxicity.

ADCC and CDC assays were conducted to determine
the role of anti-TNF-a treatments in HCC cells. In the
ADCC assay, it was demonstrated that anti-TNF-a treatment
with infliximab or etanercept inhibited HepG2 and HeP3B
viability in the presence of macrophages, and this effect
was increased as infliximab and etanercept concentrations
increased (Fig. 2C and D). Similar effects were observed in
the CDC assay (Fig. 2E and F). Exposed to active comple-
ments, the infliximab and the etanercept treatments inhibited
HepG2 and Hep3B cell viability. However, both cell lines were
significantly more sensitive to infliximab treatment compared
with etanercept treatment (P<0.05). These results suggest that
anti-TNF-a treatments induced ADCC and CDC effects to
inhibit HCC cell viability.
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Figure 2. Effect of antitumor necrosis factor-a antibodies on the viability of hepatocellular carcinoma cell lines via ADCC and CDC. No significant differences
in the direct cytotoxic effects between infliximab and etanercept were observed on (A) HepG2 and (B) Hep3B cells. No significant difference in the ADCC
effects between infliximab and etanercept were observed on (C) HepG2 and (D) Hep3B cells. A significant difference in the CDC effects was observed between
infliximab and etanercept on (E) HepG2 and (F) Hep3B cells. ‘P<0.05. ADCC, antibody-dependent cell-mediated cytotoxicity; CDC, complement-dependent

cytotoxicity.

Anti-TNF-a treatment induces tumor regression and prolongs
survival in an HCC xenograft mouse model. To evaluate the
effects of anti-TNF-a treatment in HCC in vivo, a xenograft
mouse model was established by subcutaneously inoculating
BALB/c nude mice with HepG2 cells. The mice were then
randomized into 4 groups (n=10) to be treated with isotype
IgG, TNF-a recombinant protein, infliximab, or TNF-a
recombinant protein + infliximab. The tumor growth curve
indicated that tumors treated with TNF-a recombinant protein
grew faster compared with the mock group (Fig. 3A). The
tumors of the group treated with infliximab alone grew more
slowly compared with the mock group. Furthermore, treat-
ment with infliximab and TNF-a recombinant protein reduced
the rate of tumor growth compared with TNF-a recombinant
protein alone.

Consistent with the trends in tumor growth, the survival
of infliximab-treated mice was extended compared with
the TNF-a-treated and control groups (Fig. 3B). In the
TNF-a-treated and control groups, the estimated median

survival of mice was 21 and 24.5 days, respectively. However,
in the TNF-a recombinant protein + infliximab-treated and
infliximab-treated groups, the estimated median survival
times were 30 and 32.5 days, respectively. The log-rank test
indicated that the differences among all four groups were
statistically significant (P=0.0009). These data suggested
that anti-TNF-a treatment has therapeutic value in HCC
pre-clinical models.

Anti-TNF-o treatment inhibits pro-inflammatory cyto-
kine expression. It has been established that there is an
association between inflammation and cancer, including
in HCC (23,24). TNF-a is widely accepted as a systemic
pro-inflammatory cytokine and a central modulator in
inflammatory networks (25). Therefore, the current study
investigated the effects of TNF-a recombinant protein and
anti-TNF-a treatments on the expression of pro-inflam-
matory cytokines in the tumor cells of a xenograft mouse
model. The cytokines evaluated were IL-1p, IL-6, IL-17
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Figure 3. Effect of anti-TNF-a treatment on (A) tumor regression and (B) the duration of survival in a hepatocellular carcinoma xenograft mouse model. The
log-rank test P-value of the four groups=0.0009. "P<0.05. TNF-a., tumor necrosis factor-a..
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Figure 4. Effect of anti-TNF-a treatment on the expression of the pro-inflammatory cytokines TNF-a, IL-1f, IL-6 and IL-17 in a hepatocellular carcinoma
xenograft mouse model. The levels of (A) TNF-a, (B) IL-1f, (C) IL-6 and D (IL-17) were evaluated by ELISA. TNF-a treatment promoted the expression of
these cytokines, but infliximab reversed these effects. TNF-a, tumor necrosis factor-a; IL, interleukin; "P<0.05, “P<0.01, “*P<0.001, “*"P<0.0001.

and TNF-a. It was determined that infliximab significantly
decreased the endogenous (infliximab group vs. mock group;
P<0.01) and exogenous (TNF-a group vs. TNF-a + inflix-
imab group; P<0.0001) TNF-a in tumor tissues (Fig. 4A).
Administration of TNF-a significantly increased the levels
of IL-1pB, IL-6 and IL-17 in the tumor tissues (P<0.05;
Fig. 4B-D). However, expression of these pro-inflammatory
cytokines was inhibited by infliximab treatment in the inflix-
imab and TNF-a + infliximab groups (Fig. 4B-D). These
data indicated that anti-TNF-a treatment might modulate
tumor-promoting inflammation in HCC.

Anti-TNF-a treatment induces apoptosis in vitro and in vivo.
To determine whether anti-TNF-a treatment induces apop-
tosis in HCC, the expression of cleaved caspase-3, which is a
common executor in the late apoptosis phase, was measured.
In vitro, infliximab-induced ADCC and CDC effects signifi-
cantly increased apoptosis rates in HepG2 and Hep3B cell
lines compared with controls (P<0.001 and P<0.05, respec-
tively; Fig. 5A). Cleaved caspase-3 was also evaluated by
immunofluorescence in HCC tumor tissues from a xenograft
mouse model. It was observed that treatment with infliximab
markedly increased apoptosis compared with untreated
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tissues (Fig. 5B). These results suggested that apoptosis was
induced by anti-TNF-a treatment in vitro and in vivo. This
is the potential mechanism of HCC tumor regression by
anti-TNF-a treatment.

Discussion

TNF-a was originally characterized by its tumor cell necrosis
effects, however it has also been suggested that TNF-a
serves a role in accelerating tumor development (26,27). In
cancer, TNF-a is secreted by tumor cells and the surrounding
stromal cells, including tumor-associated macrophages and
tumor-associated fibroblasts (27). In multiple types of cancer,
TNF-a expression is correlated with tumor progression (22).
It has previously been reported that TNF-a is involved with
the processes of establishing the pro-inflammatory tumor
microenvironment, protecting tumor cells from apoptosis,
inducing angiogenesis and enhancing drug resistance (27). In
pancreatic and ovarian cancer, it has been demonstrated that
TNF-a inhibits cell viability in vitro but accelerates tumor
growth in vivo (17,28). Anti-TNF-a treatment with either
antibodies or genetic editing has demonstrated therapeutic
effects in pre-clinical models, including those for breast
cancer, pancreatic cancer and leukemia (17,22,28,29). The
treatment of liver cancer remains challenging, as indicated by

its low relative 5-year survival rate of <20% (3). It has not yet
been investigated whether anti-TNF-a treatment has thera-
peutic value for HCC patients. The results of the current study
demonstrated that TNF-a is overexpressed in HCC. Targeting
TNF-a with antibodies may have the capacity to induce HCC
cell death and compromise the pro-inflammatory tumor
microenvironment.

Tumors are made up of tumor cells, surrounding stromal
cells, extracellular components and soluble factors including
inflammatory cytokines (30,31). Components of the tumor
microenvironment are critical in tumor development (32-35).
Expression of TNF-a in tumor tissues is elevated during tumor
progression and a high level of TNF-a is correlated with poor
prognosis in multiple cancer types (18,27,36,37). TNF-a
stimulates downstream tumor promoting pathways in cancer
cells, which enhance its secretion via a positive feedback loop;
this makes it a potential target for antagonists (27). In the
current study, high levels of TNF-a were detected in the HCC
cell lines HepG2 and Hep3B. FACS and ELISA were used to
evaluate TNF-a expression in HCC tumor and tumor-adjacent
tissues. A higher level of TNF-a was observed in tumor tissues
compared with tumor-adjacent tissues, suggesting that TNF-a
is involved in HCC development.

The cytotoxic impact of antibodies on cancer cells may
occur via direct cytotoxicity, ADCC or CDC effects (38). It
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was previously reported that anti-TNF-a antibodies had ADCC
and CDC effects on cancer cells (39,40). However, in certain
types of cancer, infliximab had a higher CDC effect than
etanercept (40). In the current study, the results indicated that
neither infliximab nor etanercept had direct cell death-inducing
functions on HCC cells. However, in the presence of effector
cells or complements, infliximab and etanercept inhibited the
viability of HCC cells and infliximab had a higher inhibitory
rate than etanercept in terms of CDC effect.

The subsequent in vivo investigation supported the find-
ings in vitro. Exogenous TNF-a accelerated tumor growth
in the HCC xenograft mouse model, whereas infliximab
delayed tumor growth and prolonged survival. Subsequent
analyses revealed that anti-TNF-a treatment stimulated
apoptosis-mediated cell death both in vitro and in vivo. These
data are consistent with previous studies investigating breast
cancer and leukemia (22,29).

A large number of inflammatory cells are found in
cancer (41). Previous evidence suggests that cancer-related
inflammation aids the proliferation of malignant cells, stimu-
lates metastasis and induces immunosuppression (27). When
produced by malignant and stromal cells, TNF-a is a major
mediator of cancer-related inflammation (41,42). The current
data indicated that administration of exogenous TNF-a
increased the levels of pro-inflammatory cytokines including
TNF-a, IL-1p, IL-6 and IL-17 in HCC. Treatment with TNF-a.
antibody markedly reduced the levels of these pro-inflamma-
tory cytokines, even in the presence of exogenous TNF-a.
As inflammation is closely associated with HCC, these data
implied that anti-TNF-a treatment may have therapeutic value
in treating HCC by helping to neutralize the pro-inflammatory
microenvironment.

In conclusion, the current findings indicated that TNF-a
can be inhibited by antagonists in HCC, resulting in tumor
regression and improved survival in an HCC mouse model.
Further studies investigating the therapeutic value of
anti-TNF-a should be conducted in pre-clinical models and
subsequent clinical trials.
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