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Introduction: Cervical cancer is a common malignancy in female and it is a serious disease 
threatening women’s lives. We aimed to explore whether PIF1 helicase expression could 
affect cell proliferation and apoptosis, and whether its mechanisms were related to the 
expression and activity of TERT.
Methods: Western blot analysis was used to detect the expressions of PIF1 and TERT in 
End1/E6E7, Hela, SiHa, Ca-Ski and C-33A cells and apoptosis-related proteins (Bax, Bcl-2 
and Caspase-3). RT-qPCR and Western blot analysis determined the expressions of PIF1 and 
TERT after transfection. After transfection or cycloastragenol (CAG) treatment, the prolif
eration, apoptosis, cell cycle and telomerase TERT activity were analyzed by CCK-8 assay, 
flow cytometry analysis and ELISA assay. Co-immunoprecipitation assay was used to verify 
the interactions between PIF1 and TERT.
Results: The expressions of PIF1 and TERT in End1/E6E7, Hela, SiHa, Ca-Ski and C-33A 
cells were increased. As PIF1 and TERT expressions in C-33A cells showed the minimum 
increase, C-33A cells were chosen for the next study. PIF1 interference inhibited the 
proliferation, decreased the ratio of G2/M phase and promoted apoptosis of transfected 
cells, and PIF1 interference promoted the expressions of Bax and Caspase-3 and suppressed 
the Bcl-2 expression. Furthermore, PIF1 interference down-regulated the telomerase activity. 
The effect of PIF1 overexpression was opposite to that of PIF1 interference. Co- 
immunoprecipitation assay demonstrated that PIF1 could combine with TERT. CAG treat
ment effectively reversed the effect of PIF1 interference on proliferation, cycle and apoptosis 
of C-33A cells transfected with shRNA-PIF1. Moreover, CAG treatment increased the 
expressions of PIF1 and TERT.
Discussion: PIF1 helicase could promote the proliferation and suppress the apoptosis of 
cervical cancer cells by down-regulating the activity of telomerase TERT.
Keywords: PIF1, proliferation, apoptosis, cervical cancer cell, TERT

Introduction
In the world, cervical cancer is the fourth most common malignancy in women, 
following breast cancer, colorectal cancer and lung cancer.1 Every year, more than 
half a million women worldwide are diagnosed with cervical cancer and there are 
more than 300,000 deaths from cervical cancer.2 According to the latest National 
Cancer statistics released by the National Central Cancer of China (NCCC) in 2017, 
cervical cancer accounted for 6.25% of all cancers, ranking sixth among the top 10 
female malignant tumors and cervical cancer death accounted for about 3.96%, 
ranking eighth among the top 10 malignant tumors of deaths. Therefore, identifying 
effective therapeutic methods is currently urgent in cervical cancer research.
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Telomerase plays a key role in regulating cell proliferation 
and is present in most of the infinite proliferation processes of 
tumor cells.3 Telomerase TERT induced the proliferation of 
tumor cells, and the expression of telomerase TERT was up- 
regulated in tumor tissues, but it was not expressed or low 
expressed in normal tissues.4 Some researchers considered that 
the up-regulation of TERT mRNA would lead to an increase of 
telomerase activity, which was essential for cell proliferation, 
differentiation, aging and the occurrence and development of 
tumors.5 A study has shown that telomerase TERT expression 
was relatively high in cervical cancer, and increased expression 
of telomerase TERT could promote the tumor development.6,7 

The inhibition of TERT gene expression or enzyme activity 
could suppress the tumor growth.8

PIF1 helicase has an effect on telomerase activity.9 PIF1 
helicase could inhibit TERT activity and dissociate telomeres, 
thus promoting cell apoptosis.10 PIF1 helicase directly disso
ciated the telomerase complex from the telomerase DNA 
terminal to inhibit the telomerase lengthening telomeres.10 In 
the process of tumor growth, human PIF1 helicase could 
promote the activity of TERT protein, but had no direct effect 
on its mRNA level. PIF1 helicase was shown to promote DNA 
replication and tumor cell proliferation.11,12 The TCGA data
base showed that the expression level of PIF1 helicase was 
significantly increased in cervical cancer, but there was no 
direct reports about it. In addition, whether PIF1 can affect 
the proliferation and invasion of tumor cells by affecting TERT 
expression remains to be discussed.

Therefore, this study was to explore the expression of 
PIF1 helicase in cervical cancer cells and whether its expres
sion level affected cell proliferation and apoptosis, and 
whether its mechanisms were related to the TERT expression.

Materials and Methods
Cell Culture
End1/E6E7, Hela and SiHa cells were obtained from American 
Type Culture Collection (Rockville, MD, USA). Ca-Ski and 
C-33A cells were brought from Shanghai lianmai biological 
engineering Co., Ltd. Cells were cultured in RPMI1640 culture 
medium containing 10% FBS, 1% penicillin-streptomycin 
double antibiotic. The solution was changed every 2–3 days. 
All cells were placed in a 37°C and 5% CO2 incubator for 
incubation.

TUNEL Assay   
The slides of C-33A cells were digested by protease K, 
followed by the treatment of TdT and Biotin-dUTP. Then, 

slides of C-33A cells were sealed, treated with streptavi
din-HRP working liquid and stained with DAB reagent. 
The apoptosis of C-33A cells was observed under the light 
microscope. The TUNEL assay was performed by TUNEL 
detection kit.

Western Blot Analysis
After the extraction of proteins in the cell, protein concentra
tion was detected according to BCA kit. The extracted proteins 
were added to the buffer, which was heated to 95°C for 10 min. 
Each well was loaded with 30 μg proteins which were sepa
rated by 10% SDS-PAGE at 80–120 V. The voltage of wet 
transfer and transmembrane was controlled at 100 mV, lasting 
45–70 min. After proteins were transferred to PVDF mem
brane, the membrane was sealed in 5% skim milk powder for 1 
h and incubated with primary antibodies [anti-PIF1 
(ab192369; Abcam), anti-TERT (ab191523; Abcam), anti- 
Bax (ab32503; Abcam), anti-Bcl-2 (ab32124; Abcam), anti- 
caspase-3 (ab2302; Abcam)] at 4°C overnight. After washing 
with buffer, the membrane was then incubated with rabbit 
horseradish peroxidase-linked IgG at room temperature for 1 
h. After the washing by buffer for three times, the membrane 
was treated with chemiluminescent reagent to develop protein 
bands. With GAPDH as internal reference, Bio-rad Gel DolEZ 
imager was used for protein imaging, and Image J software 
was used to analyze the gray level of the target band.

Cell Transfection
C-33A cells in logarithmic phase were selected. After trypsin 
digestion, 2 mL of cell suspension was inoculated into a 6-well 
plate (1×105 cells/mL) and incubated in an incubator with 5% 
CO2 at 37°C for 24 h. C-33A cells were respectively trans
fected with shRNA-PIF1-1, shRNA-PIF1-2, OverExp-PIF1-1 
and OverExp-PIF1-2 for 48 h according to 
LipofectamineTM2000 transfection reagent description 
method. The transfection effect of the cells was determined 
by RT-qPCR.

CCK-8 Assay
C-33A cells were inoculated in 96-well plates (with cell 
density 1×104/hole), each hole containing 100 μL medium. 
After cell transfection or cycloastragenol (CAG) treat
ment, 10 μL CCK8 solution was added to each well 1 
h before the test, and the culture plate was incubated in the 
incubator for 4 h. The optical density (OD) value at 450 
nm was determined by an enzyme micro-plate reader.
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Flow Cytometry Analysis
Cells in each group were added with 2.5g/L trypsin for full 
digestion, and then collected and washed with precooled cold 
acid buffer. The cell density of cell suspension was adjusted to 
109/L. A test tube was subsequently added with 100 μL cell 
suspension, 5 μL Annexin V and 10 μL PI for 15 min incuba
tion in the dark. The apoptosis rate of cells in each group was 
detected by flow cytometry.

RT-qPCR Analysis
TRIzol reagent was used to extract 100 ng total RNA for 
reverse transcription, and the expression of the target gene 
was detected by SYBR Green method, with GAPDH as the 
control. The PCR conditions were: pre-denaturation at 95°C 
for 30 s; PCR reaction at 95°C for 5 s and 60°C for 30 s, 40 
cycles. The relative gene expression was calculated by 2−ΔΔCt 

method.

ELISA Assay
The TERT expression in C-33A cells after transfection or CAG 
treatment was detected according to the ELISA Kits (NanJing 
JianCheng Bioengineering Institute, China). A Model 680 
Microplate Reader was applied to obtain the OD value at 
450 nm.

Co-Immunoprecipitation Assay
C-33A cells in logarithmic phase were selected and 
lysed to prepare the samples. First, the samples were 
first passed through uncoated beads to absorb proteins 
that were not specifically bound to the beads. Second, 
an antibody against the target protein is added to 
the samples to combine with the target protein for the 
formation of antigen-antibody complexes. Third, the 
precipitated compounds were cleaned to enrich 

antigen-antibody complexes by removing some nonspe
cific binding of proteins. Finally, Western blot analysis 
was used to detect the expression of PIF1 and TERT.

Statistical Analysis
The experiment was repeated three times. Data proces
sing was conducted by SPSS 17. 0 statistical software. 
Data were expressed as mean ± standard deviation (SD). 
Student’s t-test and one-way ANOVA single factor ana
lysis of variance were carried out for statistical analysis. 
P<0.05 showed a statistical meaning.

Results
The Expressions of PIF1 and TERT in 
Cervical Cancer Cells
As shown in Figure 1, the expressions of PIF1 and 
TERT in cervical cancer cells were all increased com
pared with those in Ect1/E6E7 cells. The expressions of 
PIF1 and TERT in C-33A cells exhibited the minimum 
increase compared with other cancer cells, and there
fore, C-33A cells were chosen for the subsequent 
experiments.

The Change of PIF1 Expression in 
Cervical Cancer Cells After Transfection
C-33A cells were transfected with blank vector, shRNA-PIF1 
-1/2 and OverExp-PIF1-1/2. The results showed that the PIF1 
expression in C-33A cells transfected with shRNA-PIF1-1/2 
was down-regulated and the PIF1 expression in C-33A cells 
transfected with OverExp-PIF1-1/2 was up-regulated. The 
decrease of PIF1 expression in shRNA-PIF1-1 group and 
increase of PIF1 expression in OverExp-PIF1-1 group are 
more significant than that in shRNA-PIF1-2 group and 

Figure 1 The expressions of PIF1 and TERT in cervical cancer cells. The expressions of PIF1 and TERT in cervical cancer cells were detected by Western blot analysis. 
***P<0.001 vs Ect1/E6E7 group.
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OverExp-PIF1-2 group (Figure 2). Therefore, shRNA-PIF1-1 
and OverExp-PIF1-1 were selected for the subsequent 
experiments.

The Change of PIF1 Expression Affects 
the Proliferation, Apoptosis and Cycle of 
Cervical Cancer Cells
After cell transfection, PIF1 interference inhibited the 
proliferation, decreased the rate of G2/M phase and pro
moted the apoptosis of C-33A cells while PIF1 

overexpression could reverse the effects of PIF1 interfer
ence on proliferation, cell cycle and apoptosis (Figure 3).

The Change of PIF1 Expression Affects 
the mRNA and Protein Expressions of 
PIF1 and TERT in Cervical Cancer Cells 
After Transfection
It has been confirmed that human PIF1 can promote 
TERT expression in tumor, but it has no direct effect 
on its mRNA level. As shown in Figure 4A and B, the 
mRNA and protein expressions of PIF1 were down- 
regulated in shRNA-PIF1 transfected C-33A cells and 
up-regulated in OverExp-PIF1 transfected C-33A cells. 
As shown in Figure 4C and D, PIF1 interference and 
PIF1 overexpression respectively inhibited and pro
moted the TERT mRNA and protein expression. PIF1 
had more obvious effect on TERT protein expression 
than TERT mRNA expression.

The Change of PIF1 Expression Affects 
the Expressions of Apoptosis-Related 
Proteins and Telomerase TERT
Consistent with the effects of PIF1 interference and 
PIF1 overexpression on cell apoptosis, the expressions 
of Bax and Caspase-3 were enhanced and Bcl-2 expres
sion was decreased in shRNA-PIF1 transfected C-33A 
cells, while the expressions of apoptosis-related proteins 
were reversed in OverExp-PIF1 transfected C-33A cells 

Figure 2 The change of PIF1 expression in cervical cancer cells after transfection. 
The transfection effect was determined by RT-qPCR analysis. ***P<0.001 vs Control 
group. ###P<0.001 vs Vector group. ∆∆P<0.01 vs shRNA-PIF1-1 group. $$$P<0.001 
vs OverExp-PIF1-1 group.

Figure 3 The change of PIF1 expression affects the proliferation, apoptosis and cycle of cervical cancer cells. (A) The proliferation of C-33A cells after transfection was 
detected by CCK-8 assay. ***P<0.001 vs Control group. ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group. $$P<0.01 vs OverExp-PIF1 group. (B) The apoptosis 
of C-33A cells after transfection was detected by Tunel assay. (C) The cycle of C-33A cells after transfection was detected by flow cytometry analysis. *P<0.05, **P<0.01 and 
***P<0.001 vs Control group. ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group. $$$P<0.001 vs OverExp-PIF1 group.
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(Figure 5A). As shown in Figure 5B, PIF1 interference 
obviously reduced the expression of telomerase TERT 
and PIF1 overexpression remarkably improved the 
expression of telomerase TERT.

PIF1 Can Be Combined with TERT
After the sample was passed through uncoated beads to 
remove the nonspecific binding proteins, anti-TERT or 
anti-PIF1 was separately added to two samples to com
bine with the target protein for the formation of anti
gen-antibody complexes. As shown in Figure 6, PIF1 
protein existed in anti-TERT group and TERT protein 
existed in anti-PIF1 group. Therefore, PIF1 could be 
combined with TERT.

Cycloastragenol (CAG) Affects the 
Proliferation, Apoptosis and Cycle of 
Cervical Cancer Cells
Cycloastragenol (CAG) can activate telomerase. As shown 
in Figure 7, CAG treatment improved the proliferation and 
the rate of G2/M phase. What’s more, it suppressed the 
apoptosis of C-33A cells transfected with shRNA-PIF1.

Cycloastragenol (CAG) Affects the 
Expressions of Apoptosis-Related 
Proteins, PIF1 and TERT
As shown in Figure 8A, CAG treatment up-regulated the 
expressions of Bcl-2, PIF1 and TERT and down-regulated 
the expressions of Bax and Caspase-3 in C-33A cells 

Figure 4 The change of PIF1 expression affects the mRNA and protein expressions of PIF1 and TERT in cervical cancer cells after transfection. (A) The PIF1 
mRNA expression in C-33A cells after transfection was detected by RT-qPCR analysis. ***P<0.001 vs Control group. ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs 
shRNA-PIF1 group. $$$P<0.001 vs OverExp-PIF1 group. (B) The PIF1 protein expression in C-33A cells after transfection was detected by Western blot analysis. 
**P<0.01 vs Control group. ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group. $$$P<0.001 vs OverExp-PIF1 group. (C) The TERT mRNA expression 
in C-33A cells after transfection was detected by RT-qPCR analysis. *P<0.05 vs Control group. #P<0.05 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group. 
$P<0.05 vs OverExp-PIF1 group. (D) The TERT protein expression in C-33A cells after transfection was detected by Western blot analysis. ***P<0.001 vs Control 
group. ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group. $$P<0.01 vs OverExp-PIF1 group.
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transfected with shRNA-PIF1. Furthermore, CAG treat
ment increased the expression of telomerase TERT in 
C-33A cells transfected with shRNA-PIF1 (Figure 8B).

Discussion
Here, this study was to investigate whether PIF1 expres
sion could affect the cell proliferation and apoptosis by 
regulating the expression of TERT. The results indicated 
that PIF1 helicase could promote the proliferation, 
increase the rate of G2/M phase and suppress the apoptosis 
of cervical cancer cells by up-regulating the expression of 
telomerase TERT.

Telomerase is of great significance in the occurrence 
and development of malignant tumor. Telomerase RNA 
and TRET protein are the two main ingredients of telo
merase. Clinical data showed that telomerase in most 
normal tissues and benign lesions exhibited low or unde
tectable level, but more than 90% of the telomerase activ
ity in malignant tumor was high.13 All malignant tumor 
cells with telomerase activity had the expression of 
TERT.14 TERT can specifically regulate the activity of 
telomerase and become a rate-limiting enzyme affecting 
the activity of telomerase.15 There is a positive correlation 
between TERT and telomerase, which can greatly improve 
the activity of human telomerase and prolong the life of 
cells, thus directly leading to the transformation of normal 
cells into malignant cells.16 In this study, TERT expression 
was indeed up-regulated in cervical cancer cells.

TERT may be a good target for specific tumor 
suppression.17 Zhu et al18 found that HPV16E6 silencing 
could affect TERT to participate in the biological beha
viors of human cervical cancer cells in vitro and TERT 

Figure 5 The change of PIF1 expression affects the expressions of apoptosis-related proteins and telomerase TERT. (A) The expression of Bax, Bcl-2 and Caspase-3 in 
C-33A cells after transfection was analyzed by Western blot analysis. **P<0.01 vs Control group. ###P<0.001 vs Vector group. ∆∆P<0.01 and ∆∆∆P<0.001 vs shRNA-PIF1 
group. $$P<0.01 and $$$P<0.001 vs OverExp-PIF1 group. (B) The expression level of TERT in C-33A cells after transfection was analyzed by ELISA assay. *P<0.05 and 
***P<0.001 vs Control group. ##P<0.01 and ###P<0.001 vs Vector group. ∆∆∆P<0.001 vs shRNA-PIF1 group.

Figure 6 PIF1 can be combined with TERT. The relation between PIF1 and TERT 
was determined by Co-immunoprecipitation assay.

Wang et al                                                                                                                                                            Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 7832

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


silencing could inhibit the growth of human cervical can
cer cells, induce their apoptosis, and weaken their abilities 
of migration and invasion. Zhao et al19 indicated that miR- 
491-5p could inhibit the expression of TERT and thus 
inhibit the proliferation of cervical cancer cells. PIF1 is 
a negative regulator of telomerase activity.20,21 As men
tioned above, PIF1 helicase could inhibit TERT activity 
and dissociate telomeres, thus promoting cell apoptosis. 
Therefore, we wanted to investigate whether PIF1 could 
affect the proliferation and apoptosis by targeting TERT. 

In this study, we found that PIF1 expression was increased 
in cervical cancer cells. PIF1 interference inhibited the 
proliferation, decreased the rate of G2/M phase and pro
moted the apoptosis of C-33A cells which were reversed 
by PIF1 overexpression. PIF1 interference down-regulated 
the TERT expression and PIF1 overexpression up- 
regulated the TERT expression.

CAG is the only telomerase activator found at present, 
which can delay the shortening of telomeres by increasing 
telomerase.22 A study indicated that CAG could inhibit the 

Figure 7 Cycloastragenol (CAG) affects the proliferation, apoptosis and cycle of cervical cancer cells. (A) The proliferation of C-33A cells after CAG treatment was 
detected by CCK-8 assay. **P<0.01 vs shRNA-PIF1 group. (B) The apoptosis of C-33A cells after CAG treatment was detected by Tunel assay. (C) The cycle of C-33A cells 
after CAG treatment was detected by flow cytometry analysis. ***P<0.001 vs shRNA-PIF1 group.

Figure 8 Cycloastragenol (CAG) affects the expressions of apoptosis-related proteins, PIF1 and TERT. (A) The expression of Bax, Bcl-2 and Caspase-3 in C-33A cells after 
CAG treatment was analyzed by Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001 vs shRNA-PIF1 group. (B) The expression of TERT in C-33A cells after CAG 
treatment was analyzed by Western blot analysis. *P<0.05 and **P<0.01 vs shRNA-PIF1 group.
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apoptosis of rat neurons after cerebral ischemia-reperfusion 
by promoting the expression of TERT.23 In in vitro experi
ments, CAG could activate telomerase through the pathway 
of mitogen-activated protein kinase (MAPK).24 In in vivo 
experiments, as a telomerase active agent, CAG could 
increase TERT level of rats and participate in the repair of 
DNA damage.22 Cao et al25 found that CAG was a TERT 
activator of epidermal stem cells (EpSCs) and was asso
ciated with their proliferation and migration. In this study, 
CAG was used as TERT activator to demonstrate whether 
the effect of PIF1 interference on the proliferation and 
apoptosis of C-33A cells was based on TERT expression. 
The results indicated that CAG treatment could improve the 
proliferation, increase the rate of G2/M phase and suppress 
the apoptosis of C-33A cells transfected with shRNA-PIF1.

In conclusion, PIF1 helicase could promote the prolif
eration, increase the rate of G2/M phase and suppress the 
apoptosis of cervical cancer by up-regulating the expres
sion of telomerase TERT. Our new finding may provide 
theoretical basis for drug discovery against cervical cancer.
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