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Abstract. Cervical cancer is one of the most common causes 
of cancer-related mortality in women in developing countries. 
Interferon (IFN)-α has been widely used in the treatment 
of various types of cancer, including cervical cancer, and 
IFN-stimulated gene 15 (ISG15), an ubiquitin-like protein, is 
upregulated by IFN-α treatment. The anti-virus and antitumor 
effects of ISG15 have been reported; however, its mechanism 
of action have not yet been fully elucidated. In this study, HeLa 
cells were used as a model system to investigate the roles of 
ISG15 in IFN-α-mediated cancer cell growth inhibition and 
induction of apoptosis. The results revealed that both p53 
and p21 were upregulated in HeLa cells treated with IFN-α 
or in the HeLa cells overexpressing ISG15. In addition, 
the expression levels of ubiquitin-like modifier-activating 
enzyme 7 (UBA7, also known as UBE1L; ISG15 E1-activating 
enzyme), UBCH8 (ISG15 E2-conjugating enzyme) and 
HERC5 (ISG15 E3-ligase) were elevated in the HeLa cells 
treated with IFN-α. The levels of p53 in the HeLa cells were 
attenuated by transient transfection with small interfering 
RNA (siRNA) targeting ISG15 (ISG15-siRNA). Cell viability 
was inhibited by both IFN-α treatment and ISG15 overexpres-
sion. However, these effects were significantly diminished 
when p53 was knocked down, suggesting that the effects of 
inhibitory effects of ISG15 on HeLa cell growth and the induc-
tion of apoptosis were p53-dependent. Taken together, these 
results suggest the existence of the IFN-α/ISG15/p53 axis in 
cervical cancer cells and any strategies manipulating the levels 

of ISG15 may thus prove to be effective in the treatment of 
cervical cancer.

Introduction

Cervical cancer is the third most commonly diagnosed cancer 
after breast and colorectal cancers and one of the most common 
causes of cancer-related mortality in women in developing 
countries (1). Infection with human papillomavirus (HPV) is 
an important contributing factor in the development of cervical 
cancer. Mechanistically, the insertion of viral DNA into 
chromosomal DNA results in either the activation of proto-
oncogenes or the inactivation of tumor suppressor genes, which 
leads to uncontrolled cell proliferation and cervical intraepi-
thelial neoplasia (CIN) (2). Eventually, approximately 30% of 
all CIN cases will develop into cervical cancer (3). Previous 
studies using different cancer cell models, including HeLa 
cells have demonstrated that interferon (IFN)-α is capable of 
inhibiting cancer cell proliferation and inducing apoptosis (4). 
In addition, IFNs has also been reported to be used in cervical 
cancer treatment (5). However, the efficacy of IFN in cervical 
cancer therapy has proven to be inconsistent and sometimes 
controversial (6). Moreover, resistance to IFNs has also been 
observed in the treatment of certain types of HPV-associated 
cervical cancers (7). Understanding the mechanisms respon-
sible for the effects of IFN-α on cancer cells may aid in the 
clinical application of IFN-α in cervical cancer therapies.

Type I interferons (IFN-α and IFN-β), a family of secreted 
proteins, were originally identified as cytokines with important 
antiviral properties (8), and therefore have been widely used 
as important anti-viral drugs since their discovery in 1957 (9). 
Mechanistically, they bind their specific receptors (IFNAR1 
and IFNAR2) presenting on the cell surface and activate 
Janus-activated kinase (JAK)/signal transducer and activator of 
transcription (STAT) signaling pathways, activating different 
cellular cascades, including antiviral defense and immune 
modulation (10). At the molecular level, IFNs initiate a genetic 
program that orchestrates the regulation of hundreds of genes 
known as IFN-stimulated genes (ISGs). Previous studies have 
suggested that IFNs may also possess anticancer functions by 
inhibiting cancer cell growth and inducing apoptosis (11,12).

IFN-stimulated gene 15 (ISG15), an ubiquitin-like protein, 
is highly upregulated by IFNs (13). It is initially translated as 
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a 165 amino acids precursor and is subsequently processed 
to expose its functional C-terminal sequence, LRLRGG. 
ISG15 contains two ubiquitin-like domains with the N- and 
C-terminal domain bearing 33 and 32% identity to that of 
ubiquitin, respectively (13,14). Also like ubiquitin, ISG15 
exists either as a free moiety or is conjugated to a myriad of 
proteins (15). Since ISG15 was originally found to cross-react 
with certain ubiquitin antibodies, it has been also known as 
ubiquitin cross-reactive protein (16). The conjugation of ISG15 
to target proteins is processed through three consecutive steps, 
including activation, conjugation and ligation. This process is 
widely known as ISGylation, involving at least three classes of 
enzymes: the E1 activating enzyme UBE1L, the E2 conjugating 
enzymes UBCH8 and UBCH6, and the E3 ligases EFP and 
HERC5, which are all regulated by IFNs (8,17). In addition, 
the identification of the deconjugating enzyme ISG15‑specific 
protease USP18 (UBP43) provides an explanation for the 
dynamic ISGylation status of a particular protein. Functionally, 
ISGylation can either activate or inhibit the activity of a specific 
target protein (18). Nevertheless, unconjugated free ISG15 itself 
also possesses antiviral activities (19).

Significant efforts have been made to identify the substrates 
of ISG15 conjugation and their roles in pathogen infection and 
tumorigenesis (20,21). In this study, HeLa cells were used as a 
model system to examine the roles of ISG15 in cervical cancer. 
ISG15 expression was found to be increased in HeLa cells treated 
with IFN-α or transiently transfected with ISG15 overexpression 
plasmid. Both p53 and p21 were also upregulated when the HeLa 
cells were either treated with IFN-α or transiently transfected 
with ISG15 overexpression plasmid. Our study reveals the exis-
tence of the IFN-α/ISG15/p53 axis in cervical cancer cells, and 
suggest that manipulating ISG15 expression may prove to be 
effective in the treatment of cervical cancer.

Materials and methods

Cell culture and IFN-α treatment. HeLa cells (obtained 
from Department of Molecular Biology, Central South 
University, Changsha, China) were grown in DMEM (Gibco, 
Grand Island, NY, USA) supplemented with 10% fetal bovine 
serum (Biological Industries, Beit Haemek, Israel), 100 U/
ml of penicillin and 100 µg/ml of streptomycin, at 37˚C in an 
atmosphere with 5% CO2. The HeLa cells were treated with 
IFN-α (Sigma-Aldrich, St. Louis, MO, USA) at various concen-
trations (0, 500, 1,000 and 2,000 U/ml) for 48 h in 6-well plates.

Plasmid transfection. The PCDNA3.1 and PCDNA3.1-ISG15 
plasmids were previously constructed in our laboratory (22). 
The cells were seeded in 6-well plates (8x105 cells/well) and 
transfected with Lipofectamine 2000 transfection reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA) in accor-
dance with the manufacturer's instructions. The transfected 
cells were then cultured in DMEM supplemented with 
10% fetal bovine serum for 48 h for use in further experi-
ments as described below.

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. The cells (104 cells/well) were plated in 96-well 
plates. MTT assays were conducted following the different 
treatments. The cells were incubated with MTT for 4 h at 37˚C. 

The dye produced by viable cells was dissolved in DMSO and 
the absorbance values were measured at 490 nm using an 
EnSpire Multilabel Reader (Perkin Elmer Singapore Pte. Ltd., 
Singapore). All assays were performed at least 3 times.

RNA interference. Specific small interfering RNA (siRNA) 
targeting ISG15 (AY168648; ISG15-siRNA) (5'-UGAGC 
ACCGUGUUCAUGAATT-3', 5'-UUCAUGAACACGGUGC 
UCATT-3'), p53 (AB082923) (5'-CCACCAUCCACUACAA 
CUATT-3', 5'-UAGUUGUAGUGGAUGGUGGTT-3'), and 
scrambled siRNA (5'-UUCUCCGAACGUGUCACGUTT-3', 
5'-ACGUGACACGUUCGGAGAATT-3') were obtained from 
GenePharm (Shanghai, China). The cells (5x105/well) were 
transfected with 100 pmol siRNA using Lipofectamine 2000 
transfection reagent in accordance with the manufacturer's 
instructions. Following culture for 48 h post-transfection, the 
cells were collected for use in further experiments.

Western blot analysis. The cells were harvested and lysed with 
cold RIPA buffer (Beyotime Institute of Biotechnology, Inc., 
Shanghai, China) supplemented with 1 mM proteinase 
inhibitor PMSF (Solarbio, Beijing, China) for 30 min on ice, 
and then centrifuged at 12,000 rpm for 16 min at 4˚C. The 
protein concentration was measured using a BCA protein 
assay kit (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Proteins were first separated by SDS-PAGE and then 
transferred onto polyvinylidene fluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA) by electro-blotting and 
blocked in TBST (50 mM Tris-HCl, pH 7.5, 150 mM NaCl 
and 0.2% Tween‑20) containing 5% non‑fat milk for 4 h at 4˚C. 
The blots were incubated with primary antibodies (1:1,000) 
against the control protein glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) (1:1,000; Cat. no. 10494-1-AP), 
rabbit anti-p53 (1:1,000; Cat. no. 10442-1-AP), rabbit 
anti-p21 (1:1,000; Cat. no. 10355-1-AP), rabbit anti-UBE1L 
(1:500; Cat no. 15818-1-AP), rabbit anti-UBCH8 (1:500; 
Cat. no. 11844-1-AP) and rabbit anti-HERC5 (1:500; 
Cat. no. 22692-1-AP) (all from Proteintech Group, Inc., Chicago, 
IL, USA), rabbit anti-ISG15 (1:1,000; Cat. no. 2743; Cell Signaling 
Technology, Inc., Boston, MA, USA) at 4˚C overnight and washed 
3 times with TBST. The blots were then incubated with the 
secondary antibody (1:1,000) at room temperature for 1 h. The 
horseradish peroxidase (HRP)-conjugated secondary antibody 
was purchased from Beyotime Institute of Biotechnology, Inc.

Flow cytometry and caspase-3 activity detection. After 
being washed with PBS (pH 7.4), the cells were suspended 
in binding buffer and Annexin V-FITC and DNA dye prop-
idium iodide (PI) were added followed by incubation at 37˚C 
for 30 min in a dark room. The cells were analyzed by Well 
Biotechnology, Co., Ltd. (China) using Cytomics FC500 
(Beckman Coulter, Brea, CA, USA). Caspase-3 activity was 
determined using the caspase-3 activity assay kit (Beyotime 
Insititute of Biotechnology, Inc.). Following treatment, the 
96‑well plate was incubated for 1 h at 37˚C. The absorbance 
values were measured at 405 nm using an EnSpire Multilabel 
Reader (Perkin Elmer Singapore Pte. Ltd.).

Statistical analysis. Data were analyzed by one-way 
analysis of variance (ANOVA) and LSD using SPSS 16.0 
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software (SPSS, Inc., Chicago, IL, USA). Densitometric 
analysis of the western blot bands was carried out using ImageJ 
software. The results were presented as the means ± standard 
deviation (SD). Differences were considered significant if the 
P‑value was ≤0.05.

Results

Expression and induction of ISG15 by IFN-α. The cells were 
treated with various concentrations of IFN-α for 48 h, and 
ISG15 expression was detected by western blot analysis. As 
shown in Fig. 1A and B, ISG15 was undetectable in the untreated 
control cells, and its expression level was increased in response 
to IFN-α treatment, although a statistically significant concen-
tration-dependent effect (500 U/ml; 1,000 U/ml; 2,000 U/ml) 
of IFN-α was not observed. The concentration of 1,000 U/ml 
IFN-α was selected for use in the subsequent experiments based 
on the commonly used dosage in clinical practice. As shown 
in Fig. 1C and D, the transient transfection of the cells with 
the empty plasmid vector, PCDNA3.1, had no effect on ISG15 
expression. Compared with the control group, the expression 
levels of ISG15 were increased in response to both IFN-α treat-
ment and transient transfection with PCDNA3.1-ISG15 plasmid.

Effect of ISG15 on cell viability. Cell viability was examined 
by MTT assay after the cells were treated with IFN-α or 
transiently transfected with the PCDNA3.1-ISG15 plasmid. 
As shown in Fig. 2A and B, the viability of the cells was 
significantly decreased (100 vs. 84.93%) when they were 

exposed to 1,000 U/ml of IFN-α, and the viability of the cells 
decreased from 100% (the PCDNA3.1 plasmid) to 82.02% 
when the cells were transfected with the PCDNA3.1-ISG15 
plasmid. These data indicated that IFN-α treatment and ISG15 
overexpression have similar effects on HeLa cell viability. The 
cell apoptotic status was further analyzed by flow cytometry 
under different conditions. As shown in Fig. 2C-F, the propor-
tion of apoptotic cells was increased by IFN-α treatment or 
transient transfection with the PCDNA3.1-ISG15 plasmid. The 
detailed apoptotic data (Table I) revealed that the number of 
apoptotic cells in both the early and late stages of apoptosis 
was significantly elevated by IFN‑α treatment or ISG15 over-
expression. In addition, the caspase-3 enzymatic activity in the 
HeLa cells either treated with IFN-α or transiently transfected 

Figure 1. Expression of interferon (IFN)-stimulated gene 15 (ISG15) in HeLa 
cells. (A) HeLa cells were treated with various concentrations of IFN-α for 
48 h. (C) HeLa cells treated with IFN-α or transiently transfected with different 
plasmids were cultured for 48 h. (B and D) Densities of the western blot bands 
were quantified using ImageJ software (gray scale band analysis) and plotted. 
Results are shown as the means ± SD (n=3). *P≤0.05 indicates significant dif-
ference compared to the control.

Figure 2. Effects of interferon (IFN)-stimulated gene 15 (ISG15) on HeLa cell 
viability and apoptotic status. (A and B) Viability of the cells was estimated 
by MTT assays when the cells were treated with IFN-α (1,000 U/ml) for 48 h 
or transiently transfected with PCDNA3.1-ISG15 plasmid. (C-F) Apoptotic 
status of the cells was analyzed by flow cytometry (single determination). The 
apoptotic cell scatter plots are divided into 4 quadrants. They are the upper left 
(UL), upper right (UR), lower left (LL), and lower right (LR) quadrants, which 
show damaged (necrotic) cells, late apoptotic cells, living cells, and early apop-
totic cells, respectively. Results are shown as the means ± SD (n=3). *P≤0.05 
indicates significant difference compared to the control.
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with the PCDNA3.1-ISG15 plasmid was measured. As shown 
in Table ΙΙ, compared with the basal levels in the control 
HeLa cells, either treatment with IFN-α or transfection with 
the PCDNA3.1-ISG15 plasmid increased caspase-3 enzymatic 
activity. These results suggest that the overexpression of ISG15 
or treatment with IFN-α play the same important roles in HeLa 
cell growth inhibition and the induction of apoptosis.

Effects of ISG15 on p53, p21, UBE1L, UBCH8 and HERC5 
expression. Since p53 is one of the key tumor suppressors in 
the regulation of tumor cell survival and apoptosis, the effects 
of IFN-α treatment or ISG15 overexpression on the expres-
sion of p53 and its downstream target, p21, were investigated. 
The protein levels of p53 and p21 were examined by western 
blot analysis using specific antibodies. As shown in Fig. 3A, 
compared to the controls, the levels of p53 and p21 were mark-
edly elevated in the cells treated with IFN-α or transfected with 
PCDNA3.1-ISG15 plasmid. As shown in Fig. 3C, the expres-
sion levels of UBE1L, UBCH8 and HERC5 were upregulated 
in the cells treated with IFN-α. However, the overexpression of 
ISG15 did not affect the levels of UBE1L, UBCH8 and HERC5 
expression. The gray scale protein band intensity from 3 experi-
ments was quantified by ImageJ software (Fig. 3B and D). These 

Table I. Effect of IFN-α or ISG15 on HeLa cell apoptosis.

 Early apoptosis Late apoptosis
Groups (%) (%)

HeLa 1.08 4.18
HeLa + IFN-α 3.70 11.53
HeLa + PCDNA3.1 5.77 2.51
HeLa + PCDNA3.1-ISG15 5.48 14.58

IFN, interferon; ISG15, interferon-stimulated gene 15.

Figure 3. Effects of interferon (IFN)-stimulated gene 15 (ISG15) on p53, p21, 
UBE1L, UBCH8 and HERC5 expression. HeLa cells treated with IFN-α or 
transiently transfected with ISG15 overexpression plasmid were cultured for 
48 h. (A) The levels of p53 and p21 were examined by western blot analysis 
using anti-p53 and anti-p21 antibodies. (C) The expression levels of UBE1L, 
UBCH8 and HERC5 were assessed by western blot analysis using anti-UBE1L, 
anti-UBCH8 and anti-HERC5 antibodies. (B and D) Densities of the western 
blot bands were quantified using ImageJ software (gray scale band analysis) 
and plotted. Results are shown as the means ± SD (n=3). *P≤0.05 indicates 
significant difference compared to the control.

Figure 4. Role of interferon (IFN)-stimulated gene 15 (ISG15) in the regula-
tion of p53 expression. (A) HeLa cells treated without (lane 1, from left to right) 
or with (lane 2) IFN-α were then transfected with scrambled siRNA (lane 3) 
or siRNA specifically against ISG15 (lane 4). (C) HeLa cells without (lane 1) 
or with (lane 2) overexpression of ISG15 or were transfected with siRNA 
specifically against p53 (lane 3) or overexpression of ISG15 were transfected 
with siRNA specifically against p53 (lane 4). (B and D) The intensities of 
the western blot bands were semi‑quantified and the ratios between ISG15/
GAPDH and p53/GAPDH were plotted. Results are shown as the means ± SD 
(n=3). *P≤0.05 indicates significant difference compared to the control and 
#P≤0.05 indicates significant difference compared to the cells treated with 
IFN-α or transfected with PCDNA3.1-ISG15 plasmid.
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results indicate that free ISG15 is related to inhibition of HeLa 
cell proliferation.

Knockdown and expression of ISG15 and p53. In order to 
elucidate the role of ISG15 in the regulation of p53 expres-
sion, ISG15 was knocked down by siRNA and the level of 
p53 was analyzed under different conditions. As shown 
in Fig. 4A and B, transfection of the cells with siRNA against 
ISG15 downregulated ISG15 by >50%; however, transfection 
with scrambled siRNA did not affect the IFN-α-induced 
ISG15 expression. More importantly, IFN-α-induced p53 
expression was also significantly decreased when ISG15 was 
knocked down; however, transfection with scrambled siRNA 
had no effect on the IFN-α-induced p53 expression. As shown 
in Fig. 4C, compared with the untreated controls, the expres-
sion of p53 was increased in the cells transfected with the 
PCDNA3.1-ISG15 plasmid. Transfection with siRNA against 
p53 was able to knock down both the endogenous, as well as 
the ISG15-induced p53 expression. Moreover, cell viability was 
measured by MTT assay when ISG15 and/or p53 were knocked 
down. As shown in Table III, cell viability was reduced to 
a similar degree when the cells were either treated with 
IFN-α (87.5%) or transfected with the ISG15 overexpression 
plasmid (87%). However, the effect of IFN-α on cell viability 
was completely diminished when siRNA against ISG15, but 

not scrambled siRNA, was transfected into the cells, indicating 
that ISG15 is essential in the IFN-α-mediated reduction of 
HeLa cell viability. Furthermore, the effect of the overexpres-
sion of ISG15 on cell viability was not observed when siRNA 
against p53, but not scrambled siRNA, was transfected into the 
cells, suggesting that the above-observed effects of ISG15 are 
p53-dependent. Taken together, these data demonstrate that p53 
plays an essential role in the IFN-α/ISG15-mediated apoptosis 
of HeLa cells.

Discussion

Although type I interferons, particularly IFN-α, have been 
used in the treatment of various types of cancer, the precise 
molecular mechanisms of action of IFNs in cancer treatment 
are far from being elucidated (23,24), and this severely hinders 
the further application of IFNs in cancer therapy. One of the 
most well-studied IFN-α signaling mechanisms is the JAK/
STAT-mediated rapid induction of ISGs (25,26). Among the 
ISGs, ISG15 is the most important one and it exerts its effects 
on cancer cells through protein ISGylation via its C-terminal 
LRLRGG sequence or in the form of a free moiety (15,27). 
However, the effect of ISGylation on a specific protein could 
be inhibitive or simulative (18). Since high levels of ISG15 and 
upregulated ISGylation have been observed in certain types of 
cancer, it has also been postulated that ISG15 may directly or 
indirectly be involved in tumor development (28). In this study, 
the human cervical cancer cell line, HeLa, was used as the 
model system to demonstrate that IFN-induced ISG15 inhibits 
cell growth and induces apoptosis in a p53-dependent manner; 
we therefore revealed the existence of the IFN-α/ISG15/p53 
signaling axis in cervical cancer cells.

In addition to the upregulation of ISG15, IFN-α also 
induces the expression of the E1 activating enzyme UBE1L, 
the E2 conjugating enzyme UBCH8, and the major E3 ligase 
HERC5. Therefore, one of the immediate effects of IFN-α is 
to increase ISGylation through the sequential actions of these 
three enzymes (29). Although the E1 activating enzyme UBE1L 
is 45% homologous to the ubiquitin E1 enzyme (UBE1), it does 
not affect the ubiquitin level and function, and therefore UBE1L 
is specific for ISGylation (30). However, the E2 conjugating 
enzyme UBCH8 and the E3 ligase HERC5 can acquire either 
ISG15 or ubiquitin as substrates. Therefore, the effect of IFN-α 
on the E1 enzyme UBE1L may be specific for ISGylation, but its 
effect on E2 enzyme UBCH8 and E3 ligase HERC5 can affect 
both ISGylation and ubiquitination. This study demonstrated 
that the level of ISG15 in HeLa cells can be either induced 
by IFN-α treatment or can be artificially overexpressed by 
transfection with a ISG15 overexpression plasmid. The ISG15-
induced inhibition of HeLa cell proliferation is associated with 
free ISG15 regardless of ISGylation. Additionally, the anti- and 
pro-tumor effects of ISG15 and ISGylation have been reported, 
and it has also been suggested that increased ISGylation and 
decreased free ISG15 may lead to cancer (31-36). Moreover, it 
has been indicated that ISG15 exerts an anti-apoptotic effect 
on pancreatic beta MIN6 cells (37). Thus, free ISG15 is a 
suppressor of tumorigenesis.

It has been well accepted that p53 is a key factor in 
tumor suppression and the main activating pathway is DNA 
damage (38). Activated-p53 in turn induces cell cycle arrest 

Table II. Effect of IFN-α or ISG15 on caspase-3 activity in 
HeLa cells (n=3).

 Caspase-3 enzymatic 
Groups activity (U/µg)

HeLa 3.13±1.45
HeLa + IFN-α 7.73±2.08a

HeLa + PCDNA3.1 3.39±1.96
HeLa + PCDNA3.1-ISG15 8.37±2.25a

aP≤0.05 indicates significant difference compared to control. IFN, 
interferon; ISG15, interferon-stimulated gene 15.

Table III. The relative survival ratio of HeLa cells (n=3).

 Relative survival
Groups ratio (%)

HeLa 100.0±8.4
HeLa + IFN-α 87.5±8.0a

HeLa + IFN-α+scramble-siRNA 88.3±7.7a

HeLa + IFN-α+ISG15-siRNA 98.8±8.0
HeLa + PCDNA3.1-ISG15 87.0±8.7a

HeLa + p53-siRNA 100.0±7.9
HeLa + PCDNA3.1-ISG15 + p53-siRNA 99.5±7.7

aP≤0.05 indicates significant difference compared to control. IFN, 
interferon; siRNA, small interfering RNA; ISG15, interferon-stim-
ulated gene 15.
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and/or apoptosis. IFN-treated cells are more susceptible to 
p53-dependent apoptosis and HeLa cells undergo apoptosis in 
response to DNA damage in a p53-dependent manner (39,40). 
We explored the expression of p53 and its downstream protein 
p21 in HeLa cells treated with IFN-α or in cells overexpressing 
ISG15. Consistent with what we have observed previously in 
HepG2 cells (22), the levels of p53 and p21 were significantly 
upregulated in HeLa cells when they were either treated 
with IFN-α or transfected with ISG15 overexpression vector. 
However, the knockdown of ISG15 significantly attenuated 
the IFN-α-induced increase in p53 expression, suggesting that 
ISG15 plays an essential role in IFN-α-induced p53 expres-
sion, as well as apoptosis. The role of ISG15 in this process 
was also corroborated by the fact that p53 and p21 expression 
were upregulated by the overexpression of ISG15. Furthermore, 
the overexpression of ISG15 not only upregulated p53 and 
p21, but also promoted HeLa cell apoptosis. However, ISG15-
induced apoptosis was markedly abrogated when the cells were 
transfected with siRNA against p53. This demonstrated that 
ISG15-induced HeLa cell apoptosis is p53-dependent. However, 
the ISGylation-mediated p53 degradation revealed another 
pathway regulating p53 stability (41-43). Taken together, these 
data demonstrate the existence of the IFN-α/ISG15/p53 axis 
in HeLa cells, and demonstrate that is plays pivotal roles in 
IFN-α-induced cancer cell growth inhibition, as well as apop-
totic cell death.

In conclusion, in this study, using HeLa cells as a cancer 
model system, we explored the roles of ISG15 in IFN-α-
induced cancer cell growth inhibition and apoptotic cell death. 
By treating the cells with IFN-α and manipulating the expres-
sion of ISG15, we identified the IFN‑α/ISG15/p53 axis in HeLa 
cells. Therefore, any strategies manipulating the expression of 
ISG15 without IFNs may prove to be effective in the treatment 
of cervical cancer. Furthermore, given the fact that resistance 
to IFN-α has often been observed in clinical trails, ISG15 may 
serve as a novel therapeutic target in the treatment of cervical 
and possibly, other types of cancer.
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