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SIRT2 expression exhibits
 potential to serve as a
biomarker for disease surveillance and prognosis
in the management of cervical cancer patients
Li-ping Yang, MMa, Hai-qin Feng, BMa, Jian-cai Ma, MMa, Hong Wu, MMa, Cai-ru Liu, MMa,
Jun-de Hou, MMb,∗

Abstract
This study aimed to compare the sirtuin 2 (SIRT2) expression between tumor tissue and adjacent tissue, and to investigate the
association of tumor SIRT2 expression with clinical characteristics and survival profiles in cervical cancer patients.
One hundred ninety-one cervical cancer patients were reviewed in this retrospective study. All patients underwent surgical

resection and had well-preserved tumor tissue and adjacent tissue, which were obtained for SIRT2 expression detection by
immunohistochemistry (IHC). Clinical parameters were obtained. Disease free survival (DFS) and overall survival (OS) were calculated.
Both SIRT2 expression by IHC score (P< .001) and the percentage of SIRT2 high expression (defined as IHC score>3) (P< .001)

were declined in tumor tissue compared with paired adjacent tissue. In addition, SIRT2 expression in tumor tissue was negatively
correlated with tumor size (P= .047), lymph node metastasis (P= .009) and FIGO stage (P= .001). And the DFS (P= .007) as well as
OS (P= .008) were better in patients with SIRT2 high expression compared with patents with SIRT2 low expression. Univariate Cox’s
proportional hazards regression model analyses revealed that high SIRT2 expression in tumor tissue was a predictive factor for more
prolonged DFS (P= .009) and OS (P= .011), while multivariate Cox’s proportional hazards regression model analysis disclosed that it
lacks independent predictive value for DFS (P= .084) or OS (P= .132).
SIRT2 expression exhibits potential to serve as a biomarker for disease surveillance and prognosis in the management of cervical

cancer patients.

Abbreviations: DAB = diaminobenzidine, DFS = disease free survival, HPV = human papillomavirus, HRP = horseradish
peroxidase, IHC = immunohistochemistry, OS = overall survival, SIRT2 = sirtuin 2.
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1. Introduction

Cervical cancer, the fourth most frequent cancer and the fourth
leading cause for cancer deaths worldwide according to the most
recent epidemiological report, is responsible for approximately
570,000 new cases and 311,000 cancer-related deaths in the
world in 2018.[1] Although cervical cancer is a highly preventable
cancer, effective screening and vaccination programs are only
mature in most developed countries, therefore, the worldwide
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burden caused by cervical cancer is still not optimistic.[2–4] As for
prognosis, clinical staging system has been the standard tool for
guiding treatment and predicting survival; however, it could be
inaccurate from time to time, and it is often months late until the
discovery of metastasis after surgical resection in early-stage
patients, in whom there are one-third of the patients develop
recurrent disease post resections.[5–8] Thus, it is necessary to
explore more novel and assistant biomarkers for diagnosis and
prognosis of cervical cancer.
Sirtuin 2 (SIRT2), a member of the sirtuin family, is a

deacetylase-dependent on NAD+ targeting histones and non-
histone proteins and is correlated with possessing mono-ADP-
ribosyl-transferase functions and lifespan extension by calorie
restriction.[9–11] Recently, apart from its functions in metabolism,
the role of SIRT2 in tumorigenesis has been found and extensively
investigated, studies revealing that SIRT2 is involved in the
regulation of tumor development and progression processes,
including tumor angiogenesis and tumor cell functions.[12,13]

However, the role of SIRT2 found in cancers is still controversial,
and more importantly, the investigation of SIRT2 in cervical
cancer is extremely lacking. In view of that SIRT2 might be a
critical regulator in cancers, we hypothesized that SIRT2 may
have the potential to be a biomarker in patients with cervical
cancer.
Thus, this study aimed to compare the SIRT2 expression

between tumor tissue and adjacent tissue, and to investigate the
association of tumor SIRT2 expression with clinical character-
istics and survival profiles in cervical cancer patients.
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2. Materials and methods

2.1. Patients

From January 2010 to December 2014, 191 cervical cancer
patients treated in our hospital were screened and reviewed in
this retrospective study. All patients were diagnosed as
primary cervical cancer confirmed by histopathological
examination, clinically staged I–II by International Federation
of Gynecology and Obstetrics (FIGO) staging system and
underwent surgical resection with well-preserved tumor tissue
and adjacent tissue. Patients were excluded if they were
initially treated with chemotherapy or radiotherapy followed
by resection for relapsed disease, had incomplete clinical data
and follow-up records, underwent neoadjuvant therapy or
complicated with other malignancies. Institutional Review
Board of our hospital approved the present study. Written
informed consent or verbal agreement (with recording) for the
scientific use of the biological material was obtained from
each patient.
2.2. Data collection and sample acquisition

Clinical parameters, such as age, histological type, pathological
grade, tumor size, lymph node metastasis, FIGO stage, human
papillomavirus (HPV) status and so on, were acquired from
electronic medical records. Fresh tissue samples, including tumor
tissues and adjacent cervical tissues, were obtained from surgical
removal, then were formalin-fixed and paraffin-embedded and
preserved under appropriate conditions. After approval by our
hospital, samples were collected from the storage room, and the
SIRT2 expression was detected by immunohistochemistry (IHC)
staining.
2.3. IHC staining and assessment

Formalin-fixed, paraffin-embedded tissues were cut into 4mm
sections, then were deparaffinized in xylene and ethanol and
hydrated in a methanol gradient. Next, sections were quenched
with fresh 3% hydrogen peroxide to inhibit endogenous tissue
peroxidase activity, followed by the heat induced antigen
epitope retrieval using citrate buffer (pH 6.0). After blocked by
normal serum solution, sections were incubated overnight with
rabbit SIRT2 Polyclonal Antibody (1:400 dilution, Invitrogen,
Carlsbad, CA), then were incubated with horseradish peroxi-
dase (HRP)-conjugated Goat anti-Rabbit IgG Secondary
Antibody (1:5000 dilution, Invitrogen, Carlsbad, CA). Finally,
sections were treated with diaminobenzidine (DAB) and
hematoxylin for coloration and counterstaining. Then sections
were dehydrated in a graded series of ethanol and xylene,
covered with coverslips, and were viewed under the light
microscope (Olympus Corp, Tokyo, Japan). According to IHC
staining intensity and staining density of positively stained cells,
SIRT2 expression was assessed using a semiquantitative scoring
method as previously reported.[14,15] Briefly, staining intensity
was scored as 0=negative, 1=weak, 2=moderate, 3= strong,
and staining density was scored as 0=0%, 1=1% to 25%, 2=
26% to 50%, 3=51% to 75%, 4=76% to 100%. A final IHC
score was calculated by multiplying the score of staining
intensity and staining density. Based on the IHC score, SIRT2
expression was classified as high expression (IHC score >3)
and low expression (IHC score �3) by a threshold value of 3 as
described in a previous study.[16]
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2.4. Survival evaluation

Patients’ survival data were collected from follow-up records. As
of June 30, 2018 (last follow-up date), the shortest, longest, and
median follow-up duration were 8.0 months, 95.0 months, and
68.0 months, respectively. According to the survival data, disease
free survival (DFS) and overall survival (OS) were calculated,
which were defined as follows:
(i)
 DFS: the time from the surgery to the disease relapse,
progression or death;
(ii)
 OS: the time from the surgery to the death.

2.5. Data analysis

Data were expressed as number (percentage). Difference was
determined by Chi-square test, McNemar test, or Wilcoxon rank
sum test. Survival curves were plotted with the use of Kaplan–
Meier method, and the differences of DFS and OS between two
groups were determined by log-rank test. The factors with
influence on DFS and OS were analyzed by the univariable and
multivariable Cox’s proportional hazard regression models, and
the relevant P values, hazard ratios (HR) as well as confidence
intervals (CI) were calculated in the models. All tests were 2-sided
and P< .05 indicated a significant difference. SPSS 24.0 statistical
software (SPSS Inc, Chicago, IL) was used for statistical data
processing, and GraphPad Prism 7.02 (GraphPad Software Inc.,
San Diego, CA) was applied for graphs making.
3. Results

3.1. Study flow

At the beginning, 396 cervical cancer patients who underwent
surgery were screened, and 161 patients were subsequently
excluded due to unavailable tumor specimens (n=97), incom-
plete medical records required for inclusion (n=36), history of
neoadjuvant therapy (n=14), resection for relapsed disease (n=
9), and concomitance of other malignancies (n=5) (Fig. 1). Then
the remaining 235 patients were eligible; however, 44 patients
were then excluded from our study, which included 39 patients
who cannot be reached for informed consents and 5 patients who
disagreed with the scientific use of the biological material without
compensation. Finally, 191 patients were included in the study.

3.2. Baseline characteristics

In the 191 cervical cancer patients in our study, the number of
patients with age <45 years was 90, and the others had an age
≥45 years (Table 1). The numbers of patients with histological
type of SCC, ADC, and ADSC were 142, 40, and 9, and there
were 55, 71, and 65 patients who were in pathological grade of
G1, G2, and G3, respectively. In addition, 107 patients had
tumor size <4cm and 84 patients had tumor size ≥4cm. The
number of patients without lymph node metastasis and patients
with lymph node metastasis were 151 and 40, respectively. And
the number of patients who were in FIGO stage I and II were 112
and 79, respectively. As for the HPV status, 47 patients had a
negative HPV stage and 144 patients were HPV positive.
3.3. SIRT2 expression in tumor tissue and adjacent tissue

The SIRT2 expression in tumor tissue was detected using IHC,
which showed that SIRT2 expression IHC score was decreased in



Table 1

Correlation of SIRT2 in tumor with clinical characteristics.

Parameters
No. of
patients SIRT2 high SIRT2 low P value

Age, no. (%) .885
<45 years 90 24 (26.7) 66 (73.3)
≥45 years 101 26 (25.7) 75 (74.3)

Histological type, no. (%) .547
SCC 142 39 (27.5) 103 (72.5)
ADC 40 10 (25.0) 30 (75.0)
ADSC 9 1 (11.1) 8 (88.9)

Pathological grade, no. (%) .162
G1 55 16 (29.1) 39 (70.9)
G2 71 22 (31.0) 49 (69.0)
G3 65 12 (18.5) 53 (81.5)

Tumor size, no. (%) .047
<4cm 107 34 (31.8) 73 (68.2)
≥4cm 84 16 (19.0) 68 (81.0)

Lymph node metastasis, no. (%) .009
No 151 46 (30.5) 105 (69.5)
Yes 40 4 (10.0) 36 (90.0)

FIGO stage, no. (%) .001
I 112 39 (34.8) 73 (65.2)
II 79 11 (13.9) 68 (86.1)

HPV status, no. (%) .790
Negative 47 13 (27.7) 34 (72.3)
Positive 144 37 (25.7) 107 (74.3)

Difference was determined by Chi-square test or Wilcoxon rank sum test. ADC= adenocarcinoma,
ADSC= adenosquamous carcinoma, FIGO= International Federation of Gynecology and Obstetrics,
G1=well differentiation, G2=moderate differentiation, G3=poor differentiation, HPV=human
papilloma virus, SCC= squamous cell carcinoma, SIRT2= sirtuin 2.

Figure 1. Study flow.

Yang et al. Medicine (2020) 99:11 www.md-journal.com

3

tumor tissue comparedwith paired adjacent tissue (3.2±2.0 vs 4.7
±3.0,P< .001) (Fig. 2AandB).Moreover, thepercentageof SIRT2
high expressionby IHCscore>3was declined in tumor tissues than
that in paired adjacent tissues (26.2% vs 50.3%, P< .001)
(Fig. 2C). These implied SIRT2 was downregulated in tumor
tissue compared to adjacent tissue in cervical cancer patients.

3.4. Association of tumor SIRT2 expression with clinical
characteristics

The SIRT2 expression in tumor tissue was negatively correlated
with tumor size (P= .047), lymph node metastasis (P= .009), and
FIGO stage (P= .001) in cervical cancer patients (Table 2).
However, SIRT2 expression was not associated with age
(P= .885), histological type (P= .547), pathological grade (P
= .162), or HPV status (P= .790).
3.5. Association of tumor SIRT2 expression with survival
profiles

The K–M curve analyses and log-rank test revealed that the DFS
was more prolonged in patients who had SIRT2 high expression
compared with patients who had SIRT2 low expression
(P= .007) (Fig. 3A), and the OS was also elevated in patients
with SIRT2 high expression than that in patients with SIRT2 low
expression (P= .008) (Fig. 3B).

3.6. Analyses of factors affecting DFS and OS

Univariate Cox’s proportional hazards regression model analysis
displayed that SIRT2 expression in tumor (high vs low) (P= .009)
predicted better DFS, while pathological grade (G3 vs G1/2)
(P< .001), tumor size (≥4cm vs <4cm) (P= .026), lymph node
metastasis (yes vs no) (P< .001), and FIGO stage (II vs I) (P< .01)
predicted worse DFS in cervical cancer patients (Table 2). Then
all the factors were included in the multivariate Cox’s
proportional hazards regression model analysis, which elucidat-
ed that SIRT2 in tumor (high vs low) (P= .084) was not an
independent predictive factor for DFS in cervical cancer patients,
while pathological grade (G3 vs G1/2) (P= .001) and FIGO stage
(II vs I) (P< .001) were independent predictive factors for worse
DFS. Furthermore, univariate and multivariate Cox’s propor-
tional hazards regression model analyses were also performed for
analyzing the factors affecting OS, which revealed that SIRT2
expression in tumor (high vs low) was a predictive factor for more
prolongedOS in cervical cancer patients (P= .011), while was not
an independent factor for predicting OS (P= .132) (Table 3). In
addition, pathological grade (G3 vs G1/2) (P< .001), tumor size
(≥4cm vs <4cm) (P= .046), lymph node metastasis (yes vs no)
(P< .001), FIGO stage (II vs I) (P< .001), and HPV status
(positive vs negative) (P= .016) predicted worse OS by univariate
Cox’s proportional hazards regression model analysis, and
pathological grade (G3 vs G1/2) (P= .028), FIGO stage (II vs I)
(P< .001) as well as HPV status (positive vs negative) (P= .013)
independently predicted shorter OS by multivariate Cox’s
proportional hazards regression model analysis.

4. Discussion

In this study, we found that
(1)
 SIRT2 expression was downregulated in tumor tissue
compared with that in paired adjacent tissue.

http://www.md-journal.com


Figure 2. SIRT2 expression in tumor tissue and paired adjacent tissue. Examples of high SIRT2 expression and low SIRT2 expression in tumor tissue and paired
adjacent tissue (A). SIRT2 was downregulated in tumor tissue compared with paired adjacent tissue (B), and the percentage of SIRT2 high expression was declined
in tumor tissues than paired adjacent tissues (C). Comparisons between the two groups were determined byWilcoxon rank sum test. P< .05 indicated a significant
difference. SIRT2, sirtuin 2.
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SIRT2 expression in tumor tissue was negatively correlated
with tumor size, lymph node metastasis, and FIGO stage.
(3)
 Both the DFS and OS were more satisfactory in patients with
SIRT2 high expression in tumor tissue compared with
patients with low SIRT2 expression in tumor tissue.
SIRT2, implicated in the regulation of many intracellular
functions, exerts its capacities in the interactions of proteins
responsible for membrane trafficking, secretion processes,
transcriptional regulation, and so on.[17] Since that sirtuins,
including SIRT2, have a very broad-spectrum functions, the
mediating roles of SIRT2 found in cancers are becoming
increasingly abundant. An in vivo experiment reports that the
deletion of SIRT2 elevates the tumorigenesis induced by KRAS
via mediating K147 acetylation status.[18] And another experi-
ment reveals that SIRT2 is capable of stabilizing slug, which
subsequently reduces the malignancy in basal-like breast cancer
in vitro.[19] In addition, decreased SIRT2 expression enhances cell
proliferation in serious ovarian carcinoma by disinhibiting CDK4
level.[20] And an in vitro experiment shows that SIRT2 diminishes
the actin polymerization and cell migration via deacetylating and
degrading heat-shock protein 90 (HSP90) in cancer cells.[21]

These studies all indicate a tumor suppressive function of SIRT2
in cancers. However, the present knowledge of how SIRT2
functions in cervical cancer are still scarce. In our study, we found
that SIRT2 expression in tumor was decreased compared with
paired adjacent tissue, and was negatively associated with tumor
size, lymph node metastasis, and FIGO stage in cervical cancer
patients. Based on the functions of SIRT2 in cancers found by the
ble 2

variate and multivariate Cox’s proportional hazards regression m

Univariate Cox’s regres

s P value HR

2 in tumor (high vs low) .009 0.409
(≥45 vs <45 years) .284 1.300
logical type (SCC vs non-SCC) .792 0.930
ological grade (G3 vs G1/2) <.001 3.460
or size (≥4cm vs <4cm) .026 1.719
ph node metastasis (yes vs no) <.001 2.771
stage (II vs I) <.001 4.526
status (positive vs negative) .099 0.648

lue <.05 was considered significant. CI= confidence interval, DFS=disease free survival, FIGO
entiation, G3=poor differentiation, HPV=human papilloma virus, HR=hazard ratio, SCC= squam
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previous studies, we may conclude that SIRT2 might inhibit
tumor progression in cervical cancer via repressing cancer cell
proliferation and migration by mediating various carcinogenetic
proteins, such as KRAS and HSP90, thus, decreased SIRT2
expression in tumor tissue was correlatedwith smaller tumor size,
no lymph node metastasis, and decreased FIGO stage in cervical
cancer in our study.[17–21]

Multiple genes and proteins have been introduced as
prognostic biomarkers in cervical cancer; however, the investi-
gation of SIRT2 as biomarker in cervical cancer has not been
reported. SIRT2 has been implicated in other carcinomas as
prognostic biomarkers, nonetheless, the results of the other
studies are controversial. A previous cohort study reveals that the
proportion of tumor tissue with positive SIRT2 expression is
higher compared with paired adjacent tissue, and SIRT2
expression in tumor tissue is positively associated with tumor
invasion, lymph node metastasis, advanced clinical stage, poor
DFS, and short OS in esophageal squamous cell carcinoma
patients.[22] In contrast, another study elucidates that reduced
SIRT2 expression in tumor tissue is correlated with worse clinical
outcome in prostate cancer patients.[23] In addition, there is a
study reporting that high nuclear SIRT2 protein level is correlated
with decreased time to progression in ER+ breast cancer patients
in Grade 3; however, in ER+ breast cancer patients in Grade 2,
high SIRT2 protein level in nuclear is correlated with elevated
time to progression.[24] In our study, patients with SIRT2 high
expression in tumor tissue had both longer DFS and OS, which
may be resulted from that SIRT2 is capable of delaying the
odel analyses of factors affecting DFS.

sion Multivariate Cox’s regression

(95%CI) P value HR (95%CI)

(0.209–0.801) .084 0.548 (0.277–1.085)
(0.804–2.103) .415 1.233 (0.745–2.041)
(0.543–1.594) .673 0.888 (0.511–1.542)
(2.138–5.600) .001 2.453 (1.449–4.152)
(1.066–2.771) .084 1.527 (0.944–2.470)
(1.682–4.565) .371 0.759 (0.415–1.389)
(2.699–7.588) <.001 3.839 (2.072–7.113)
(0.388–1.085) .055 0.590 (0.344–1.011)

= International Federation of Gynecology and Obstetrics, G1=well differentiation, G2=moderate
ous cell carcinoma, SIRT2= sirtuin 2.



Figure 3. Correlation of SIRT2 with survival. DFS (A) and OS (B) were both worse in patients with low SIRT2 tumor tissue expression compared with patients with
high SIRT2 tumor tissue expression. Survival curves were plotted with the use of Kaplan–Meier method, and the differences of DFS and OS between two groups
were determined by log-rank test. P< .05 indicated a significant difference. DFS, disease free survival; OS, overall survival; SIRT2, sirtuin 2.

Table 3

Univariate and multivariate Cox’s proportional hazards regression model analyses of factors affecting OS.

Univariate Cox’s regression Multivariate Cox’s regression

Items P value HR (95%CI) P value HR (95%CI)

SIRT2 in tumor (high vs low) .011 0.357 (0.162–0.788) .132 0.538 (0.240–1.205)
Age (≥45 vs <45 years) .398 1.257 (0.740–2.134) .528 1.195 (0.688–2.075)
Histological type (SCC vs non-SCC) .796 0.925 (0.512–1.671) .511 0.816 (0.445–1.497)
Pathological grade (G3 vs G1/2) <.001 3.406 (2.003–5.793) .028 1.920 (1.072–3.438)
Tumor size (≥4cm vs <4cm) .046 1.709 (1.009–2.895) .138 1.493 (0.879–2.538)
Lymph node metastasis (yes vs no) <.001 3.763 (2.212–6.403) .791 1.090 (0.576–2.061)
FIGO stage (II vs I) <.001 5.806 (3.164–10.652) <.001 4.248 (2.041–8.840)
HPV status (positive vs negative) .016 0.512 (0.296–0.885) .013 0.483 (0.272–0.857)

P value<.05 was considered significant. CI= confidence interval, FIGO= International Federation of Gynecology and Obstetrics, G1=well differentiation, G2=moderate differentiation, G3=poor differentiation,
HPV=human papilloma virus, HR=hazard ratio, OS= overall survival, SCC= squamous cell carcinoma, SIRT2= sirtuin 2.
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progression of cancer through regulating multiple oncogenic
processes, such as cancer cell migration and proliferation, via
mediating various proteins, for instance the KRAS.[17–21]

However, the multivariate Cox’s proportional hazards regression
model analysis revealed that SIRT2 expression in tumor tissue
was not an independent predictive factor for DFS or OS. This
result indicated that SIRT2 might impact on the patients’ survival
through implementing other independent predictive factors, such
as tumor size and lymph node metastasis, furthermore, our study
also revealed that SIRT2 expression was negatively correlated
with the level of tumor size and lymph node metastasis, which
may also provide explanations to this result.
There were some limitations in this study
(1)
 The sample size was relatively small, which may impair the
statistical power.
(2)
 As a retrospective cohort study, there might exist some bias
and confounding factors, for instance, the selection bias.
(3)
 The molecular function of SIRT2 in cervical cancer is not
investigated in our study. Thus, a prospective study with
larger sample size, and molecule mechanism experiments
about SIRT2 in cervical cancer should be done in the future.
5

In conclusion, SIRT2 expression exhibits potential to serve as a
biomarker for disease surveillance and prognosis in the
management of cervical cancer patients.
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