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stage and better overall survival in surgical breast cancer patients
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Abstract
Background This study is aimed at exploring the correlation of sirtuin 2 (SIRT2) with clinical characteristics as well as overall
survival (OS) in breast cancer patients.
Methods Totally, 296 primary breast cancer patients who underwent surgical resection were retrospectively reviewed in this
study, and SIRT2 expression in tumor and adjacent tissues was determined by immunohistochemistry (IHC) and scored by
semiquantitative scoring (0–12). Clinicopathological features were retrieved, and OS was calculated.
Results Both SIRT2 IHC semiquantitative score and percentage of SIRT2 high expression by IHC score > 3 were lower in tumor
tissues compared with adjacent tissues. Additionally, tumor SIRT2 high expression was associated with lower T stage, decreased
N stage, and reduced TNM stage. Kaplan-Meier curves displayed that tumor SIRT2 high expression predicted longer OS.
Univariate Cox’s regression analysis showed that tumor SIRT2 high expression was associated with prolonged OS, while
multivariate Cox’s regression analysis displayed that tumor SIRT2 high expression was not an independent predictive factor
for OS, which implied that tumor SIRT2 might predict OS indirectly through the interaction of tumor features (such as TNM
stage) in breast cancer patients.
Conclusion SIRT2 expression is lower in tumor tissues compared with adjacent tissues, and tumor SIRT2 high expression
correlates with lower T stage, decreased N stage, reduced TNM stage, and longer OS in breast cancer patients.
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Introduction

Breast cancer is the most common cancer in females and one
of the three most frequent malignancies worldwide, which
causes almost 1,700,000 new cases and around 520,000
deaths during 2015 [1, 2]. Despite great advances in medical
technology and novel drugs have been achieved in these
years, the incidence of breast cancer is raising in developing
countries partly due to the changed lifestyle and initiated

screening programs, and it also remains a critical cause of
cancer-related death due to high rates of relapse andmetastasis
[2, 3]. Thus, search for novel biomarkers that could monitor
disease progression and predicting prognosis may facilitate
exactitude and early therapy and further improve treatment
outcomes of breast cancer patients.

Sirtuins are highly conservative protein deacetylases
consisting of seven isotypes, which regulate essential biolog-
ical processes related to cell proliferation and metabolism
[4–6]. Sirtuin 2 (SIRT2), one of the sirtuin family members,
acts as NAD+-dependent lysine deacetylase, and it is generally
known as a regulator involved in mitosis such as the regula-
tion of chromosomal condensation and mitotic structures
[7–9]. Several recent studies have paid attentions to the role
of SIRT2 in cancers and uncover that dysregulated SIRT2may
contribute to the initiation or progression of tumors [10–13].
For example, SIRT2 expression has been found decreased in
tumor tissues of gliomas, nonsmall cell lung cancer (NSCLC),
and head and neck squamous cell carcinoma (HNSCC).
Moreover, deficient SIRT2 expression triggers tumorigenesis
and accelerates cell proliferation, which eventually leads to
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aggravated disease progression and worse survival profiles in
several cancers (including prostate cancer and serous ovarian
carcinoma) [10–14]. Based on the indication that SIRT2 is a
potential biomarker for attenuated disease progression as well
as favorable survival profiles in some cancers, we speculated
that SIRT2 may also play an antitumor role in the progression
and prognosis of breast cancer, whereas related investigation
is seldomly reported. Hence, we conducted this study to ex-
plore the correlation of SIRT2 with clinical characteristics as
well as overall survival (OS) in breast cancer patients.

Methods

Patients

This study retrospectively reviewed 296 primary breast cancer
patients who underwent surgical resection at our hospital from
January 2014 to December 2016. The screening criteria were
as follows: (i) confirmed diagnosis of primary breast cancer by
histopathological examination, (ii) underwent surgical resec-
tion, (iii) tumor tissue and adjacent tissue specimens taken
from surgery were available, and (iv) data of clinicopatholog-
ical features and follow-up information were complete.
Patients with following conditions were excluded: (i) received
neoadjuvant therapy before surgery, (ii) relapsed or metastasis
disease, (iii) accompanied with other malignancies, and (iv)
missed follow-up information. The Ethical Committee of our
hospital approved the protocol of this study. All enrolled pa-
tients or their guardians provided written informed consents or
verbal agreements with recording.

Data collection

Clinicopathological features of patients including age, patho-
logical grade, T stage, N stage, TNM stage, estrogen receptors
(ER) status, progesterone receptors (PR) status, human epider-
mal growth factor (HER-2) status, and molecular subtype
were extracted from medical records. Moreover, the informa-
tion of adjuvant therapies was also extracted.

Immunohistochemistry

Specimens of tumor and adjacent tissue (referred to the normal
tissue with a distance of 2–5 cm far from the tumor tissue, and
adjacent tissue and tumor tissue in our study were separate
samples from the same patients) were acquired from the
Specimen Storage Room of our hospital, which were resected
from primary breast cancer lesions and were formalin-fixed
and paraffin-embedded. Tissue samples were sliced from par-
affin blocks (5-μm sections), deparaffinated in xylene, and
hydrated in a methanol gradient (100%, 95%, 70%, and
50%). Unspecific peroxidase activity was blocked with 3%

H2O2 and 90% methanol. Heat-mediated antigen retrieval
was performed with Tris/EDTA buffer pH 9.0. After blocked
with normal goat serum, sections were incubated overnight
with Rabbit Anti-SIRT2 antibody (1:100 dilutions, Abcam,
MA, USA); then the sections were incubated with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immunoglobu-
lin G secondary antibody (1:200 dilutions, Abcam, MA,
USA). 3,3′-Diaminobenzidine (DAB) with 5% H2O2 was
used as chromogenic agent, and hematoxylin was applied
for counterstaining. Slides were finally viewed under the
Nikon microscope (Nikon Instruments, NY, USA).

SIRT2 assessment by IHC scoring

The quantification of SIRT2 expression in tumor and adjacent
tissue was performed using a semiquantitative scoring method
according to the previously reported methodology [15].
Briefly, each immunohistochemistry (IHC) slide was assessed
for the intensity of the staining and the density of positively
stained cells. The staining intensity was scored using the fol-
lowing scale: 0 = negative, 1 = weak, 2 = moderate, and 3 =
strong; the density of positively stained cells was scored using
the following scale: 0 (0%), 1 (1–25%), 2 (26–50%), 3 (51–
75%), and 4 (76–100%). The final IHC score was calculated
by multiplying staining intensity and staining density. SIRT2
high and low expressions were divided by the cutoff value of
3: high expression (IHC score > 3) and low expression (IHC
score ≤ 3).

OS evaluation

Follow-up records of enrolled patients were collected and
reviewed. The last follow-up date was June 30, 2018, and
the median follow-up duration was 36.0 months ranging from
2.0 to 54.0months, with an interquartile range of 15.0months.
OSwas calculated from the date of surgery to the date of death
or last follow-up.

Statistical analysis

SPSS 19.0 software (SPSS Inc., Chicago, USA) and
GraphPad Prism 7.02 (GraphPad Software, La Jolla, USA)
were used for data analysis and graph plotting. Continuous
variable was displayed as mean ± standard deviation (SD).
Categorized variable was expressed as count (percentage).
Differences between two groups were detected by Student’s
t test, chi-square test, or Wilcoxon rank-sum test. OS curves
were constructed with the Kaplan-Meier method and com-
pared with the log-rank test. The influence of variables on
OS was examined by the univariable and multivariable
Cox’s proportional hazards regression model analyses. A P
value < 0.05 was considered statistically significant.
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Results

Study flow

Six hundred fifteen breast cancer patients who underwent sur-
gical resection were screened in this study. Whereas 287 pa-
tients were excluded, including 105 patients with no available
tumor tissue and adjacent tissue, 85 patients received neoad-
juvant therapy, 64 patients with no complete clinical data and
follow-up information, 17 patients with relapsed disease, and
16 patients with other malignancies (Fig. 1). In the remaining
328 patients, 32 patients who were unable to contact or obtain
informed consents were excluded. Finally, 296 patients were
reviewed in the study.

Characteristics of breast cancer patients

Mean age of 296 breast cancer patients was 53.3 ± 13.8 years
(Table 1). For pathological grade, the numbers of patients with
pathological grades G1, G2, and G3 were 68 (23.0%), 205
(69.2%), and 23 (7.8%), respectively. Besides, the numbers
of patients with TNM stages I, II, and III were 71 (24.0%), 160
(54.0%), and 65 (22.0), respectively. Additionally, there were
175 (59.1%), 153 (51.7%), and 96 (32.4%) patients presented
with ER positive, PR positive, and HER-2 positive, respec-
tively. Regarding the molecular subtype, numbers of patients
with ERBB2+, basal-like, luminal A, and luminal B were 53
(17.9%), 63 (21.3%), 126 (42.6%), and 54 (18.2%), respec-
tively. As to the adjuvant therapies, there were 16 (5.4%)

patients did not receive adjuvant therapies, and 280 (94.6%)
patients received adjuvant therapies, among which, 169
(57.1%) patients received endocrine therapy, 181 (61.1%) pa-
tients received chemotherapy, and 71 (24.0%) patients re-
ceived anti-HER2 therapy.

Expression of SIRT2 in tumor tissues and adjacent
tissues

Examples of SIRT2 expressions in tumor and adjacent tissues
are exhibited in Fig. 2. SIRT2 IHC score was lower in tumor
tissues compared with adjacent tissues (3.0 ± 1.9 vs. 4.5 ± 2.7)
(P < 0.001) (Fig. 3a), and the percentage of SIRT2 highFig. 1 Study flow

Table 1 Characteristics of breast cancer patients

Characteristics Breast cancer patients (N = 296)

Age (years), mean ± SD 53.3 ± 13.8

Pathological grade, no. (%)

G1 68 (23.0)

G2 205 (69.2)

G3 23 (7.8)

T stage, no. (%)

T1 124 (41.9)

T2 144 (48.6)

T3 28 (9.5)

N stage, no. (%)

N0 164 (55.4)

N1 78 (26.3)

N2 47 (15.9)

N3 7 (2.4)

TNM stage, no. (%)

I 71 (24.0)

II 160 (54.0)

III 65 (22.0)

ER positive, no. (%) 175 (59.1)

PR positive, no. (%) 153 (51.7)

HER-2 positive, no. (%) 96 (32.4)

Molecular subtype, no. (%)

ERBB2+ 53 (17.9)

Basal-like 63 (21.3)

Luminal A 126 (42.6)

Luminal B 54 (18.2)

Adjuvant therapies, no. (%)

No 16 (5.4)

Yes 280 (94.6)

Endocrine therapy 169 (57.1)

Chemotherapy 181 (61.1)

Anti-HER2 therapy 71 (24.0)

SD standard deviation, ER estrogen receptor, PR progesterone receptor,
HER2 human epidermal growth factor receptor 2, ERBB2 erbB-2 epithe-
lial growth factor receptor
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expression by IHC score > 3 was decreased in tumor tissues
compared with adjacent tissues (24.7% vs. 51.7%) (P < 0.001)
(Fig. 3b), suggesting that SIRT2 expression was lower in tu-
mor tissues compared with adjacent tissues.

Correlation of tumor SIRT2 expression with clinical
characteristics in breast cancer patients

Patients were classified as SIRT2 high expression group (n =
73) and SIRT2 low expression group (n = 223) according to
the tumor SIRT2 expression by IHC score (cutoff value = 3).
Tumor SIRT2 high expression was associated with lower T
stage (P = 0.001), decreased N stage (P = 0.004), and reduced
TNM stage (P < 0.001) in breast cancer patients (Table 2),
whereas no correlation of tumor SIRT2 expression with age
(P = 0.174), pathological grade (P = 0.921), ER (P = 0.614),
PR (P = 0.732), HER-2 (P = 0.178), and molecular subtype
(P = 0.677) was found in breast cancer patients.

Correlation of tumor SIRT2 expression with OS
in breast cancer patients

To investigate the correlation of tumor SIRT2 expression with
OS in breast cancer patients, K-M curves were performed and
the log-rank test was utilized, which revealed that tumor
SIRT2 high expression was correlated with better OS in breast
cancer patients (P = 0.024) (Fig. 4).

Analysis of factors affecting OS in breast cancer
patients

Univariate Cox’s regression analysis displayed that tumor
SIRT2 high expression was associated with prolonged OS
(P = 0.033), while higher pathological grade (P = 0.006),
higher T stage (P < 0.001), higher N stage (P < 0.001), and
higher TNM stage (P < 0.001) were associated with shorter
OS in breast cancer patients (Table 3). Besides, chemotherapy
was associated with decreased OS in breast cancer patients
(P = 0.015). Moreover, multivariate Cox’s regression analysis
showed that tumor SIRT2 high expression was not an inde-
pendent factor for predicting OS in breast cancer patients,
whereas higher pathological grade (P = 0.002) and higher T
stage (P = 0.018) were independent predictive factors for
worse OS. These results implied that tumor SIRT2 might pre-
dict OS indirectly through affecting T stage, N stage, and
TNM stage in breast cancer patients.

Discussion

Our results indicated that (1) SIRT2 expression was lower in
tumor tissues compared with adjacent tissues, and tumor
SIRT2 high expression was associated with lower T stage,
decreased N stage, and reduced TNM stage in breast cancer
patients; (2) tumor SIRT2 expression positively correlated
with OS in breast cancer patients.

Fig. 2 IHC assay. Examples of
SIRT2 expression in tumor tissues
(a) and adjacent tissues
(b) by IHC. IHC,
immunohistochemistry;
SIRT2, Sirtuin 2

Fig. 3 Comparison of SIRT2
expression between tumor tissues
and adjacent tissues. SIRT2 IHC
score in tumor tissues and
adjacent tissues (a). SIRT2 high
expression by IHC score > 3 in
tumor tissues and adjacent tissues
(b). Comparison between groups
was determined by the paired t
test or McNemar test. SIRT2,
sirtuin 2; IHC,
immunohistochemistry. P < 0.05
was considered significant

Ir J Med Sci (2020) 189:83–8986



Sirtuin 2 (SIRT2), which belongs to the sirtuin family, is
identified to act with multiple genes or pathways including
p53, peroxisome proliferator-activated receptor-γ (PPAR-γ),
forkhead box O (FOXO), and nuclear factor kappa B
(NF-κB), and it participates in the various biological processes
such as cellular stress response, metabolism, mitosis, and

apoptosis through deacetylating different function proteins
[10, 16–18]. In recent years, the role of SIRT2 as regulator
in maintaining genome integrity as well as a tumor suppressor
has been disclosed in some previous studies [9, 10, 12, 19].
For example, SIRT2 inhibits cell proliferation in vitro via
targeting JMJD2A in NSCLC cells and represses tumor
growth in vivo [10]. Also, an interesting study discloses that
SIRT-2-deficient mouse embryonic fibroblasts gradually gain
a rapid proliferation rate and become malignantly transformed
after immortalization; moreover, in vivo experiments show
that the SIRT2-deficient mice develop tumors, implying that
absence of SIRT2 triggers tumorigenesis [9]. Another study
uncovers that decreased SIRT2 fails to suppress cyclin-
dependent kinase 4 (CDK4) expression, which eventually re-
sults in accelerated cell proliferation and cell invasion in se-
rous ovarian carcinoma [12]. Additionally, a study displays
that SIRT2 sensitizes breast cancer cells to intracellular
DNA damage and leads to enhanced cell apoptosis that in-
duced by oxidative stress [19]. These studies reveal that
SIRT2 plays a critical role in maintaining genetic stability
and suppressing tumor formation in these cancers.

In clinical studies, SIRT2 expression has been shown to be
decreased in tumor tissues of several cancers (such as
NSCLC, gliomas, and HNSCC) [10, 11, 13]. As for the cor-
relation of SIRT2 expression with clinical characteristics in
carcinomas, a study shows that tumor SIRT2 expression is
negatively associated with TNM stage in HNSCC patients
[11]. And another study displays that tumor SIRT2 high ex-
pression is associated with decreased clinical stage in prostate
cancer patients [14]. These previous studies indicate that tu-
mor SIRT2 expression is negatively correlated with disease
stage in some cancers. Considering that SIRT2 might act as
a biomarker for attenuated disease progression in these men-
tioned cancers, we hypothesized that it might also act as a

Table 2 Correlation of tumor SIRT2 expression with clinical
characteristics

Items SIRT2 expression P value

High (n = 73) Low (n = 223)

Age, no. (%) 0.174

< 50 years 29 (21.0) 109 (79.0)

≥ 50 years 44 (27.8) 114 (72.2)

Pathological grade, no. (%) 0.921

G1 15 (22.1) 53 (77.9)

G2 54 (26.3) 151 (73.7)

G3 4 (17.4) 19 (82.6)

T stage, no. (%) 0.001

T1 42 (33.9) 82 (66.1)

T2 29 (20.1) 115 (79.9)

T3 2 (7.1) 26 (92.9)

N stage, no. (%) 0.004

N0 51 (31.1) 113 (68.9)

N1 14 (17.9) 64 (82.1)

N2 7 (14.9) 40 (85.1)

N3 1 (14.3) 6 (85.7)

TNM stage, no. (%) < 0.001

I 32 (45.1) 39 (54.9)

II 32 (20.0) 128 (80.0)

III 9 (13.8) 56 (86.2)

ER, no. (%) 0.614

Negative 28 (23.1) 93 (76.9)

Positive 45 (25.7) 130 (74.3)

PR positive, no. (%) 0.732

Negative 34 (23.8) 109 (76.2)

Positive 39 (25.5) 114 (74.5)

HER-2 positive, no. (%) 0.178

Negative 54 (27.0) 146 (73.0)

Positive 19 (19.8) 77 (80.2)

Molecular subtype, no. (%) 0.677

ERBB2+ 10 (18.9) 43 (81.1)

Basal-like 18 (28.6) 45 (71.4)

Luminal A 31 (24.6) 95 (75.4)

Luminal B 14 (25.9) 40 (74.1)

Difference between two groups was determined by the chi-square or
Wilcoxon rank-sum test. P value < 0.05 was considered significant

SIRT2 sirtuin 2, ER estrogen receptor, PR progesterone receptor, HER-2
human epidermal growth factor receptor 2, ERBB2 erbB-2 epithelial
growth factor receptor

Fig. 4 OS in SIRT2 high expression patients and SIRT2 low expression
patients. K-M curves displayed OS in SIRT2 high expression patients and
SIRT2 low expression patients. Comparison between groups was deter-
mined by the log-rank test. OS, overall survival; SIRT2, sirtuin 2; K-M
curves, Kaplan-Meier curves. P < 0.05 was considered significant
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suppressor in the breast cancer, whereas related data in breast
cancer is still indefinite. Our study enrolled 296 breast cancer
patients and measured the SIRT2 expression in tumor tissues
as well as adjacent tissues. We found that SIRT2 expression
was reduced in tumor tissues compared with adjacent tissues.
Furthermore, we further investigated the correlation of SIRT2
expression with clinical characteristics in these patients, and
we observed that tumor SIRT2 high expression was associated
with lower T stage, decreased N stage, and reduced TNM
stage in breast cancer patients. The possible reasons for these
results were that (1) SIRT2 might inhibit cell proliferation or
enhance cell apoptosis via targeting JMJD2A or p53, thereby
suppressed tumor growth and resulted in lower T stage as well
as TNM stage in breast cancer patients [20]; (2) SIRT2 might
repress cell invasion and migration via deacetylating CDK4;
therefore, SIRT2 reduced tumor invasion and metastasis,
which associated with lower N stage and TNM stage in breast
cancer patients [12]; (3) SIRT2 was reported to bind to chro-
matin in the nucleus, and the overexpressed SIRT2 delayed
mitotic exit; thereby, SIRT2 was a mitotic checkpoint protein
that prevented chromatin condensation in response to mitotic
stress, and for cancer cells, SIRT2 was regarded as an impor-
tant tumor suppressor through preventing tumor cell division,
and this mechanism might also explain our results [21]; (4)
elevated levels of SIRT2 could sensitize breast cancer cells to
intracellular DNA damage and cell apoptosis induced by ox-
idative stress; thus, SIRT2 high expression indicated more
SIRT2-induced tumor suppressor activity in breast cancer,
which led to the attenuated tumor growth and decreased
TNM stage in breast cancer patients [8].

The predictive value of SIRT2 in cancers has also been
explored in some previous clinical trials [14, 22–24]. For in-
stance, tumor SIRT2 high expression is reported to be corre-
lated with better OS and recurrence-free survival (RFS) in
NSCLC patients [22, 23]. Also, a study shows that tumor
SIRT2 expression is positively associated with OS in chronic
lymphocytic leukemia patients [24]. Another study discloses
that SIRT2-deleted prostate patients have a trend of shorter
RFS compared with SIRT2 diploid prostate patients [14].
These studies imply that tumor SIRT2 high expression pre-
dicts better survival profiles in some cancer patients, whereas
evidence about the predictive value of SIRT2 in breast cancer
patients is limited. In our study, we observed that tumor SIRT2
high expression was associated with prolonged OS in breast
cancer patients, which might due to (1) SIRT2 inhibited cell
proliferation and promoted cell apoptosis through regulating
some genes or kinases (such as JMJD2A, p53, and CDK4);
therefore, SIRT2 led to alleviated disease progression and fur-
ther resulted in better OS [10, 12]; (2) SIRT2 might amplify
lethal effects of agents through inducing nuclear accumulation
of FOXO3A or inactivating Prdx-1; thus, SIRT2 contributed
to the increase in treatment efficiency, which led to prolonged
OS [8]. Furthermore, we found that SIRT2 high expression
was associated with longer OS, but it was not an independent
predictive factor for OS in breast cancer patients. These data
implied that SIRT2 might predict OS through affecting T
stage, N stage, and TNM stage in breast cancer patients.

Some limitations still existed in our study: (1) this was a
retrospective study, and assessment of SIRT2 expression was
restricted to formalin-fixed and paraffin-embedded tissues; (2)

Table 3 Univariate and multivariate Cox’s proportional hazards regression model analyses of factors affecting OS

Items Univariate Cox’s regression Multivariate Cox’s regression

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

Tumor SIRT2 (high vs. low) 0.033 0.324 (0.115–0.913) 0.322 0.583 (0.200–1.696)

Age (≥ 50 vs. < 50 years) 0.183 0.651 (0.345–1.226) 0.854 0.938 (0.472–1.862)

Higher pathological grade 0.006 2.345 (1.271–4.326) 0.002 2.837 (1.464–5.497)

Higher T stage < 0.001 5.633 (3.374–9.405) 0.018 3.054 (1.212–7.700)

Higher N stage < 0.001 2.079 (1.489–2.902) 0.582 0.798 (0.357–1.782)

Higher TNM stage < 0.001 5.595 (3.153–9.928) 0.062 5.063 (0.922–27.799)

ER (positive vs. negative) 0.133 0.618 (0.330–1.157) 0.368 1.709 (0.533–5.484)

PR (positive vs. negative) 0.250 0.689 (0.366–1.298) 0.254 0.553 (0.200–1.529)

HER-2 (positive vs. negative) 0.147 1.598 (0.849–3.011) 0.418 1.550 (0.537–4.473)

Adjuvant therapies

Endocrine therapy 0.130 0.615 (0.327–1.154) 0.909 1.078 (0.301–3.863)

Chemotherapy 0.015 2.626 (1.207–5.713) 0.580 1.407 (0.420–4.717)

Anti-HER2 therapy 0.632 1.186 (0.590–2.383) 0.764 1.168 (0.423–3.228)

P value < 0.05 was considered significant

OS overall survival, HR hazard ratio, CI confidence interval, SIRT2 sirtuin 2, ER estrogen receptor, PR progesterone receptor, HER-2 human epidermal
growth factor receptor 2
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this was a single-center study, and it might lack wide repre-
sentativeness; (3) detailed mechanisms of SIRT2 in breast
cancer are still unclear.

Some limitations still existed in our study: (1) this was a
retrospective study, and assessment of SIRT2 expression was
restricted to formalin-fixed and paraffin-embedded tissues; (2)
this was a single-center study, and it might lack wide repre-
sentativeness; (3) detailed mechanisms of SIRT2 in breast
cancer were still unclear.

In conclusion, SIRT2 expression is lower in tumor tissues
compared with adjacent tissues, and tumor SIRT2 high ex-
pression correlates with lower T stage, decreased N stage,
reduced TNM stage, and longer OS in breast cancer patients.
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