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TNFAIPS8 promotes cisplatin resistance in cervical carcinoma
cells by inhibiting cellular apoptosis
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Abstract. Cervical cancer is the second most prevalent
malignant tumor in women worldwide. Failure of successful
treatment is most prevalent in patients with the metastatic
disease and the chemotherapy refractory disease. Tumor
necrosis factor a-induced protein 8 (TNFAIP8) serves as an
anti-apoptotic and pro-oncogenic protein, and is associated
with cancer progression and poor prognosis in a number of
different cancer types. However, the physiological and patho-
physiological roles of TNFAIP8 in cervical carcinogenesis
and development remain poorly understood. In the present
study, it was demonstrated that TNFAIP8 protein expression
levels were significantly increased in cervical cancer tissues
compared with the non-tumor adjacent tissues using immu-
nohistochemistry. Additionally, it was demonstrated that
TNFAIP8 overexpression is associated with cisplatin resis-
tance. Furthermore, depletion of TNFAIP8 impaired HeLa
cell proliferation and viability in vitro, improved cisplatin
sensitivity, and promoted cisplatin-induced cellular apoptosis
and death. Subsequent mechanistic analysis demonstrated that
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TNFAIPS silencing promoted caspase-8/-3 activation and p38
phosphorylation in HeLa cells treated with cisplatin, whereas
apoptosis regulator B-cell lymphoma-2 expression was inhib-
ited with TNFAIPS8-silenced HeLa cells following treatment
with cisplatin. These data suggested that TNFAIPS serves as
an anti-apoptotic protein against cisplatin-induced cell death,
which eventually leads to chemotherapeutic drug-treatment
failure. Therefore, the present data suggested that TNFAIPS
may be a promising therapeutic target for the treatment of
cervical cancer.

Introduction

Cervical cancer is the second most prevalent malignant
tumor in women worldwide and the fourth leading cause of
cancer-associated mortalities among women (1,2). Surgery,
chemotherapy and radiotherapy are the standard treatment
options for patients with cervical cancer; however, the 5 year
survival rate for advanced and recurrent cervical cancer is
only 10-20%; with metastasis and chemotherapeutic agent
resistance being the principal causes of treatment failure (3).
Cis-diamminedichloroplatinum (II) (more commonly
referred to as cisplatin) is a small-molecular platinum-based
compound that appears to be the most effective anti-tumor
agent in patients with advanced and recurrent cervical
cancer (4). However, either intrinsic or acquired resistance to
cisplatin may develop, seriously compromising the efficacy of
cisplatin (5). Previous studies investigating the mechanisms
of cisplatin resistance have identified a number of complex
resistance mechanisms (6,7). As a natural defense mecha-
nism developed to protect cells from environmental toxins,
cisplatin resistance requires numerous epigenetic and genetic
alterations that support cell survival, including cell growth,
apoptosis, developmental pathways, DNA damage repair and
cellular accumulation of cisplatin (8).

Tumor necrosis factor a-induced protein 8 (TNFAIPS8 or
TIPE; additionally termed SCC-S2, NDED or GG2-1) serves
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as an anti-apoptotic and pro-oncogenic signaling mole-
cule (9-12). A previous study suggested that tumor necrosis
factor oo (TNF-0) stimulation and the activation of the nuclear
factor-xB pathway may upregulate the mRNA expression
levels of TNFAIPS in head and neck squamous cell carcinoma
cell lines (13). In addition, TNFAIPS overexpression was asso-
ciated with cancer progression and poor prognosis in a number
of different cancer types (12,14-18). Silencing TNFAIPS in a
variety of cells promoted cellular apoptosis, attenuated cellular
proliferation and the production of matrix metalloproteinase
(MMP)-1 and MMP-9 (19). However, the physiological and
pathophysiological roles of TNFAIPS in cervical carcinogen-
esis and development remain poorly understood. It is unclear
how the expression of TNFAIPS in cervical cancer promotes
cisplatin resistance.

In the present study, TNFAIP8 expression in cervical
cancer tissues compared with matching adjacent tissues was
examined and it was demonstrated that increased TNFAIP8
was associated with cisplatin resistance. Additionally, the
effect of TNFAIPS inhibition using short hairpin (sh)RNA on
cisplatin-induced cellular apoptosis in vitro was examined.
Subsequent examination of the potential underlying mecha-
nisms suggested that TNFAIPS promoted cisplatin resistance
by inhibiting cellular apoptosis.

Materials and methods

Patient tissue samples. In total, 40 pairs of cervical cancer
tissues in addition to the corresponding adjacent tissues were
collected from 40 female patients (39-67 years old) who
underwent surgical resection at the Affiliated Huaihe Hospital
of Henan University (Kaifeng, China) between April 2012
and December 2012. These patients were pathologically diag-
nosed with cervical cancer by two pathologists. All patients
had no metastatic tumors, no serious complications and no
other malignant tumors. Prior to cervical resection, none of
the patients had received radiotherapy or chemotherapy. All
patients received cisplatin-based chemotherapy following
surgery. Patients were identified as cisplatin-sensitive if no
neoplasm was found by imaging within 12 months of chemo-
therapy, or as cisplatin-resistant if neoplasm was found. The
Committee for Ethical Review at Henan University School of
Medicine (Kaifeng, China) approved the protocol, and written
informed consent was provided by all patients.

Immunohistochemistry. Cervical cancer specimens and adja-
cent tissues were fixed with 4% paraformaldehyde overnight at
room temperature, and embedded in paraffin and sectioned at
a thickness of 4 ym in the Department of Pathology, Affiliated
Huaihe Hospital of Henan University. All sectioning was
performed using standardized methods. Sections were depa-
raffinized in xylene twice for 10 min, rehydrated in gradient
ethanol (100, 90, 80, 70 and 60%) once for 2 min at room
temperature and subjected to heat-induced antigen retrieval
and elimination of endogenous peroxidases by boiling in a
water bath for 10 min. Subsequently, sections were blocked
with 10% goat serum (Wuhan Boster Biological Technology,
Ltd., Wuhan, China) at room temperature for 15 min to prevent
non-specific adsorption and incubated with a primary antibody
against TNFAIPS (1:100; ab195810; Abcam, Cambridge, MA,
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USA) at 4°C overnight. Sections were subsequently incubated
with a horseradish peroxidase-conjugated secondary goat
anti-rabbit antibody (1:500; BA1056; Wuhan Boster Biological
Technology, Ltd.) for 1.5 h at room temperature. Subsequently,
the samples were stained with diaminobenzidine for 5 min
and counterstained with hematoxylin (Beyotime Institute of
Biotechnology, Haimen, China) for 2 min at room temperature,
and sealed with neutral gum. TNFAIPS staining was assessed
as previously described (20) with specific modifications. All
slides were independently analyzed with a light microscope
(magnification x100) by two pathologists in a blinded manner
and scored based on staining intensity as follows: i) 0, No
staining; ii) 1, weak staining; iii) 2, moderate staining; and
iv) 3, strong staining. If there were discrepancies between
the two pathologists, the final decision was made by another
pathologist.

Cell culture. The human cervical cancer cell line (HeLa) was
purchased from The Cell Bank of Type Culture Collection
of Chinese Academy of Sciences (Shanghai, China). HeLa
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) containing certified 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
and 100 pg/ml streptomycin (Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China). A TNFAIP8-silenced
HeLa cell line was established using lentiviral transfection
using a pGLV-U6-Puro vector carrying TNFAIPS shRNA
(Shanghai GenePharma Co., Ltd., Shanghai, China). Briefly,
infectious lentiviral vectors were harvested form HEK293T
cells co-transfected with the recombinant competent virions
(pGLV-U6-shTNFAIPS8) and helper plasmids (pGag/Pol, pRev
and pVSV-G) using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol.
HeLa cells were transfected with 10° transducing units/ml of
lentiviruses in fresh transduction medium supplemented with
8 pg/ml Polybrene (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany). Cells were cultured in complete medium containing
puromycin (2 pug/ml) for at least 2 weeks prior to being used
for experiments. TNFAIP8 expression was determined using
both RT-qPCR and western blotting post-transduction. All
cells were cultured in a humidified incubator containing 5%
CO, in compressed air at 37°C.

Reverse transcription quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from HeLa cells
using a RNAiso Plus extraction kit and reverse-transcribed
into cDNA at 42°C for 1 h using the PrimeScript RT
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China).
gPCR was performed using GoTaq qPCR Master Mix
(Promega Corporation, Madison, WI, USA). For detection
of TNFAIP8 mRNA expression levels, GAPDH was ampli-
fied in parallel as an internal control. The following primers
were used for qPCR: TNFAIP8 forward, 5'-TCCATCGCC
ACCACCTTA-3' and reverse, 5'-CTCTGCCTCCTTCTT
GTTTT-3'; GAPDH forward, 5-GGCAAATTCAACGGC
ACAGTCA-3' and reverse, 5'-GTCTCGCTCCTGGAAGAT
GGTGAT-3". The gPCR conditions were denaturation at 95°C
for 10 min, followed by 40 cycles of denaturation at 95°C for
15 sec, annealing at 60°C for 30 sec and extension at 55°C
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Figure 1. Expression of TNFAIPS in cervical cancer tissues is associated with cisplatin resistance. (A) Immunohistochemical staining of TNFAIP8 expres-
sion in cervical cancer and adjacent non-tumor tissues. Brown staining denotes a positive signal. (B) Staining intensity scores for TNFAIPS8 expression in
cervical cancer and adjacent non-tumor tissues. (C) Staining intensity scores of TNFAIP8 expression in cervical cancer tissues from cisplatin-sensitive or
cisplatin-resistant patients. Magnification, x100. "P<0.05. S, sensitive to cisplatin; R, resistant to cisplatin; TNFAIPS, tumor necrosis factor a-induced protein 8.

for 1 min. The gene expression level was calculated using the
2-44% method (21). The expression level in control cells was
considered as 1.

Plate colony-formation assay. TNFAIP8-silenced and control
cells were seeded in a 6-well plate with ~500 cells in 2 ml
complete culture medium/well. Cisplatin (5 pg/ml) was
added to the medium after 2 days, and the cells were cultured
at 37°C for ~2 weeks. The medium was discarded and the cells
were washed gently with PBS when the clones were visible.
Cells were fixed with 100% methanol for 15 min and stained
with crystal violet for 20 min at room temperature. The
clones were scanned and counted using Image-Pro Plus 6.0
(Media Cybernetics, Inc., Rockville, MD, USA).

MTS assay. Cell viability was measured with an MTS kit
(G5421; Promega Corporation) according to the manufac-
turer's protocol. Cells were seeded at 2x10° cells/well in
a 96-well plate and allowed to attach overnight. Different
concentrations (0, 2.5, 5, 10, 20 or 40 pg/ml) of cisplatin were
added to the medium for 24 h, or 5 yg/ml cisplatin was added
to the medium for 6, 12, 24, 48 or 72 h. Each group contained
six well replicates. A total of 20 u1 MTS aqueous solution was
added to each well and the cells were incubated at 37°C for
2 h. Optical density values were measured at 490 nm on a full
wavelength multi-function microplate reader (Thermo Fisher
Scientific, Inc.).

Apoptosis analysis. Cells were seeded at 1x10° cells into each
well of a 6-well plate with 2 ml complete culture medium. The
cells were left to attach overnight. Subsequently, cisplatin was
added at a concentration of 5 or 10 ug/ml for 24 h. Cells were

collected and washed twice with DMEM, and apoptotic cells
were stained with Annexin V-fluorescein isothiocyanate and
propidium iodide (Miltenyi Biotec, Inc., Cambridge, MA, USA)
according to the manufacturer's protocol. The cells were detected
using a flow cytometer (FACSCalibur) and analyzed with FlowJo
software (version 10; FlowJo LLC, Ashland, OR, USA).

Trypan blue staining. A total of 1x10° cells/well were seeded
into a 6-well plate. Subsequent to cells attaching overnight,
the medium was replaced with fresh medium with or without
cisplatin (5 and 10 yg/ml) and incubated for a further 24 h.
Cells were collected and the viability was determined by
trypan blue staining at room temperature for 2 min. Cell
numbers were counted manually using a hemocytometer, and
the cell death ratio was calculated as the proportion of trypan
blue-positive cells to the total number of cells.

Western blot analysis. Cells were harvested, and total protein
was extracted using an appropriate volume of lysis buffer
(P0013; Beyotime Institute of Biotechnology). Supernatants
were collected following centrifugation at 13,000 x g for
10 min at 4°C. The protein concentration was determined
using a bicinchoninic acid protein assay kit. Equal quanti-
ties of 40 ug protein samples were loaded onto 10% gels for
SDS-PAGE. Proteins were subsequently transferred to polyvi-
nylidene fluoride membranes. Subsequent to blocking with 5%
skimmed milk at room temperature for 1 h, the membranes
were incubated with the following primary antibodies at 4°C
overnight: TNFAIPS8 (1:1,000; ab195810; Abcam); B-actin
(1:20,000; a1978; Sigma-Aldrich; Merck KGaA); procas-
pase-3 and cleaved caspase3 (9662), cleaved caspase-8 (9496),
phosphorylated-p38 (9211), p-38 (9212) and Bcl-2 (4223) at
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Figure 2. Depletion of TNFAIPS impairs HeLa cell proliferation and viability. (A) TNFAIP8 mRNA relative expression in cells was detected using quantitative
polymerase chain reaction. TNFAIP8 expression in HeLa cells was set as 1. (B) TNFAIPS protein expression in cells was detected by western blotting. (C) A
colony formation assay was performed with TNFAIPS-silenced HeLa cells and control cells. (D) Number of colonies formed by TNFAIPS-silenced HeLa cells and
control cells in the presence or absence of CDDP. (E) Cellular viability of TNFAIPS-silenced HeLa cells and control cells treated with the stated concentrations of
CDDP for 24 h. (F) Cellular viability of TNFAIP8-silenced HeLa cells and control cells treated with 10 yg/ml cisplatin for the stated period of time. "P<0.05. All
the data are presented as the mean + standard deviation, with each of the experiments repeated in triplicate. TNFAIPS, tumor necrosis factor a-induced protein 8;
Scr, scrambled control RNA; shTNFAIP8, TNFAIPS8-silencing short hairpin RNA; CDDP, cisplatin; OD, optical density; NS, not significant.

1:1,000 (Cell Signaling Technology, Inc., Danvers, MA, USA).
Blot were then washed, and incubated with HRP-conjugated
secondary antibody (1:500; BA1056; Wuhan Boster Biological
Technology, Ltd.) at room temperature for 2 h. Protein bands
were visualized using an enhanced chemiluminescence system
(Thermo Fisher Scientific, Inc.).

Statistical analysis. Data are presented as the mean + standard
deviation of at least three independent experiments. The data
was analyzed using a Student's t-test or one-way analysis of
variance followed by Bonferroni correction using GraphPad
Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

TNFAIPS overexpression in cervical cancer tissues is associ-
ated with cisplatin resistance. A total of 40 pairs of cervical

cancer tissues and non-tumor adjacent tissues were collected
for immunohistochemical analysis of TNFAIPS8 expression. As
expected, TNFAIPS8 was highly expressed in cervical cancer
tissues, whereas, little or no staining was observed in the tissues
adjacent to the tumor (Fig. 1A and B). The patients with high
TNFAIP8 expression (18 cases) were significantly more likely
to develop cisplatin resistance (16 cases of the total 22 cases)
compared with patients with low TNFAIPS expression (Fig. 1C;
P<0.05). These data suggested that TNFAIPS is an oncogene,
which may mediate therapeutic resistance to cisplatin.

TNFAIPS increases the proliferation of cervical cancer
cells. To elucidate the function of TNFAIPS in the growth
of cervical cancer cells, HeLa cells were transfected
with the plasmid pGLV-shTNFAIPS or a control vector
to generate TNFAIP8-knockdown and control HeLa cell
lines (Fig. 2A and B). Equivalent numbers of each cell line
were seeded into different wells of a flat plate to evaluate



ONCOLOGY LETTERS 17: 4667-4674, 2019

4671

A 0 pg/mi 5 ug/mi 10 pg/mi
10%3 0.2% 3.2%| 101 9.7% 10.9%| 101 9.9% 27.8%
10 w107
3 107 102
10'+ 10" 4
100 T ~r | 26:}6 - L | oy = T r 100
gl 10° 10" 10* 10* 10 10° 10" 10* 10* 10
10 0.4% 4.7% 104
© 2 3
& 10 7 < 108 1.
=
E 1{}"’j 102 +
%)
10"+ 10"
10° iy b 10° ]
10° 10" 102 10° 104 10° 10" 102 10° 10
Annexin V-FITC
B . 6 LE
80 - ' 60 -
B33 Scr E3 Scr
- ShTNFAIPS ShTNFAIP __*
g 60 =3 2 &3 —
2 2
E 2
@ <
8 3
(=1 i
3 o
<<

CDDP concentration (ug/ml)

CDDP concentration (ug/ml)

Figure 3. Depletion of TNFAIP8 promotes cellular apoptosis and death. (A) Cellular apoptosis of TNFAIP8-depleted HeLa and control cells subsequent
to treatment with CDDP was evaluated using flow cytometry. (B) Cellular apoptotic ratio of HeLa cells with TNFAIP8 knockdown and control cells
following treatment with CDDP was calculated, according to the flow cytometric analysis. (C) Cellular death ratio of TNFAIP8-depleted HeLa and control
cells following treatment with CDDP was examined by trypan blue staining. "P<0.05. Data are representative of three independent experiments. TNFAIPS,
tumor necrosis factor a-induced protein 8; Scr, scrambled control RNA; shTNFAIP8, TNFAIP8-silencing short hairpin RNA; FITC, fluorescein isothiocya-

nate; PI, propidium iodide; CDDP, cisplatin.

colony formation. After ~2 weeks, visible clones were stained
with crystal violet, and the number of clones was counted
and analyzed. A significant decrease in the proliferation
rate of HeLa cells with decreased expression of TNFAIPS
was observed (P<0.05). In particular, fewer and smaller
clones formed with TNFAIP8 knockdown cells compared
with the control HeLa cells following treatment with cispl-
atin (Fig. 2C and D).

Knockdown of TNFAIPS enhances the cytotoxicity of cisplatin
in HeLa cells. To determine whether TNFAIPS protein expres-
sion in cervical cancer was associated with cisplatin resistance,
an MTS assay was used to measure cell viability. As approxi-
mately all cells in the shRNA group and control group died
within 48 h following treatment with 10 mg/ml cisplatin (data
not shown), cells were instead treated with 5 mg/ml cisplatin
for 6, 12, 24, 48 or 72 h. Only a small number of live HeLa
cells were observed in the TNFAIPS8 shRNA group, compared
with the numerous cells that were still viable in the control

group after cisplatin treatment for 72 h (Fig. 2F). Treatment
with cisplatin significantly decreased the HeLa cell viability
in a dose and time dependent manner as demonstrated in
Fig. 2E and F, respectively.

Knockdown of TNFAIPS promotes cellular apoptosis and
death. The effect of TNFAIP8 knockdown on apoptosis
and death in HeLa cells was examined. Following treatment
with cisplatin at the stated concentrations for 24 h, cellular
apoptosis was detected using flow cytometry. The percentage
of apoptotic HeLa cells in the TNFAIP8-knockdown group
was significantly increased compared with the control group
following treatment with cisplatin (Fig. 3A and B; P<0.05).
Additionally, the level of cell death, as analyzed by trypan
blue staining, demonstrated results similar to those for cellular
apoptosis (Fig. 3C). Collectively, the present data demonstrated
that silencing TNFAIPS resulted in an increase in the cyto-
toxicity of cisplatin in HeLa cells, suggesting that TNFAIP8
confers resistance to cisplatin in cervical cancer.
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Figure 4. Depletion of TNFAIPS affects cellular apoptosis and the p38 mitogen-activated protein kinase signaling pathway. (A) Caspase-3 and caspase-8
activation in control HeLa cells or in TNFAIP8-silenced cells, in the presence or absence of cisplatin (5 yg/ml). (B) Expression levels of p38, p-p38, Bcl-2 and
TNFAIPS8 in TNFAIPS-silenced HeLa and control cells in the presence or absence of CDDP (5 ug/ml). Data are representative of three independent experi-
ments. TNFAIPS, tumor necrosis factor a-induced protein 8; Scr, scrambled control RNA; CDDP, cisplatin; Bcl-2, B-cell lymphoma 2; p-, phosphorylated.

TNFAIPS promotes cisplatin resistance by inhibiting cellular
apoptosis. To investigate the underlying mechanisms of
TNFAIPS function in cisplatin resistance, caspase activation
was evaluated following treatment with cisplatin. As presented
in Fig. 4A, caspase-3 and -8 were activated subsequent to
treatment with cisplatin, and TNFAIPS silencing enhanced
caspase activation in HeLa cells following treatment with
cisplatin. Compared with the control group, Bcl-2 expression
was decreased in the TNFAIP8-silenced group following
treatment with cisplatin (Fig. 4B). To determine whether
p38 mitogen-activated protein kinase (MAPK) contributes
to cisplatin resistance in TNFAIPS8-silenced HeLa cells,
p38 MAPK activation was assessed. p38 signaling was acti-
vated in cisplatin-treated HeLa cells, and p38 phosphorylation
was enhanced in the TNFAIP8-knockdown group subsequent
to treatment with cisplatin (Fig. 4B). These data suggested
that TNFAIP8 serves as an anti-apoptotic protein against
cisplatin-induced cell death. This effect may aggravate chemo-
therapeutic treatment failure in patients with cervical cancer.

Discussion

To date, four members of the TNFAIP8 family of proteins
have been characterized in mammals; TNFAIPS (or TIPE),
TNFAIP8-like 1 (TIPEI), TIPE2 and TIPE3 (22). These
proteins possess different biological functions, although they
possess high sequence consensus and share a death effecter
domain (DED) (22). TNFAIPS is the principal member of this
family that is induced by TNF-a in response to environmental
stress (11). It has previously been identified that TNFAIPS is
overexpressed in a wide range of different cancer types, and
additional previous studies have demonstrated that it serves as
an oncoprotein, as it induces the development and progression
of tumors, and enhances cancer cell survival, proliferation and
metastasis (12,23,24). However, little is known regarding the
biological and pathological functions of TNFAIPS in cervical
cancer. In the present study, a significant increase in TNFAIPS
expression was observed in cervical cancer tissues compared
with the adjacent tissues. Furthermore, when TNFAIPS was
silenced in HeLa cells, cell colony formation and viability
were impaired. This supported the hypothesis that TNFAIPS

serves as an oncogene, and promotes cervical cancer cell
proliferation and survival.

Cisplatin is a widely used chemotherapeutic drug in the
treatment of numerous types of solid tumors, including head
and neck, ovarian, testicular, small-cell lung and cervical
cancer (25). However, cisplatin is limited as an effective treat-
ment due to dose-associated toxicities and adverse side-effects,
whereas, the intrinsic or acquired resistance of cells to cisplatin
inevitably causes treatment failure (26). Therefore, the two
significant challenges associated with cisplatin therapy are
identifying a safe and tolerable dose, and addressing the issue
of cisplatin resistance. A previous study on the mechanisms of
cisplatin resistance have demonstrated that tumor cells develop
resistance as a natural self-defense mechanism to protect
cells from the cytotoxic effect of cisplatin and to support cell
survival (8). TNFAIPS is a member of the Fas-associated death
domain-like interleukin-1p-converting enzyme caspase-8-
inhibitory protein family of anti-apoptotic proteins that
contain a DED and as a result, may cause the inhibition of
caspase-mediated cellular apoptosis (9,10). Overexpression of
TNFAIPS in cancer cells is associated with enhanced survival
and with inhibition of the apoptotic enzymes caspase-8 and
caspase-3 (27). In the present study, knockdown of TNFAIPS
expression in HeLa cells inhibited caspase-8 and caspase-3
activation, upon treatment with cisplatin, demonstrating that
TNFAIPS8 may be an anti-apoptotic protein that serves an
important role in cellular survival and cisplatin resistance.

A previous study suggested that dysregulation of the
anti-apoptotic protein Bcl-2 constitutes a risk factor for tumori-
genesis (28). Additionally, the increased expression of Bcl-2 in
a variety of cancer types has been associated with resistance to
chemotherapeutic drugs, including cisplatin (29). In the present
study, TNFAIP8 knockdown decreased Bcl-2 expression in
cisplatin-treated cervical cancer cells. Along with the observation
that depletion of TNFAIP8 improved cisplatin sensitivity and
promoted cisplatin-induced cellular apoptosis, the present data
suggested that TNFAIPS is involved in cisplatin resistance by
regulating Bcl-2 expression and suppressing cellular apoptosis.

p38 MAPKSs are serine/threonine protein kinases that are
involved in a variety of intracellular signaling events, and modu-
late varied biological effects, including proliferation, apoptosis,
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differentiation and senescence (30). In mammalian cells, four
isoforms of p38 MAPK have been identified; however, the
physiological and pathophysiological functions of the individual
isoforms remain largely unknown. Despite high amino acid
sequence similarity, the p38 MAPK isoforms present marked
differences in tissue expression and functions. p38c and p38p are
ubiquitous, whereas, p38y and p389 are tissue specific (31). The
different p38 isoforms have been demonstrated to exert opposing
effects. For example, p38a suppresses inflammation-associated
initiation of colon tumors; however, contributes to the prolifera-
tion and survival of colon tumor cells (32). In vascular endothelial
cells, p38a mediates pro-apoptotic signaling from transforming
growth factor-pl-induced apoptosis, whereas, p38f relays
survival signals from pro-survival factors, including vascular
endothelial growth factor (33). Given the duality of p38 MAPK
functions in mammalian cells, the role of p38 MAPK was inves-
tigated in TNFAIPS-silenced HeLa cells. In the present study, it
was demonstrated that treatment with cisplatin activated the p38
signaling pathway, and that TNFAIPS silencing promoted p38
phosphorylation in cisplatin-treated HeLa cells. Additionally,
the present data demonstrated that when TNFAIP8 was
silenced, cisplatin-induced HeLa cell apoptosis and death were
enhanced. Therefore, it was suggested that p38 MAPK activa-
tion likely serves a negative role in TNFAIP8-mediated cisplatin
resistance, and that regulating p38 MAPK activity may be used
to reverse cisplatin resistance in women with cervical cancer.

Numerous proteins, including cluster of differentia-
tion (CD)44, CD24, CD38, Fos-related antigen-1, heat shock
protein B-1 and transcription factor SOX-9, have been impli-
cated in cervical cancer, and dysregulation of these proteins is
closely associated with the occurrence and outcome of cervical
cancer (34-39). However, the etiology of cervical carcinoma
remains elusive. In the present study, it was demonstrated that
in cervical cancer cells, TNFAIP8 overexpression is associ-
ated with resistance to cisplatin, whereas, TNFAIPS silencing
improved cisplatin sensitivity in HeLa cells. The present data
suggested that TNFAIP8 may be considered a promising thera-
peutic target for the treatment of cervical cancer.
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