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Abstract: Current experiment aimed to investigate the construction of the SIRT1 gene shRNA lentivirus vector and its effect on proliferation of breast cancer 
cells. Altogether 80 cases of breast cancer tissues and 80 cases of normal adjacent tissues were collected. qPCR was used for detecting SIRT1 expression. Western 
blot was used to detect the expression of EMT marker protein. The effect of lentivirus infected sh-SIRT1 on the cell biological function of SK-BR-3 and MDA-
MB-231 cells was detected. MTT assay was used to detect cell activity, Transwell cell was used to detect cell invasion and migration, and cell apoptosis detected by 
flow cytometry. Compared with normal tissues adjacent to cancer, the expression of SIRT1 in cancer tissues increased significantly. Compared with human breast 
epithelial cells (MCF 10A), SIRT1 expression in breast cancer cells (MDA-MB-231, SK-BR-3) increased significantly. The above results showed that SIRT1 was 
significant greatly expressed in breast cancer. Compared with the sh-Control group, the cell activity, invasion and migration of the sh-SIRT1 group were enhanced, 
while cell apoptosis was weakened. In the sh-SIRT1 group infected by lentivirus, cell activity, cell invasion and migration decreased, while cell apoptosis increased. 
Compared with sh-Control, the expression of α-catenin, PTEN and E-cadherin in the sh-SIRT1 group in SK-BR-3 and MDA-MB-231 cells was down-regulated, 
while the expression of N- cadherin, β-catenin and Vimentin was up-regulated. Compared with sh-Control, the expression of α-catenin, PTEN and E-cadherin in 
the sh-SIRT1 group infected by lentivirus was up-regulated, while the expression of N- cadherin, β-catenin and Vimentin was down-regulated. To sum up, SIRT1 
is highly expressed in breast cancer cells. The proliferation of breast cancer cells was inhibited after lentivirus infection with sh-SIRT1.

Key words: shRNA lentivirus vector; SIRT1; Breast cancer; Proliferation.

Introduction

Breast cancer has been known as the most com-
mon female malignant tumor, and even life-threatening 
when severe, has a major impact on women's physical 
and mental health (1-3). Based on statistics, the inci-
dence rate of breast cancer in the world is showing an 
increasing trend (4). Since most surgical patients are 
already in the advanced stage of breast cancer at the 
time of treatment, breast cancer is likely to metastasize 
even if the cancerous tissue is removed (5, 6). In recent 
years, researchers have paid more and more attention to 
the role of molecular targeted therapy in breast cancer. 
Gene target therapy has progressively become a hot spot 
in breast cancer studies (7, 8).

Silent information regulator 1 (SIRT1), the first 
member of the Sirtuin family, participates in the occur-
rence of various diseases such as tumors and affects the 
development and drug resistance of diseases (9-11). 
In recent years, researchers have paid attention to the 
role of SIRT1 in the tumor. Studies on the relationship 
between SIRT1 and cervical cancer showed that the cell 
migration ability of cervical cancer cells transfected 
with siRNA-SIRT1 is inhibited after interfering with the 
expression of SIRT1 in cervical cancer cells (12). So et 

al. found that cisplatin combined with SiRNA-SIRT 1 
can reduce the expression level of drug-resistant genes 
in cervical cancer cells, thus enhancing the sensitivity 
of cervical cancer cells to cisplatin. Therefore, SIRT1 
may be involved in the occurrence of drug resistance in 
cervical cancer (13). Most studies believed that SIRT1 
is narrowly related to the happening and development of 
various tumors, and it can promote the occurrence and 
development of breast cancer, but its exact role in breast 
cancer has not been clearly defined (14, 15).

Although many studies have described the molecular 
mechanism of SIRT1 in several cancers, the construc-
tion of the SIRT1 gene shRNA lentiviral vector and its 
specific effect on breast cancer cell proliferation is still 
unclear. Therefore, this study will explore the role of 
SIRT1 in breast cancer by constructing shRNA lentivi-
ral vector of the SIRT1 gene and observing the expres-
sion of SIRT1 in breast cancer cells.

Materials and Methods

Sample collection
Cancer tissues and adjacent normal tissues were col-

lected from 80 patients with breast cancer diagnosed in 
our hospital (16). Inclusion criteria: patients diagnosed 
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with breast cancer. Exclusion criteria were followed: 
patients with mentally ill; patients complicated with 
other tumors; patients with previous treatment history 
such as surgery, chemotherapy, radiotherapy or anti-
biotic treatment; patients did not cooperate with the 
treatment. Tissue samples and sections were placed in 
-80℃ liquid nitrogen for testing. Venous blood samples 
from breast cancer patients and 80 healthy people were 
supplied on an empty stomach and placed in EP tubes 
without anticoagulants. The samples were then centrifu-
ged at room temperature for 15 min at 3×103 rpm. After 
centrifugating, the supernatant was taken and placed in 
an EP tube without an RNA enzyme to continue cen-
trifugation for 5 min at 1.2×104 rpm. The supernatant 
was obtained after centrifugation and placed in liquid 
nitrogen at -80℃ for later use. The patients were fully 
informed of the study and the study was approved by 
the Hospital Ethics Committee.

Cell culture and transfection
Breast cancer cell lines (MDA-MB-231 

(BNCC337893), SK-BR-3 (BNCC100524)) and human 
normal breast cell MCF 10A (BNCC100439) were pur-
chased from Bena Culture Collection, and the cell cultu-
red in were incubated in an animal cell at 37℃ with 
5%CO2. The culture medium system of breast cancer 
cell line was 1640 medium (Hyclone company) +10% 
fetal bovine serum solution (Gibco company) +1% peni-
cillin/streptomycin solution (100X, Solarbio company), 
and the culture system of MCF 10A cell line is DMEM 
medium (Hyclone company) +10% fetal bovine serum 
solution (Gibco company) +1% penicillin/streptomycin 
solution (100X, Solarbio company). Subsequent expe-
riments would be carried out after cell culture to 80-
90% of the coverage rate. The day before transfection, 
the medium was replaced with fetal bovine serum-free 
medium, and the cells with 1×105 cells/well were ino-
culated into 6-well plates during transfection. Cell lines 
were transfected with Lipofectamine 2000 transfection 
kit (Invitrogen, USA). The procedures referred to the kit 
instructions. After transfection for 8 h, the fresh culture 
medium was replaced at 37℃ with 5% CO2.

Packaging of lentivirus empty vector and determina-
tion of virus titer

We looked up the SIRT1 gene sequence 
(NM_001033578.2) from Gen Bank, designed a spe-
cific sh RNA sequence for the human SIRT1 gene. 
Negative control (NC) was used as a control. The 
shRNA lentivirus expression vector of the SIRT1 gene 
was reconstructed by Beijing Berry Genomics and the 
recombinant clone was screened by colony PCR for 
alignment identification. The empty vector p Lentilox 
3.7 containing green fluorescent protein (GFP) and 
lentivirus packaging plasmid were co-transfected into 
MDA-MB-231 and SK-BR-3 cells. After transfection 
for 1day, the culture medium was changed, and after 
culture for 2 days, MDA-MB-231 and SK-BR-3 cells 

infected with lentivirus concentrated solution were 
collected, and GFP expression was observed under a 
fluorescence microscope to evaluate virus infection effi-
ciency. SK-BR-3 and MDA-MB-231 cells infected with 
SIRT1 shRNA lentivirus were subcultured in DMEM 
medium containing 10% FBS, 100U/ml penicillin and 
100U/ml streptomycin by conventional fluid exchange. 
Cells were transplanted into 6-well plates with 2×105 
cells per well. On the second day, when the cell growth 
density reached about 50%, the cells were infected with 
virus solution of the corresponding titer in cell culture 
solution (10% FBS (fetal bovine serum), 4ug/ml poly-
amine).

Quantitative polymerase chain reaction (qPCR)
The total RNA of tissue samples or cells was purified 

using Trizol. The total RNA of exosomes was purified 
by Total Exosome RNA & Protein Isolation Kit (Item 
No. 4478545, Invitrogen). The concentration and purity 
of total RNA were detected by ultraviolet spectropho-
tometer at 260-280nm, and OD260/OD280> 1.8 was 
selected for qPCR detection. Fast King one-step re-
verses transcription-fluorescence quantitative kit (Bei-
jing Tiangen Company, Catalog No. FP314) and ABI 
PRISM 7000 (Applied Biosystems, USA) instruments 
were used for reverse transcription, PCR amplification 
and fluorescence quantitative on total RNA. SIRT1 
and mRNA primers were designed and synthesized by 
Shanghai Sangon Biotech. The reaction system was 
carried out in strict accordance with the kit instructions 
(50 L): 1.25 L of upstream and downstream primers, 
1.0 L of the probe, 10pg/g of the RNA template, 5 μL of 
50×ROX Reference Dye ROX, and RNase-Free ddH2O 
was added to the total reaction system of 50 uL. Reac-
tion process: reverse transcription at 50℃ for 30 min 
with 1 circle; pre-denaturation at 95℃ for 3 min with 1 
circle; denaturation at 95℃ for 15 s, annealing at 60℃ 
for the 30s with 40 cycles. The results were analyzed by 
the ABI PRISM 7000 instrument. The internal reference 
gene was GAPDH. The primer sequences are shown in 
Table 1.

Western blot
A 1 ml of cell protein extract was added to the 

culture plate of the cultured cell line (cell lysate: pro-
tease inhibitors: phosphatase inhibitors = 98:1:1, v/v/v). 
The solution was blown several times and centrifu-
ged at 1.2×104 r/min for 15 min. The supernatant was 
taken; SDS-PAGE electrophoresis was carried out for 
protein separation. The protein was transferred to NC 
membrane and placed at room temperature for 1 h 
(sealed with 5% skim milk -PBS solution). Caspase 3, 
α-catenin, PTEN, E-cadherin, N- cadherin, β-catenin, 
Vimentin and β-actin primary antibodies were then 
added and placed at 4℃ overnight. The NC membrane 
was washed with PBS solution for three times, then 
goat anti-rabbit secondary antibody (HRP cross-linked) 
was added, and the mixture was allowed to place for 

Upstream sequence Downstream sequence
SIRT1 5´-CCATGGCGCTGAGGTATATT-3´ 5´-TCATCCTCCATGGGTTCTTC-3´ 
GAPDH 5´-AGAAGGCTGGGGCTCATTTG-3´ 5´-AGGGGCCATCCACAGTCTTC-3´

Table 1. Primer sequence for amplification of SIRT1 and GAPDH.
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surement data were expressed by Mean ± SD, and coun-
ting data were expressed by n. An independent sample 
t-test was used for the data comparison between the two 
groups. One-way ANOVA was used for the comparison 
among multiple groups, LSD t-test for pairwise com-
parison afterward. The relationship between SIRT1 and 
clinical characteristics was analyzed by double-sample 
Student's t-test. All data were tested with a two-tailed 
test. The value of 95% was taken as a confidence inter-
val, the difference was statistically significant when P< 
0.05.

Results

SIRT1 was highly expressed in breast cancer
qPCR was used to detect SIRT1 in tissues and serum. 

In this study, various cases of breast cancer tissues and 
normal tissues adjacent to cancer were collected. qPCR 
was used to quantify SIRT1 expression in tissues and 
cells. Compared with normal tissues adjacent to cancer, 
SIRT1 expression in cancer tissues was significantly 
increased. Compared with human breast epithelial cells 
(MCF 10A), SIRT1 expression in breast cancer cells 
(MDA-MB-231, SK-BR-3) increased significantly. The 
above results indicated that SIRT1 is highly expressed 
in breast cancer (Figure 1).

SIRT1 was related to breast cancer metastasis.
In this study, the expression of SIRT1 in different 

TNM stages was compared and the correlation between 
SIRT1 and clinical features was analyzed. SIRT1 is hi-
ghly expressed in T3/T4, N1 and M1. The results are 
shown in Figure 2 and Table 2.

Lentivirus infected sh-SIRT1 could inhibit the proli-
feration of SK-BR-3 and MDA-MB-231 cells

In this study, SIRT1 of SK-BR-3 and MDA-MB-231 

1h at room temperature. Finally, the NC membrane was 
washed with PBS solution and visualized by enhanced 
chemiluminescence method. The internal reference pro-
tein was β-actin, and the relative expression level of the 
protein to be detected = gray value of the band to be 
detected/gray value of the β-actin band.

Evaluation of cell migration and invasion by Trans-
well method

Trypsin enzymolysis was used to hydrolyze cells 
to prepare cell suspension. Cells were inoculated into 
the migration upper chamber (containing 200L 10% 
fetal bovine serum +1% DMEM medium) with 2×104 
cells/well, and DMEM medium (containing 10% fetal 
bovine serum with a total volume of 500L) was added 
into the lower chamber. After 24h of cell culture, the 
upper chamber fluid was removed and the cells on the 
chamber wall were wiped off. 4% of polymethanol was 
used to fix Transwell's opposite cells for 20 min. Crystal 
violet was used for staining for 15 min, PBS buffer solu-
tion for washing the Transwell chamber. Images of cell 
migration were collected under a 200-fold microscope. 
The cell number was calculated by randomly selecting 
3 fields of view, and the average value was taken as the 
number of transmembrane cells. The experiment was 
repeated three times. The invasion was paved with 8% 
matrix glue on the above steps, and the quantity of cells 
per well was increased to 5×104.

MTT assay was used to detect cell activity
Trypsin enzymolysis was used to hydrolyze the 

transfected cells. The cells were centrifuged to remove 
the enzyme solution, added with fresh culture medium, 
and the solution was blown to prepare cell suspension. 
Four 96-well plates were taken and cells were inocula-
ted into the well plates according to the specification of 
5×103 cells /100μL per well, with 3 wells in each group. 
One well plate was taken out every 24 h, 5mg/ml MTT 
solution was added 10μL/well, the cells were continued 
to culture for 1h, then the culture medium was remo-
ved, and the OD value was measured at 570 nm with an 
enzyme reader. The experiment was repeated 3 times to 
visualize the cell activity-time curve.

Flow cytometer
Trypsin enzymolysis was used to hydrolyze the 

transfected cells. The cells were centrifuged to remove 
the enzyme solution, added with fresh culture medium, 
and the solution was blown to prepare cell suspension. 
Four 96-well plates were taken and cells were inocula-
ted into the well plates according to the specification of 
5×103 cells /100μL per well, with 3 wells in each group. 
One well plate was taken out every 24 h, 5 mg/ml MTT 
solution was added 10μL/well, the cells were continued 
to culture for 1 h, then the culture medium was remo-
ved, and the OD value was measured at 570 nm with an 
enzyme reader. The experiment was repeated 3 times to 
visualize the cell activity-time curve.

Statistical analysis
The above index data were input into SPSS20.0 

software package (Asia Analytics Formerly SPSS 
China), and GraphPad Prism 6.0 was used for statistical 
analysis. Each experiment was repeated 3 times. Mea-

Figure 1. SIRT1 was highly expressed in breast cancer. A: SIRT1 
was highly expressed in breast cancer tissue, a indicates that P< 
0.001; B: SIRT1 was highly expressed in breast cancer patients, a 
indicates that P< 0.001; C: SIRT1 was highly expressed in breast 
cancer cells, compared with MCF 10A, a means P < 0.001.

Figure 2. Relationship between SIRT1 and TNM staging. A: 
SIRT1 expression in T1/T2 and T3/T4; B: SIRT1 expression in N1 
and N0 phases; C: SIRT1 expression in M0 and M1 phases.
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cells were extracted to observe the effect of SIRT1 on 
cell biological function. MTT assay was used to detect 
cell activity, Transwell cell was used to detect cell inva-
sion and migration, and the cell apoptosis was detected 
by flow cytometry. Compared with a sh-Control group, 
the cell activity, cell invasion and migration of the sh-
SIRT1 group were enhanced, while cell apoptosis was 
weakened. Cell activity, cell invasion and migration de-
creased while cell apoptosis increased in the sh-SIRT1 
group infected by lentivirus. These results indicated 
that lentivirus infection with sh-SIRT1 can promote 
the apoptosis and SIRT1 expression of SK-BR-3 and 
MDA-MB-231 cells, and it can inhibit cell proliferation 
(Figures 3 and 4).

Effect of lentivirus infected sh-SIRT1 on EMT of 
breast cancer cells

Compared with sh-Control, the expression of 
α-catenin, PTEN and E-cadherin in the sh-SIRT1 group 
in SK-BR-3 and MDA-MB-231 cells was down-regula-
ted, while the expression of N- cadherin, β-catenin and 
Vimentin was up-regulated. Compared with sh-Control, 
the expression of α-catenin, PTEN and E-cadherin in 
the sh-SIRT1 group infected by lentivirus was up-re-
gulated, while the expression of N- cadherin, β-catenin 
and Vimentin was down-regulated (Figure 5).

Category n SIRT1 χ2 PLow High
Age 1.270 0.260
≤45 45 25 (62.50) 20 (50.00)
>45 35 15 (37.50) 20 (50.00)
Smoking 1.289 0.256
Yes 47 21 (52.50) 26 (65.00)
No 33 19 (47.50) 14 (35.00)
Drinking 0.051 0.822
Yes 45 23 (57.50) 22 (55.00)
No 35 17 (42.50) 18 (45.00)
T stages 20.830 <0.001
T1/T2 48 34 (85.00) 14 (35.00)
T3/T4 32 6 (15.00) 26 (65.00)
N stages 7.231 0.007
N0 45 30 (66.67) 15 (37.50)
N1 35 15 (33.33) 25 (62.50)
M stages 21.330 <0.001
M0 50 35 (87.50) 15 (37.50)
M1 30 5 (12.50) 25 (62.50)

Table 2. Correlation between SIRT1 and clinical features.

Figure 4. Lentivirus infected sh-SIRT1 could inhibit the prolife-
ration of MDA-MB-231 cells. A: Lentivirus infected sh-SIRT1 
inhibited SIRT1 expression; B: MDA-MB-231 cell activity; C: 
apoptosis; D: cell migration. Compared with sh-Control, a means 
P< 0.001.

Figure 3. Lentivirus infected sh-SIRT1 could inhibit SK-BR-3 cell 
proliferation. A: Lentivirus infected sh-SIRT1 inhibited SIRT1 
expression; B: SK-BR-3 cell activity; C: apoptosis; D: cell migra-
tion. Compared with sh-Control, a means P< 0.00. 

Figure 5. Effect of lentivirus infected sh-SIRT1 on EMT of breast 
cancer cells. A: EMT of SK-BR-3 cells after lentivirus infection. 
B: EMT of MDA-MB-231 cells after lentivirus infection.
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Discussion

Lentiviral vectors are currently the most suitable 
vector tools for in vivo gene transformation and even 
gene therapy (17, 18). Relevant reports indicated that 
the lentivirus vector is a gene therapy vector deve-
loped based on immunodeficiency virus, and it is the 
suicide virus (19). Lentiviral vectors can produce high 
titer viruses expressing shRNA, induce stable functio-
nal silencing of gene expression, and become cell gene 
silencing. Lentiviral vector-mediated RNA interference 
technology is of great significance to the continuous 
development of gene therapy (20, 21).

In this study, we first found that SIRT1 is highly ex-
pressed in breast cancer, with the highest SIRT1 levels 
in SK-BR-3 and MDA-MB-231. Therefore, SIRT1 was 
isolated from SK-BR-3 and MDA-MB-231 cells and 
cultured with MCF 10A cells. The results showed that 
over-expression of SIRT1 could promote the prolifera-
tion, migration and invasion of SK-BR-3 and MDA-
MB-231 cells, and inhibit cell apoptosis. SIRT1, as a 
histone deacetylase family, participates in acetylation 
modification of various proteins in various cells (22). 
Some studies have shown that SIRT1 can inhibit cell 
growth, proliferation and transformation by regulating 
glutamine metabolism, thus playing its role in promo-
ting cancer. The analysis showed that SIRT1 is abnor-
mally expressed in various malignant tumors and is 
closely related to tumor development and cell apoptosis 
(23). Some studies have shown that SIRT1 changes cell 
activity and affects its intracellular function by deacety-
lating the target protein in the nucleus (24), invasion and 
metastasis of malignant tumors are closely related to the 
up-regulation of SIRT1 expression, and down-regula-
tion of SIRT1 inhibits the growth of liver cancer and 
ovarian cancer cells (25). In other studies, the inhibitory 
effect of shRNA lentivirus vector on CCR3 gene expres-
sion could effectively reduce the migration, infiltration 
and degranulation of mast cells in local tissues, and 
reduce inflammation in allergic rhinitis mice (26). The 
results in this study further supplemented the biological 
function of SIRT1 on breast cancer cells by establishing 
a shRNA lentivirus vector.

Next, we observed the effect of lentivirus infected 
sh-SIRT1 on EMT process of breast cancer cells by 
interfering SIRT1 expression in SK-BR-3 and MDA-
MB-231 cells. The results showed that the expression 
of EMT-related proteins α-catenin, PTEN and E-cadhe-
rin in breast cancer cells was down-regulated, while 
the expression of Bcl-2, N-cadherin and β-catenin was 
up-regulated. Cancer studies have reported that SIRT1 
mRNA and protein levels are reduced, thereby inhibi-
ting EMT and affecting EMT-related molecules, inclu-
ding PTEN and E-cadherin (27, 28). Qi et al. confir-
med that SIRT1 is the direct target of miR-448 through 
double luciferase reporter gene detection. Activation of 
SIRT1 would reverse the EMT growth inhibition ability 
of non-small cell lung cancer cells induced by miR-448 
mimetics and play a destructive role (29). The above 
results showed that after lentivirus infected sh-SIRT1 
interferes with SIRT1 and down-regulates expression, 
the expression level of adhesion molecules which ag-
gregate among cells such as α-catenin, PTEN, and E-
cadherin was up-regulated, and finally the proliferation 

and EMT of breast cancer cells were inhibited.
The results of this study showed that lentivirus in-

fected sh-SIRT1 interferes with SIRT1 to promote pro-
liferation, migration, invasion and inhibit apoptosis of 
breast cancer cells. However, in this study, the relation-
ship between SIRT1 lentivirus vector and breast cancer 
cell proliferation is only preliminarily studied. In the fu-
ture experimental design, the signal pathways involved 
in SIRT1 can be studied to supplement the SIRT1 car-
cinogenic network. In addition, the clinical value of 
SIRT1 in breast cancer can also be discussed (30-35).

To sum up, SIRT1 was highly expressed in breast 
cancer cells by studying the expression mechanism 
of SIRT1 in breast cancer in this study. The prolifera-
tion of breast cancer cells was inhibited after lentivi-
rus infection with sh-SIRT1. Therefore, the SIRT1 gene 
shRNA lentivirus vector has possible application value 
in targeted therapy of breast cancer. Finally, cancer is 
influenced by a number of environmental and genetic 
factors, and each one needs to be properly researched 
and studied (36-45).

Acknowledgements
Not applicable.

Funding
Natural Science Foundation of Hubei Province 
(2019CFC854). 

Availability of data and materials
The datasets used and/or analyzed during the present 
study are available from the corresponding author on 
reasonable request.

Authors' contributions
YY, LH and XL conceived and designed the study, and 
drafted the manuscript. YY, LH, MT and XL collected, 
analyzed and interpreted the experimental data. LH and 
XL revised the manuscript for important intellectual 
content. All authors read and approved the final manus-
cript. 

Ethics approval and consent to participate
The study was approved by the Ethics Committee of 
The First Affiliated Hospital of Baotou Medical Colle-
ge. Signed written informed consent was obtained from 
the patients and/or guardians. 

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing inte-
rests.

References 

1. Von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas 
EP, Untch M, Wolmark N, Rastogi P, Schneeweiss A, Redondo A, 
Fischer HH, Jacot W, Conlin AK, Arce-Salinas C, Wapnir IL, Jac-
kisch C, DiGiovanna MP, Fasching PA, Crown JP, Wülfing P, Shao 
Z, RotaCaremoli E, Wu H, Lam LH, Tesarowski D, Smitt M, Dou-
thwaite H, Singel SM, Geyer CE. Trastuzumab emtansine for resi-
dual invasive HER2-positive breast cancer. N Engl J Med 2019; 380: 



209

Effect of SIRT1 on proliferation of breast cancer cells.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 3

Yanbo Yue et al.

617-628.
2. Yanes T, Young MA, Meiser B, James PA. Clinical applications of 
polygenic breast cancer risk: a critical review and perspectives of an 
emerging field. Breast Cancer Res 2020; 22(1): 1-10.
3. Collaborative Group on Hormonal Factors in Breast Cancer: Type 
and timing of menopausal hormone therapy and breast cancer risk: 
individual participant meta-analysis of the worldwide epidemiologi-
cal evidence. Lancet 2019; 394: 1159-1168.
4. André F, Ciruelos E, Rubovszky G, Campone M, Loibl S, Rugo 
HS, Iwata H, Conte P, Mayer IA, Kaufman B, Yamashita T, Lu 
YS, Inoue K, Takahashi M, Pápai Z, Longin AS, Mills D, Wilke 
C, Hirawat S, Juric D. Alpelisib for PIK3CA-mutated, hormone 
receptor–positive advanced breast cancer. N Engl J Med 2019; 380: 
1929-1940.
5. Goetz MP, Toi M, Campone M, Sohn J, Paluch-Shimon S, Huober 
J, Park IH, Trédan O, Chen SC, Manso L, Freedman OC, Jaliffe GG, 
Forrester T, Frenzel M, Barriga S, Smith IC, Bourayou N, Leo AD. 
MONARCH 3: abemaciclib as initial therapy for advanced breast 
cancer. J Clin Oncol 2017; 35: 3638-3646.
6. Rheinbay E, Parasuraman P, Grimsby J, Tiao G, Engreitz JM, Kim 
J, Lawrence MS, Taylor-Weiner A, Rodriguez-Cuevas S, Rosenberg 
M, Hess J, Stewart C, Maruvka YE, Stojanov P, Cortes ML, Seepo 
S, Cibulskis C, Tracy A, Pugh TJ, Lee J, Zheng Z, Ellisen LW, Ia-
frate AJ, Boehm JS, Gabriel SB, Meyerson M, Golub TR, Baselga J, 
Miranda AH, Shioda T, Bernards A, Lander ES, Getz G. Recurrent 
and functional regulatory mutations in breast cancer. Nature 2017; 
547: 55-60.
7. Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda N, 
Delaloge S, Li W, Tung N, Armstrong A, Wu W, Goessl C, Runswick 
S, Conte P. Olaparib for metastatic breast cancer in patients with a 
germline BRCA mutation. N Engl J Med 2017; 377: 523-533.
8. Bertucci F, Ng CKY, Patsouris A, Droin N, Piscuoglio S, Carbuc-
cia N, Soria JC, Dien AT, Adnani Y, Kamal M, Garnier S, Meurice G, 
Jimenez M, Dogan S, Verret B, Chaffanet M, Bachelot T, Campone 
M, Lefeuvre C, Bonnefoi H, Dalenc F, Jacquet A, Filippo MRD, 
Babbar N, Birnbaum D, Filleron T, Tourneau CL, André F. Geno-
mic characterization of metastatic breast cancers. Nature 2019; 569: 
560-564.
9. Cheng F, Su L, Yao C, Liu L, Shen J, Liu C, Chen X, Luo Y, Jiang 
L, Shan J, Chen J, Zhu W, Shao J, Qian C. SIRT1 promotes epithe-
lial–mesenchymal transition and metastasis in colorectal cancer by 
regulating Fra-1 expression. Cancer Lett 2016; 375: 274-283.
10. Buhrmann C, Shayan P, Popper B, Goel A, Shakibaei M. Sirt1 
is required for resveratrol-mediated chemopreventive effects in co-
lorectal cancer cells. Nutrients 2016; 8(3): 145-165.
11.  Lee YH, Song NY, Suh J, Kim DH, Kim W, Ann J, Lee J, Baek 
JH, Na HK, Surh YJ. Curcumin suppresses oncogenicity of human 
colon cancer cells by covalently modifying the cysteine 67 residue 
of SIRT1. Cancer Lett 2018; 431: 219-229.
12.  So D, Shin HW, Kim J, Lee M, Myeong J, Chun YS, Park JW. 
Cervical cancer is addicted to SIRT1 disarming the AIM2 antiviral 
defense. Oncogene 2018; 37: 5191-5204.
13.  Ferrer CM, Lu TY, Bacigalupa ZA, Katsetos CD, Sinclair DA, 
Reginato MJ. O-GlcNAcylation regulates breast cancer metastasis 
via SIRT1 modulation of FOXM1 pathway. Oncogene 2017; 36: 
559-569.
14.  Subbaramaiah K, Iyengar NM, Morrow M, Elemento O, Zhou 
XK, Dannenberg AJ. Prostaglandin E2 down-regulates sirtuin 1 
(SIRT1), leading to elevated levels of aromatase, providing insights 
into the obesity–breast cancer connection. J Biol Chem 2019; 294: 
361-371.
15.  Shi L, Tang X, Qian M, Liu Z, Meng F, Fu L, Wang Z, Zhu WG, 
Huang JD, Zhou Z, Liu B. A SIRT1-centered circuitry regulates 
breast cancer stemness and metastasis. Oncogene 2018; 37: 6299-

6315.
16.  Campochiaro PA, Lauer A K, Sohn EH, Mir TA, Naylor S, 
Anderton MC, Kelleher M, Harrop R, Ellis S, Mitrophanous KA. 
Lentiviral vector gene transfer of endostatin/angiostatin for macular 
degeneration (GEM) study. Hum Gene Ther 2017; 28: 99-111.
17.  Doering CB, Denning G, Shields JE, Fine EJ, Parker ET, Srivas-
tava A, Lollar P, Spencer HT. Preclinical development of a hemato-
poietic stem and progenitor cell bioengineered factor VIII lentiviral 
vector gene therapy for hemophilia A. Hum Gene Ther 2018; 29: 
1183-1201.
18.  Charrier S, Lagresle-Peyrou C, Poletti V, Rothe M, Cédrone 
G, Gjata B, Mavilio F, Fischer A, Schambach A, de Villartay JP, 
Cavazzana M, Abina SHB, AnneGaly A. Biosafety Studies of a Cli-
nically Applicable Lentiviral Vector for the Gene Therapy of Arte-
mis-SCID. Mol Ther Methods Clin Dev 2019; 15: 232-245.
19.  Farinelli G, Hernandez RJ, Rossi A, Ranucci S, Sanvito F, 
Migliavacca M, Brombin C, Pramov A, Di Serio C, Bovolenta C, 
Gentner B, Bragonzi A, Aiuti A. Lentiviral vector gene therapy pro-
tects XCGD mice from acute Staphylococcus aureus pneumonia and 
inflammatory response. Mol Ther 2016; 24: 1873-1880.
20.  Estiri H, Fallah A, Soleimani M, Aliaghaei A, Karimzadeh F, 
Babaei Abraki S, Ghahremani MH. Stable Knockdown of Adeno-
sine Kinase by Lentiviral Anti-ADK miR-shRNAs in Wharton’s 
Jelly Stem Cells. Cell J 2018; 20: 1-9.
21.  Shimizu S, Yadav SS, An DS. Stable delivery of CCR5-directed 
shRNA into human primary peripheral blood mononuclear cells and 
hematopoietic stem/progenitor cells via a lentiviral vector. In: SiR-
NA Delivery Methods. Humana Press, New York 2016; 235-248.
22.  McAndrews KM, LeBleu VS, Kalluri R. SIRT1 regulates lyso-
some function and exosome secretion. Dev Cell 2019; 49: 302-303.
23.  Kulkarni CA, Milliken AS, Brookes PS. Role of Acidic pH in 
Linking SIRT1 and Cardioprotective Metabolism. Circ Res 2019; 
125: A302-A302.
24.  Foteinou PT, Venkataraman A, Francey LJ, Anafi RC, Hoge-
nesch JB, Doyle FJ. Computational and experimental insights into 
the circadian effects of SIRT1. Proc Natl Acad Sci 2018; 115(45): 
11643-11648.
25.  Chen X, Huan H, Liu C, Luo Y, Shen J, Zhuo Y, Zhang Z, Qian 
C. Deacetylation of β-catenin by SIRT1 regulates self-renewal and 
oncogenesis of liver cancer stem cells. Cancer Lett 2019; 463: 1-10.
26.  Wu S, Tang S, Peng H, Jiang Y, Liu Y, Wu Z, Liu Q, Zhu X. 
Effects of lentivirus-mediated CCR3 RNA interference on the func-
tion of mast cells of allergic rhinitis in mice. Int Immunopharmacol 
2020; 78: 1-9.
27.  He S, Wang Z, Tang H, Dong J, Qu Y, Lv J. MiR-217 inhibits 
proliferation, migration, and invasion by targeting SIRT1 in osteo-
sarcoma. Cancer Biother Radiopharm 2019; 34: 264-270.
28.  Liu H, Liu N, Zhao Y, Zhu X, Wang C, Liu Q, Gao C, Zhao X, Li 
J. Oncogenic USP22 supports gastric cancer growth and metastasis 
by activating c-Myc/NAMPT/SIRT1-dependent FOXO1 and YAP 
signaling. Aging (Albany NY) 2019; 11: 9643-9660.
29.  Qi H, Wang H, Pang D. miR-448 promotes progression of 
non-small-cell lung cancer via targeting SIRT1. Exp Ther Med 
2019; 18: 1907-1913.
30. Li W, Jia MX, Wang JH, Lu JL, Deng J, Tang JX and Liu C. As-
sociation of MMP9-1562C/T and MMP13-77A/G polymorphisms 
with non-small cell lung cancer in southern Chinese population. 
Biomol 2019; 9(3): 107-119.
31. Nie Y, Luo F, Wang L, Yang T, Shi L, Li X, Shen J, Xu W, Guo 
T and Lin Q. Anti-hyperlipidemic effect of rice bran polysaccharide 
and its potential mechanism in high-fat diet mice. Food Func 2017; 
8(11): 4028-4041.
32. Lou Y, Yang J, Wang L, Chen X, Xin X and Liu Y. The clini-
cal efficacy study of treatment to Chiari malformation type I with 



210

Effect of SIRT1 on proliferation of breast cancer cells.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 3

Yanbo Yue et al.

syringomyelia under the minimally invasive surgery of resection of 
Submeningeal cerebellar Tonsillar Herniation and reconstruction of 
Cisterna magna. Saudi J Biol Sci 2019; 26(8): 1927-1931.
33. Lou Y, Guo D, Zhang H and Song L. Effectiveness of mesenchy-
mal stems cells cultured by hanging drop vs. conventional culturing 
on the repair of hypoxic-ischemic-damaged mouse brains, measured 
by stemness gene expression. Open Life Sci 2016; 11(1): 519-523.
34. Chen X, Xu Y, Meng L, Chen X, Yuan L, Cai Q, Shi W and 
Huang G. Non-parametric partial least squares–discriminant analy-
sis model based on sum of ranking difference algorithm for tea grade 
identification using electronic tongue data identify tea grade using 
e-tongue data. Sens Actuators B Chem 2020; 127924.
35. Nie Y, Luo F and Lin Q. Dietary nutrition and gut microflora: 
A promising target for treating diseases. Trends Food Sci Technol 
2018;75: 72-80.
36.  Kazemi E, Kahrizi D. The repeatability of PCR-RFLP method 
for study of association between gastric cancer and manganese su-
peroxide dismutase mutant (Val-9Ala). Biharean Biol 2017; 11(2): 
112-114.
37.  Kazemi E, Kahrizi D. Lack of association between gastric can-
cer and hopq alleles in Helicobacter pylori. Genetika 2016; 48(3): 
893-902
38.  Kazemi E, Kahrizi D, Moradi MT, Sohrabi M, Yari K. Gastric 
Cancer and Helicobacter pylori: Impact of hopQII Gene. Cell Mol 
Biol 2016; 62(2): 107-110.

39.  Kazemi E, Kahrizi D, Moradi MT, Sohrabi M, Amini A, Mou-
savi SAR, Yari K. Association between Helicobacter pylori hopQI 
genotyping and human gastric cancer. Cell Mol Biol 2016; 62(1): 
6-9.
40.  Kazemi E, Kahrizi D, Moradi MT, Sorabi, M, Amini S, Mousavi 
SAR., Yari K. Association between Manganese Superoxide Dis-
mutase (MnSOD Val-9Ala) genotypes with the risk of generalized 
aggressive periodontitis disease. Cell Mol Biol 2016; 61 (8): 49-52.
41. Liang Y, Lin Q, Huang P, Wang Y, Li J, Zhang L and Cao J. Rice 
Bioactive Peptide Binding with TLR4 To Overcome H2O2-Induced 
Injury in Human Umbilical Vein Endothelial Cells through NF-κB 
Signaling. J Agri Food Chem 2018; 66(2): 440-448.
42. Wang L, Lin Q, Yang T, Liang Y, Nie Y, Luo Y and Luo F. Oryza-
nol modifies high fat diet-induced obesity, liver gene expression pro-
file, and inflammation response in mice. J Agri  Food Chem 2017; 
65(38): 8374-8385.
43. Lou Y, Shi J, Guo D, Qureshi AK and Song L. Function of PD-
L1 in antitumor immunity of glioma cells. Saudi J Boil Sci 2017; 
24(4): 803-807.
44. Guo T, Lin Q, Li X, Nie Y, Wang L, Shi L and Luo F. Octacosa-
nol attenuates inflammation in both RAW264. 7 macrophages and a 
mouse model of colitis. J Agri Food Chem 2017; 65(18): 3647-3658.
45. Ren Y, Jiao X and Zhang L. Expression level of fibroblast growth 
factor 5 (FGF5) in the peripheral blood of primary hypertension and 
its clinical significance. Saudi J Biol Sci 2018; 25(3): 469-473.


