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Inhibition of the AKT1/mTOR pathway through SIRT6 over
expression downregulated the expression of programmed
death-ligand 1 and prolonged overall survival in lung
adenocarcinoma
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Background: Programmed death-ligand 1 (PD-L1) is a common biomarker of immune checkpoint
inhibitors (ICIs). The purpose of our study was to investigate the relationship between Sirtuin 6 (SIRT6) and
PD-L1 expressions in lung adenocarcinoma.

Methods: Recombinant plasmids containing green fluorescent protein (GFP)/no SIRT6 (h-NULL)
and GFP/SIRT6 (h-SIRT6) were constructed and transfected into A549 cells by lentivirus as vector. The
experiment was divided into control, h-NULL and h-SIRT6 groups. We detected apoptosis and the cell
cycle by flow cytometry and observed migration and proliferation by wound-healing assays and methyl
thiazolyl tetrazolium. The expressions of SIRT6, PD-L1, serine/threonine protein kinase-1 (AKT1),
mammalian target of rapamycin (nTOR), B-cell lymphoma-2 (BCL-2) associated X protein (BAX), and
BCL-2 were detected by real-time fluorescence quantitative reverse transcription polymerase chain reaction
(qQRT-PCR) and Western blot. We retrospectively analyzed the relationship between SIRT6 expression and
survival in lung adenocarcinoma treated by ICIs.

Results: The expression of BAX, apoptosis rate, and proportion of GOG1 and G2M phases in the h-SIRT6
group were higher than in the control and h-NULL groups (P<0.05). The expressions of PD-L1, BCL-2,
AKT1, and mTOR migration and proliferation rates and proportion of S phase in the h-SIRT6 group were
lower than in the control and h-NULL groups (P<0.05). Survival in lung adenocarcinoma with high SIRT6
expression was better than with low SIRT6 expression.

Conclusions: SIRTG6 over expression, through the inhibition of the AKT1/mTOR pathway, down-
regulated PD-L1 expression, influenced biological behaviors, and prolonged survival of lung adenocarcinoma.

SIRT6 expression may be a potential gene biomarker for immunotherapy in lung adenocarcinoma.
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Introduction

With the development of molecular biology technology,
the treatment of malignancy has developed from traditional
treatment to precise treatment. Epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI) is a
classic precision treatment of non-small cell lung cancer
(NSCLC) with gene mutation (1-3), which prolongs the
overall survival (OS) and progression-free survival (PFS) of
NSCLC with EGFR mutations (2,3).

Immunotherapy has recently emerged as a highly
effective and novel therapeutic modality and is
gaining worldwide popularity in cancer therapy (4,5).
Immunocheckpoint inhibitors (ICIs), such as pembrolizumab
and ipilimumab, are the most widely used tumor
immunotherapy aimed at programmed death-1 (PD-1)/
programmed death-ligand 1 (PD-L1) (6,7), and the expression
rate of PD-1/PD-L1 is closely related to immunotherapy,
especially the expression of PD-L1 (7,8). Pembrolizumab
prolongs progression-free survival (8.4 months) in metastatic
NSCLC without EGFR or ALK mutations and a PD-L1
tumor proportion score (TPS) >50% (7). For NSCLC with
low PD-L1 expression, the survival rate of platinum combined
with ICI is better than that of chemotherapy [hazard ratio (HR)
=0.57,95% confidence interval (CI): 0.36-0.90, P=0.016] (8).

PD-L1 is a commonly used biomarker for NSCLC
immunotherapy, and 50.9% of NSCLC has PD-L1 TPS
>50% (9,10). Compared with chemotherapy, the OS of
immunotherapy is better than that of chemotherapy, but
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the improvement of PFS is only seen in TPS >50% (9,10).
PD-L1 expression is inconsistent in the prediction of immune
efficacy, and its clinical application value is limited (11), and
other biomarkers including tumor mutation burden, tumor
neoantigens, T-cell inflammatory gene expression profile,
gene mutation-related markers, such as EGFR or anaplastic
lymphoma kinase, and KRAS have also been used (11). Gene
mutation-related markers have certain significance in predicting
the efficacy of immunotherapy alone for lung adenocarcinoma.

Sirtuin 6 (SIRT6), a member of the Sirtuin family,
is considered a tumor promoter in the occurrence,
development, and regulation of NSCLC, and has a variety
of enzyme activities (12,13). In recent years, the complex
role of SIRT6 in tumor occurrence and development has
attracted much attention (14,15), and its over expression is
considered to have an impact on the proliferation, migration,
and invasion of NSCLC (15). SIRT6 plays different
roles in immune response. SIRT6 knockdown resulted in
growth inhibition and cell cycle arrest in melanoma (16).
SIRT6 suppressed necroptosis and innate immune response
to promote prostate cancer progression (17). Upregulation of
SIRT6 expression inhibited the migration and invasion of
breast cancer cells (18).

NSCLC signaling pathways include epidermal growth
factor receptor, yes-associated protein, serine/threonine
protein kinase-1 (AKT1)/mammalian target of rapamycin
(mTOR), and p38 mitogen-activated protein kinase,
etc. (19,20), but AKT1/mTOR pathway is the most
important. Whether SIRT6 expression affects AKT1/
mTOR pathway is still lacking. However, whether SIRT6
has predictive significance for immunotherapy of lung
adenocarcinoma, whether it affects the expression of
PD-L1 in lung adenocarcinoma, and whether its effect
on PD-L1 expression affects the biological behaviors of
lung adenocarcinoma, including proliferation, migration,
apoptosis, and invasion, remains unclear. The aim of our
study was to investigate the relationship between SIRT6 and
PD-L1 expression in lung adenocarcinoma. We present the
following article in accordance with the MDAR reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6218/rc).

Methods
Experimental study

Resuscitation and culture
Resuscitation and culture of the A549 cell line of NSCLC
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(Department of Oncology, the Affiliated Hospital of
Southwest Medical University) was performed at the
Medical Laboratory Center of the Affiliated Hospital of
Southwest Medical University. The A549 cell line stored at
-80 °C in a refrigerator was thawed in a water bath at 37 °C,
and centrifuged at 1,000 RPM for 1 min. The supernatant
was discarded, 1.0 mL of the medium containing 10% fetal
calf serum (Bovogen, USA) and 1% penicillin/streptomycin,
(Shanghai Beyotime Biotechnology Co, Ltd., China) were
added to the frozen storage tube, and the cell sediment
at the bottom of the tube was mixed into a uniform
cell suspension. Subsequently, the cell suspension was
transferred into a 25-cm’ culture bottle and 3 mL of High-
Glucose DMEM (HyClone, USA) was added, followed
by incubation at a constant temperature of 37 °C with 5%
CO,. Cell growth was observed under a phase contrast
microscope every day, and the medium was changed every
two days. Cells in their exponential growth phase were used
for the study and were frozen for future use simultaneously.

Experiment

Transfection and groups

A549 cells (1.5x10°/mL) at the exponential growth phase
were inoculated in a six-well plate for further culture and
transfected when the cell fusion rate was 70-80%. Using
lentivirus as a vector (Hanbio, China), the recombinant
plasmids carrying green fluorescent protein (GFP) (Plasmid:
PHBL-CMV-MCS-3Flag-EF1-GFP-T2A-PURO: named
h-NULL A549 cells) and GFP/SIRT6 (Plasmid: PHV-
CMV-MCS-3Flag-EF1-GFP-PURO-SIRT6: named
h-SIRT6 A549 cells) gene sequences were transfected into
A549 cells. The transfection procedure and operation were
conducted according to the instructions of Lipofiter' ™
transfection reagent (Hanbio, China) and the operation
procedure of the literature report (15). The fluorescent
infection rate of cells was observed using an inverted
fluorescent microscope (Olympus, Japan), and calculated
according to Eq. [1]. Stable transfection cell lines were
screened out by purinamycin after 24 h transfection when
they had begun to culture, passage and frozen storage.
Control (no recombinant plasmid transfected), h-NULL,
and h-SIRT6 experimental groups were established.

Fluorescent infection rate =

i 1
Number of green fluorescent cells expressed in the same field <100% (1]

Total number of cells
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Expressions of mRNA and protein

The mRNA and protein expression levels of SIRT6, PD-
L1, AKT1, mTOR, B-cell lymphoma-2 (BCL-2) associated
X protein (BAX), and BCL-2 were detected by real-time
fluorescence quantitative reverse transcription polymerase
chain reaction (QRT-PCR) and Western blot. The mRNA
was extracted from the three groups of cells using an
mRNA extraction kit (Tiangen, China), and mRNA
concentration was measured using a NanoDrop ND-1000
spectrophotometer (Thermo, USA). The complementary
deoxyribonucleic acids (cDNA) were synthesized reversively
using a cDNA reverse transcription kit (Toyobo, Japan),
and PCR detection was performed on a Light Cycler 96
real-time quantitative fluorescence PCR instrument (Roche,
Switzerland) according to the instructions of SYBR® Green
Realtime RCP Master Mix (Toyobo, Japan). The reaction
system was comprised 10 pL, including 0.4 pL of upstream
and downstream primers, 5 pL of 2xSYBRGreen Realtime
RCPMaster Mix, and 1 pL of cDNA template. The reaction
system was filled to 10 pL with double steaming water.
All primers were designed and synthesized by Hongxun
Biology (China), and the primer sequences were as follows:
GAPDH: upper: TCAAGGCTGAGAACGGGAAG,
lower: TCGCCCCACTTGATTTTGGA. SIRT6:
upper: GAATGTGCCAAGTGTAAGACGC; lower:
TTAGCCACGGTGCAGAG CC. PD-L1: upper:
CTACCTCTGGCACATCCT; lower: ACATCCATCATTCTC
CCT. AKT1: upper: AGCGGATGATGAAGGTGTT;
lower: GCGACGTGGCTATT GTGA. mTOR: upper:
GCTCAAACACCTCCACCT; lower: GCTGTCATCCCTT
TATCG. BAX: upper: GACACTCGCTCAGCTTCTTG;
lower: TTTTGCTTCAG GGTTTCATC. BCL-2: upper:
TTTTGCTTCAGGGTTTCATC; lower: GACACT
CGCTCAGCTTCTTG. The relative expression of mRINA
was calculated by 27*“ with GAPDH as the standardized
level, and the experiment was repeated three times. The
difference ratio (%) of mRINA expression in the three
groups was calculated according to Eq. [2].

Total protein was extracted with radio
immunoprecipitation assay lysate containing 1% PMSF
(Beyotime, China), and the protein concentration of each
group was determined by BCA method (Thermo-Fisher
Scientific, MA, USA). After being denatured, the protein
was stored in a -20 °C refrigerator. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (Beyotime, China)
was then used to transfer the protein to a polyvinylidene
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fluoride membrane (Beyotime, China) where 5% skimmed
milk (Yili, China) was added before blocking at room
temperature for 2 h, and primary antibody (the primary
antibody including antibodies of SIRT6 (Proteintech,
USA), PD-L1 and GAPDH (Proteintech ,USA), AKT1
(CST, USA), mTOR (Beyotime, China), BAX and BCL-
2 (Abcam, USA) were added, before incubation overnight
at 4 °C. TBST was used three times, then added to the
second antibody (Proteintech, USA) and incubated at room
temperature for 2 h. After washing, exposure was developed
using a hyperoptic sensitivity chemiluminescence imaging
system (Azure Biosystem, USA). The gray values of images
were calculated by Image] software, and the difference ratio
(%) among the three groups calculated according to Eq. [2].

The difference ratio (%)=
Research group - Comparison group «100% (2]
(]

Comparison group

Apoptosis and cell cycle

The cell concentration was adjusted to 1x10°/mL and
centrifuged at 2,500 RPM for 5 min before the supernatant
was removed and washed twice with phosphate buffer
solution (PBS) (Solarbio, China). According to the
instructions of the apoptosis kit (BD, USA), 1x Bufer
200 pL, Annexin v-7-aad 5 pL, and PE 5 pLL were added
into each sample then incubated for 15 min at room
temperature in the dark. After centrifugation, cells were
fixed by 70% ethyl alcohol and placed in a 4 °C refrigerator
overnight. According to the instructions of the cell cycle
Kit (BD, USA), a 400 pLL PI solution used for dyeing was
added into each sample and incubated for 15 min at room
temperature in the dark. Apoptosis and the cell cycle
among the three groups were detected by flow cytometry
(BeckmanCulter, USA), and the difference ratio (%) was
calculated according to Eq. [2].

Migration and proliferation

Cells (5x10° cells/well) in their exponential growth phase
from each group were inoculated in 6-well plates, and
five parallel lines were drawn on the back of every plate
as markers before culture in an incubator. When the cell
confluent rate reached 100%, vertical uniform scratches
were obtained with the tip of a 200 L pipette, floating cells
and debris were washed and removed with PBS, and the cells
were further cultured in the incubator in medium containing
1% FBS. Cell migration was observed and photographed by
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an inverted phase contrast microscope (Nikon, Japan) at 24,
48, 72, and 96 h after wound-healing assays.

Cells (1,000 cells/well) were then inoculated in 96-well
plates and cultured for 24, 48, 72, and 96 h in a 5% CO,
incubator, then MTT solution (Sigma, USA. 5 mg/mL)
was added to each well before incubation for 4 h. Dimethyl
sulfoxide (DMSO. 150 pL/well) was then added, and
wells were placed in a shaver under dark shock for 10 min.
The absorbance at 490 nm wavelength of each well was
measured by a microplate reader (Bio-RAD, USA), and cell
proliferation detected by Methyl thiazolyl tetrazolium at 24,
48, 72, and 96 h among the three groups. The experiment
was repeated three times, and the difference ratio (%)
calculated among the three groups according to Eq. [2].

Clinical data

The inclusion criteria were: (I) lung cancer patients aged
18-75 years; (II) lung adenocarcinoma confirmed by
pathological diagnosis; (III) failure of first-line treatment
or recurrence and metastasis of lung adenocarcinoma; (IV)
patients received at least one cycle of pemetrexed + cisplatin
+ palivizumab; (V) KPS score >70 (6); complete follow-up
data. Exclusion criteria were: (I) malignant tumors in other
locations or organs; (II) severe infectious disease or immune
disease; (III) multiple organ dysfunction in the heart, liver,
kidney, and other organs; (IV) metastatic lung cancer.

We retrospectively analyzed 19 patients (11 males and
8 females, age 46 to 71 years, median age 57 years) with
recurrent or/and metastatic lung adenocarcinoma, who had
failed first-line treatment and received pemetrexed plus
cisplatin plus palizumab treatment in the Affiliated Hospital
of Southwest Medical University from August 2018 to
October 2020. We detected SIRT6 expression by EnVision
immunohistochemistry and divided this into high and low
expressions according to the histochemistry score (scores
0-3 as low expression; scores 4-12 as high expression).
The relationship between SIRT6 expression and OS was
then analyzed. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Institutional Review Board of
the Affiliated Hospital of Southwest Medical University
(No. KY2020226). Individual consent for this retrospective
analysis was waived.

Statistical analysis

SPSS 23.0 (SPSS, Inc, Chicago, IL, USA) was used for
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Figure 1 Transfection, protein, and mRINA expression levels of PD-L1, AKT1, mTOR, BAX, BCL-2, and apoptosis among groups. The
results of photofluorogram (from fluorescence microscope, x10, A) and bar graphs of protein (B) and mRINA (C) indicated SIRT6 was
successfully transfected into A549 cells (t=98.79, 11.86, and 99.31, 11.82, P<0.05). The results of Western blot (D) and bar graphs of protein
(E) and mRNA (F) indicated SIRT6 over expression down-regulated the expressions of PD-L1, AKT1, mTOR, and BCL-2, and up-
regulated the expressions of BAX (P<0.05). The results of flow cytometry (G) and bar graphs (H) indicated apoptosis in the h-SIRT6 group
was higher than in the control and h-NULL groups (t=44.00, 6.73, respectively, P<0.05). *, compared with the control group. ¥, compared

with the h-NULL group. PD-L1, programmed death-ligand 1; AKT1, serine/threonine protein kinase-1; mTOR, mammalian target of

rapamycin; BCL-2, B-cell lymphoma-2; BAX, B-cell lymphoma-2 associated X protein.

statistical analysis. Quantitative data are expressed as mean
+ standard deviation, and the difference among groups was
tested by #-test. Log-rank (Mantel-Cox) test was used to
analyze OS, and P<0.05 was statistically significant.

Results
SIRT6 transfection

"To verify the successful transfection of SIRT6 by lentivirus on
the A549 cell line, we used an inverted fluorescent microscope
to observe the fluorescent infection rate (Figure 1A)
and Western blot and qRT-PCR to detect the protein
(Figure 1B) and mRNA (Figure 1C) levels of SIRTG in the

© Annals of Translational Medicine. All rights reserved.

three groups (Zible I). The fluorescence infection rates in the
h-SIRT6 and h-NULL groups were more than 90%. The
protein and mRNA levels of SIRTG in the h-SIRT6 group
were significantly higher than in the control and h-NULL
groups (t=98.79, 11.86 and 99.31, 11.82, P<0.05), while there
were no significant differences between the control and
h-NULL groups (t=0.50, 1.55, P>0.05). The results showed
the SIRT6 gene was successfully transfected into A549 cells
and constructed A549 cells with SIRT6 over expression.

AKT1, mTOR, and PD-L1

The protein (Figure 1D,1E) and mRNA (Figure 1F)

Ann Transl Med 2023;11(1):21 | https://dx.doi.org/10.21037/atm-22-6218
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Table 1 Comparisons of SIRT6 mRINA and protein expression levels, apoptosis, and cell cycle among groups (¥s)

SIRT6 protein level SIRT6 mRNA level Apoptosis Cell cycle
Groups oy 0. % 0. %
(ratio, %) (ratio, %) (ratio, %) GOG1 (ratio, %) S (ratio, %) G2M (ratio, %)
Control 0.61+0.05 1.01+£0.12 4.42+0.11 54.72+1.02 38.79+1.01 6.49+0.19
h-NULL 0.67+0.08 (+9.84"")  1.00£0.11 (<0.99")  5.14+0.09 (+16.29%)  54.85+1.10 38.80+0.89  6.53+0.21 (+0.62%)
(+0.24%) (+0.03%)
h-SIRT6 1.64+0.11 65.07+1.23 31.17+0.16 67.67+0.79 15.58+0.58 16.74+0.13

(+168.85*/+144.78") (+6,342.57*/+6,407.00") (+605.20*/+506.42) (+23.67*/+23.37") (-59.84*/-59.85%) (+157.94*/+156.36)

*, compared with the control group; *, compared with the h-NULL group; ', increasing; *, decreasing. SIRT8, Sirtuin 6.

expression levels of AKT1, mTOR, and PD-L1 in the
h-SIRT6 group were lower than in the control and h-NULL
groups (t=11.07, 15.17, 42.15, 31.00, 8.65, 5.44 and 5.46,
11.56, 7.74, 4.61, 4.4, 10.21, respectively, P<0.05), while
no significant differences were observed between the
control and h-NULL groups (t=0.29, 0.66 and 0.33, 0.39,
respectively, P>0.05). The results showed SIRT6 over
expression could downregulate the expressions of AKT1,
mTOR, and PD-L1 (Table 1).

BAX and BCL-2

The protein (Figure 1D,1E) and mRNA (Figure 1F)
expression levels of BAX in the h-SIRT6 group were higher
than those in the control and h-NULL groups (t=8.99,
18.56, and 19.39, 20.88, respectively, P<0.05), whereas the
protein (Figure 1D,1E) and mRNA (Figure 1F) expression
levels of BCL-2 were lower (t=52.00, 10.98 and 6.52,
27.28, respectively, P<0.05). There were no significant
differences in the protein and mRNA expression levels of
BAX and BCL-2 between the control and h-NULL groups
(t=0.07, 0.80 and 1.54, 0.49, respectively, P>0.05). The
results showed SIRT6 over expression could upregulate
the expression of BAX and downregulate the expression of

BCL-2 (Tuble 1).

Apoptosis and cell cycle

The apoptosis rate (Figure 1G,1H), proportion of G0G1,
and G2M phases (Figure 2A4,2B) in the h-SIRT6 group were
higher than in the control and h-NULL groups (t=44.00,
6.73, and 83.90, 43.72, and 175.60, 103.70, respectively,
P<0.05), whereas the proportion of S phase was lower (t=47.34,
117.00, respectively, P<0.05). There were no significant
differences between the control and h-NULL groups (t=0.28,
0.70, 0.03 and 0.93, respectively, P>0.05). The results showed

© Annals of Translational Medicine. All rights reserved.

that SIRT6 over expression could increase the apoptosis rate
and the proportion of the GOG1 and G2M phases, and
decrease the proportion of the S phase (Zable I).

Migration and proliferation

The migration (Figure 2C,2D) and proliferation (Figure 2E)
rates in the h-SIRTG6 group, at 24, 48, 72, and 96 h, were
lower than in the control and h-NULL groups (t=20.73,
57.49, 19.84, 172.30, 32.83, 85.82, 17.86, 336.90, and
4.77, 8.66, 9.41, 44.00, 11.72,6.38, 6.80, 6.73, respectively,
P<0.05). There were no significant differences between
the control and h-NULL groups in the migration and
proliferation rates (t=0.07, 2.84, 2.44, 2.60, and 0.55,
1.26, 3.50, 0.28, respectively, P>0.05). The results showed
SIRT6 over expression could inhibit the migration and
proliferation of A549 cells (1able 2).

SIRT6 expression and survival of lung adenocarcinoma

The relationship between SIRT6 expression and survival
was analyzed retrospectively in 19 patients with lung
adenocarcinoma who received PD-L1 combined with
chemotherapy. The high expression rate of SIRT6 was
42.1% (8/19) (Figure 2E2G) and the median follow-up was
15.0 months (range from 4-38 months). The median OS in
the high SIRT6 expression group was longer than in the low
SIRT6 expression group (22.0 and 14.0 months, respectively,
'=4.59, P=0.03, 95% CI: 0.25-1.64) (Figure 2H).
These results showed OS in lung adenocarcinoma with
high SIRT6 expression was better than that in lung
adenocarcinoma with low SIRT6 expression.

Discussion

The phosphatidylinositol 3-kinase (PI3K) pathway is

Ann Transl Med 2023;11(1):21 | https://dx.doi.org/10.21037/atm-22-6218
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Figure 2 Cell cycle, migration, proliferation, SIRT6 expression, and survival among groups. The results of flow cytometry and bar graphs
indicated the proportion of GOG1 and G2M phases (A,B) in the h-SIRT6 group was obviously higher than in the control and h-NULL
groups (t=83.90, 43.72, and 175.60, 103.70, respectively, P<0.05). The migration (from optical microscope, x4, C,D) and proliferation
(E) ratios in the h-SIRT6 group, at 24, 48, 72, and 96 h, were significantly lower than in the control and h-NULL groups (P<0.05). The
positive expression (red arrows) of SIRT6 was divided into high (F, x200) and low expressions (G, x200) by immunohistochemistry. Survival

curve (H) results showed the overall survival of high SIRT6 expression was better than that of low expression (¢'=4.59, P=0.03). *, compared

with the control group. ¥, compared with the h-NUL group. SIRT6, Sirtuin 6.

one of the most important signaling networks in cancer
(14,21,22), and plays an important role in the regulation of
cell growth, proliferation, migration, survival, and glucose
metabolism (23,24). The expression of AKT1 and mTOR,
as downstream proteins of the PI3K signaling pathway,
reflects the status of the pathway, while their decreased
expression reflects its inhibition. In our study, SIRT6 genes
in the A549 cell line were successfully transfected according

© Annals of Translational Medicine. All rights reserved.

to transfection criteria (25) and verified by inverted
fluorescence microscopy, qRT-PCR, and Western blot. The
mRNA and protein expression levels of AKT1 and mTOR
in the h-SIRT6 group were significantly lower than in the
control and h-NULL groups. However, the protein and
mRNA expression levels were similar between the control
and h-NULL groups (P>0.05). The results indicated SIRT6
over expression could downregulate the expressions of

Ann Transl Med 2023;11(1):21 | https://dx.doi.org/10.21037/atm-22-6218
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*, compared with the control group; *, compared with the h-NUL group; ', increasing; *, decreasing. PD-L1, programmed death-ligand 1; AKT1, serine/threonine protein kinase-1; mTOR, mammalian target of rapamycin; BAX, B-cell

lymphoma-2 associated X protein; BCL-2, B-cell ymphoma-2; WB, western blot; gRT-PCR, quantitative reverse transcription polymerase chain reaction.
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AKT1 and mTOR and inhibit the AKT1/mTOR pathway.

PD-1/PD-L1 over expression can promote tumor
cell growth and immune escape. While the main target
of immune checkpoint inhibitors (ICIs) is PD-1/PD-L1
through inhibiting the binding of the two, there are many
factors affecting PD-1/PD-L1 expression (7,8). In our
study, the mRNA and protein expression levels of PD-L1 in
the h-SIRT6 group were obviously lower than those in the
control and h-NULL groups. The results indicated SIRT6
over expression could downregulate the expression of
PD-L1 of the A549 cell line, and inhibit tumor cell growth
and immune escape, which may be due to inhibition of the
AKT1/mTOR pathway.

Apoptosis is a programmed cell death that maintains a
healthy life/death balance, and anti-apoptotic protein BCL-
2 and promoting apoptotic protein BAX play an important
role in its regulation (26-28). Apoptosis and the cell cycle
are affected by many factors, including genetic factors, and
their mechanisms are complex (29,30). In our study, the
apoptosis ratio and the mRNA and protein expression levels
of BAX in the h-SIRT6 group were obviously higher than
in the control and h-NULL groups, whereas the mRNA
and protein expression levels of BCL-2 in the h-SIRT6
group were obviously lower than in the control and
h-NULL groups. This indicated SIRT6 over expression
could upregulate the expression level of BAX, downregulate
the expression level of BCL-2, and increase the apoptosis
ratio. This may have been caused by inhibition of the
AKT1/mTOR pathway, which led to the downregulation
of PD-L1 expression, inhibition of the immune escape of
tumor cells, and increased cell apoptosis.

Migration and proliferation are closely related to
tumorigenesis and development, and the prognosis of
tumors in which both are strong is poor (31,32). Reducing
the migration and proliferation ability of tumor cells can
improve prognosis, and in our study, both were always lower
in the h-SIRT6 group than in the control and h-NULL
groups. These results indicated SIRT6 over expression
could downregulate the migration and proliferation ability
of the A549 cell line and inhibit tumor cell proliferation
activity, which might be due to inhibition of the AKT1/
mTOR pathway and downregulation of PD-L1.

In our study, proportions of GOG1 and G2M phases
in the h-SIRT6 group were obviously higher than in the
control and h-NULL groups, whereas the proportion of
S phase in the h-SIRT6 group was obviously lower. These
results indicated SIRT6 over expression could increase
GOG1 and G2M phases arrest, reduce the proportion of the

Ann Transl Med 2023;11(1):21 | https://dx.doi.org/10.21037/atm-22-6218
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Figure 3 Possible mechanism of SIRT6 and PD-L1 expression and cell biological behavior. Red arrows: up-regulation. Purple arrows:

down up-regulation. SIRT6, Sirtuin 6; AK'T-1, serine/threonine protein kinase-1; mTOR, mammalian target of rapamycin; BAX, B-cell

lymphoma-2 associated X protein; BCL-2, B-cell lymphoma-2; PD-L1, programmed death-ligand 1.

S phase of the A549 cell line, slow down DNA replication
of tumor cells, and enhance the effect of treatment on cells.

Studies have shown the downregulation of PD-
L1 expression can reshape the tumor immune
microenvironment and enhance the T cell-mediated anti-
tumor immune response and I1L-2 level (33,34). Our results
showed SIRT6 over expression inhibited the AKT1/
mTOR pathway, promoted apoptosis and cell cycle arrest,
down-regulated the expression of PD-L1, and reduced its
migration and proliferation abilities. Theoretically, lung
adenocarcinoma with SIRT6 over expression has a better
prognosis than that with SIRT6 low expression. Our clinical
analysis suggested the median OS of lung adenocarcinoma
with SIRT6 high expression treated by PD-L1 combined
chemotherapy was longer than that with SIRT6 low
expression (extended by 4.5 months), which was consistent
with the reported literature (9). These results indicated lung
adenocarcinoma with SIRT6 high expression was more
likely to benefit from PD-L1 combined chemotherapy,
which might be related to SIRT6 high expression improving
the tumor immune microenvironment, enhancing T cell
responses, promoting cell apoptosis, and reducing cell

© Annals of Translational Medicine. All rights reserved.

migration and proliferation abilities.

Conclusions

Our study indicated that by inhibiting the AKT1/mTOR
pathway, SIRT6 over expression, led to the downregulation
of PD-L1 expression and apoptotic inhibition, the
upregulation of apoptotic promotion and cell cycle arrest,
migration and proliferation, and prolonged the OS of lung
adenocarcinoma. The possible mechanisms are shown
in Figure 3. Lung adenocarcinoma with SIRT6 over
expression is a component of low PD-L1 expression, and
immunotherapy combined with chemotherapy may be a
reasonable treatment choice. SIRT6 may be a potential
gene biomarker for lung adenocarcinoma immunotherapy.
The deficiency of this study was that only A549 cells were
studied, and the clinical sample size was small. Future
research will need to address these deficiencies.
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