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Expression of SIRT1 gene in human lung
cancer lines enhances their sensitivity
to the anticancer effects of cisplatin
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Abstract. - OBJECTIVE: Lung cancer is one
of the lethal cancers and one of the major caus-
es of cancer-related mortalities across the
globe. SIRT1 gene has been reported to be in-
volved in the progression and tumorigenesis of
several types of cancers. However, the role of
SIRT1 gene is in the progression of lung can-
cer is poorly understood. Against this backdrop,
the present study was designed to investigate
the expression of SIRT1 gene in different lung
cancer cell lines. Moreover, the relation between
the expression of this gene and the sensitivity of
lung cancer cell lines to the anticancer effects of
cisplatin was also investigated.

MATERIALS AND METHODS: Expression of
SIRT1 gene was determined by quantitative RT-
PCR. Protein expression was examined by West-
ern blotting. Anti-proliferative activity was de-
termined by MTT and colony formation assay.
Apoptotic populations were determined by an-
nexin V/IP staining and flow cytometry.

RESULTS: The results revealed that NCI-H125
showed lowest, NCI-H226 showed moderate, while
as NCI-H358 exhibited the highest expression of
SIRT1. The three differentially SIRT1 expressing
cancer cell lines were subjected to cisplatin treat-
ment. It was observed that cisplatin exhibited the
highest anticancer activity against NCI-H125 (IC50,
1.25 pM) and lowest against NCI-H358 (IC50, 4.5
UM). Moreover, cisplatin leads to highest inhibition
of colony formation and apoptosis in NCI-H125
and lowest against NCI-H358.

CONCLUSIONS: Expression of SIRT1 gene
determines the sensitivity of lung cancer cells
to anticancer effects of cisplatin. This work will
pave for understanding the role of SIRT1 gene in
cancer progression.
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Introduction

Lung cancer is considered as one of the main
causes of cancer-associated mortality across the
globe!. Moreover, it is a major reason of cancer
related deaths in China. The mechanisms of lung
cancer and many other cancers are poorly under-
stood. Several genes have been implicated in the
progression of cancer in human?. Silent informa-
tion regulator 2 (SIR2) is an anti-aging gene that
was originally discovered in budding yeast, whi-
ch encodes a protein with NAD" dependent hi-
stone deacetylase activity’. SIRT1 is one of seven
homologs of SIR2 in mammals*, which are invol-
ved in cell energy metabolism, proliferation, se-
nescence, multiple inflammatory processes, neu-
roprotection, and tumorigenesis amongst others®.
There are many controversies on the role of SIRT1
in tumors®. The controversy over whether SIRT1
serves as a tumor promoter or a tumor suppressor
has not been completely resolved and the discus-
sion will likely continue®. In the current study we
attempted to investigate the role of SIRT1 gene in
lung cancer progression. Firstly, we determined
the expression of SIRT1 gene in five different hu-
man lung cancer cell lines (NCI-H125, NCI-H157,
NCI-H226, NCI-H358 and NCI-H661) by Real-ti-
me quantitative RT-PCR. Out these three cancer
cell lines NCI-H125, NCI-H226 and NCI-H358
were selected based on the SIRT1 gene expression.
NCI-H125 exhibited lower expression, NCI-H226
exhibited moderate while as NCI-H358 exhibited
the highest expression of SIRT1. We also con-
firmed the SIRT1 protein expression in all these
three lung cancer cell lines by Western blotting.
Secondly, we treated all the three cell lines to the
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known anticancer drug, cisplatin. It was observed
that the expression of SIRT1 gene correlated well
with the sensitivity of lung cancer cell lines to ci-
splatin. The cells with higher expression of SIRTI
were less sensitive than cells with lower expres-
sion of SIRT1. The sensitivity of lung cancer cell
lines to cisplatin was determined by cell viability,
colony formation and apoptotic assays. We, there-
fore, propose that SIRT1 gene contributes to the
tumorigenic potential of lung cancer cells and, in
part, determines their sensitivity to the anticancer
drug cisplatin in vitro.

Materials and Methods

Reagents, Cell Lines and Culture
Conditions

Cisplatin, DAPI, RNase A triton X-100 dimethyl
sulfoxide (DMSO) were obtained from Sigma-Al-
drich (Sigma-Aldrich, St. Louis, MO, USA). Pri-
mary and secondary antibodies were purchased
from Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA). Fetal bovine serum (FBS), Roswell
Park Memorial Institute 1640 (RPMI-1640) me-
dium, L-glutamine, antibiotics were obtained from
Invitrogen Life Technologies (Carlsbad, CA, USA).
Five human lung cancer cell lines (NCI-H125,
NCI-H157, NCI-H226, NCI-H358 and NCI-H661)
were purchased from Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China).
The cells were cultured in RPMI-1640 medium
containing 10% fetal bovine serum (FBS), 100 U/
mL penicillin, and 100 pg/mL streptomycin and
maintained in a humidified atmosphere containing
5% CO,. All of the reagents were procured from
Hyclone (Logan, UT, USA).

RNA Isolation, cDNA Synthesis and
Quantitative RT-PCR Analysis

Total RNA of all the five-lung cancer cell line
was isolated by RNeasy RNA isolation kit (Qia-
gen, Co., Ltd., Shanghai, China) as per the ma-
nufacturer’s instructions. Thereafter, cDNA was
synthesized with the help of RevertAid cDNA
synthesis kit (Fermentas, Dublin, OH, USA) with
manufacturer’s protocol. To carry out the Real-ti-
me PCR, the cDNA was diluted 20 times and qRT-
PCR was carried out in triplicates in ABI StepOne
Real-time (Applied Biosystems, Foster City, CA,
USA) using SYBR Green Master Mix (Fermen-
tas, Dublin, OH, USA) and gene specific primers
(Forward: 5-GGTCGATGCTGCAATTCGCC-3’
and Reverse: 5’-AACCACTGCTCGGTTCAA-

4552

TG-3’). The relative quantification method (AA-
¢T) was used to determine quantitative variation
between the replicates examined. The actin was
used as positive control to normalize the data.

Western Blotting Analysis

After treatment with various concentrations
of cisplatin, the lung cancer cells were collected
and lysed in lysis buffer (20 mM HEPES, 350
mM NaCl, 20% glycerol, 1% Nonidet P 40, 1 mM
MgCl2, 0.5 mM EDTA, 0. mM EGTA, 1 mM
DTT, 1 mM PMSEF, protease inhibitor cocktail,
and phosphatase inhibitor cocktail). From each
protein sample, 20 pl aliquot was separated on
10% sodium dodecyl sulphate-polyacrylamide gel
electrophoresis SDS-PAGE gel. The gel was then
transferred to nitrocellulose membranes, blocked
with 5% bovine serum albumin (BSA) and pro-
bed with a primary antibody. This was followed
by probing with the required secondary antibody.
Finally, the signal was perceived with West-Save
Up™ luminal-based enhanced chemiluminescence
(ECL) reagent (ABFrontier, Seoul, Korea).

Anti-proliferative Activity Assay

MTT assay was used to determine the anti-proli-
ferative activity of cisplatin against the human lung
cancer cell lines as described previously’. Each of
the three lung cancer cells in 100 pL culture me-
dium were seed in a 96-well plate at a density of 3
x 10° cells/mL and kept at 37 °C in 5% CO, for a
time period of 24 h. After 24 h, an additional 100
uL of complete medium with either no additions or
different concentrations (0.62-10 uM) of cisplatin
were added. Thereafter, the cells were incubated for
72 h. This was followed by the addition of 20 pL
of MTT solution (5 mg/mL) and an incubation of 4
h. Afterwards, the medium was removed and 150
pL of dimethyl sulfoxide (DMSO) was added. The
absorbance (OD) of each well was measured at 490
nm using a Tunable Mi-185 microplate Reader (EL-
x 800, BioTek Instruments, Winooski, VT, USA).

Colony Assay

For colony formation assay, the lung cancer
cells were seeded in a 12-well culture plates with
approximately 500 cells per well and permitted
to adhere for 12 h and administrated with 0, 1.5
and 3 pM concentrations of cisplatin. This was
followed by incubation period of one week. The
cells were then washed with phosphate buffered
saline (PBS) and finally fixed with methanol for
30 min. Thereafter, the cells were stained with
crystal violet (0.5%) solution.



SIRT1 gene enhances the sensitivity of human lung to cisplatin

Analysis of Apoptotic Cells
by Flow Cytometry

The three-lung cancer cell lines (NCI-H358,
NCI-H661, NCI-H125) at a density of 2x10° cel-
Is/well were platted in 6-well plates and admi-
nistrated with 0, 1.5, and 3 uM concentration of
cisplatin for 24. For estimation of apoptotic cell
populations a FITC-Annexin V/PI apoptosis de-
tection kit was used following the manufacturer’s
instructions (Biosea Biotechnology, Beijing, Chi-
na) as described previously®.

Statistical Analysis

All experiments were carried out in triplicates
and the values were expressed as mean =+ standard
deviation (SD). Statistical analysis was carried out
using one-way or two-way ANOVA, followed by
Tukey’s test (GraphPad Software, La Jolla, CA,
USA). The values were considered significant at
p<0.01, “p<0.001 and **p<0.0001.

Results

Expression of SIRT1 Gene in Human
Lung Cancer cell Lines

In order to examine the transcript levels of
SIRT1 gene, total RNA was isolated from six hu-
man lung cancer cell lines (NCI-H125, NCI-H157,
NCI-H226, NCI-H358 and NCI-H661) and cDNA
was synthesized. Thereafter, using gene specific
primers, expression of SIRT1 gene was determi-
ned by quantitative RT-PCR (Figure 1). The re-
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Figure 1. Expression of SIRT1 gene in human lung cancer
cell lines as determined by quantitative RT-PCR. All expe-
riments were done in three biological triplicates and expres-
sed as mean £ SD. The values were considered significant at
"p<0.01, "p<0.001 and ""p<0.0001.

sults indicated that the five human lung cancer
cell lines showed differential expression pattern
of SIRT1 gene. The highest expression of SIRT1
gene was observed in NCI-H358 followed by
NCI-H661. Comparatively moderate expression
of SIRT1 gene was observed in NCI-H661 and
lowest expression was observed in NCI-125. Ba-
sed on the transcript levels of SIRT1 gene, three
cell lines NCI-H358 (high expression), NCI-H226
(moderate expression) and NCI-H125 (lowest
expression) were selected for further studies.

Investigation of SIRT1 Protein Expression
in Human lung Cancer Cell Lines

Three cell lines NCI-H358, NCI-H226,
NCI-H125 selected based on the transcript levels
of SIRT1 gene, were used for the determination
of SIRT1 protein expression by Western blotting.
The results of the study indicated that NCI-H358
has the highest SIRT1 protein expression followed
by NCI-H226 and lowest expression was obser-
ved in NCI-125 (Figure 2a and 2b). The SIRTI
protein expression positively correlated with the
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Figure 2. Western blot analysis showing (4) expres-
sion of SIRT1 protein (B) Densitometric quantification of
SIRT1 expression in three human lung cancer cell lines. All
expressions were carried out in three biological experiments
and expressed as mean + SD. The values were considered
significant at »<0.01, “p<0.001 and ""p<0.0001.
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Figure 3. Anti-proliferative activity of cisplatin at indica-
ted doses on the cell viability of three human lung cancer
cell lines. All experiments were carried out in triplicates
and expressed as mean £SD.

transcript levels of SIRT1 gene in all the three hu-
man lung cancer cell lines.

Anti-proliferative Activity of Cisplatin
against Differentially SIRT1 Expressing
Human Lung Cancer Cell Lines

We evaluated anticancer effects of cisplatin
on three selected human lung cancer cell lines
(NCI-H358, NCI-H226, NCI-H125) exhibiting
differential expression of SIRTI gene. The resul-
ts indicated that NCI-H125 with lowest expression
of SIRT1 gene was more sensitive to the antican-
cer effects of cisplatin with an IC | of 1.25 uM

NCI-H358

NCI-H226 l\

NCI-H125 |

Figure 4. Effect of indicated doses of cisplatin on colony
formation of differentially SIRTI expressing human lung
cancer cell lines. The experiments were carried out in tri-
plicates.
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(Figure 3). Similarly, the human lung cancer line
NCI-H358 highly expressing SIRT1 gene showed
lowest highest sensitivity to cisplatin with an IC,
value of 4.5 uM while as the moderately SIRT1
expressing NCI-H226 cancer cell line exhibited
moderate sensitivity to cisplatin with an IC,  of 2.5
WM. Therefore, the results indicate that expression
of SIRT1 protein positively correlates with the sen-
sitivity of lung cancer cells to cisplatin.

Inhibition of Colony Formation
in Human Lung Cancer Cell Lines
Correlates with the Expression of SIRT1
To investigate the effect of cisplatin on the co-
lony formation potential of the three human lung
cancer cell lines differentially expressing SIRT1
gene, the cells were subjected to 0, 1.5 and 3 uM
concentrations of cisplatin. The results indicate
that cisplatin inhibited colony formation more
in NCI-H125 followed by NCI-226 and NCI-358
(Figure 4). The results correlated well with the
expression of SIRT1 gene in these lung cancer
cell lines.

Apoptotic Cell Death in Human Lung
Cancer cell Lines Correlates with the
Expression of SIRT1

The correlation between the apoptotic cell de-
ath and the expression of SIRTI gene was inve-
stigated by subjecting the differentially SIRT1
gene expressing human lung cancer cell lines to
0, 1.5 and 3 pM concentrations of cisplatin (Figu-
re 5). The annexin V/IP staining followed by flow
cytometry results revealed that cisplatin-induced
apoptosis was higher in NCI-H125 lung cancer
cell line followed by NCI-H226 and lowest in
NCI-H358. The apoptosis results correlated well
with the expression of SIRT1 expression both at
gene and protein levels, thus confirming the role
of SIRT1 gene in tumorigenesis of lung cancer.

Discussion

Lung cancer is one of the lethal cancers and is
one of the major causes of cancer related morta-
lities across the globe. The treatment options for
lung cancer have been associated with a number
of side effects and the underlying mechanism of
lung cancer is yet poorly understood'. Althou-
gh the role of SIRT1 in cancer has been debated
owing to the conflicting results of several stu-
dies, in the present investigation we attempted
to explore the role of SIRT1 in lung cancer. To
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Figure 5. Effect of cisplatin on apoptosis induction in differentially SIRT1 expressing human lung cancer cell lines determi-
ned by flow cytometry. The experiments were carried out in three biological replicates.

the best of our knowledge, several earlier stu-
dies have investigated the correlation between
SIRT1 expressions with prognosis of different
cancers’!'; however, for the first time we report
that SIRT1 gene expression contributes to the
sensitivity of lung cancer cell lines to the anti-
cancer effects of cisplatin. In the present work
five different lung cancer cell lines (NCI-H125,
NCI-H157, NCI-H226, NCI-H358 and NCI-H661)
were examined for the expression of SIRT1 gene.
Based on the quantitative RT-PCR analysis, three
cell lines viz. NCI-H125 (with low expression of
SIRT1) NCI-H226 (with moderate expression of
SIRT1 gene) and NCI-H358 (with high expres-
sion of SIRTI gene) were selected for further
study. To confirm whether the transcript levels
of SIRTI gene translate into SIRT1 in the similar
fashion, we determined the expression of SIRT1
protein by Western blotting. The results indica-
ted that the results of quantitative RT-PCR posi-
tively correlated with the SIRT1 protein expres-
sion with highest expression in NCI-H358 and
lowest in NCI-H25. Thereafter, the differentially
SIRT1 protein expressing lung cancer cells were
subjected to cisplatin treatment. Interestingly we

observed that lung cancer cells with lower SIRT1
expression were more sensitive to anticancer ef-
fects of cisplatin as compared to cells with higher
expression of SIRT1. Our results are in confir-
mation with several other researches wherein
SIRT1 gene has been implicated in tumorigenesis
and progression of several types of cancers'?".
Since the results of MTT assay are not enough
to support our findings, we, therefore, evaluated
the effect of cisplatin on the colony formation and
apoptosis in all the three (NCI-H358, NCI-H226,
NCI-H125) differentially SIRT1 expressing cells.
Previous studies have demonstrated that cisplatin
exerts its anticancer effects through inhibition of
cell growth and induction of apoptosis'®. The fin-
dings of the present are in confirmation with these
previous studies. It was observed that cisplatin did
inhibit colony formation and induced apoptosis in
a done dependent manner. But more important-
ly, the highest inhibition of colony formation and
apoptosis was observed in human lung cancer cell
line NCI-125 and lowest in the NCI-H358, indica-
ting that higher expression of SIRT1 is associated
with lower sensitivity of the lung cancer cells to
the anticancer effects of cisplatin and vice versa.
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Conclusions

We showed that SIRT1 gene has an important
role in lung cancer progression and its expres-
sion contributes to the sensitivity of lung cancer
cells to anticancer drugs such as cisplatin. The-
refore, this study will reinforce further in-dep-
th research on SIRT1 gene and may eventually
help in understanding the several underlying
mechanisms of cancer progression and tumori-
genesis in human.
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