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Background: This study aimed to define whether sirtuin 2 (SIRT2) expression levels are related to the
prognosis of non-small cell lung cancer (NSCLC) patients.

Methods: A survival analysis was carried out using the Kaplan-Meier (KM) plotter database.
Immunohistochemical staining was performed and KM’ method was used to estimate the survival rates for
SIRT?2 expression in 72 clinical samples.

Results: A survival analysis of 1,926 NSCLC patients showed that patients with low SIRT?2 expression
levels had significantly longer overall survival (OS) than those with high SIRT2 expression levels (P=0.0077;
HR =1.19). In 72 non-metastasized NSCLC tissues, the positive rate of SIRT2 expression was 90.3%
(65/72), among which, the positive expression rates of squamous cell carcinoma (SCC) and adenocarcinoma
(ADC) were 96.4% (27/28) and 85.4% (35/41), respectively. Survival analysis showed that patients with
low SIRT?2 expression levels had significantly longer median survival time (MST) than those with high
SIRT?2 expression levels (15.0 versus 14.0 months, P=0.029). Furthermore, the results of subgroup analysis
demonstrated patients with low SIRT?2 expression levels had significantly longer survival time in ADC
group (15.0 versus 12.0 months, P=0.022), but there wasn’t significant difference in SCC group (15.0 versus
14.0 months, P=0.932). A multivariate Cox proportional hazards model, which included gender, age, TNM
stage, differentiation and SIRT2 expression, showed that SIRT2 expression was an independent factor
related to prognosis [HR =1.903, 95% confidence interval (95% CI): 1.085-3.339, P=0.025].
Conclusions: SIRT?2 expression levels were significantly related to the survival time of patients with
lung ADC but not SCC. Our study indicated SIRT2 was perhaps a specific prognostic biomarker for non-
metastasized lung ADC.
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Introduction all primary lung cancer cases (2). Nearly all of these patients

have unresectable advanced disease with lymph nodes

Despite recent progress in detection and therapy, lung cancer and/or visceral metastases at the time of diagnosis, which

is still the most prevalent malignant tumour and the leading indicates poor curative effects and prognosis. Thus, the
cause of cancer-related mortality worldwide (1). Non-small identification of new prognostic biomarkers for NSCLC is
cell lung cancer (NSCLC) comprises approximately 85% of needed to improve postoperative treatment strategies.
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Table 1 Characteristics of 72 NSCLC patients

Characteristics ADC, SCC, Others,
(n=72) n (%) n (%) n (%)
Agel/years

<60 20 (27.8) 9 (12.5) 1(1.4)

>60 21 (29.2) 19 (26.4) 2(2.8)
Gender

Male 25 (34.7) 19 (26.4) 2(2.8)

Female 16 (22.2) 9 (12.5) 1(1.4)
Stage

[ 11 (15.3) 79.7) 1(1.4)

I 19 (26.4) 10 (13.9) 2(2.8)

1l 11 (15.3) 11 (15.3) 0 (0)
Differentiation

Poorly 10 (13.9) 79.7) 2 (2.8)

Moderately 31 (43.1) 21 (29.2) 1(1.4)

NSCLC, non-small cell lung cancer; ADC, adenocarcinoma;
SCC, squamous cell carcinoma.

Sirtuins (SIRTS), silent information regulator 2 (Sir2)-
related enzymes, are a class of proteins that possess a
nicotinamide adenine dinucleotide (NAD+)-dependent
class III histone deacetylase. SIRTs can deacetylate a variety
of histones and non-histones, including NF-«xB, p53, and
others. They are also key regulators of a wide variety of
cellular and physiological processes such as cell proliferation,
differentiation, DNA damage and the stress response,
genome stability, metabolism, and tumourigenesis (3).

Mammals have seven SIRTs, namely, SIRT1-7. All
mammalian SIRTs, except for SIRTS have been reported
to be involved in tumourigenesis. Among them, SIRT?2 has
drawn an increasing amount of attention due to its dual
function in tumourigenesis and tumour development.

The role of SIRT?2 in cancer is controversial because it
may have a dual role as a tumour promoter or suppressor,
depending on the tumour type. One genetic study indicated
that ageing SIRT2-knockout mice show increased tumour
incidence compared with wild-type controls, suggesting
a potential role for SIRT2 as a tumour suppressor (4).
In contrast, SIRT2 was also observed to have tumour-
promoting activity in several studies (5-8). Moreover,
several SIRT?2 inhibitors have also been reported to have
anticancer effects (9-13), indicating that SIRT2 may become
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the new target of anti-tumour therapy.

To address the possible role of SIRT2 in NSCLC,
the relationship between SIRT?2 expression and NSCLC
patient survival was analysed using both the Kaplan-
Meier (KM) plotter database (14) and 72 newly collected
NSCLC surgical specimens. In addition, the influence of
SIRT?2 on both lung adenocarcinoma (ADC) and squamous
cell carcinoma (SCC) patients’ prognoses was estimated
accordingly.

Methods
Patients and samples

Our research is a retrospective study. The study cases were
selected from stage I to III NSCLC patients who underwent
radical surgery in the Department of Thoracic Surgery
at Shanghai Pulmonary Hospital between June 2011 and
October 2015. The selection criteria for NSCLC patients
consisted of several parameters: (I) patients with NSCLC
confirmed by postoperative pathological examination; (II)
patients between 18 and 80 years old; (III) patients with
complete follow-up data and death were confirmed at the
last follow-up; and (IV) patients with adequate paraffin-
embedded specimens in the Department of Pathology at
Shanghai Pulmonary Hospital that were allowed to be used
for scientific research.

A total of 72 cases (26 women and 46 men) who met
the inclusion criteria were included in the study. Their
ages ranged from 36 to 78 years, and the median age was
63 years. The pathological types consisted of 41 cases
of ADC, 28 cases of SCC, and three others (including
two cases of large cell neuroendocrine carcinoma and
one case of adenosquamous carcinoma). The degree of
tumour differentiation included 53 and 19 cases that were
moderately and poorly differentiated, respectively. Most
cases were in the early/middle stages, with 19, 31, and
22 cases in phases I, II, and III, respectively. Staging was
based on the seventh edition of the Tumor Node Metastasis
(TNM) staging system of The International Association for
the Study of Lung Cancer (IASLC). Overall survival (OS)
was defined as the time from diagnosis to death. Table 1
summarizes the clinical and pathological characteristics of
the 72 cases.

Ethical approval for the current study was obtained
from Shanghai Pulmonary Hospital (Shanghai, China). All
patients provided signed informed consent for their tissues
to be used for scientific research.

7 Thorac Dis 2019;11(9):3973-3979 | http://dx.doi.org/10.21037/jtd.2019.08.102



Journal of Thoracic Disease, Vol 11, No 9 September 2019

Antibodies and reagents

The rabbit monoclonal antibody against human SIRT?2
(ab211033) was purchased from Abcam, Inc. (Burlingame,
CA, USA). Antigen retrieval solution (K8004) and a REAL
EnVision kit (K5007) were purchased from DAKO (Dako
Corp., Glostrup, Denmark).

Immunobistochemical staining

Immunohistochemical staining was performed on formalin-
fixed and paraffin-embedded 4-pm-thick histological tissue
microarray sections. The sections were deparaffinized and
rehydrated in a xylene and alcohol bath solution. Antigen
unmasking was performed by pretreatment of the slides
in 0.01 M citrate buffer (pH 6.0) at 98 °C for 5 min using
a microwave oven. The slides were then treated with 3%
hydrogen peroxidase in methanol for 10 min followed by
SIRT?2 (1:1,000 DAKO) application. The slides were then
washed in phosphate-buffered saline and examined with the
REAL EnVision kit (K5007). All slides were counterstained
with haematoxylin. For negative controls, the isotype-
matched monoclonal control antibody (mAb) was used.
The immunohistochemical staining in these specimens was
visualized under an Olympus CX31 microscope (Olympus,
Center Valley, PA, USA). Cells with tan particles in the
cytoplasm were considered SIRT2 protein-positive. The
percentage of positively stained cells was calculated by
counting the number of positively stained cells among the
total number of cells from at least five randomly selected
horizons for each section (x400). Tumours with >75%
positively stained cells were considered strong positive (+++)
for SIRT?2 expression; tumours with between 25% and
75% positively stained cells were considered moderately
positive (++); tumours with <25% positively stained cells
were considered weakly positive (+); and tumours without
positively stained cells were considered negative (-).

Statistical analysis

All statistical analyses were performed using the statistical
program SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).
Data are presented as percentages, medians, and 95% CI.
KM’s method was used to estimate the survival rates for
SIRT? expression. Univariate analysis of OS was tested by
log-rank statistics. Then we enter the variables which came
out to be significant in the univariate analysis (P<0.05 as
significant) into the regression model using forward step-
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wise selection. And the probability for entry and remove
are <0.05 and >0.10, respectively. All tests were two-tailed,
and results with P values <0.05 were considered statistically
significant.

Results
SIRT?2 expression in velation to prognosis

To evaluate whether SIRT?2 expression levels can predict
the prognosis of NSCLC patients, an OS analysis was
performed in 1,926 NSCLC patients using the KM plotter
database. OS analysis of 1,926 NSCLC patients showed that
patients with low SIRT?2 expression levels had significantly
longer OS than those with high SIRT2 expression levels
(P=0.0077; HR =1.19) (Figure 1A4). In 720 lung ADC
patients, the survival analysis showed that patients with
low SIRT2 expression levels had significantly longer OS
than those with high SIRT?2 expression levels (P=0.00013;
HR =1.6) (Figure 1B). In 542 SCC patients, survival analysis
showed that patients with low SIRT2 expression levels
was comparable to that with high SIRT?2 expression levels
(P=0.19; HR =0.84) (Figure 1C).

To validate this finding at the protein level, SIRT2
expression was analysed via immunohistochemical staining
in 72 tumour samples from NSCLC patients (Figure 2A).
The KM analysis showed that patients with low (negative or
weakly positive) SIRT?2 expression levels had significantly
longer OS than those with high (moderately or strongly
positive) SIRT?2 expression levels (15.0 versus 14.0 months,
P=0.029) (Figure 2B).

In 41 lung ADC patients, the OS analysis showed that
patients with low SIRT?2 expression levels had significantly
longer OS than those with high SIRT?2 expression levels
(15.0 versus 12.0 months, P=0.022) (Figure 2C). In 28 SCC
patients, the survival analysis showed that the OS of patients
with low SIRT?2 expression levels was comparable to that
of patients with high SIRT2 expression levels (15.0 versus
14.0 months, P=0.932) (Figure 2D).

The potential prognostic value of SIRT2 in NSCLC

The correlation between the OS of NSCLC patients and
clinicopathological characteristics was explored using
a univariate analysis. As shown in Table 2, there was a
significant association between the degree of tumour
differentiation (P=0.003) and SIRT2 expression levels
(P=0.029). To further evaluate the potential of SIRT2
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Figure 1 Transcription level of SIRT?2 associated with prognosis in human lung adenocarcinoma. Kaplan-Meier curves of overall survival
of NSCLC patients (n=1,926) (A), lung adenocarcinoma (n=720) (B) and squamous cell lung carcinoma (n=524) (C), stratified by SIRT2

expression level. Data was obtained from http://www.kmplot.com.
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Figure 2 Protein level of SIRT2 associated with prognosis in human lung adenocarcinoma. (A) Representative image of

immunohistochemical staining with an anti-SIRT?2 antibody. (D), Negative (-): no positive cells; (2), weak positive (+): positive cell rate

<25%; (3, moderate positive (++): 25-75% positive cell rate; (@) strong positive (+++): positive cell rate >75% (400x in magnification).

Kaplan-Meier curves of overall survival of NSCLC patients (n=72) (B), lung adenocarcinoma (n=41) (C), and squamous cell lung carcinoma

(n=28) (D).

expression as a prognostic biomarker, a multivariate Cox
proportional hazards model, which included gender, age,
TNM stage, differentiation and SIRT?2 expression level, for
OS was carried out. As shown in Table 3, the OS of NSCLC

patients correlated with SIRT2 expression levels (P=0.025)
but not others, indicating that the SIRT2 expression
level is an independent factor for prognosis. Negative or
weak SIRT?2 expression levels was associated with a better
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Table 2 Univariate analysis of overall survival

Factor Case Mgdlan survival 95% Cl P
(n) time (month)

Gender 0.178
Male 46 13 10.151-15.849
Female 26 16 12.014-19.986

Age/years 0.075
<60 30 15 12.316-17.684
>60 42 13 10.883-15.117

Pathologic types 0.716
Ad 41 14 10.415-17.585
Sq 28 14 12.518-15.482
Others 3 9 4.199-13.801

TNM stage 0.204
| 19 14 9.734-18.266
Il 31 15 12.722-17.278
I} 22 12 8.060-15.940

Differentiation 0.003
Poorly 19 11 7.801-14.199
Moderately 53 15 13.057-16.943

SIRT2 level 0.029
)+ 31 15 11.742-18.258
(++)/(+++) 41 14 11.939-16.061

+++, strong positive, tumours with >75% positively stained
cells; ++, moderately positive, tumours with between 25% and
75% positively stained cells; +, weakly positive, tumours with
<25% positively stained cells; —, negative, tumours without
positively stained cells. Ad, adenocarcinoma; Sq, squamous.

Table 3 Multivariate Cox proportional hazards model for overall

survival

Variables HR 95% ClI P
Gender 0.635 0.384-1.050 0.077
Age 1.405 0.844-2.340 0.191
TNM stage 1.356 0.916-2.008 0.128
Differentiation 0.555 0.302-1.019 0.057
SIRT2 level 1.903 1.085-3.339 0.025
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prognosis (HR =1.903; 95% CI: 1.085-3.339; P=0.025).

Discussion

As a member of the SIRT family of proteins, SIRT?2 is a
type of NAD+-dependent deacetylase. It is widely expressed
in different kinds of tissues and participates in normal
physiological processes in addition to pathological cell
processes (15). SIRT2 regulates several cell functions by
mediating histone deacetylation, including genome stability,
DNA damage repair, cell cycle progression, cellular
oxidative stress, and inflammatory responses (16-18). An
increasing number of studies in recent years have focused
on SIRTS, particularly SIRT'1, which is the most extensively
studied SIRT; less is known about SIRT2. Mammalian
SIRTs have been reported to be involved in tumourigenesis.
However, the role(s) of SIRTs in cancer appears to be
complex, and SIRTs may contribute to either tumour
promotion or suppression. Their putative roles as either
tumour suppressors or promoters remain to be validated.

Similar to SIRT1, increasing evidence has shown
that SIRT?2 has both tumour suppressor and promoter
functions; however, the exact functions and mechanism
of SIRT? in tumourigenesis remain unclear. Kim found
that SIRT2-knockout mice developed gender-specific
tumourigenesis with females primarily developing
mammary tumours, whereas males developed more
hepatocellular carcinoma (4). They demonstrated that
SIRT?2 deficiency caused a reduction in the activity of the
anaphase-promoting complex, thus causing an increase
in the levels of mitotic regulators, including Aurora-A
and Aurora-B, which direct centrosome amplification,
aneuploidy, and mitotic cell death. These data suggest that
SIRT?2 functions as a tumour suppressor. On the other
hand, other studies have suggested that SIRT?2 acts as a
tumour promoter (19).

McGlynn found that high levels of nuclear SIRT2 were
associated with a shorter time to recurrence (P<0.001,
5.47 versus 7.58 years) and a shorter time to death (P=0.012;
9.2 versus 12.6 years) in patients with grade 3 ER-ve breast
tumours (20), showing the association between high SIRT?2
nuclear expression and poor outcomes. Conversely, patients
with ER+ve and grade 2 breast tumours whose tumours
expressed low nuclear SIRT2 protein levels were more
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likely to relapse quicker (P=0.047; 9.2 versus 11.5 years),
indicating that high SIRT?2 protein levels are associated
with a longer time to recurrence. These data suggest
that SIRT?2 has differential functions depending on the
breast tumour grade. Therefore, it cannot be unilaterally
classified as a tumour suppressor or promoter but rather
can serve as both.

Until now, the role of SIRT? in lung cancer has rarely
been studied. Xu found that SIRT?2 suppresses NSCLC
growth by targeting Jumonji domain-containing protein
2A (JMJD2A), and the SIRT?2 activator may serve as a
candidate drug for NSCLC therapy (21). Conversely,
another study by Hoffmann reported that SIRT? inhibition
caused an increase in p53 activation by causing a decrease in
SIRT?2-dependent p53 deacetylation (22); therefore, SIRT?2
inhibitors may act as good therapeutic agents for NSCLC
treatment. In addition, our previous study found that
speckle-type POZ protein suppresses NSCLC growth by
promoting SIRT?2 degradation, indicating SIRT2’ tumour
promoter function in NSCLC (23).

Presently, most of the related SIRT?2 studies are carried
out at the cellular or animal level, but its role in NSCLC
occurrence and development has seldom been implemented
in research. In the present study, surgical specimens from
NSCLC patients were collected to examine both SIRT?2
gene and protein expression using immunohistochemical
analysis. Furthermore, the correlation between SIRT?2
expression and NSCLC patients’ prognoses was evaluated
to explore whether SIRT?2 can be a prognostic factor for
NSCLC and the way in which it works as a factor.

Our results show that the positive rate of SIRT?2
expression in 72 cases of NSCLC tissues can be as high as
90.3% (65/72), among which, the positive expression rates
of SCC and ADC were 96.4% (27/28) and 85.4% (35/41),
respectively. Furthermore, the survival analysis showed that
patients with negative or weakly positive SIRT2 expression
levels had significantly longer OS rates than those with
moderately or strongly positive levels (P=0.029; 15.0 versus
14.0 months). Moreover, multivariate Cox proportional
hazards analysis indicated that the SIRT2 expression level
was an independent factor for prognosis, and negative
or weak SIRT?2 expression was associated with a better
prognosis (HR =1.903; 95% CI: 1.085-3.339; P=0.025).

Grbesa et a/. demonstrated that SIRT2 protein
expression was significantly higher in lung primary tumours
than in normal tissues, and high SIRT2 expression levels
were associated with a poor prognosis in NSCLC patients;
moreover, high SIRT?2 expression was identified as an
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independent prognostic factor for shorter recurrence-free
survival (P=0.007) (24). These results are consistent with
our findings and further indicate that SIRT?2 has a pro-
tumourigenic role in NSCLC.

Conclusions

In summary, our results suggest that non-metastasized lung
ADC patients with low SIRT2 expression levels have a
significantly better prognosis than those with high SIRT?2
expression levels. SIRT2 was perhaps an independent
prognostic biomarker in non-metastasized lung ADC but
not SCC. This finding will help clinicians identify patients
with poor prognosis and optimize treatment strategies to
extend their survival time. It is noteworthy that a relatively
modest number of NSCLC cases were examined in this
study. Our research is just an explorative study. Large-scale
studies will be needed to further verify our conclusions.
Moreover, cell and animal models and clinical research
should be used in future studies to clarify the exact role of
SIRT? in NSCLC occurrence and development. Taken
together, our findings in this study provide a rationale
for examining SIRT?2 as a prognostic marker for and a
therapeutic target in NSCLC patients.
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