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Background/Aims: Colorectal cancer (CRC) rate increases with aging. Aging-re-
lated proteins, such as sirtuins (SIRTs) may be a potential therapeutic target in 
the elderly patients with CRC. The clinical implications of SIRT1 and SIRT2 have 
not been reported for elderly patients with cancer. The aim of this study was to 
evaluate the impact of expression of SIRT1 and SIRT2 on clinical outcome in two 
extreme age groups of patients with CRC. 
Methods: The expression of SIRT1 and SIRT2 were evaluated in CRC tissues of 101 
patients aged ≥ 80 years and 29 patients aged ≤ 40 years by immunohistochemis-
try. We defined the patients aged ≥ 80 years as the very elderly and patients aged ≤ 
40 years as the young patients. Correlations between the expression of these pro-
teins and clinicopathological features were analyzed.
Results: The prognosis for the very elderly patients with high expressions of 
SIRT1 was significantly worse than that for patients showing low expression (me-
dian survival, 24.9 months vs. 38.6 months, p = 0.027) whereas high expression of 
SIRT2 better prognosis (median survival, 37.9 months vs. 17.3 months, p = 0.006). 
However, the young patients did not show any difference in prognosis according 
to expression of SIRT1 and SIRT2. In multivariate analysis, high SIRT1 expression 
retained statistical significance as a poor prognostic factor in the very elderly pa-
tients with CRC. 
Conclusions: The results suggest that high SIRT1 expression could be predictive 
of a poor outcome for very elderly patients with CRC.
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INTRODUCTION

The mammalian sirtuin (SIRT) family 
has homology with silent information 
regulator 2 (Sir2), which is a nicotin-
amide adenine dinucleotide (NAD+)-de-
pendent deacetylase and extends the life 
span in yeast [1]. Human SIRT has sev-
en isoforms (SIRT1–7) binding to vari-
ous histone and non-histone proteins, 
and their function may differ according 

to substrates, acting as lysine deacetyl-
ase (SIRT1–3, 5, 6, 7), ADP ribosyl trans-
ferase (SIRT4, 6), and deacylase (SIRT5) 
[2,3]. SIRTs play an important role in 
normal cellular homeostasis through 
regulation of metabolism, mediation of 
autophagy, and maintenance of genetic 
stability [3,4]. SIRTs are also involved in 
age-associated diseases, such as meta-
bolic syndrome, cardiovascular disease, 
neurodegeneration, and cancer [5]. The 
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potential therapeutics targeting SIRT for the prevention 
and treatment of aging-associated cancers have been re-
ported [6,7]. 

Incidence of many cancers, including colon cancer 
increases with aging, and aging is a major risk factor in 
these cancers [8,9]. Approximately 24% of patients with 
colorectal cancer (CRC) are diagnosed at the age of 80 
and older [10]. Aging-related proteins, such as SIRT, 
might have an important role in susceptibility to cancer 
in elderly patients. The role of SIRT1 and SIRT2 as tu-
mor suppressors or promoters remains unclear in car-
cinogenesis and seems to vary according to the status of 
cell and pathologic process. SIRT1 among SIRT family 
has been studied the most widely for human cancer tis-
sues, such as prostate cancer, breast cancer, non-small-
cell lung cancer, leukemia, esophageal cancer and colon 
cancer [11-16]. SIRT1 may have dual roles through the 
activation of DNA repair: to keep genomic stability in 
normal cells and to help cancer cells survive and evolve 
to carcinogenesis with accumulation of mutations [3]. 
Recently, high expression of SIRT1 in colon cancer has 
been reported to be associated with vascular invasion 
and poor outcome in meta-analysis [16]. The median 
age of the patients with SIRT1 high expression and low 
expression was 63.1 to 64.8 years in the meta-analysis, 
respectively. SIRT2 also has been reported to have a dual 
role of protection and aggravation in cancer as follows. 
In glioma, SIRT2 has been suggested to play the role of 
tumor suppressor [17]. Also, SIRT2 knock-out mice de-
veloped genetic instability and hepatocellular carcino-
ma [18]. However, upregulation of SIRT2 was observed 
in primary acute leukemia blasts, and high expression 
of SIRT2 was associated with aggressiveness of prostate 
cancer [19,20]. In melanoma, SIRT2 was suggested to be 
involved in the process of metastasis in addition to cel-
lular proliferation [21]. G1 arrest and destabilization of 
Snail was induced by SIRT2 in colon cancer cell lines 
and SIRT2 inhibition was suggested to be a potential 
therapeutic target for colon cancer [7]. The expression of 
SIRT1 and SIRT2 has not been investigated for a specific 
age group in patients with CRC so far. 

We investigated for the first time the expression of 
SIRT1 and SIRT2 in the patients aged ≥ 80 years and 
aged ≤ 40 years with CRC to determine whether clinical 
significance differs according to the expression of these 
proteins in the extreme age group of CRC. The correla-

tion between the two proteins of SIRT1 and SIRT2 was 
also evaluated in this study.

METHODS

Patients and samples
We performed a retrospective study of two cohorts (the 
very elderly vs. the young) of CRC patients with spec-
imens and clinical records. Written informed consent 
was waived by the Institutional Review Board (IRB) be-
cause the patients were diagnosed with CRC between 
1998 and 2012 before the revision of the Bioethics Act 
in February 2013. A total of 101 elderly (≥ 80 years old) 
and 29 young (≤ 40 years old) CRC patients were patho-
logically confirmed at the Yeouido St Mary’s Hospital. 
Specimens were obtained from paraffin-embedded tis-
sues stored in the Department of Pathology. Clinico-
pathological information of the two different age groups 
of patients was systematically reviewed and compared. 
Clinicopathologic data included stage, sex, performance 
status (PS), tumor location (right side vs. left side), histo-
logic differentiation, comorbid diabetes mellitus (DM), 
and body mass index (BMI). The IRB of the Catholic 
Medical Center approved this study (IRB No. SC19SE-
SI0035).

Tissue preparation and immunohistochemical  
staining
The expression of SIRT1 and SIRT2 in tumor tissues 
was evaluated according to the following procedure. 
Specimens were obtained from filed paraffin-embedded 
tissues stored in the department of pathology. At first, 
SIRT1 and SIRT2 antigen retrieval were performed by 
heating under pressure in TE buffer (1 mM EDTA, 5 mM 
Tris, pH 8.0) for 5 minutes in a microwave. Immuno-
histochemical (IHC) staining was performed to deter-
mine the expression status of SIRT1 and SIRT2 protein 
using anti-SIRT1 and anti-SIRT2 rabbit monoclonal 
antibody (SIRT1: 1:100 dilution, SIRT2: 1:50 dilution, 
ab32441; Abcam Inc., Cambridge, MA, USA) according 
to the manufacturer’s instructions. Slides were incu-
bated with the respective primary antibodies in a moist 
chamber at room temperature overnight. In each run, a 
negative and a positive control were included. The sig-
nal was visualized using Envision (DAKO, Cambs, UK) 
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and 3, 3’-diaminobenzididine (DAB, Vector Laboratories, 
Peterborough, UK). Sections were counterstained wit h 
hematoxylin.
Evaluation of SIRT1 and SIRT2 expression 
Expression of SIRT1 and SIRT2 was evaluated using 
light microscopy by two independent pathologists. 
Discordant cases were reviewed on a multi-headed mi-
croscope to achieve consensus with confirmation of 
pathologist. Each slide was graded by the intensity (no 
staining: 0 point, weak staining: 1 point, moderate stain-
ing: 2 points, strong staining: 3 points) and the extent 
of staining (no staining of cells: 0, < 25% of cells stained 
positive: 1, 26% to 50% of cells stained positive: 2, 51% 
to 75% of cells stained positive: 3, > 75% of cells stained 
positive: 4). After that, the immune reactivity score (IRS) 
was calculated by multiplying two grades (intensity × 
extent) according to the usual methods [22,23]. The fi-
nal scores of tumors were categorized as negative or low 
expression (score = 0 to 5) and high expression (score ≥ 
6). The associations between clinicopathological factors 
and IRS of SIRT1 and SIRT2 were then investigated.

Statistical analysis
All statistical analyses were performed using the SPSS 
version 18.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Correlations between expression of SIRT proteins and 
the clinicopathological characteristics were analyzed by 
Pearson’s chi-square tests. The Kaplan-Meier method 
with the log-rank test was used to calculate overall sur-
vival (OS) and compare it between high and low SIRT1/2 
expression groups. OS was calculated as the time from 
the date of diagnosis of CRC to the date of death or last 
follow-up. Univariate and multivariate analyses for OS 
were performed using the Cox proportional hazard 
model to analyze independent prognostic factors. In all 
statistical analyses, p < 0.05 was considered statistically 
significant.

RESULTS

Patients characteristics 
The clinicopathological characteristics of all 130 (101 el-
derly patients, 29 young patients) patients are present-
ed in Table 1. The median age of the elderly cohort and 
the young cohort were 82 years (range, 80 to 95) and 37 

years (range, 28 to 40), respectively. The proportion of 
patients with DM was higher in the elderly than the 
young (29/101 [28.7%] vs. 2/29 [6.9%], p = 0.010). However, 
no significant differences were noted in other clinico-
pathological characteristics between two different age 
groups. The median follow-up period was 30.9 months 
(range, 0.5 to 76.9). 

Treatment
In the very elderly patients, 61 (60.4%) of 101 patients re-
ceived surgery. Curative resection was performed for 52 
(85.2%), and palliative surgery was done for nine (14.8%). 
Forty-seven (46.5%) of the elderly patients received che-
motherapy. Of these patients, 34 (72.3%) patients received 
neoadjuvant or adjuvant chemotherapy and 13 (27.7%) 
patients received palliative chemotherapy.

In the young patients, all 29 (100%) patients received 
surgery. Curative resection was performed for 27 (93.1%), 
and palliative surgery was done for two (6.9%). Twen-
ty-eight (96.6%) of the young patients received chemo-
therapy. Neoadjuvant or adjuvant chemotherapy was 
prescribed for 25 (89.3%) patients, and palliative chemo-
therapy was prescribed for three (10.7%) patients.

Association of SIRT1 and SIRT2 expression with  
clinicopathologic features of patients with CRC
In tumor tissue, SIRT1 expression by IHC staining was 
mainly localized to the nucleus (Fig. 1A), and SIRT2 
expression predominantly resided in the cytoplasm 
of cancer cells (Fig. 1B). Table 2 shows the association 
between SIRT1/2 expression status and clinicopatho-
logic parameters of all 130 CRC patients. High expres-
sions of SIRT1 and SIRT2 were seen in 58.5% (76/130) 
and 51.6% (66/128, two missing) in all patients. When 
comparing the SIRT1 expression between two different 
age groups, the proportion of patients with high SIRT1 
expression was significantly higher in the very elderly 
than in the young (64.4% vs. 36.7%, p = 0.011). Similarly, 
the proportion of patients with high SIRT2 expression 
was also significantly higher in elderly patients than in 
young patients (57.4% vs. 26.7%, p = 0.003). No statisti-
cally significant associations were identified between 
high SIRT1 expression and other clinicopathological 
features. However, high expression of SIRT2 was more 
commonly found in patients with DM compared with 
the non-diabetic patients (67.7% vs. 45.5%, p = 0.038). 
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Figure 1. Immunohistochemical staining for sirtuin 1 (SIRT1) and sirtuin 2 (SIRT2) in colorectal cancer tissue (×400). (A) SIRT1: 
positive. (B) SIRT2: positive. 

A B

Table 1. Clinicopathologic characteristics of the very elderly and young colorectal cancer patients

Characteristic Elderly patients (n = 101) Young patients (n = 29) p value
Age, yr 82 (80–95) 37 (28–40)
Sex 0.558

Men 53 (52.5) 17 (58.6)
Women 48 (47.5) 12 (41.4)

Body mass index, kg/m2 0.723
< 20 20 (19.8) 7 (24.1)
20–25 48 (47.5) 17 (58.6)
> 25 22 (21.8) 5 (17.2)
Missing 11 (10.9)

Tumor location 0.065
Proximal (right, colon, T-colon) 30 (29.7) 4 (13.8)
Distal (left, colon, rectosigmoid) 71 (70.3) 25 (86.2)

Staging 0.068
I 18 (17.8) 3 (10.3)
II 27 (26,7) 14 (48.3)
III 23 (22.8) 8 (27.6)
IV 33 (32.7) 4 (13.8)
Missing 2 (2.0)  

Histological differentiation 0.119
Well or moderately 91 (91.1) 23 (79.3)
Poorly 10 (9.9) 6 (20.7)

Diabetes 0.010a

Present 29 (28.7) 2 (6.9)
Absent 72 (71.3) 27 (93.1)

Values are presented as median (range) or number (%). 
T-colon, transverse colon.
ap < 0.05.
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Prognostic significance of expression of SIRT1 and 
SIRT2 in CRC patients
For all 130 patients with CRC, high expression of SIRT1 
was associated with shorter OS in comparison using the 
log-rank test. However, the expression of SIRT2 was not 
associated with prognosis. In the very elderly patients 
with CRC, high expression of SIRT1 was consistently as-
sociated with shorter OS (median OS, 24.9 months vs. 
38.6 months, p = 0.027), but high expression of SIRT2 
was associated with longer OS (median OS, 37.9 months 
vs. 17.3 months, p = 0.006) (Fig. 2). In the young patients, 

high expressions of SIRT1 and SIRT2 were not associ-
ated with OS (median OS, 76.9 months vs. 61 months, 
p = 0.250; median OS, 56.4 months vs. 61.4 months, p = 
0.658). Expression of SIRT1 and SIRT2 were associated 
with prognosis in the very elderly, not the young pa-
tients, and the young patients tended to be opposite to 
the elderly patients. In univariate survival analysis, BMI 
(> 25), good PS (0 to 1), localized disease (stage I to III), 
and well-differentiated histologic grade, low SIRT1 ex-
pression, and high SIRT2 expression were significantly 
correlated with longer OS (Table 3). In multivariate sur-

Table 2. Correlation between the clinicopathologic parameters and SIRT1/2 expression in all patients

Parameter Total
SIRT1 SIRT2

Low High p value Low High Missing p value

All cases 130 54 76 62 66 2

Age, yr 0.011a 0.003a

Elderly, ≥ 80 101 36 65 41 58 2

Young, < 40 29 18 11 21 8

Sex 0.701 0.706

Men 70 28 42 34 34 2

Women 60 26 34 28 32

Body mass index, kg/m2 0.989 0.194

< 20 27 12 15 12 8

20–25 65 28 37 19 28

> 25 27 12 15 7 14

Missing 11

Tumor location 0.960 0.540

Proximal (right, colon, T-colon) 34 14 20 18 16

Distal (left, colon, rectosigmoid) 96 40 56 44 50 2

Staging 0.472 0.664

I 21 11 10 9 12

II 41 16 25 17 23 1

III 31 10 21 16 14 1

IV 37 17 20 20 17

Histological differentiation 0.726 0.229

Well or moderately 114 48 66 52 60 2

Poorly 16 6 10 10 6

Diabetes 0.230 0.038a

Present 31 10 21 10 21

Absent 99 44 55 52 45 2

Values are presented as number.
SIRT1, sirtuin 1; SIRT2, sirtuin 2; T-colon, transverse colon.
ap < 0.05.
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vival analysis, BMI (> 25), good PS (0 to 1), and localized 
disease (stage I to III) were associated with longer OS, 
while SIRT1 overexpression was associated with short-
er OS (95% confidence interval, 1.101 to 3.129; p = 0.020) 
(Table 4).

DISCUSSION

Association between carcinogenesis and the biology of 
aging is still under investigation. Accumulation of mu-
tations in cells and changes of the tissue microenviron-
ment with aging may cause cells to develop into malig-
nancies, whereas aging of vascular and immune system 
or changes of growth and sex hormones may suppress 

Figure 2. Factors affecting the overall survival of the very elderly patients with colorectal cancer. (A) Sirtuin 1 (SIRT1) expres-
sion. (B) Sirtuin 2 (SIRT2) expression. 
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Table 3. Univariate analysis of variables affecting the overall survival in the very elderly patients with colorectal cancer (n = 101)

Variable No. of patients
Overall survival

HR (95% CI) p value

Male 53 0.908 (0.583–1.415) 0.670

BMI > 25 kg/m2 22 0.523 (0.290–0.942) 0.031a

PS 0–1 62 0.207 (0.126–0.339) 0.000a

Location: proximal 30 1.145 (0.708–1.850) 0.581

Stage: localized 68 0.186 (0.113–0.309) 0.000a

WD/MD 91 0.285 (0.144–0.567) 0.000a

DM 29 0.701 (0.426–1.154) 0.701

SIRT1 high 65 1.699 (1.057–2.733) 0.029a

SIRT2 high 58 0.534 (0.338–0.841) 0.007a

HR, hazard ratio; CI, confidence interval; BMI, body mass index; PS, performance status; WD, well-differentiated; MD, mod-
erately differentiated; PD, poorly differentiated; DM, diabetes mellitus; SIRT1, sirtuin 1; SIRT2, sirtuin 2.
ap < 0.05.
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cancer progression [8]. Because increasing age is a sig-
nificant risk factor of many cancers, SIRTs implicated 
in longevity might play a crucial role in carcinogenesis 
of aging-associated cancers [24]. Subcellular location of 
SIRT varies according to the isoform of SIRT, SIRT1 and 
SIRT2 are predominantly located in nucleus and cyto-
plasm, respectively [3]. 

We analyzed the impact of expression of SIRT1 and 
SIRT2 on outcome in the very elderly patients with CRC. 
In this study, SIRT1 and SIRT2 overexpression were 
more commonly observed in tumor tissues of the very 
elderly CRC patients than young patients. To our knowl-
edge, the expression of SIRT for specific age groups of 
CRC patients have never been reported, although one 
study analyzed the change of SIRT expression status in 
colon tissue along with the aging process in rats [25]. At 
present, it is unclear whether the aging enhanced ex-
pression of SIRT1 or malignant transformation can be 
attributed to the high expression of SIRT1 in the colon 
cancer tissue of elderly patients. It was proposed that hy-
permethylated in cancer 1 (HIC1) repress transcription of 
SIRT1, and HIC1 promoter is epigenetically silenced by 
hypermethylation along with aging [26,27]. Consequent-
ly, decrement of HIC1 expression with aging can result 
in an upregulated SIRT1 level in elderly persons, and in-
creased SIRT1 expression may contribute to age-related 
carcinogenesis in CRC. Specifically, SIRT1 is reported to 
deacetylate a few apoptosis-related transcription factors, 
such as tumor protein p53 (p53) and mammalian fork-
head box O (FOXO), to balance repair and apoptosis of 
cells [28,29]. Thus, inactivation of p53-mediated apopto-
sis by SIRT1 may promote cell survival after oxidative 
damage, leading to the accumulation of mutations and 

carcinogenesis [30]. This hypothesis supports the re-
sults that the proportion of patients with high SIRT1 
expression was higher in the very elderly CRC patients 
in our study and suggests that SIRT1 protein may play 
a more important role in the carcinogenesis of elderly 
CRC patients than that in young patients. Nevertheless, 
many previous clinical studies did not show a signifi-
cant difference of SIRT1 expression in CRC patients ac-
cording to age [31]. In those studies CRC patients were 
usually categorized into two age groups at the age of 60 
or 65. However, we compared the very elderly CRC pa-
tients aged ≥ 80 years with the yonger patients, aged ≤ 
40 years to assess the impact of age on the expression 
of age-related proteins, SIRT1 and SIRT2. Nosho et al. 
[32] reported that SIRT1 expression is associated with 
CpG island methylator phenotype (CIMP) and micro-
satellite instability (MSI)-high subtype in CRC patients. 
The study included mostly elderly patients aged over 60 
years old. Both CIMP-high and MSI-high phenotype 
are more commonly identified in older CRC patients, 
which is consistent with our results. Our study showed 
that SIRT2 expression was also higher in the very elderly 
patients than in the young patients. Increased expres-
sion of SIRT2 was reported to be a marker of cellular 
senescence in a stress-induced premature senescence 
model [33]. Increased expression of SIRT2 in malignant 
tissue of elderly CRC patients also may be a consequence 
of senescence. 

Activation of SIRT1 deacetylates target proteins in-
volved in gluconeogenesis and regulates diabetes by 
increasing insulin secretion from pancreatic β-cell and 
insulin sensitivity. Therefore, SIRT1 has been suggested 
as a potential target for treating diabetes [4]. SIRT2 in-

Table 4. Multivariate analysis of variables affecting the overall survival in the very elderly patients with colorectal cancer (n = 101)

Variable
Overall survival

HR (95% CI) p value

BMI >25 kg/m2 0.433 (0.232–0.807) 0.008

PS 0–1 0.269 (0.153–0.472) 0.000

Localized stage  0.183 (0.097–0.347) 0.000

WD/MD 0.305 (0.291–1.471) 0.305

SIRT1 high 1.856 (1.101–3.129) 0.020

SIRT2 high 0.655 (0.385–1.116) 0.120

HR, hazard ratio; CI, confidence interval; BMI, body mass index; PS, performance status; WD, well-differentiated; MD, mod-
erately differentiated; PD, poorly differentiated; SIRT1, sirtuin 1; SIRT2, sirtuin 2.
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teracts with the AKT pathway, which is important for in-
sulin-resistant diabetes as well as carcinogenesis. SIRT2 
inhibition blocks AKT activation; however, SIRT2 over-
expression sensitizes cells to insulin. The study suggests 
that SIRT2 could also be a useful target in the treatment 
of type 2 diabetes [34]. Association between high SIRT2 
expression and DM was observed in our study. Howev-
er, the exact mechanism by which the patients with high 
expression of SIRT2 showed higher prevalence of diabe-
tes remains unclear.

Our study revealed that high SIRT1 expression is asso-
ciated with worse prognosis in the very elderly patients 
with CRC. The finding suggests that age might affect 
the expression of SIRT1 in CRC. SIRT1 is known to be 
an anti-apoptotic protein and is usually overexpressed 
in several cancers, including CRC. Indeed, a few stud-
ies have reported that SIRT1 overexpression is related 
to poor outcome or disease progression in CRC patients 
[14]. By contrast, the others showed that SIRT1 overex-
pression is also related to better outcome in some CRC 
patients [31,35,36]. Although at present the exact role of 
SIRT1 as a prognostic biomarker has not been estab-
lished in CRC patients, based on a recent meta-analysis, 
SIRT1 as a negative prognostic factor in CRC seems get 
the upper hand, and another meta-analysis suggested 
that SIRT1 acts as a tumor promoter in CRC [37]. We an-
alyzed the prognostic significance of SIRT1 and SIRT2 
in two extremely different age groups to evaluate the 
impact of age on the expression of these proteins. High 
SIRT2 expression was associated with better prognosis 
in elderly CRC patients. SIRT2 has been linked with 
mitosis because it deacetylases microtubules (α-tubu-
lin) [38]. SIRT2 is located primarily in the cytoplasm, 
but occasional migration of SIRT2 into the nucleus is 
identified during cancerous transformation or exposure 
to ionizing radiation [39]. The loss of SIRT2 is expect-
ed to promote genomic instability as an early event in 
carcinogenesis. In addition to SIRT2’s role as a tumor 
suppressor, the role of SIRT2 as a tumor promotor in 
carcinogenesis has been reported [40,41]. Stabilization of 
myc oncoproteins by SIRT2 protein has been reported 
in carcinogenesis [42]. Because SIRT1 and SIRT2 share 
substrates, such as p53, FOXO, or myc, there might be 
interaction between SIRT1 and 2 [7,43-45]. Therefore, 
we investigated to find associations between SIRT1 and 
SIRT2 in the CRC patients in this study, but no associa-

tion was found.
In conclusion, our study shows that overexpression of 

SIRT1 and SIRT2 was observed more commonly in the 
very elderly patients than in young patients with CRC. 
Age may affect the expression of SIRT proteins in two 
extreme age groups of patients with CRC. SIRT1 overex-
pression was associated with poor outcome in the very 
elderly patients with CRC. The results suggest for the 
first time that high SIRT1 expression may be predictive 
of a poor outcome and SIRT1 could become a potential 
therapeutic target for the very elderly patients with CRC 
in the future.
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KEY MESSAGE

1. Sirtuin 1 (SIRT 1) and SIRT2 are more overex-
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