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Many malignant tumors become resistant to tumor necrosis 
factor-alpha (TNF-α)-induced cell death during carcinogenesis. 
In the present study, we examined whether parkin acts as a 
tumor suppressor in HeLa cells, a human cervical cancer cell 
line resistant to TNF-α-induced cell death. TNF-α-treatment 
alone did not affect HeLa cell viability. However, expression 
of parkin restored TNF-α-induced apoptosis in HeLa cells. 
Increased cell death was due to the activation of the apoptotic 
pathway. Expression of parkin in TNF-α-treated HeLa cells 
stimulated cleavage of the pro-apoptotic proteins caspase-8, -9, 
-3, -7 and poly ADP ribose polymerase (PARP). In addition, 
parkin expression resulted in decreased expression of the 
caspase inhibitory protein, survivin. These results suggest that 
parkin acts as a tumor suppressor in human cervical cancer 
cells by modulating survivin expression and caspase activity. 
We propose that this pathway is a novel molecular mechanism 
by which parkin functions as a tumor suppressor. [BMB Reports 
2012; 45(9): 526-531]

INTRODUCTION

Parkin protein (parkin) was originally implicated in Parkinson’s 
disease (1). The parkin gene (PARK2) is located on chromo-
some 6q25.2-6q27 and the loss of heterozygosity (LOH) in 
6q26 is found in ovarian, breast, hepatocellular and squamous 
cell lung cancers (2-4). Since these reports, the association be-
tween cancer and genetic mutations in parkin has become an 
active area of research. In a variety of cancers including brain, 
liver, colorectal, ovarian, cervical, pancreas, kidney and breast 
cancers, alternative transcripts were found due to gene dele-
tion and duplication in PARK2 (5-10). In acute lymphoblastic 
leukemia (ALL), chronic myeloid leukemia (CML) and some 
colorectal cancer cells, abnormal methylation in PARK2 gene 
results in a decreased expression of parkin (7, 11). Recent re-

ports show that decreases in parkin expression have an essen-
tial role in tumorigenesis suggesting that parkin is a putative tu-
mor suppressor (5-7, 9-12). Consistent with this notion, over-
expression of parkin in hepatocarcinoma, glioblastoma, lung 
cancer, breast cancer and colon cancer cell lines repressed 
cell growth (7-10, 12). These studies attracted interest in study-
ing the mechanisms by which parkin acts as a tumor suppressor. 
In breast cancer, parkin stabilizes microtubules and increases 
susceptibility to anti-cancer agents (13). In the breast cancer 
cell line MCF7, parkin reduces cell growth by inducing ex-
pression of cyclin-dependent kinase 6 (CDK6) (8). In glio-
blastoma and other cancers, parkin overexpression results in 
the degradation of ubiquitin-mediated cyclin E and subsequent 
cell cycle arrest (9). Simultaneous mutation in both PARK2 and 
APC genes dramatically accelerates colorectal carcinogenesis 
(7). Parkin seems to exert different effects in different types of 
cancers and therefore the mechanisms by which parkin sup-
presses tumorigenesis vary and many questions remain unans-
wered.
　Immune cells secrete various cytokines in response to can-
cers (14). As the cancer develops, they become resistant to an-
ti-tumor cytokines such as tumor necrosis factor-alpha (TNF-α) 
(15). TNF-α is a pro-inflammatory cytokine secreted by macro-
phages and TNF-α exerts a suppressive effect on tumors (16). 
However, tumors can become TNF-α resistant and eventually 
most malignant tumors become TNF-α resistant (17, 18). For 
these reasons, many malignant tumors can escape from 
TNF-α-induced cell death (17). These observations highlight 
TNF-α resistance as a key factor in tumor progression.
　Cervical cancer is one of the most common cancers among 
women worldwide (19). The LOH in PARK2 gene was re-
ported in primary tumor samples from patients with cervical 
cancer (20). The HeLa cell line, a human cervical cancer cell 
line, also harbors a deleted parkin gene (6) and is resistant to 
TNF-α induced cell death (21). In this study, we investigated 
the role of parkin in TNF-α-induced cell death. We report that 
parkin expression restores susceptibility to TNF-α-induced cell 
death and that this process is mediated by decreased ex-
pression of survivin and the activation of caspase-8, -9, -3, -7, 
and PARP.
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Fig. 1. Expression of parkin restores susceptibility to TNF-α-induced 
cell death. (A) HeLa cells were infected with either parkin-expressing 
adenovirus (Parkin) or mock virus (Mock) (150 M.O.I. each) for 24 
h and treated with TNF-α (5 ng/ml) for 24 h. Images were captured 
using an inverted microscope (200×). (B) Cells were infected with 
either Mock or Parkin (150 M.O.I. each) for 24 h and then treated 
with TNF-α (0, 0.2, 0.5, 1, 2, 5 ng/ml) for 24 h. Viable cells were 
counted by trypan blue exclusion assay (3 independent experiments).
The number of viable cells in 150 M.O.I. mock adenovirus infected 
group without TNF-α treatment was set as 100%. (C) Cells were in-
fected with indicated concentrations (0, 19, 38, 75, 150 M.O.I.) of 
Parkin for 24 h and then treated with TNF-α (5 ng/ml) for 24 h. 
Viable cells were counted by trypan blue exclusion assay (3 in-
dependent experiments). The number of viable cells in the Mock 
(150 M.O.I.) infected group was set as 100%. Data are from three 
independent experiments. P values were determined by Student’s
t-test. Bars indicate SEM. *P ＜ 0.05, **P ＜ 0.01.

Fig. 2. Parkin enhances TNF-α-mediated cell death via activation 
of the apoptotic pathway. (A) HeLa cells were infected with either 
Parkin or Mock (150 M.O.I. each) for 24 h and then cultured 
with or without TNF-α (5 ng/ml) for 24 h. Cell cycle analysis was 
performed using propidium iodide staining and flow cytometry. (B) 
HeLa cells were infected with either Parkin or Mock (150 M.O.I. 
each) for 24 h and treated with TNF-α (5 ng/ml) for 24 h. Cells 
were stained with DAPI and images captured using fluorescence 
microscopy (430 nm). Apoptotic bodies (white arrow).

RESULTS

Expression of parkin in HeLa cells results in decreased cell 
viability after TNF-α-treatment
The parkin-deficient HeLa cell line is resistant to TNF-α-in-
duced cell death (21). To determine whether the expression of 
parkin restores susceptibility to TNF-α-induced cell death, 
HeLa cells were infected with either mock adenovirus (Mock) 
or parkin-expressing adenovirus (Parkin) and then treated with 
different concentrations of TNF-α. As compared to Mock+ 
TNF-α treated cells, Parkin＋TNF-α treated cells showed a re-

duction in cell viability (Fig. 1A). The decrease in cell viability 
of Parkin＋TNF-α treated cells was proportionate to an in-
crease in TNF-α-concentration (Fig. 1B). No change in cell via-
bility was observed in Mock＋TNF-α treated cells at the 
TNF-α-concentration used reaffirming that the HeLa cell line is 
resistant to TNF-α. Furthermore, the M.O.I. (multiplicity of in-
fection) of Mock used in this study exerts no adverse effects on 
the HeLa cells. To further confirm that the restoration of parkin 
resulted in susceptibility to TNF-α, we infected cells with in-
creasing numbers of Parkin and then treated the cells with 
TNF-α (5 ng/ml). We found that cells infected with more 
Parkin were more susceptible to TNF-α effects (Fig. 1C). These 
results show that expression of parkin in HeLa cells restores 
susceptibility to TNF-α-induced cell death.

Parkin expression results in TNF-α-induced apoptotic cell 
death
To determine whether TNF-α-induced a decrease in cell via-
bility in parkin expressing HeLa cells was due to apoptosis, a 
cell cycle analysis was performed on Parkin＋TNF-α or Mock＋ 
TNF-α-treated cells by flow cytometry (Fig. 2A). The percent-
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Fig. 3. Parkin expression in TNF-α-treated HeLa cells stimulates cleavage of caspases and PARP and decreases expression of survivin. Cells 
were infected with indicated concentrations (0, 19, 38, 75, 150 M.O.I.) of Parkin for 24 h and then treated with TNF-α (5 ng/ml) for 24 
h. (A, B, C, left panels). Cells were infected with either Parkin or Mock (150 M.O.I. respectively) for 24 h and then treated with TNF-α 
(0, 0.2, 0.5, 1, 2, 5 ng/ml) for 24 h (A, B, C, right panels). Cleaved forms of PARP (A), caspase-3 and caspase-7 (B), caspase-8 and cas-
pase-9 (C) were detected by Western blot. Expression of parkin was determined by Western blot using anti-parkin antibodies. Levels of 
β-actin were analyzed as internal controls. (D) HeLa cells were infected with either Parkin or Mock (150 M.O.I. respectively) for 24 h and 
then treated with indicated concentrations (0, 1, 5 ng/ml) of TNF-α for 24 h. cDNA was subjected to PCR to amplify BAK1, BCL-XL, 
BAX, MCL1, and BCL2. The PCR products were resolved on a 1.5% agarose gel. GAPDH was used as an internal control. (E) HeLa cells 
were infected with indicated concentrations (0, 19, 38, 75, 150 M.O.I.) of Parkin for 24 h and then treated with TNF-α (5 ng/ml) for 24 
h. cDNA was subjected to PCR to amplify survivin. The PCR products were resolved on a 1.5% agarose gel. GAPDH was used as an in-
ternal control.

age of cells in the sub-G1 phase increased in Parkin＋TNF-α 
treated cells (8.23%) as compared to Mock＋ TNF-α treated 
cells (1.91%) suggesting an increase in apoptotic cells. Parkin 
infection alone did not increase apoptosis (1.66%) as com-
pared to Mock infection (1.88%). Furthermore, apoptotic bod-
ies were observed in Parkin＋TNF-α treated cells but not in 
Mock＋TNF-α treated cells using fluorescence microscopy 
(Fig. 2B). The increase of cells in the sub-G1 phase and the 
presence of apoptotic bodies in Parkin＋TNF-α cells strongly 
suggest that parkin induces cell death in TNF-α-treated HeLa 
cells via the apoptotic pathway.
　We investigated which proteins in the apoptotic pathway 
were affected in Parkin＋TNF-α cells. First, we examined 
whether PARP, a canonical apoptotic effector protein (22), was 
activated in Parkin＋TNF-α cells. We found that TNF-α en-
hanced the cleavage of the full length PARP and subsequent 
formation of the cleaved PARP in a Parkin dose-dependent 
manner (Fig. 3A, left panel). In addition, the formation of 
cleaved PARP increased in Parkin＋TNF-α cells in a TNF-α- 
dose-dependent manner (Fig. 3A, right panel). Next, we de-
termined whether caspase-3 and/or caspase-7, immediate up-
stream molecules of PARP, were activated in Parkin＋TNF-α 
cells. We found that TNF-α treatment increased levels of 
cleaved caspase-3 and caspase-7 in Parkin+TNF-α cells in a 
Parkin dose-dependent manner (Fig. 3B, left panel). Similarly, 
the formation of caspase-3 and caspase-7 increased in 

Parkin＋TNF-α cells in a TNF-α-dose-dependent manner (Fig. 
3B, right panel). The results thus far suggest that the restoration 
of parkin in HeLa cells confer susceptibility to TNF-α-induced 
apoptosis via the activation of caspase-3, caspase-7 and PARP.
　Caspase-8 and caspase-9 are upstream molecules of cas-
pase-3/-7 (23). Caspase-8 is mainly involved in the mitochon-
dria-independent pathway and caspase-9 is involved in the mi-
tochondria-dependent pathway (24, 25). To determine which 
of these pathways are activated in Parkin＋TNF-α cells, we as-
sessed the formation of cleaved caspase-8 and cleaved cas-
pase-9. We found increased levels of both cleaved caspase-8 
and cleaved caspase-9 in Parkin＋TNF-α cells in Parkin dose- 
dependent (Fig. 3C, left panel) and TNF-α dose-dependent 
manner (Fig. 3C, right panel). Taken together, our data suggest 
that restoration of parkin in HeLa cells confers susceptibility to 
TNF-α-induced apoptosis via activation of both the mitochon-
dria-dependent and mitochondria-independent pathways.

Parkin expression results in reduced expression of survivin
In addition to caspases, a variety of proteins are involved in 
regulation of apoptosis (26). To identify other potential apop-
totic regulatory proteins, we examined for changes in the ex-
pression of several of these molecules by RT-PCR. We de-
tected no difference in the expression of BAK1, Bcl-xL, Bax, 
MCL1 and Bcl2 in Parkin＋TNF-α versus Mock＋TNF-α cells 
(Fig. 3D). However, we detected a decrease in the expression 
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Fig. 4. Schematic model showing putative points of parkin in-
volvement in TNF-α-induced apoptotic death of HeLa cells.

of the anti-apoptotic molecule, survivin, in a TNF-α dose-de-
pendent manner (Fig. 3E). Since survivin is known to inhibit 
the activity of caspase-3 and caspase-7 (27, 28), we suggest 
that a decrease of survivin in Parkin＋TNF-α cells is one possi-
ble mechanism by which parkin contributes to TNF-α-induced 
apoptosis in HeLa cells.

DISCUSSION

Although, parkin has been proposed to be a tumor suppressor, 
the mechanisms by which parkin functions as a tumor sup-
pressor are unclear. In the current study, we investigated the 
role of parkin in TNF-α-induced apoptosis of HeLa cells. HeLa 
cells are inherently resistant to TNF-α-induced cell death and 
also lack parkin expression. We found that i) parkin expression 
in HeLa cells restored TNF-α-induced cell death and ii) 
TNF-α-induced cell death was mediated via activation of the 
apoptotic pathway involving survivin, caspase-8, -9, -3, -7, and 
PARP.
　Apoptosis is induced by a variety of stimuli and one potent 
activator of this pathway is TNF-α (18). The lack of apoptosis 
due to unresponsiveness to pro-apoptotic stimuli causes un-
controlled cell proliferation leading to the development of 
cancers. The binding of TNF-α to tumor necrosis factor-α re-
ceptor 1 (TNFR1) has been shown to initiate the apoptosis 
pathway eventually leading to caspase activation (29). In the 
current study, we show that parkin re-expression dramatically 
enhances TNF-α-induced apoptosis of HeLa cells (Fig. 1B). 
These results strongly suggest that parkin expression in HeLa 
cells restores the TNF-α-dependent apoptotic pathway. A mi-
nor role of parkin in the TNF-α-independent apoptosis path-
way may exist because parkin expression alone in HeLa cells 
lead to a ∼15% reduction of viable cells. Based on these re-
sults, we suggest that a decreased expression of parkin can aid 
cancerous cells to escape from TNF-α-stimulated apoptosis ul-

timately leading to the development of cancer.
　Caspases play a central role in transduction of apoptotic sig-
nals (23). There are two major apoptotic pathways; mitochon-
dria-dependent and mitochondria-independent apoptotic path-
ways. Both pathways can be activated with TNF-α treatment. 
Caspase-8 is mainly involved in the mitochondria-independent 
pathway and caspase-9 is known to play an important role in 
the mitochondria-dependent pathway (24, 25). Our data shows 
that both caspase-8 and caspase-9 are activated in Parkin＋ 
TNF-α cells. Therefore, parkin is likely to exert its effect be-
tween the TNF-α receptor and prior to the initiator caspases 
(Fig. 4). A simpler explanation for the restoration of TNF-α in-
duced cell death in HeLa cells could be that parkin expression 
restored the expression of the TNFR1 and therefore restored 
susceptibility to TNF-α. However, we found that HeLa cells ex-
press a stable level of TNFR1 mRNA irrespective of parkin ex-
pression (data not shown).
　There are numerous pro-apoptotic molecules and anti-apop-
totic proteins involved in the regulation of apoptosis (26). 
Among them, survivin is a member of the inhibitors of apopto-
sis (IAP) family. Survivin inhibits activation of caspases leading 
to negative regulation of apoptosis (27). Survivin binds to and 
inhibits the active forms of caspase-3 and caspase-7. In the 
present study, expression of parkin in HeLa cells reduced the 
expression of survivin (Fig. 3E). Therefore, the reduction of 
parkin in cancer cells may lead to increased levels of survivin 
and finally the inhibition of active caspases and ultimately to 
decreased apoptosis. Recent studies have shown that dis-
ruption of survivin induction pathways leads to an increase in 
apoptosis and decreased tumor growth (30). In our model sys-
tem, a decrease of survivin by parkin may contribute to the 
parkin-induced restoration of TNF-α-stimulated apoptosis of 
HeLa cells.
　Our data indicate that overexpression of parkin in HeLa 
cells induces cell death. However, ablation of parkin ex-
pression induced apoptotic cell death in human dopaminergic 
cells (31). These results suggest that in terminally differentiated 
cells, including neurons, reactivation of the cell cycle induces 
apoptosis rather than proliferation (32). Therefore, parkin may 
exert different effects depending on the cell type and cell cycle 
status. In addition, it has been proposed that parkin mediates 
mitophagy (33). Therefore, it would be interesting to examine 
whether mitophagy is associated with parkin-induced cell 
death in our model.
　In conclusion, we report that restoration of parkin ex-
pression in the parkin-deficient HeLa cell line restored suscept-
ibility to TNF-α-induced cell death. Although further studies 
are needed to determine the exact mechanisms by which par-
kin expression restores TNF-α-induced cell death, we have 
identified signaling pathways that will provide a clue to under-
standing how parkin acts as a tumor suppressor.
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MATERIALS AND METHODS

Materials
Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine se-
rum (FBS), penicillin-streptomycin, trypsin-EDTA, and trypan 
blue stain solution were purchased from Gibco BRL. Recombi-
nant human TNF-α was purchased from R&D Systems. DMSO 
and protease inhibitor cocktail were from Sigma-Aldrich. Pro-
pidium iodide (2.5 mg/ml) was purchased from BD Biosciences. 
Trizol reagent, random hexamer, and MMLV-RT were pur-
chased from Invitrogen.

Cell culture and viral infection with parkin-expressing 
adenovirus 
HeLa (human cervical adenocarcinoma cells, ATCC) cells 
were infected with adenoviruses as described previously (34). 
In brief, cells were seeded in 6-well plates at a density of 2 × 
105/well. After 24 h, cells were infected with 150 multiplicity 
of infection (M.O.I.) of parkin-expressing virus (Parkin) or 
mock virus (Mock) for 24 h. For dose-dependent experiments, 
cells were infected with 0, 19, 38, 75, and 150 M.O.I. of 
Parkin. Various concentrations of Parkin were mixed with 
Mock and normalized for a total of 150 M.O.I. per infection.

Trypan blue dye exclusion assay
Cells (2 × 105/well) were seeded in 6-well culture plates, cul-
tured for 24 h and then infected with Parkin or Mock for an 
additional 24 h. The cells were then treated with TNF-α (5 ng/ 
ml) for 24 h and the cells trypsinized, stained with trypan blue 
dye solution and viable cells counted on a hemocytometer.

DAPI staining
Cells (2 × 105/well) were seeded onto cover glass slides (24 
× 24 mm) inside 6-well culture plates and cultured for 24 h. 
The culture medium was aspirated and the cover glass contain-
ing adherent cells was washed with PBS twice. Cells were then 
fixed with 2% paraformaldehyde for 5 min. After fixation, the 
cover glass was washed with PBS twice and then permeabilized 
with 0.1% Triton X-100 for 5 min. Slides were washed again 
and incubated with DAPI (Vector Lab, Burlingame, CA, USA) in 
the dark for 10 min. The cover slides were examined under an 
Olympus fluorescence microscope at 430 nm.

Cell cycle analysis
HeLa cells were seeded in 6-well plates (2 × 105 cells/well) 
and cultured in 10% FBS-DMEM for 24 h. Cells were then in-
fected with Parkin or Mock for 24 h and then treated with 
TNF-α (5 ng/ml) for an additional 24 h. Thereafter, the cells 
were trypsinized into single cell suspension and then fixed 
with 70% ethanol in PBS at 4oC for 2 h. The fixed cells were 
stained with PBS solution containing propidium iodide (2.5 
mg/ml) and RNase (0.1 mg/ml) at 37oC for 40 min. The cells 
were washed and the DNA content analyzed using FACS 
Calibur (BD Biosciences).

Western blot analysis
Cells were lysed with a PBS buffer containing 1% Triton X-100 
and protease inhibitor cocktail. The supernatant was collected 
after centrifugation and the protein concentration determined 
using the Lowry protein assay (Bio-Rad). Protein samples were 
separated by SDS-PAGE, transferred to a nitrocellulose mem-
brane and the membrane incubated with primary antibodies 
overnight and then with appropriate secondary antibodies for 
1 h. Bands were visualized using ECL (Thermo, Waltham, MA, 
USA). β-actin was used as an internal control.

RNA extraction and reverse transcriptase PCR (RT-PCR)
Total RNA was extracted from cells using Trizol. cDNA was 
synthesized using 2 μg of total RNA, 0.25 μg of random hex-
amers and 200 U of MMLV-RT. PCR was performed using 0.2 
U of Taq polymerase (Cosmogenetech, Korea) and specific pri-
mers (Supplemental Table 1). GAPDH was used as an internal 
control. PCR products were electrophoresed on 1.5% (w/v) 
agarose gels containing ethidium bromide and images taken 
using Gel Doc (Bio-Rad).

Statistical analysis
P values were calculated using Student’s t-test. Values are 
shown as mean and s.e.m. Data were collected from three in-
dependent experiments.
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