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Summary
Silent mating type information regulation 2 homolog-1 (SIRT1) is a member of sirtuin family. Its role in endometrial carcinoma

(EC) is controversial and unclear. This study aims to define the SIRT1 immunoexpression pattern in endometrial carcinoma (EC), its
relationship with clinicopathological features, and its prognostic significance. A tissue microarray was constructed and contained 71
endometrial carcinomas, 28 endometrial hyperplasia, and 30 normal endometrial tissues. An immunostaining study was completed using
anti-SIRT rabbit polyclonal antibody. SIRT1 immunoexpression was scored and analysed. Positive immunostaining was found in 29 of
the 71 (40.8%) endometrial carcinomas and in 7 of the 58 (12.1%) nonneoplastic endometrial tissues. SIRT1 immunoexpression findings
were not related to age, histological type, tumor size, myometrial invasion, lymphovascular invasion, surgical resection margin, lymph
node metastasis, FIGO staging, local recurrence or survival. In endometrial carcinoma, SIRT1 immunoexpression is expressed at greater
levels in malignant endometrial tissue than in hyperplastic and normal endometrial tissues. However, no relationship was found between
SIRT1 expression and other clinicopathological parameters. More studies are needed to explore the role of SIRT1 in ECs.
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Introduction

Endometrial carcinoma (EC) is a common neoplasm
worldwide [1]. In Saudi Arabia, EC ranked 5th among
females malignancies [2]. Pathologically, the common-
est histopathological type of endometrial carcinoma is en-
dometroid carcinoma which account for 70% [3]. The 5-
year overall survival in patients without metastasis ranges
between 74 to 91%, while it reaches to as low as 20% in
cases with metastasis [4]. Investigations of the molecular
biomarkers that could be involved in EC pathogenesis is
important because the most common cause of death in EC
patient is the presence of chemotherapy resistant metastasis
[5].

Silent mating type information regulation 2 homolog1
(SIRT1) is a key member of sirtuin family [6]. SIRT1 plays
an important role in tumorigenesis in some cancers [6, 7].
SIRT1 was classified as a tumor promotor or tumor sup-
pressor based on the oncogenic pathway of different ma-
lignancies [8]. Overexpression of SIRT1 was detected in
many human solid neoplasms, such as non-small cell lung
cancer [9-11], oesophageal squamous cell carcinoma [12,
13], prostate cancer [14, 15], hepatocellular cancer [16, 17],
gastric cancer [18, 19], ovarian cancer [20, 21], breast can-
cer [22], urinary bladder cancer [23], and pancreatic can-
cer [24]. SIRT1 inhibitors claimed to be a promising anti-
cancer in certain neoplasm, so, it is interesting to know the
role of SIRT1 in ECA.

Currently there is little known about SIRT1 expression in

EC with limited conclusions. This study aims to determine
the clinical relevance of SIRT1 expression in EC.

Materrials and Methods

Patients

The study included paraffin embedded tumor blocks
from 71 patients diagnosed with endometrial carcinoma in
the period from 2003–2012. Also, paraffin blocks from
non-neoplastic endometria of 58 patients in the period from
1995–1998 were included (20 proliferative endometria, ten
secretory endometria, 28 endometrial hyperplasias without
atypia). The paraffin blocks were collected from the De-
partment of Pathology at King Abdulaziz University, Jed-
dah, Saudi Arabia. The clinicopathological data are sum-
marized in Table 1. Tumor stages were reviewed and reclas-
sified according to the cancer staging atlas of the American
Joint Committee on Cancer [25]. For statistical purpose,
FIGO stages were classified into limited to uterine corpus
(FIGO Stage I and II) and beyond the uterine corpus (FIGO
III and IV). Also, grade was reclassified as low (grade I)
and high (grades II and III) (Table 1). Histopathological
typing included 66 endometroid type and five serous types.
All serous carcinomas were included among the high-grade
tumors. The study was performed in accordance with the
Unit of the Biomedical Ethics, Research Committee of Fac-
ulty of Medicine, King Abdulaziz University, Saudi Arabia
(Reference No. 1127-13), and declaration of Helsinki.
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Table 1. — Clinicopathological features of endometrial
tumours (n = 71).

Parameter Number (%)

Age < 60 years 49 (69%)
> 60 years 22 (31%)

Histological type Endometrioid 66 (93%)
Serous 5 (7%)

FIGO tumour grade
Grade 1 44 (62%)
Grade 2 16 (22.5%)
Grade 3 11 (15.5%)

Tumour size < 2 cm 35 (49.3%)
> 2 cm 36 (50.7%)

Myometrial invasion < 50% 57 (80.3%)
> 50% 14 (19.7%)

Lymphovascular Absent 68 (95.8%)
Present 3 (4.2%)

Surgical resection margin Free 67 (94.4%)
Involved 4 (5.6%)

Lymph node metastasis
Absent 33 (46.5%)
Present 4 (5.6%)

Not Sampled 34 (47.9%)

FIGO Staging

I 51 (71.8%)
II 7 (9.9%)
III 7 (9.9%)
IV 6 (8.5%)

Local Recurrence Absent 60 (84.5%)
Present 11 (15.5%)

International Federation of Gynaecology and Obstetrics

Tissue Microarray

The tissue microarray was constructed as previously de-
scribed [26, 27]. Pathology slides (haematoxylin and eosin-
stained) of endometrial carcinoma, endometrial hyperpla-
sia and normal endometrial tissue. Areas that showed ex-
tensive necrosis, poor cellular preservation, crush artefacts,
dominant stromal tissue, or autolytic changes were avoided.
Donor paraffin blocks that matched the chosen sections
were utilized to get two cores (1.5 mm in diameter each) of
the selected tissue and then transferred to recipient blocks
via a tissue microarray machine (TMA Master 1.14 SP3
from 3D Histech Ltd., Budapest, Hungary). Unstained 4-
µm-thick sections were cut from the TMA blocks and uti-
lized for immunohistochemistry studies.

Immunohistochemistry

Immunocytochemistry was performed by utilizing an
anti-SIRT rabbit polyclonal antibody (H-300: sc-15404
from Santa Cruz Biotechnology Inc.). An automated im-
munostainer (Ventana Bench Mark XT, Ventana Inc., Tuc-
son, AZ) was used to perform the immunohistochemistry
procedure. The antibody was used as per manufacturing
company instruction. The positive control was a colon can-
cer tissue that is known to be SIRT1-positive. Negative con-
trols were processed without adding the primary antibody.

Evaluation of SIRT1 Immunostaining
Evaluation of SIRT1 immunostaining was performed

semi-quantitatively as previously described with modifica-
tion [23]. Positive cells for SIRT1 were divided as fol-
lows: (0)< 5%, (1) 5–25%, (2) 26–50%, and (3) 50–100%.
We quantified the nuclear immunostaining intensity as fol-
lows: 3 (strong brown staining), 2 (intermediate staining),
1 (weak staining), and 0 (no staining). A 7-point scoring
system was used to categorize SIRT1 expression according
to a combination of intensity and extent. Tissue with strong
or intermediate staining intensity (intensity score, 2–3) in at
least 5% (percentage of staining score 1–3) of targeted cells
was regarded as “SIRT1-positive”, which included point
scores 2–7. Tissuewith no orweak staining (intensity score,
0–1) and less than 5% (percentage of staining score 0%) of
targeted cells were regarded as “SIRT1-negative”, which
include point score 0–1.
Statistical analysis

The Chi-square test and Fisher’s exact test were used
to test differences between two groups of variables. The
overall survival (OS) and disease-free survival (DFS) val-
ues were measured by the Kaplan-Meier method with the
log-rank (Mantel-Cox) comparison test. DFS was calcu-
lated as the time from diagnosis to the appearance of re-
current disease (or date of the last seen disease-free appear-
ance). Statistical analyses were performed using the Sta-
tistical Package for the Social Science (SPSS®) software
packages version 20 (SPSS Inc., Chicago, IL, USA). A p-
value < 0.05 was considered significant.

Results

Immunostaining of SIRT1 was indicated by brown color
in endometrial epithelial tissue (Figure 1). Positive SIRT1
immunostaining was seen in 29 out of 71 (40.8%) of en-
dometrial carcinoma, while SIRT1 immunostaining was
only seen in 7 out of 58 (12.1%) of nonneoplastic endome-
trial tissue (Table 2). The occurrence of positive immunos-
taining in endometrial carcinoma was statistically more in
EC than in nonneoplastic tissue (p < 0.05). Positive im-
munostaining for SIRT1 showed no relation with age, his-
tological type, histological grade, tumor size, myometrial
invasion, lymphovascular invasion, surgical resection mar-
gin, lymph node metastasis, FIGO staging, or local recur-
rence. There is was also no association between SIRT-1
immunostaining and overall survival (Log rank 0.015, p =
0.902) (Figure 2) or disease-free survival (Log Rank 0.432,
p = 0.511) (Figure 3). The SIRT1 positive cases in the non-
neoplastic tissue included 2 hyperplastic and 5 proliferative
endometrial tissue. No expression was identified in the se-
cretory normal endometrial tissue.

Discussion

SIRT1 is a NAD-dependent class III histone deacety-
lase. The possible dual function of SIRT1 as a tumor pro-
moter or as a tumor suppressor in different cancers is prob-
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Figure 1. — Immunostaining of SIRT1 in normal endometrial tissue, endometrial hyperplasia and endometrial carcinoma. A. Normal
secretory endometrium with negative immunostaining for SIRT1 (100X); B. Normal proliferative endometrium with positive immunos-
taining for SIRT1 (100X); C. Hyperplastic endometrial tissue with positive immunostaining for SIRT1, (100X); D. Endometrial carci-
noma with positive staining for SIRT1, weak intensity (100X); E. Endometrial carcinoma with positive staining for SIRT1, intermediate
intensity (100X); F. Endometrial carcinoma with strong staining for SIRT1, strong intensity (100X).

Table 2. — Categories of SIRT1 immunostaining in primary tumours and non-neoplastic endometrium.

Primary tumour (n = 71) Non-neoplastic endometrium (n = 58) p value

Negative immunostaining 42 (59.2%) 51 (87.9%)
p-value is 0.00028Positive immunostaining 29 (40.8%) 7 (12.1 %)

One sample non-parametric chi-square test

ably due to different oncogenic pathways that involve sev-
eral downstream and upstream regulatory factors [28-31].
SIRT1 is known to be associated with poor prognosis, ad-
vanced stages and shorter patient survival in many human
cancers and can function as a promising marker for progno-
sis. This association has been demonstrated in lung carci-
noma [9-11], esophageal squamous cell carcinoma [12, 13],
gastric cancer [19, 32], ovarian cancer [21], hepatocellular
carcinoma [17], breast carcinoma [33] and urinary bladder
cancer [23]. Additional studies have revealed that SIRT1
may be a tumor suppressor and its levels were found to be
significantly lower in patients with cancer than in normal
tissue, such as oral squamous cell carcinoma [34] and renal
cell carcinoma [35]. These results, however, are controver-
sial in colorectal carcinoma [36-38].

In a meta-analysis study, Wang et al. reviewed 37 stud-
ies, including (in total) 7,369 cases of solid tumors, and con-
cluded that SIRT1 was expressed in 48.6% of the patients
and SIRT1 expression was found to be significantly asso-
ciated with overall survival and poor prognosis [39]. Cur-
rently, limited data has been published regarding SIRT1 ex-
pression in EC and the available results are contradictory.
The results of this investigation revealed that the occur-

rence of SIRT1 positive staining is more frequent in neo-
plastic endometrial tissue, compared to non-neoplastic tis-
sues. However, there was no association with overall and
disease-free survival. This result is in contrast with Asaka
et al., who demonstrated that SIRT1 overexpression is sig-
nificantly associated with shorter survival and aggressive
behaviour in patients with EC and that SIRT1 is involved
in an enhancement of the chemotherapy resistance in cancer
cell lines [40]. Bartosch et al. found that SIRT1 and SIRT7
were overexpressed and underexpressed in ECs, compared
to non-neoplastic tissue, respectively [31]. Bartosch et al.
did not find a significant association between SIRT1 expres-
sion and histopathological type, grade, vascular space in-
vasion or stage of EC [31]. Asaka et al. [40] demonstrated
that SIRT1 expression is associated with higher tumor grade
and vascular space invasion. In this report, they evaluated
cytoplasmic, rather than nuclear staining. Lin et al. demon-
strated that SIRT1 promotes EC growth and suggested that
tumor growth can be attenuated by targeting SIRT1 in EC
[41].

Few authors evaluated SIRT1 cytoplasmatic staining, al-
though most of these studies (including this investigation)
evaluated nuclear staining, which is considered more accu-
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Figure 2. — Overall survival curve (Kaplan Meier) in relation
to SIRT1 immunoexpression in EC patients. There is no associa-
tion between SIRT-1 immunostaining and OS (Log rank 0.015, p
= 0.902).

rate for evaluating the role of SIRT1 as a histone-modifying
enzyme.

Our data is not supportive of association between SIRT1
immunoexpression and survival or other clinicopathologi-
cal parameters in EC. The importance of SIRT1 immunoex-
pression may varied according to the cancer type. Further
studies with larger tumor samples may help in exploration
of this area. Bartosch et al. [31] commented on the con-
flicting results across studies regarding the role of SIRT1 in
ECA and suggested that some of the conflict is due to us-
ing different non-neoplastic endometrial tissue that may in-
clude secretory, proliferative, inactive, atrophic epithelium
or non-specified, which may affect the SIRT1 expression in
these tissue [40, 41]. In the current study, different phases
of normal endometrium were used, including proliferative
and secretory endometrium. Positive SIRT1 staining was
seen in proliferative (but not secretory) normal endometrial
tissue.

The role of SIRT1 in tumorigenesis is complex, and the
mechanism of SIRT1 function may be conducted through
p53, FoxO1, NF-κB and other signalling pathways [39].
Many studies have shown that the possible regulatory
mechanism of SIRT1 as a cancer gene is associated with the
tumor protein p53, and interacts with different substrates,
including ER and Beta-catenin. All of these substrates are
known key players in EC [42-47]. Sirtuins has different en-
zymatic activities and acts in different directions with cross-
talk and feedback regulation between them. This unique
role of SIRT1 in human cancer remains controversial and
the variable results may reflect different SIRT1 roles in dif-
ferent organs or different ethnic groups. However, the dif-
ferent expression patterns could also be due to several fac-
tors, including its subcellular location, diverse downstream
substrates, microenvironment or the signalling pathway af-

Figure 3. — Disease-free survival curve (Kaplan Meier) in re-
lation to SIRT1 immunoexpression in EC patients. There is no
association between SIRT-1 immunostaining and DFS (Log Rank
0.432, p = 0.511).

fected [39, 43, 48-51].
In conclusion, in endometrial carcinoma, the current

study demonstrates that there is a statistically significant as-
sociation between SIRT1 expression and malignant trans-
formation. However, no association was found between
SIRT1 expression and patient survival, or other clinico-
pathological parameters. So, although SIRT1 could play a
role in the tumorigenesis of EC, it cannot be a predictor of
survival or bad prognosis in EC. The results warrant further
investigation into the role of SIRT1 in EC, and to explore
the downstream molecular mechanisms of SIRT1.
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