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Abstract: Cervical cancer (CC), a common gynecological cancer, is a primary cause of cancer-related death in women, worldwide. This study investigates the
role of Sirtuin 1 (SIRT1) in paclitaxel (PTX)-resistant CC lines. We used qPCR and Western blots to measure SIRT1 mRNA and protein expressions in 10 matched

clinical cancer tissues. We compared the expression levels of SIRT1 between sensitive CC cell lines and PTX-resistant cell lines. Subsequently, we used SIRT1

siRNA to knockdown the expression of SIRT1, and then measured cell proliferation, cell apoptosis rate, cell cycle distribution, and expression levels of Bcl-2 and
Bax in PTX-sensitive Hela cell line, PTX-resistant Hela and Sila-resistant cell lines. Finally, we detected the location and expression of MRP (multidrug resistance-
associated proteins) using immunofluorescence. We found that SIRT1 expression was higher in PTX-sensitive CC tissues than in normal tissues, and significantly
higher in PTX-resistant CC tissues than in PTX-sensitive CC tissues. We further demonstrated that knockdown of SIRT1 in PTX-resistant CC cell lines and PTX-
sensitive CC cell line inhibited cell proliferation and promoted cell apoptosis. In addition, we observed that blocking SIRT1 expression in PTX-resistant CC cell

lines significantly decreased MRP expression. SIRT1 exhibited high expression levels in both PTX-resistant cell lines and patients. Our results suggest that SIRT1

serves as a potential therapeutic target in PTX-resistant CC.
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Introduction

Cervical cancer (CC), characterized by uncontrol-
led cell proliferation in the uterine cervix, is a common
gynecological cancer prevalent in both developed and
developing countries (1, 2). Despite the enormous ad-
vances made in diagnostic and therapeutic areas over
the past several decades, the incidence of CC worldwide
is still increasing yearly. In fact, in 2016, CC accounted
for an estimated 12,990 new cases and 4,120 deaths in
the United States alone (3). Current treatments include
surgery or radiotherapy for patients with early stage
CC, and combination therapy with several chemothe-
rapeutic drugs for patients with advanced stage CC (4).
Although chemotherapy is a critical therapeutic strategy
in various cancers, chemo-resistance is an important
factor that influences the therapeutic efficiency of many
chemotherapeutic agents (5). Paclitaxel (PTX) is typi-
cally used as a first-line chemotherapeutic agent for CC
patients, but due to chemo-resistance, its response rates
are limited and range between 29 and 63% (6, 7). The-
refore, an urgent need exists to explore the underlying
molecular mechanisms involved in chemo-resistance of
PTX treatments in patients with CC.

Silent mating type information regulation 1 (SIRT1),
an important member of the sirtuins family, is a NAD1-
dependent class III deacetylase which is involved in
numerous biological processes including cell prolifera-

tion, apoptosis, and cancer progression (8-10). Although
evidence strongly suggests that SIRT1 is closely linked
to various cancers, such as prostate cancer, epithelial
ovarian cancer, and gastric cancer (11-13), its exact role
in chemo-resistance of cancers still remains unclear. Re-
cently, several studies demonstrated that overexpressed
SIRT1 contributes to cisplatin resistance in endometrial
carcinoma, providing a potential new therapeutic target
(14). However, whether SIRT1 is involved in the PTX-
resistance of CC remains unknown.

In this study, we first examined the expression pat-
terns of SIRT1 in normal, PTX-sensitive CC, PTX-re-
sistant CC tissues, and in their corresponding cell lines
(HeLa, SiHa, HelLa/PTX, and SiHa/PTX). We found
that SIRT1 expression was significantly upregulated in
PTX-resistant CC tissues and cell lines. Next, we bloc-
ked the expression of SIRT1 in PTX-resistant cell lines,
and observed that knockdown of SIRT1 inhibited cell
proliferation and promoted cell apoptosis. Finally, we
measured the expression levels of multidrug resistance-
associated protein (MRP) in PTX-resistant cell lines,
and found that MRP expression was decreased after
knockdown of SIRT1.

Materials and Methods

Patients and tissue samples
Normal, PTX-sensitive, and PTX-resistant human
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cervical carcinoma tissues (n = 10) were collected
from the First Hospital of Hunan University of Chinese
Medicine. Informed consents were obtained from all
patients with CC and the study was approved by the
Ethics Committee of the First Hospital of Hunan Uni-
versity of Chinese Medicine. All tissue samples were
stored at —80°C.

Cell culture and treatment

CC cell lines, HeLa and SiHa, were purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). PTX-resistant SiHa/PTX and
HeLa/PTX cells were developed from SiHa and HelLa
cell lines, respectively, by treating them with different
concentrations of PTX in the medium. The concentra-
tion of PTX was gradually increased from 0.5 to 20 nM
(0.5,1,2,4,8,10, 12, 14, 16, 18, 20 nM), until the cells
were stably proliferating without any obvious signs of
apoptosis. HeLLa and SiHa cell lines were maintained
in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS), and 100 U ml -1 penicillin, strep-
tomycin in a humidified incubator containing 5% CO2
at 37°C. PTX-resistant SiHa/PTX and HeLa/PTX cells
were cultured in the same medium containing 20 nM
PTX.

Immunocytochemistry

SiHa/PTX or HeLa/PTX cells were grown in 6-well
plates at 37 °C for 24 h, and then fixed by 4% parafor-
maldehyde for at least 30 min. After incubating with
10% normal serum to block the nonspecific binding
sites , fixed cells were incubated overnight with primary
antibodies against MRP (1: 1000, Santa Cruz), followed
by incubation with the relevant secondary antibodies
(Alexa Fluor 488 goat anti-rabbit IgG, 1: 200, and DAPI
1:10000, Sigma Aldrich, St Louis, MO) at room tempe-
rature for 2 h. Cells were washed three times with PBS
and images were captured by a Leica NTS confocal
laser scanning microscope.

Reverse transcription and real-time Polymerase
Chain Reaction (PCR)

Total RNA was prepared from normal, PTX-sensi-
tive CC, PTX-resistant CC tissues, and the correspon-
ding cell lines, using TRIzol reagent (Invitrogen, CA,
USA), according to the manufacturer’s protocol. Five
pg of total RNA was used to reverse transcribe cDNA
via RevertAid First Strand cDNA Synthesis kit (Ther-
mo Fisher Scientific, Waltham, USA). The primers of
SIRT1 and GAPDH (internal control) were designed
and purchased from Sangon, China. The primers of
GAPDH are: forward 5’- CCT CGT CTC ATA GAC
AAG ATG GT -3' and reverse 5-GGG TAG AGT CAT
ACT GGA ACA TG-3'; and the primers of SIRT1 are:
forward 5-GAG TGG CAA AGG AGC AGA-3'" and
reverse 5'-TCT GGC ATG TCC CAC TAT C-3'. The
mRNA expression levels of SIRT1 were normalized to
GAPDH.

Western Blotting

Total protein from tissues and cells were extracted
by a lysis buffer (0.1% SDS, 1% Triton X-100, ImM
MgCl12, 10mM Tris-HCIL, pH 7.4), and their concentra-
tion was measured by the BCA Protein Assay (Pierce,

Rockford, IL, USA). About 40 ug of total protein was
separated on 10% sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis gels (SDS-PAGE) after dena-
turation at high temperature conditions. After separation
by SDS-PAGE, proteins were transferred onto nitrocel-
lulose (Millipore, Billerica, MA, USA), and then bloc-
ked with 5% low-fat milk powder in Tris-buffer for 2 h
at room temperature. The membranes were then incu-
bated with primary antibodies against SIRT1 (1: 1000,
Santa Cruz Biotechnology, Inc., CA, USA), Bel-2 (1:
500, Santa Cruz), Bax (1: 200, Santa Cruz) or GAPDH
(1: 500, Santa Cruz). After three washes in Tris-buffe-
red saline (TBS), the relevant horseradish peroxidase-
conjugated secondary antibodies were applied to the
membranes for 2 h at room temperature, and signals
were visualized by enhanced chemiluminescent rea-
gents.

Cell cycle analysis

The percentage of treated HeLa/PTX or SiHa/PTX
cells in G1, S and G2 phase were determined by DNA
flow cytometry, according to the instructions of the ma-
nufacturer. Briefly, cells were seeded into 24-well plates
at a density of 1 x 10° cells/well and transfected with
SIRT1 siRNA or negative control (NC) siRNA. Then,
treated cells were collected and fixed in 80% ethanol,
and stored at -20 °C overnight. After three washes with
phosphate-buffered saline (PBS), cells were stained
with 500 pl PI/RNase staining buffer (BD bioscience,
USA) at room temperature for around 30 min and pro-
tected from light. The cell cycle distribution was ana-
lyzed using FACS-Calibur flow cytometer (Becton
Dickinson, USA) and ModFit LT 3.2 Software (Verity
Software house, USA).

Cell proliferation analysis

Cell proliferation of treated HeLa/PTX and SiHa/
PTX cells was determined by a cell count kit (CCK-8),
according to the manufacturer’s protocol. Briefly, HeLa/
PTX or SiHa/PTX cells transfected with either SIRT1
siRNA or NC siRNA were seeded in 6-well plates at
a concentration of 2 x 10° cells/well, and cultured for
24 h. Then, CCK-8 reagents (10 pl/well ) were added
at 0, 24, 48, or 72 h, and incubated for at least 3 h at 37
°C. Optical density (OD) was detected at 450 nm via a
microplate reader (WellscanMK3, Thermo/Labsystems,
Finland).

siRNA and transfection

SIRT1 siRNA and negative control (NC) siRNA
were designed and obtained from Dharmacon (Lafa-
yette, CO). HeLa/PTX or SiHa/PTX cells (2 x 10°)
were seeded into 6-well plates containing 2 mL DMEM
medium and cultured at 37 °C for 24 h. Then, 20 pL of
30 umol/L SIRT1 siRNA or siRNA NC were transfected
into either HeLa/PTX or SiHa/PTX cells with GeneSi-
lencer siRNA Tranfection Reagent kit, according to the
manufacturer’s instructions (Gene Therapy Systems,
San Diego, CA).

Statistical Analysis

All data is expressed as the mean £SD, and statisti-
cally significant differences among the different groups
were analyzed via one-way analysis of variance (ANO-
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Figure 1. The expression levels of SIRT1 in normal, PTX-sensi-
tive CC, and PTX-resistant CC tissues. (A) SIRT1 expression was
detected by qRT-PCR in three groups: normal, PTX-sensitive CC,
and PTX-resistant CC tissues (n = 10). (B) Two samples from each

group were used to further confirm the expression of SIRT1 by

Western blot assay.

VA), and P value <0.05 was considered statistically si-
gnificant (SPSS 21.0 for Windows).

Results

SIRT1 expression is significantly upregulated in
PTX-resistant CC tissues compared to normal tis-
sues or PTX-sensitive CC tissues

To explore the involvement of SIRT1 in the pro-
gression and development of PTX-resistant CC, we
first measured the expression levels of SIRTI in three
groups (normal, PTX-sensitive CC, and PTX-resistant
CC tissues). Results from qRT-PCR showed that SIRT1
expression increased in PTX-sensitive CC tissues
compared to the corresponding normal tissues. SIRT1
expression was also significantly upregulated in PTX-
resistant CC tissues compared to PTX-sensitive CC tis-
sues (Figure 1A). Western blots further confirmed these
results (Figure 1B). These data indicate that SIRT1 is
involved in the progression of PTX-resistant CC.

SIRT1 expression is significantly higher in PTX-re-
sistant CC cell lines than PTX-sensitive CC cell lines

To investigate the function of SIRT1 in PTX-re-
sistant CC, we established two PTX-resistant CC cell
lines (SiHa/PTX and HeLa/PTX cell lines) by treating
CC cell lines (SiHa and HeLa) with daily increasing
concentrations of PTX in the cell culture medium. We
detected SIRT1 expression in the two PTX-resistant CC
cell lines using qRT-PCR and Western blot. We found
that SIRT1 expression was significantly upregulated in
the SiHa/PTX cells compared to the SiHa cells, and was
also significantly higher in HeLa/PTX cells compared
to the HeLa cells (Figure 2A and 2B).
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Figure 2. The relative SIRT1 expression in CC cell lines and the
corresponding PTX-resistant CC cell lines. The relative expres-
sions of SIRT1 in CC cell lines (SiHa e and HeLa), and PTX-re-
sistant cell lines (SiHa/PTX and HeLa/PTX) were measured by
qRT-PCR (A) and Western blot (B).
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Figure 3. Effects of SIRT1 knockdown on cell apoptosis and the
expression profiles of apoptosis-related proteins in PTX-sensi-
tive Hela cell lines. (A) Cell proliferation was monitored with the
CCK-8 assay at different time points (24 h, 48 h, and 72 h) in HeLa
cells transfected with either NC or siRNA. (B and C) flow cyto-
metry analysis was performed to examine the apoptotic ratio and
cell cycle of HeLa after transfection with either SIRT1 siRNA or
NC. (D) Apoptosis-related proteins (Bcl-2 and Bax) were measu-
red by Western blot and qRT-PCR in HeLa cells transfected with
either SIRT1 siRNA or NC.

Knockdown of SIRT1 inhibited the cell prolifera-
tion, and promoted cell cycle arrest and apoptosis of
PTX-sensitive CC cells

To further explore the roles of SIRTI in PTX-sen-
sitive CC, PTX-sensitive CC cells (Hela) were trans-
fected with negative control (NC) and SIRT1 siRNAs
(siRNA), respectively. CCK-8 and flow cytometry were
performed to detect the cell proliferation, cell cycle and
apoptosis abilities. The results indicated that silence of
SIRT1 inhibited the Hela cell proliferation ability (Fi-
gure 3A); silence of SIRT1 promoted Hela cell cycle ar-
rest (Figure 3B); silence of SIRT1 accelerated Hela cell
apoptosis (Figure 3C). and then, expression of SIRTI,
Bax, and Bcl-2 protein expression were investigated
using Western blot (Figure 3D).

Knockdown of SIRT1 inhibits cell proliferation of
PTX-resistant CC cell lines

To further determine the exact role of SIRT1 in PTX-
resistant CC, we blocked SIRT1 expression in HeLa/
PTX cells and SiHa/PTX cells by transfecting them
with SIRT1 siRNA. Western blot analysis and qRT-
PCR assay were used to verify the SIRT1 knockdown
efficiency. Our results showed that the SIRT1 expres-
sion was significantly downregulated in both HeLa/
PTX cells and SiHa/PTX cells compared to the cor-
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Figure 4. Knockdown efficiency of SIRT1-siRNA and the effects
of SIRT1 knockdown on cell proliferation. The efficiency of SIRT1
knockdown after siRNA transfection in SiHa/PTX cells and HeLa/
PTX cells was confirmed by qRT-PCR assay (A) and Western blot
analysis (B). Cell proliferation was monitored with the CCK-8
assay at different time points (24 h, 48 h, and 72 h) in HeLa/PTX
cells transfected with either NC or siRNA (C), or SiHa/PTX cells
treated with either NC or siRNA (D).

responding HeLa cells and SiHa cells (Figure 4A and
4B). These results demonstrated the high efficiency and
specificity of SIRT1 siRNA. We then used the CCK-8
assay to determine if SIRT1 plays a role in the cell pro-
liferation of PTX-resistant CC cell lines. We found that
cell proliferation was significantly inhibited in HeLa/
PTX and SiHa/PTX cells transfected with SIRT1 siR-
NA compared with those cells transfected with negative
control (NC) at 24 h and 48 h after transfection (Figure
4C and 4D). These results show that silencing SIRT1
inhibits proliferation of PTX-resistant cell lines.

Knockdown of SIRT1 promotes cell apoptosis of
PTX-resistant CC cell lines

To understand the influence of SIRT1 on cell cycle
in CC cells, we used flow cytometry to determine the
cell cycle distribution of HeLa/PTX and SiHa/PTX
cells. Results showed that SIRT1 knockdown decreased
the percentage of cells in the S phase and increased
the percentage of cells in the Gl phase (Figure 5A).
To further investigate whether SIRT1 participates in
cell apoptosis of PTX-resistant CC cells, we perfor-
med Annexin V/PI staining assay and flow cytometry
analysis in HeLa/PTX and SiHa/PTX cells transfected
with either SIRT1 siRNA or NC. The data showed that
the apoptotic rate significantly increased after SIRTI
knockdown in both HeLa/PTX cells and SiHa/PTX
cells (Figure 5B). In addition, we measured the expres-
sion levels of two apoptosis-related proteins, Bcl-2, and
Bax. Western blots revealed that Bel-2 expression was
significantly downregulated, and Bax expression was
significantly upregulated in SiHa/PTX or HeLa/PTX
cells after transfection with SIRT1 siRNA (Figure 5C).
These data indicate that silencing SIRT1 promotes cell
apoptosis of PTX-resistant cell lines.

Knockdown of SIRT1 decreases the MRP expression
in PTX-resistant cell lines
Multidrug-resistance-associated proteins (MRPs)
are considered to be major contributors of multi-drug
resistance (MDR). Immunofluorescence was performed
to explore any potential correlation between SIRT1 and
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Figure 5. Effects of SIRT1 knockdown on cell apoptosis and the
expression profiles of apoptosis-related proteins in PTX-resistant
cell lines. (A and B) flow cytometry analysis was performed to exa-
mine the apoptotic ratio and cell cycle of HeLa/PTX cells or SiHa/
PTX cells after transfection with either SIRT1 siRNA or NC. (C
and D) Apoptosis-related proteins (Bcl-2 and Bax) were measured
by Western blot and qRT-PCR in HeLa/PTX cells and SiHa/PTX

cells transfected with either SIRT1 siRNA or NC.

MRPs. Our results indicated that the fluorescence inten-
sity was significantly decreased in the SIRT1 siRNA
transfected HelLa/PTX and SiHa/PTX cells compared
to the NC siRNA transfected cells (Figure 6A and 6B).
These results suggest that MRPs are involved in the
oncogenic functions of SIRT1 in PTX-resistant CC cell
lines.

Discussion

Cervical cancer is one of the most common cancer
affecting women in the world, accounting for approxi-
mately 12-14% of all cancers globally (15). The societal
and economical burdens of CC are enormous, and costs
an estimated billions of dollars every year in develo-
ping countries, including China and India (16).Due to
lack of effective preventive, diagnostic, and therapeutic
measures, the prognosis of CC has not improved over
the past few decades (17, 18). Currently, chemotherapy
is the main treatment modality, and PTX, a critical che-
motherapeutic agent, is the most widely used front-line
treatment for CC (19-21). However, the effects of PTX
on CC treatment are limited by PTX-resistance. PTX

Siha

Hela
DAPI Merge

DAPI Merge

MRP MRP
o . . . o . . .
o . . . o . . .

Figure 6. Effects of SIRT1 knockdown on MRP expression in
PTX-resistant CC cell lines. (A and B) Immunofluorescence was
used to examine the expression levels of MRP in two PTX-resis-
tant CC cell lines (HeLa/PTX and SiHa/PTX) treated with either
SIRT1 siRNA or NC.
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influences the composition of microtubule, spindle as-
sembly, and cell division by interfering with tubulin, and
leads to cancer cell death without genome damage (19,
22). Resistance to PTX is extremely complicated, and
studies demonstrate that it may be caused by numerous
mechanisms: aberrant expression of P-glycoprotein,
tumor suppressor genes (TSGs), and microtubule-asso-
ciated proteins; alteration in cell cycle and cell survival
pathways; induction of treatment-related autophagy
(23-25). However, the exact molecular mechanisms of
PTX-resistance in the progression of CC are not fully
illustrated and warrants further work.

Sirtuin proteins, originally discovered in yeast,
consist of seven members (SIRT1-7) with distinct mole-
cular structures and biological functions (26). Among
them, SIRT1 is the most characterized family mem-
ber and is involved in histone deacetylation and tumor
progression, DNA damage repair, autophagy and other
biological processes (27-29). Studies have also demons-
trated its involvement in cell proliferation, invasion,
apoptosis, metastasis, and chemo-resistance in various
tumors, such as gastric cancer, breast cancer, and co-
lorectal cancer (30-32). Evidence suggests that the ex-
pression of SIRT1 is significantly higher in chemo-re-
sistant ovarian cancer, breast cancer, and leukemia, than
their drug-sensitive counterparts. Chu et al reported that
aberrant overexpression of SIRT1 induces the expres-
sion of P-glycoprotein, resulting in the chemo-resis-
tance of cancer cells to doxorubicin (an anti-tumor drug)
(33). Although increasing evidence indicates that SIRT1
participates in the progression and development of CC
via various pathways, little work has been conducted to
explore its role in PTX-resistant CC (34-36).

In this study, we first compared SIRT1 expression
in normal, PTX-sensitive, and PTX-resistant CC tis-
sues by qRT-PCR assay and Western blot analysis. Our
results showed that the expression levels of SIRT1 were
higher in PTX-sensitive CC tissues compared to the cor-
responding normal tissues. In addition, SIRT1 expres-
sion was significantly upregulated in PTX-resistant CC
tissues compared to PTX-sensitive CC tissues. Next, we
established two PTX-resistant CC cell lines by treating
the HeLLa and SiHa cells with increasing concentrations
of PTX. We found that SIRT1 expression significantly
increased in the PTX-resistant cell lines (HeLa/PTX
and SiHa/PTX cells), compared to the PTX-sensitive
cell lines (HeLa and SiHa cells). These results suggest
that SIRT1 plays an indispensable role in the regulation
of PTX-resistance of CC. Therefore, to further decipher
the exact functions of SIRT1 in PTX-resistant CC, we
silenced SIRT1 expression by transfecting cells with
either SIRT1 siRNA or siRNA NC. Data from the CCK-
8 assay showed that cell proliferation was significantly
inhibited when SIRT1 expression was silenced in HeLa/
PTX and SiHa/PTX cells. Results from flow cytometry
analysis and Western blot assays indicated that the
apoptotic rate increased in SIRT1 siRNA-treated PTX-
resistant CC cell lines compared to siRNA NC-treated
cell lines. These data suggest that knockdown of SIRT1
in HeLa/PTX and SiHa/PTX cells inhibit cell prolifera-
tion and promote cell apoptosis.

Multidrug resistance-associated proteins (MRPs),
consist of nine members each with different structures
and functions. These proteins belong to subfamily C of

the ATP-binding cassette (ABC) transporter super fami-
ly. Previous work suggested that aberrant expression of
MRPs contributes to the downregulation of drug sen-
sitivity to various chemotherapeutic agents, including
cisplatin, doxorubicin, and PTX, in cancer patients (37,
38). In this study, we found that MRP expression was
significantly decreased in SIRT1 blocked HeLa/PTX
and SiHa/PTX cells, suggesting that MRP is involved in
the PTX-resistance of CC.

In conclusion, our results suggest that SIRT1 expres-
sion is significantly increased in the PTX-resistant CC
tissues and cell lines, and blocking SIRT1 expression
inhibits cell proliferation and promotes cell apoptosis of
HeLa/PTX and SiHa/PTX cells. In addition, knockdown
of SIRT1 decreases the expression of MRP in PTX-re-
sistant CC cell lines.

Acknowledgements

This research was supported by the scientific research
project of Hunan Provincial Education Department (No.
16C0127).

Conflict of Interest
All authors declared no conflict of interest.

References

1. Fang J, Zhang H, Jin S. Epigenetics and cervical cancer: from
pathogenesis to therapy. Tumour Biol Jun 2014; 35(6): 5083-5093.
2. Lorusso D, Petrelli F, Coinu A, Raspagliesi F, Barni S. A syste-
matic review comparing cisplatin and carboplatin plus paclitaxel-
based chemotherapy for recurrent or metastatic cervical cancer.
Gynecol Oncol Apr 2014; 133(1): 117-123.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA: a
cancer journal for clinicians Jan-Feb 2016; 66(1): 7-30.

4. Moore KN, Herzog TJ, Lewin S et al. A comparison of cisplatin/
paclitaxel and carboplatin/paclitaxel in stage IVB, recurrent or per-
sistent cervical cancer. Gynecol Oncol May 2007; 105(2): 299-303.
5. Wang Z, Li Y, Ahmad A et al. Targeting miRNAs involved in
cancer stem cell and EMT regulation: An emerging concept in over-
coming drug resistance. Drug Resist Updat Aug-Oct 2010; 13(4-5):
109-118.

6. Kitagawa R, Katsumata N, Shibata T et al. Paclitaxel Plus Car-
boplatin Versus Paclitaxel Plus Cisplatin in Metastatic or Recur-
rent Cervical Cancer: The Open-Label Randomized Phase III Trial
JCOGO0505. J Clin Oncol Jul 01 2015; 33(19): 2129-2135.

7. Kudelka AP, Winn R, Edwards CL et al. An update of a phase II
study of paclitaxel in advanced or recurrent squamous cell cancer of
the cervix. Anticancer Drugs Aug 1997; 8(7): 657-661.

8. Saunders LR, Verdin E. Sirtuins: critical regulators at the
crossroads between cancer and aging. Oncogene Aug 13 2007;
26(37): 5489-5504.

9. JinJ,ChuZ, Ma P, Meng Y, Yang Y. SIRT1 promotes the prolife-
ration and metastasis of human pancreatic cancer cells. Tumour Biol
Mar 2017; 39(3): 1010428317691180.

10. Du G, Song Y, Zhang T et al. Simvastatin attenuates TNFal-
phainduced apoptosis in endothelial progenitor cells via the upregu-
lation of SIRT1. Int J Mol Med Jul 2014; 34(1): 177-182.

11. Wang X, Yang B, Ma B. The UCA1/miR-204/Sirt] axis modu-
lates docetaxel sensitivity of prostate cancer cells. Cancer Chemo-
ther Pharmacol Nov 2016; 78(5): 1025-1031.

12. Qiu G, Li X, Wei C et al. The Prognostic Role of SIRT1-Auto-
phagy Axis in Gastric Cancer. Dis Markers 2016; 2016: 6869415.
13. Shuang T, Wang M, Zhou Y, Shi C. Over-expression of Sirtl

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 6

40



Xiaoyan Xia and Xiaoming Zhou.

SIRT1 acts as an oncogenic agent in cervical cancer.

contributes to chemoresistance and indicates poor prognosis in se-
rous epithelial ovarian cancer (EOC). Med Oncol Dec 2015; 32(12):
260.

14. Asaka R, Miyamoto T, Yamada Y et al. Sirtuin 1 promotes the
growth and cisplatin resistance of endometrial carcinoma cells: a
novel therapeutic target. Lab Invest Dec 2015; 95(12): 1363-1373.

15. Senapathy JG, Umadevi P, Kannika PS. The present scenario of
cervical cancer control and HPV epidemiology in India: an outline.
Asian Pac J Cancer Prev 2011; 12(5): 1107-1115.

16. Di J, Rutherford S, Chu C. Review of the Cervical Cancer Bur-
den and Population-Based Cervical Cancer Screening in China.
Asian Pac J Cancer Prev 2015; 16(17): 7401-7407.

17. Yuan LJ, Li JD, Zhang L et al. SPAGS5 upregulation predicts
poor prognosis in cervical cancer patients and alters sensitivity to
taxol treatment via the mTOR signaling pathway. Cell Death Dis
May 22 2014; 5: e1247.

18. Shen SN, Wang LF, Jia YF, Hao YQ, Zhang L, Wang H. Upregu-
lation of microRNA-224 is associated with aggressive progression
and poor prognosis in human cervical cancer. Diagn Pathol Apr 30
2013; 8: 69.

19. Xu JH, Hu SL, Shen GD, Shen G. Tumor suppressor genes and
their underlying interactions in paclitaxel resistance in cancer the-
rapy. Cancer Cell Int 2016; 16: 13.

20. Yu H, Xu Z, Chen X et al. Reversal of lung cancer multidrug
resistance by pH-responsive micelleplexes mediating co-delivery of
siRNA and paclitaxel. Macromol Biosci Jan 2014; 14(1): 100-109.

21. Murakami T, Murata T, Kawaguchi K et al. Cervical Cancer
Patient-Derived Orthotopic Xenograft (PDOX) Is Sensitive to Cis-
platinum and Resistant to Nab-paclitaxel. Anticancer Res Jan 2017,
37(1): 61-65.

22. Gornstein E, Schwarz TL. The paradox of paclitaxel neurotoxi-
city: Mechanisms and unanswered questions. Neuropharmacology
Jan 2014; 76 Pt A: 175-183.

23. Zheng H, Liu Z, Liu T et al. Fas signaling promotes chemore-
sistance in gastrointestinal cancer by up-regulating P-glycoprotein.
Oncotarget Nov 15 2014; 5(21): 10763-10777.

24. Vargas JR, Stanzl EG, Teng NN, Wender PA. Cell-penetrating,
guanidinium-rich molecular transporters for overcoming efflux-me-
diated multidrug resistance. Mol Pharm Aug 04 2014; 11(8): 2553-
2565.

25. Ingemarsdotter CK, Tookman LA, Browne A et al. Paclitaxel
resistance increases oncolytic adenovirus efficacy via upregulated
CAR expression and dysfunctional cell cycle control. Mol Oncol

Apr 2015; 9(4): 791-805.

26. Chang HC, Guarente L. SIRT1 and other sirtuins in metabolism.
Trends Endocrinol Metab Mar 2014; 25(3): 138-145.

27. Haigis MC, Sinclair DA. Mammalian sirtuins: biological in-
sights and disease relevance. Annu Rev Pathol 2010; 5: 253-295.
28. Qiu G, Li X, Che X et al. SIRT1 is a regulator of autophagy:
Implications in gastric cancer progression and treatment. FEBS Lett
Jul 22 2015; 589(16): 2034-2042.

29. Fang EF, Scheibye-Knudsen M, Chua KF, Mattson MP, Croteau
DL, Bohr VA. Nuclear DNA damage signalling to mitochondria in
ageing. Nat Rev Mol Cell Biol May 2016; 17(5): 308-321.

30. Zhang L, Wang X, Chen P. MiR-204 down regulates SIRT1 and
reverts SIRT1-induced epithelial-mesenchymal transition, anoikis
resistance and invasion in gastric cancer cells. BMC Cancer Jun 14
2013; 13: 290.

31. Cheng F, Su L, Yao C et al. SIRT1 promotes epithelial-mesen-
chymal transition and metastasis in colorectal cancer by regulating
Fra-1 expression. Cancer Lett Jun 12016; 375(2): 274-283.

32. Santolla MF, Avino S, Pellegrino M et al. SIRT1 is involved in
oncogenic signaling mediated by GPER in breast cancer. Cell death
& disease Jul 30 2015; 6: ¢1834.

33. Chu F, Chou PM, Zheng X, Mirkin BL, Rebbaa A. Control of
multidrug resistance gene mdrl and cancer resistance to chemothe-
rapy by the longevity gene sirtl. Cancer research Nov 15 2005;
65(22): 10183-10187.

34. Brooks CL, Gu W. Anti-aging protein SIRT1: a role in cervical
cancer? Aging Mar 6 2009; 1(3): 278-280.

35. Singh S, Kumar PU, Thakur S et al. Expression/localization pat-
terns of sirtuins (SIRT1, SIRT2, and SIRT7) during progression of
cervical cancer and effects of sirtuin inhibitors on growth of cervi-
cal cancer cells. Tumour biology : the journal of the International
Society for Oncodevelopmental Biology and Medicine Aug 2015;
36(8): 6159-6171.

36. Zhu J, Shi H, Liu H, Wang X, Li F. Long non-coding RNA
TUGI promotes cervical cancer progression by regulating the miR-
138-5p-SIRT1 axis. Oncotarget Sep 12 2017; 8(39): 65253-65264.
37. Young LC, Campling BG, Cole SP, Deeley RG, Gerlach JH.
Multidrug resistance proteins MRP3, MRP1, and MRP2 in lung can-
cer: correlation of protein levels with drug response and messenger
RNA levels. Clin Cancer Res Jun 2001; 7(6): 1798-1804.

38. Hlavata I, Mohelnikova-Duchonova B, Vaclavikova R et al. The
role of ABC transporters in progression and clinical outcome of co-
lorectal cancer. Mutagenesis Mar 2012; 27(2): 187-196.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 6

41



