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ABSTRACT
Purpose: To investigate the protective role of SRT1720 (SIRT1 activator) against the oxidative stress caused 
by H2O2 in the corneal cell line.
Methods: Human corneal (2.040 pRSV-T) cell lines were cultured and treated with SRT1720 (as SIRT1 
activator) and nicotinamide (NAM, a SIRT1 inhibitor), and incubated with H2O2. The expression level of 
SIRT1, p53, and acetyl-p53 was measured by western blot. Propidium iodine/annexin V-FITC staining, 
and flow cytometry was used to evaluate apoptosis. The trypan blue assay was used to assess the morpho-
logical modifications that occurred after the treatment, and Pifithrin-α (PFT-α) was used to inhibit the p53 
pathway.
Results: The investigation revealed that under oxidative stress, SRT1720 caused a reduction in acetyl-p53 
expression and increased SIRT1 expression. It was also found that under oxidative stress, SRT1720 sup-
pressed apoptosis. In comparison, NAM promoted cell apoptosis under oxidative stress. NAM’s destruc-
tive effect was eliminated by PFT-α, a suppressor of the p53 pathway. PFT-α reduced the morphological 
changes in 2.040 pRSV-T cell lines compared to NAM treatment and inhibited apoptosis.
Conclusions: The protective effects of the SIRT1 activator (SRT1720) indicate that H2O2 induces oxidative 
stress-associated cell damage. The results also encouraged us to consider using SRT1720 to improve cor-
neal safety and reduce the adverse effects of oxidative damage.

Keywords: 2.040 pRSV-T cell line, Acetyl-p53, SIRT1, SRT1720

mailto:basma_alsudani@uomustansiriyah.edu.iq


SIRT1720 promotes survival of corneal epithelial cells via the P53 pathway

e18

J Popul Ther Clin Pharmacol Vol 29(3):e17–e33; 16 July 2022. 
This article is distributed under the terms of the Creative Commons Attribution-Non

Commercial 4.0 International License. ©2022 Jalil HA, et al.

family, peroxisome proliferator activated receptor γ, 
coactivator 1α (PGC-1α), and nuclear factor Kappa 
B(NF-κB).11 Suppressing p53-dependent apopto-
sis is a significant downstream mechanism among 
these targets.11 Several acetylation sites are involved 
in p53 activation and stabilization to induce apop-
tosis.12,13 SIRT1 deacetylation of p53, on the other 
hand, protects cells from apoptosis in relation to 
DNA degradation and oxidative damage.14,15 The 
aim of this study was to investigate whether the 
SIRT1 activator (SRT1720) will protect cornea from 
oxidative stress via the inhibition of the p53 path-
way. The results revealed that the etiology of SIRT1 
protection involves the inhibition of the p53 path-
way, and SRT1720 can be used in the future to pre-
vent oxidative damage to cornea.

EXPERIMENT

Materials
The chemicals required for the experiment 

were purchased from ThermoFisher Scientific and 
Sigma-Aldrich. Human corneal epithelial cell line 
(2.040 pRSV-T) was purchased from the American 
Type Culture Collection (ATCC). Keratinocyte-
serum free medium (17005-042) was purchased 
from Gibco-BRL, and BCA protein conc. Kit was 
purchased from the Elabscience, USA. Anti-p53 
(ab131442), anti-p53 (acetyl K370) (ab183544), 
and anti-SIRT1 antibody (ab7343) were purchased 
from Abcam. Goat anti-mouse IgG secondary anti-
body was purchased from Invitrogen. Western blot 
and SDS kits were purchased from Elabscience, 
and Annexin V Apoptosis Detection Kit was pur-
chased from Biosciences.

Procedures
Cell lines and cultures

2.040 pRSV-T cells were cultured in 75 cm2 
flasks with keratinocyte-serum free medium sup-
plemented with 5 ng/ml human recombinant EGF, 
0.05 mg/ml bovine pituitary extract, 0.005 mg/ml 

INTRODUCTION

The cornea is the outermost part of the eye that 
serves to protect the eye from mechanical injury.1 
The cornea receives a considerable quantity of addi-
tional environmental oxygen and daylight, espe-
cially the UV spectrum, due to its highly exposed 
location.2 These factors cause the generation of 
reactive oxygen species (ROS), and as a result, 
oxidative stress in the cornea.3 Any defect in the 
equilibrium between the generation of ROS and the 
detoxification ability of corneal cells causes oxida-
tive stress.4 Although medicines with antioxidant 
characteristics such as vitamin E and C are widely 
used to treat corneal damage caused by oxidative 
stress agents,5 the increasing evidence to catalyz-
ing the development of novel therapeutic agents, 
where the targeting inhibiting p53-dependent apop-
tosis to treat corneal disease. Finding methods 
for preservation of corneal damage against apop-
tosis caused by oxidative stress is consequently 
therapeutically important in the prevention of eye 
diseases. Numerous acetylation sites on the p53 
protein stabilize and activate it, allowing it to pro-
mote apoptosis.6 SIRT1 deacetylation of p53, on the 
other hand, prevents apoptosis caused by oxidative 
damage and DNA impairment.7 SRT1720 is a small 
molecule activator SIRT1, that is structurally dis-
tinct from resveratrol. A series of experimental SRT 
drugs (SRT1720) were reported to activate SIRT1.8 
These small molecules are a potent activator of 
SIRT1 which is 1000 times more potent than resver-
atrol.9 Previous studies have provided evidence for 
the potential clinical use of SIRT1-activating com-
pounds such as resveratrol to protect corneal epithe-
lial cells from the adverse effects of ROS.10 But, the 
mechanisms of resveratrol against cornea protection 
by the activation of SIRT1 were unclear because the 
resveratrol characteristics at several levels, includ-
ing cellular and molecular signaling, and physio-
logical impacts were toxic and unstable. The SIRT1 
protection mechanism includes the deacetylation of 
targets such as p53, the forkhead box class O (FoxO) 
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insulin, and 500 ng/ml hydrocortisone; 0.25% tryp-
sin/EDTA in HBSS, without Ca2+/Mg2+ and incu-
bated in 5% CO2/ 95% humidified air at 37°C.16,17

Oxidative stress model and treatment of the activa-
tor and inhibitor of SIRT1

Human 2.040 pRSV-T cells were split into five 
main groups: (1) the control group, where 2.040 
pRSV-T cells were cultured in normal conditions; 
(2) the H2O2, where 2.040 pRSV-T cells were treated 
with H2O2 at an ultimate concentration of 400 
μmol/L; (3)  the SIRT1 activator SRT1720 group, 
which includes four different sub-groups, where 
2.040 pRSV-T cells were pre-treated with SRT1720 at 
final concentrations of 1, 3, 5, 7, 9, 11, and 13 μM, for 
12 h, before adding 400 μmol/L H2O2; (4) the SIRT1 
inhibitor Nicotinamide (NAM) group (NAM group), 
in which 2.040 pRSV-T cells were pre-treated with 
NAM at final concentrations of 100μM, 12 h prior 
to adding H2O2 to an ultimate concentration of 400 
μmol/L. These groups were equilibrated for 24 h. 

Western blot analysis
The proteins were separated via SDS acryl-

amide gel electrophoresis. The specific proteins 
(p53, Acetyl-p53 and SIRT1) were identified from a 
complex mixture of proteins extracted from cells by 
western blot technique.18 

Sample preparation 
1.	 Protein extraction: In 6-well plates, the 

normal corneal epithelial 2.040 pRSV-T 
cell lines were planted at the rate of 20,000 
cells per well. The medium was removed 
by washing the normal corneal 2.040 
pRSV-T cells three times with pre-cooled 
PBS (0.01 M, pH 7.4). After that, the human 
corneal epithelial 2.040 pRSV-T cell lines 
were lysed on ice for 1 h by adding 1mL 
from RIPA lysis buffer (a traditional rapid 
cell lysate used as the preferred lysate for 
protein extraction from cells in the western 
blot assay that continues: 50 mM Tris (pH 

7.4), 150 mM NaCl, 1% Triton X-100, 1% 
C24H39O4Na, 1 mM EDTA, 0.1% SDS, 10 
mM NaF, 1 mM Na3VO4, 1 mM PMSF). 
All cell samples were sonicated for 1 min 
under an ice water bath with 2 s’ sonica-
tion and 2 s’ intervals to completely lyse 
the cells and the viscosity of the sample, 
then centrifuged at 12,000 rpm for 10 min 
at 4°C. In the end, supernatant was taken 
and measured for protein concentration by 
BCA Protein Colorimetric Assay Kit.

2.	 Protein concentration measurement: To 
measure the total protein, a BCA protein 
concentration kit was used. Firstly, a serial 
concentration was prepared to get a stan-
dard curve dilute by adding 0, 0.2, 0.3, 0.4, 
0.6, 0.7, 0.9, 1 mg/mL from BCA standard 
solution with normal saline. In 96-well 
plate, 20 μL of standard solution at differ-
ent concentrations was added. Secondly, 18 
µL PBS and 2 µL samples supernatant were 
added to 200 μL of BCA working solution 
to the wells. It was mixed for 20 seconds 
and incubated at 37°C for 30 min. Finally, 
the OD value of each well at 562 nm was 
measured with a microplate reader. Then, 
the protein concentration in each samples 
were calculated according to the formula:

	
Protein content (mg/mL) = �(ΔA562 - b)  

÷ a × f 

	 (Where, a: The slope of standard curve; b: 
The intercept of standard curve; f: Dilution 
factor of sample before test).

	 The total protein amount of samples was 
between 70-85µg. 

3.	 Sample denaturation: Protein samples 
supernatant were mixed with 5× SDS buf-
fer according to the ratio 4:1 (4µl samples + 
1µl 5× SDS buffer) and incubated in heating 
block at 95◦C for 10 min. for the prepared 
of marker: 5 μL volume of pre-stained 
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10 µl of samples and pre-stained protein 
markers were loaded into the gel. 

3.	 Electrophoresis: After loading the samples 
to the gel, the lid of the electrophoresis tank 
was covered, minding the positive and nega-
tive. The gel electrophoresis was run at volt-
age 110V for around 2-3 h until bromophenol 
blue reached the bottom of the gel.

4.	 Wet transfer: The gel is taken out after 
electrophoresis and rinsed in cold electro-
phoretic buffer solution for a few seconds. 
According to the sandwich mode, the elec-
trical transfer folder were opened, and a 
sponge mat soaked by transferring the buf-
fers at both sides were stacked up. Then, 
the qualitative filter paper soaked by trans-
ferring the buffers at both sides was put-
ting. the gel flat on the negative filter paper, 
and then placed flat the PVDF membrane 
(the PVDF is soaked in methyl alcohol for 
5 minutes, then saturated in transferring 
buffer) on the gel. Then, the transferring 
buffer was loaded in to the transfer tank, 
and the folder was inserted. The tank was 
then kept in ice water. The PVDF mem-
brane was positive pole, and amino acid 
and protein which were electronegative 
were moved to the positive pole. The elec-
tric voltage of the tank was 200mA. After 
the transfer, the transferred PVDF mem-
brane was rinsed with a washing buffer at 
room temperature. 

5.	 Blocking: The rinsed membrane was put 
into the blocking buffer 5% (w/v) skim 
milk powder (1mg skim milk powder + 
9ml 1X TBST working buffer), and incu-
bated on the shaker at room temperature 
for 2 h. The TBST working buffer was pre-
pared by mixing these compounds: 145.4 
mM NaCl, 10 mM Tirs-base, 0.1% (v/v) 
Tween 20, pH7.5. 

6.	 Incubation of antibody: After blocking, 
the membranes were incubated overnight 

protein marker was used. After that, the 
samples were added to the microgel (1 mm 
thick mini-gel).

Western blot experiment procedure
1.	 Gel preparation: The molecular weight 

of p53 protein and SIRT1 are 53 and 110 
KDa respectively. Therefore, 6% SDS gel 
electrophoresis was prepared. Briefly, the 
separating gel was prepared by added 5.3 
ml ddH2O, 2 ml 30% Acr-Bis (29:1) and 
2.6 ml separating gel mix in a clean beaker 
and mixed. To polymerize the gel, 0.1 ml 
from 10% APS and 0.008 TEMED were 
added to the first mixture and mixed gen-
tly to avoid bubbles. After that, the mixture 
gel was added to the assembled gel mold 
immediately. Then, 1ml absolute alcohol 
was added on the separating gel to flatten 
the separating gel level, and kept at RT for 
30-60 min until the separating gel is solid-
ified completely. then prepared stacking 
gel done by added 5.5ml deionized water, 
1.3ml 30% Acr-Bis (29:1), 1.08 ml from 
stacking gel and mixed. 0.08 ml 10% APS 
and 0.008ml TEMED were added to the 
stacking solution and mixed gently. The 
mixture gel is then added to the separating 
gel immediately. After that, the comb teeth 
is inserted carefully, and kept at RT for 
30-40 min untill it polymerizes completely. 
Then, the comb teeth is taken out carefully 
to follow the SDS-PAGE experiment. 

2.	 Adding samples: Tris-Glycine SDS electro-
phoresis buffer was used in sodium dodecyl 
sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) for protein denaturation. 
Thus, 250 ml from 1X electrophoretic buf-
fer (25 mM Tris, 192 mM Glycine, 0.1% 
SDS, pH8.3) was added to electrophoresis 
tank. The buffer solution must be above 
sample wells, and the bottom of the gel 
must be immersed by the buffer solution. 
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concentrations of 5, 7, 9, and 11µM for 12 h prior to 
being subjected to 400 µmol/L H2O2 for 24, 48, and 
72 hours. The positive control has been produced via 
cultivating control cells for 30 min in a media involv-
ing 400 µmol/L H2O2. The 2.040 pRSV-T cells were 
collected, washed repeatedly twice in cool PBS, and 
reconstituted in a binding buffer (1×104 cells/mL). 
100 mL of 2.040 pRSV-T cells were incubated for 
15 min at 4 °C in the dark with 5 mL of FITC con-
jugated Annexin V (Annexin V-FITC) and 5 mL of 
propidium iodide (PI). The stained cells were diluted 
in a binding buffer and examined on the flow cytom-
eter directly. In each data file, data from 10,000 cells 
was taken. There are four distinct cell groups that 
may be clearly differentiated: unmarked (live cells), 
cells which possess only bound Annexin V FITC 
(initial apoptotic), cells that have been marked with 
propidium iodide PI (necrotic), and cells that have 
both bound Annexin V-FITC and been marked with 
PI (delayed apoptotic/necrotic cells). The percentage 
of fluorescent cells in each quadrant was estimated 
using a two-color dot plot analysis of the fluores-
cence distribution.19

Pifithrin-α (PFT-α) inhibits the p53 pathway
Pifithrin-α (PFT-α) has been used to suppress 

the p53 pathway (specifically block transcriptional 
activity of the tumor suppressor p53). Human cor-
neal epithelial 2.040 pRSV-T cell lines were cul-
tured in 6-well plate at the rate of 50000 in each 
well. After 24 h the cells were treated as four major 
groups: 

1.	 control group: The 2.040 pRSV-T cell 
line which was cultivated under normal 
circumstances.

2.	 H2O2 group: H2O2 was used to treat the 
2.040 pRSV-T cell line at an ultimate con-
centration of 400 mol/L. 

3.	 Nicotinamide (NAM) group: 12 hours 
prior administering H2O2 at an ultimate 
concentration of 400 µmol/L to normal 
corneal epithelial 2.040 pRSV-T cell lines, 

at 4°C with diluted primary antibody 
1:100 (anti-p53, anti-p53 acetyl K379, anti-
SIRT1). The membranes were then washed 
with washing buffer for 10 minutes, and it 
was repeated thrice. After washing, it was 
incubated with diluted secondary anti-
body 1:5000 (anti-mouse IgG) for 2 h, and 
then washed again for 10 minutes thrice. 
An improved chemiluminescence method 
was used to detect the antigen–antibody 
complexes. 

7.	 Detection: The detection method depends 
on the label of the secondary antibody. 
The ECL luminescence detection solu-
tion detects bio-macromolecules such as 
proteins by chemical fluorescence lumi-
nescence. The principle is that the horse-
radish peroxidase (HRP)-labeled antibody 
directly or indirectly binds to the target pro-
tein on the membrane. After washing the 
membrane, the ECL reagent is added for 
exposure, and the protein strip can clearly 
record the luminescence with machine. 
The working solution was prepared by 
mixing equal parts of the substrate A and 
substrate B (0.125 ml from working solu-
tion was used per cm2 of membrane). The 
blot was incubated in a working solution 
for 5 min, and then removed from working 
solution and placed in a plastic membrane 
protector. The result was then recorded 
with chemiluminiscence imaging system. 

8.	 Data analysis: The bands were analyzed 
with Bandscan software.

Measurement of apoptosis by flow cytometry assay
The fluorescein isothiocyanate (FITC) 

Annexin V apoptosis detection Kit was used to pro-
vide a quantitative evaluation of apoptosis. In brief, 
2.040 pRSV-T cell lines (1.5×105 cells) were grown 
overnight in 25 cm2 cell culture flasks before being 
treated with the SIRT1 activator group 3. SRT1720 
was administered to 2.040 pRSV-T cells at ultimate 
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Statistical analysis.
All statistical analysis of data was performed 

using Prism 8 software. A comparison between all 
groups within the same plate of apoptosis assay 
were evaluated by one-way ANOVA with Tukey 
(Prism 8 software). Statistically significant values 
were considered p < 0.05.

RESULTS

Protective effect of SIRT1 against oxidative stress 
occurs via the p53 pathway by Western Blot

Western Blot analysis of SIRT1 expression 
(Figure 1) indicates that SRT1720 produced an ele-
vation in SIRT1 expression at different concentra-
tions in H2O2-treated cultures. After treatment with 
SRT1720 at concentrations of 7, 9, and 13 µM, the 
level of expressions relative to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) significantly 
increased. (Figure 1A), in comparison with the H2O2 
group (p< 0.0005) (Figure 2C). In 2.040 pRSV-T 
cells treated with 1 and 3µM, no such elevation was 
detected (p > 0.05). 

Figure 2 shows that in all H2O2 groups, the 
expressions of P53 significantly increased in com-
parison to the control group (p< 0.0001). The 
expression of Acetyl-p53 was reduced as SRT1720 
concentrations increased, as shown in figure 3 (p 
< 0.005), suggesting that acetyl-p53 levels reacted 
effectively to the upregulation of the expression and 
function of SIRT1 under oxidative stress.

Measurement of apoptosis by flow  
cytometry assay

The percentage of apoptotic 2.040 pRSV-T cells 
significantly increased in the H2O2 group to 51.4 ± 
1.8 at early apoptotic, and to 22.7 ± 1.7 at late apop-
totic (p < 0.001), compared with the control group 
(1.6 ± 0.4) (Figure 4). SRT1720 concentrations up to 
7μM significantly decreased the percentage of apop-
totic 2.040 pRSV-T cells between 10-4% (p< 0.005) 
in comparison with the H2O2 group. But there was 

they were pretreated with NAM to an ulti-
mate dose of 100 µM. 

4.	 PFT-α group: PFT-α at ultimate doses of 
2.5, 5, and 10 µM, as well as NAM at an 
ultimate dose of 100 µM, were used to pre-
treat 2.040 pRSV-T cell lines, 12 h prior to 
administering H2O2 at an ultimate concen-
tration of 400 µmol/L. 

The morphology and cell density of corneal epithelial 
cells after treatment with the p53 pathway inhibitor 
(PFT-α)

Image-Pro plus software by an inverted micro-
scope was used to determine the 2.040 pRSV-T 
cells density in each group. 100µl of Trypan Blue 
was added to 100µl 2.040 pRSV-T cells suspension 
and mixed well. After 2 min, 1µl of each sample 
was added to hemocytometer to be analyzed under 
the microscope. For cell density measurement, one 
image of each group with the most densely orga-
nized cells was selected.20 

Effects of the p53 pathway inhibitor (PFT-α) on the 
percentage of apoptotic corneal epithelial cells with 
NAM and H2O2 treatments

In a 6-well plate (1.5×105 cells), human corneal 
epithelial 2.040 pRSV-T cell lines were planted. 
Next day, the corneal epithelial 2.040 pRSV-T cells 
were treated with Pifithrin-α at ultimate doses of 
2.5, 5, and 10 μM with 100 μM NAM, 12 h before 
adding 400 μmol/ L H2O2 for 72 hours. The posi-
tive control was produced via the cultivation of the 
control cells in media comprising 400 μmol/L H2O2 
for 30 minutes. 2.040 pRSV-T cells were collected, 
washed repeatedly twice with cool PBS, and re-sus-
pended in binding buffer (1×104 cells/mL). 5 mL of 
FITC conjugated Annexin V (Annexin V-FITC) 
and 5 mL of propidium iodide (PI) were added to 
100 mL of 2.040 pRSV-T cells and incubated for 15 
min at 4 °C in the darkness. The stained cells were 
diluted with binding buffer and evaluated on the 
flow cytometer directly.19
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FIGURE 1.  Effect of SRT1720 on SIRT1 by Western blot. (A) SRT1720 stimulated a dose-dependent 
elevation in SIRT1 in H2O2-treated cultures. There are labeled concentrations of SRT1720 at the bottom 
(μM), p< 0.0005. (B) SDS PAGE demonstrates the SIRT1 protein separated in 8 samples. (C) Western 
blot analysis result of SIRT1 expression. Significant difference in comparison to the H2O2 group. Y-axis: 
relative SIRT1 expression versus GAPDH.
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groups under oxidative stress. There are labeled concentrations of SRT1720 at the bottom (μM), p< 0.0001. 
(B) SDS PAGE demonstrates the p53 protein separated in 6 samples. (C) Western blot analysis result of 
p53 expression reveals that p53 is elevated in all groups under oxidative stress. Significant difference in 
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displayed the shaped cells, in comparison to the 
NAM group. 

Effects of (PFT-α), a p53 pathway inhibitor on the 
percentage of apoptotic corneal epithelial cells 
with NAM and H2O2 treatments

To investigate the effects of the p53 path-
way inhibitor on the percentage of 2.040 pRSV-T 
cells, apoptotic, fluorescein isothiocyanate (FITC) 
Annexin V apoptosis by flow cytometry was used. 
Figure 6 demonstrates the significantly increased 
percentage of apoptotic after treating the 2.040 
pRSV-T cells with H2O2 by 30%, and it increased 
even more by 20% with the last raise after treating 
the cells with NAM and H2O2, in comparison to 

no significant difference between 7, 9, and 11 μM 
SRT1720 groups with control group (p > 0.05). 

Inhibition of the p53 pathway by Pifithrin-α 
(PFT-α)

PFT-α was used to block transcriptional activ-
ity of p53 pathway, and NAM was used to inhibit the 
level of SIRT1 in 2.040 pRSV-T cell lines. Human 
corneal epithelial cell density was reduced after the 
treatment with 100M NAM+H2O2 (Figure 5), with 
significant changes in the shape of cells compared 
to the control group, p< 0.005. Nevertheless, when 
2.040 pRSV-T cell lines were treated with 5 and 
10µM PFT-α in addition to NAM and H2O2, the 
cell density was restored (Figure 5; p< 0.05) and 

FIGURE 5.  Effects of pifithrin-α (PFT-α), a p53 pathway inhibitor, on morphology and cell density in 
2.040 pRSV-T cell lines treated with nicotinamide (NAM) and (H2O2). Arrow tended to round up and 
detach from the culture wells and changes in shaped cells. Significant difference in comparison to the 
H2O2+NAM group; p < 0.05.
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the control group, p < 0.001. However, when com-
pared to the NAM and H2O2 groups, the percentage 
of apoptotic 2.040 pRSV-T cells decreased signifi-
cantly by 10 µM PFT-α to reach about 2.9%. (p < 
0.001, Figure 6).

DISCUSSION

The cornea is the principal refraction and 
transparency portion of the eye.5 Because of its 
highly exposed location, the cornea is vulnerable 
to a number of environmental factors that lead to 
the formation of free radicals or ROS. The normal 
cornea contains both ROS and a detoxification sys-
tem. Any defect in the equilibrium between the for-
mation of ROS and the detoxification capability of 
the cornea results in oxidative damage and corneal 
diseases.5 SIRT1 is an extremely preserved NAD+ 
based histone deacetylase that belongs to the Sirtuin 
family (silent information regulator).21 SIRT1 con-
trols a variety of biological functions and disease 
conditions by eliminating the acetyl groups from 
different proteins. SIRT1 regulates the actions of 
many transcription factors and co-factors, influenc-
ing a subsequent expression of genes, and ultimately 
mitigating oxidative damage. SIRT1 malfunction 
has been associated with optical disorders such as 
cataracts, age-related macular degeneration (AMD), 
diabetic retinopathy (DR), and glaucoma, accord-
ing to many investigations, while overexpression 
of SIRT1 protects against these conditions or dis-
orders.21 In the present study, the major finding is 
that the up-regulation of SIRT1 suppresses the 
apoptosis of normal corneal epithelial cells (2.040 
pRSV-T cell line) with oxidative stress induced by 
H2O2. In particular, a study revealed that H2O2 can 
cause cell apoptosis through the p53 pathway.22 
While SIRT1 downregulation promotes apoptosis, 
this implies that SIRT1 protects the cornea against 
oxidative stress-induced apoptosis. Additionally, 
the results revealed that the etiology of SIRT1 pro-
tection involves p53 pathway inhibition. According 
to Western Blot examination of SIRT1 expression, 

SRT1720 produces a dose-dependent elevation in 
SIRT1 levels in H2O2-treated cultures (Figure 1). 
The results also revealed in current study that SIRT1 
protects human corneal epithelial 2.040 pRSV-T 
cells from oxidative stress by blocking the p53 path-
way. Apoptosis is triggered by the protein p53,14,15 
and it has been demonstrated that P53 is a SIRT1 
substrate.20,21 The p53 protein is involved in cellu-
lar responses to a wide range of stressors, including 
DNA damage, hypoxia, and oxidative stress. After 
physiological stressors, p53 becomes stabilized and 
attaches to DNA as a tetramer in a sequence-spe-
cific way, resulting in the transcriptional control 
of genes involved in important cellular processes 
such as cell-cycle arrest and apoptosis.22,23 As illus-
trated in Figure 2, p53 expression was elevated in 
all H2O2 groups in comparison to the control group 
(p< 0.0001). A preceding study showed that H2O2 
can cause apoptosis and cell death through the p53 
pathway,27 which is compatible with this study. The 
primary ubiquitination sites for p53 are found at its 
C terminal residues, and acetylation of these resi-
dues during periods of cell stress prevents protein 
breakdown and stabilizes p53.28 Several acetylation 
enzymes hyperacetylate p53 in response to DNA 
damage and oxidative stress, stabilizing and stim-
ulating P53 and causing it to initiate apoptosis.26,14 
On the other hand, SIRT1 produces deacetylation 
of p53 and suppresses p53-dependent apoptosis 
and transcriptional activity.20,21 As a result, SIRT1 
is essential in the anti-apoptosis mechanism, which 
has been reported in a number of earlier investiga-
tions.27,28 In Figure 3.10, it was revealed that, in a 
dose-dependent manner, increasing the concentra-
tion of SIRT1720 (which is the most potent small 
molecule SIRT1 activator32) reduced acetyl-P53 lev-
els under oxidative stress (p< 0.005), indicating that 
acetyl-p53 levels responded actively to the upregu-
lation of SIRT1 expression and function under oxi-
dative stress.

Apoptosis is a kind of programmed cell death 
that has been associated with cell loss. ROS, like 
H2O2, is a potent apoptotic agent that can cause cell 
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PFT-α enhanced the level of SIRT1 protein,32 that 
causes the deacetylation of P53-dependent apop-
tosis. In this experiment, the results demonstrated 
that blocking the p53 pathway via PFT-α could 
remove NAM’s pro-apoptotic effect, which sup-
pressed SIRT1 function and accelerated human cor-
neal epithelial 2.040 pRSV-T cells’ apoptosis. This 
indicates that SIRT1 is a negative regulator of P53 
protein expression and has a protective effect via the 
downstream p53 pathway. The effect of PFT-α on 
the proportion of apoptotic corneal epithelial cells 
is evaluated in this experiment. When the 2.040 
pRSV-T cells were treated with H2O2, the percent-
age of apoptotic cells was elevated by 30%, because 
H2O2 at high doses (400µM) activated P53 that is 
involved in apoptosis and cell death. When the cells 
were treated with NAM and H2O2, the percentage of 
apoptotic 2.040 pRSV-T cells increased by 20% in 
comparison to the control group (p< 0.001). 

NAM is a potent physiological inhibitor of 
SIRT1, is a NAD+ reaction product that inhibits 
SIRT1 non-competitively with IC50 < 50µM via 
negative feedback control of NAD+.35 NAM inac-
tivates SIRT1 deacetylation function and stim-
ulated acetylation of p53 results in an increased 
level of acetyl P53. This, together with H2O2 acti-
vated P53, promotes human corneal epithelial cell 
apoptosis and increases the percentage of apoptotic 
cells (Figure 6). PFT-α which is a specific inhibi-
tor of p53 transcriptional activity36 was revealed 
to significantly reduce the percentage of apoptotic 
cells in a dose-dependent manner. PFT-α inhibits 
P53-dependent apoptosis and removes NAM’s pro-
apoptotic effects, which suppress SIRT1 activity 
and increase apoptosis, resulting in SIRT1 upregu-
lation, which produces more downstream of the P53 
pathway and reduces the percentage of apoptotic 
normal corneal epithelial 2.040 pRSV-T cells. This 
strongly indicates that SIRT1 plays a significant 
role in protecting human corneal epithelial cells 
from oxidative stress through P53 pathway inhibi-
tion. SIRT1 has also been reported to protect many 
kinds of cells from apoptosis by blocking the p53 

death. The results revealed that H2O2 at a high con-
centration (400µM) promotes cell apoptosis, con-
sistent with earlier studies.19,27 Flow cytometric 
analysis was used to differentiate between apoptotic 
and viable cells. As shown in Figure 4, 400µM H2O2 
treatment significantly induced apoptosis in human 
corneal epithelial 2.040 pRSV-T cell lines via the 
P53 pathway (H2O2 at high concentrations acti-
vated P53, which induces apoptosis19,22 because P53 
is implicated in the cornea’s stress response, and it 
mediates cell cycle arrest and apoptosis.33 SRT1720 
doses up to 7µM significantly reduced the percent-
age of apoptotic 2.040 pRSV-T cells by 10–4% (p< 
0.005), in comparison with the H2O2 group. SRT1720 
has been shown to reduce H2O2-induced apoptosis 
(Figure 4) in 2.040 pRSV-T human corneal epithelial 
cells by up-regulating the expression and enhancing 
the activity of SIRT1 that produces deacetylation 
and inhibits the activity of P53 and prevents human 
corneal epithelial cell apoptosis. SIRT1 is important 
in the anti-apoptosis pathway, which has been estab-
lished in a number of prior investigations.24,25 This 
means that the expression level of P53-dependent 
apoptosis was down regulated via overexpression of 
SIRT1. Pifithrin-α (PFT-α) is a specific p53 inhibitor 
that has been established to suppress p53-dependent 
apoptosis.31 In comparison to the control group, the 
cell density of human corneal epithelial cells treated 
with 100µM NAM+H2O2 (Figure 5) was reduced, 
with significant alterations in shaped cells. This is 
due to the fact that H2O2 promotes cell apoptosis via 
the P53 pathway,19,22 while NAM is the most potent 
and selective inhibitor of SIRT1 deacetylation activ-
ity7,30 and causes down regulation of SIRT1 level and 
up-regulation of acetylated P53 that enhances human 
corneal epithelial cell apoptosis. P53’s acetylation is 
crucial for its stability and function.13 Interestingly, 
cell density was restored when 2.040 pRSV-T cell 
lines were treated with 5 and 10µM PFT-α in addi-
tion to NAM and H2O2 (Figure 5; p< 0.05). In a 
dose-dependent manner, PFT-α produced an eleva-
tion in cell density in comparison to the cells treated 
with NAM and H2O2. This is attributed to fact that 
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Shiloh  A, Guarente L, Gu W. Negative control
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pathway, such as lens epithelial cells,7 islet cells,37,38 
cardiac myocytes,39 and osteoblasts in previous 
investigations.

CONCLUSIONS

This study revealed that SIRT1 regulates 
human corneal (2.040 pRSV-T) cells resistance to 
oxidative stress via p53 protein deacetylation and 
suppresses p53-dependent apoptosis. SIRT1 activa-
tors could potentially be used in the future to pre-
vent oxidative damage in the cornea.
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