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Abstract: Breast cancer is a complex and heterogeneous disease with different clinical outcomes. The investigations of new 
biomolecular markers are essential to know the prognosis and improve the clinical management of patients. The SIRT-1 (sirtuin-1) is a 
histone deacetylase implicated in various epigenetic critical functions for the cells and the maintenance of genomic stability. The 
objective of this study is to investigate the grade of expression of the SIRT-1 (sirtuin-1) and the prognostic value in overall survival of 
women with breast cancer. Retrospective cohort of 457 women with breast cancer has been researched, undergoing treatment in 
Erechim-RS from 2003 to 2013 and followed until July 2015. The degree of SIRT-1 expression was investigated by 
immunohistochemistry in 123 patients (26.9%) of the cohort. The OS (overall survival) from specific disease and risk of death from 
breast cancer were estimated by Kaplan-Meier and Cox’s proportional risks. The median age of 57.4 years cohort with OS of 79.6% in 
5 years and 69.1% at 10 years, with follow-up time of 61.9 months are revealed in this work. The SIRT-1 overexpression was found in 
6.5% of cases and characterized a subgroup of women with shorter survival and increased risk of death from breast cancer (HR = 2.66; 
95% CI 1.03 to 6.86; p = 0.043) and adjusted by age (HR = 2.86; 95% CI 1.11 to 7.38; p = 0.030), histology (HR = 2.79; 95% CI 1.07 
to 7.28; p = 0.036), lymph nodes (HR = 2.73; 95% CI 1.06 to 7.04; p = 0.037), Her-2 (HR = 2.82; 95% CI 1.07 to 7.44; p = 0.036); 
chemotherapy (HR = 2.90; 95% CI 1.11 to 7.60; p = 0.030) and radiotherapy (HR = 2.71; 95% CI 1.05 to 7.01; p = 0.040). In regressive 
multivariate models adjusted for age, status of axillary lymph nodes, Her-2 expression and proliferation index (Ki-67), the grade of 
expression of the SIRT-1 maintained association with poor prognosis. From the study, it can be concluded that the assessment of the 
SIRT-1 expression is an independent prognostic biomarker in breast cancer. 
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1. Introduction 

Breast cancer is a progressive disease with 

heterogeneous clinical and biological characteristics 

that is a relevant problem of global public health, 

because it has high rates of incidence, morbidity and 

mortality [1-3]. Epidemiologically, breast cancer is the 

most common malignancy in Europe and the United 

States and the second leading cause of cancer related 

death in women [4]. In Europe were estimated 464,000 

new cases of breast cancer with 131,000 deaths from 

the disease in 2012 and in the United States for the year 
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2016, it is estimated about 246,660 new cases of breast 

cancer in women and 40,450 deaths from the    

disease [2, 4]. In Brazil, for the year 2016, were 

estimated 596,000 new cases of cancer, from these, 

57,960 cases are of breast cancer, according to a report 

published by the National Cancer Institute [5]. For the 

Southern region of Brazil, it was estimated 10,970 new 

cases of breast cancer for the year 2016, accounting for 

25% of all cases of cancer estimated for the women of 

this region [5]. 

The prognosis and treatment of breast cancer are 

based on several biological factors, such as age, tumor 

size, metastases in the axillary lymph nodes, systemic 

staging, histological grade, expression profile of 
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hormone receptors, expression profile receptor human 

epidermal growth factor (Her-2) and proliferation 

index (Ki-67) that have genetic signatures themselves 

to this disease [6-9]. Thus, breast cancer constitutes a 

set of disorders with distinct molecular portraits and 

needs for its approach, biomedical research to 

understand the biological and molecular processes 

involved in their oncogenesis, evolution and 

mechanisms of resistance of tumor cells and 

relationship with clinical outcomes [1, 2, 10]. 

The complexity of breast oncogenesis, epigenetic 

factors, plays an important role because they are 

molecular events involved in various physiological 

activities of cells and is essential for the regulation of 

gene expression [11]. Several molecular mechanisms 

involved in oncogenesis are unknown, but the changes 

in the acetylation and deacetylation of histones, 

particularly in the sirtuin family of molecules (Sir2), 

have been studied and related to carcinogenesis 

[12-14].  

Sirtuins are intracellular protein molecules, Class III 

of histone deacetylases and they were discovered in 

Saccharomyces cerevisiae yeast [12, 15]. In humans, 

they are a group of proteins composed of seven 

members with different metabolic functions, essential 

for the maintenance of cellular homeostasis and 

directly related to silencing cellular process       

[13, 16, 17].  

The SIRT-1 (sirtuin-1) is the main molecule 

described in the sirtuin family [12, 17] and has been 

associated with silencing of genes, cell cycle control, 

apoptosis, the energy homeostasis and aging [18]. This 

molecule acts in many vital biological processes of cell 

gene expression, and consequently, its overexpression 

may be related to the biological behavior of breast 

cancer destabilization of the regulation of estrogen 

receptors or using other substrates, such as p53 [19]. 

The objective of this research was to investigate the 

grade of SIRT-1 expression in biopsies of tumor tissue 

of women with breast cancer and its prognostic value in 

overall survival specific disease. 

2. Methods 

2.1 Study Design and Population 

Research with retrospective design, based on 

hospital medical records, for composition of a cohort of 

457 female patients with breast cancer, diagnosed at 

the Pathology Laboratory (Medical Laboratory 

Diagnostics) Erechim-RS and undergoing cancer 

treatment in the period of 2003~2013 in the following 

Erechim-RS institutions: Erechim Clinical Oncology 

Center (COC), Erechim Santa Terezinha Hospital 

(FHSTE) and Erechim Charity Hospital (HCE). The 

recruitment period for composition of the cohort was 

the first day of 2003 (date of initial entry into the cohort) 

and on December 31, 2013 (end date of entry into the 

cohort). The inclusion criteria for the composition of 

the study cohort were diagnosed with breast cancer in 

women, confirmed by pathological examination, and 

the completion of cancer treatment from 2003 to 2013. 

The first 123 consecutive cases which entered the 

cohort were selected from the first of January 2003, to 

research the grade of expression of the SIRT-1 

(sirtuin-1) by immuno histochemical technique. 

Information on the initial exposure (date of 

histological diagnosis) and the outcome (death) were 

obtained by analyzing the medical records. The final 

follow-up date of patients in the cohort, to analyze the 

outcome (death) was July 31, 2015. On that date, all 

patients who were alive were censored. The variables 

studied or prognostic factors were: age at diagnosis; 

histological type; nuclear histological grade (low, 

intermediate and high); status of the axillary lymph 

nodes (profile of metastatic involvement of axillary 

lymph nodes); hormone receptors (expression of 

estrogen and progesterone receptors); cell proliferation 

Ki-67 (low and high grade); grade of expression of 

human epidermal growth factor receptor (Her-2); TNM 

staging (AJCC): I to IV; type of treatment used 

(surgery, radiotherapy, chemotherapy, hormone 

therapy, anti-Her-2 targeted therapy with Herceptin®) 

and grade of expression of SIRT-1 (sirtuin-1). 
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2.3 Statistical Analysis 

The results were statistically analyzed using SPSS 

Version 21.0. A descriptive analysis of all prognostic 

variables surveyed in Table 1 with a breakdown of its 

characteristics and frequencies found was presented. 

The survival probabilities each time were estimated 

using the Kaplan-Meier method and the comparison 

between the curves was held by the log-rank test. In 

order to estimate the effects of each variable on 

survival of patients were created proportional hazards 

models Cox [20]. Survival curves decomposed 

according to the variables in the model of the univariate 

analysis were presented and the relative risks (HR 

(hazard ratio)) estimated. The confidence intervals 

were 95%. 

The variables that were statistically significant in the 

univariate analysis and relevance in the pathogenesis of 

breast cancer were tested in a multivariate model, by 

the method of Cox proportional hazards. In the final 

multivariate analysis were calculated the HR for each 

proposed model for investigate possible predictive 

prognostic associations according to the purpose of the 

study [20].  

The study was approved by the Research Ethics 

Committee of PUCRS as reported number 465.362 of 

November 22, 2013 were adopted ethical research 

recommendations of Resolution 466/12 of the National 

Health Council of the Ministry of Health of Brazil. 

3. Results 

The cohort median follow-up time was 61.93 months, 

with a minimum follow-up time was 1.37 months (42 

days) and the maximum follow-up time was 153.03 

months (12.75 years). At the end of cohort follow-up, 

364 patients (79.6%) were alive and were censored on 

July 31, 2015, and 93 patients (20.4%) died due to 

breast cancer. 

The median age of the study population was 57.48 

(SD) ± 27.76 years, and the minimum age was 25 years 

and the maximum of 92 years. 

The characteristics of the population according to 

the investigated variables are shown in Table 1. 

The median OS (overall survival) specific disease 

obtained at the end of the study, the Kaplan-Meier 

method was 120.243 months (10.02 years) with a 

standard deviation of 2.928 (CI 95% 114.504~125.982) 

months. The  survival median  estimates  calculated for 
 

Table 1  Description and frequency of variables searched for composition of the total cohort and SIRT-1 cohort.  

Variables 
Cohort total Cohort SIRT-1 

p1 

n = 457 Percentage (%) n = 123 Percentage (%)

Age range 

< 50 years old 149 32.6 48 39.0 0.045 

50~59 115 25.2 28 22.8  

60~69 90 19.7 26 21.1  

≥ 70 103 22.5 21 17.1  

Histology 

Invasive ductal 396 86.9 105 85.4 0.609 

Invasive lobular 48 10.5 16 13.0  

Mucinous 12 2.6 2 1.6  

Tumor size 

T1 (< 2 cm) 131 28.7 30 24.4 0.103 

T2 (2~4.9 cm) 265 58.0 71 57.7  

T3 (≥ 5 cm) 34 7.4 17 13.8  

T4 (inflammatory) 27 5.9 5 4.1  

Axillary lymph nodes 

N0 (negatives) 225 49.2 48 39.0 0.008 

N1(< 4 positive lymph nodes) 146 31.9 45 36.6  

N2(≥ 4 positive lymph nodes) 71 15.5 27 22.0  

N3 (positive lymph nodes fused) 15 3.3 3 2.4  

Metastasis 
Without 452 98.9 122 88 0.569 

With 5 1.1 1 5  
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(Table 1 continued) 

Variables Cohort total Cohort SIRT-1 
P1 

n = 457 Percentage (%) n = 123 Percentage (%)
Staging (TNM) I 91 19.9 17 13.8 0.032 

II 249 54.5 68 55.3  

III 112 24.5 37 30.1  

IV 5 1.1 1 0.08  
Histologic grade Low 41 9.0 5 4.1 0.111 

Intermediate 301 65.8 84 68.3  

High 115 25.2 34 27.6  
Estrogen receptor(ER) Negative 92 20.1 27 22.0 0.556 

Positive 365 79.9 96 78.0  
Progesterone 
receptor(PR) 

Negative 118 25.8 30 24.4 0.672 

Positive 339 74.2 93 75.6  
HER-2 Negative 367 80.3 93 75.6 0.108 

Overexpression 90 19.7 30 24.4  

Ki-67  
(proliferation index) 

Low 132 28.9 60 48.8 0.001 

High 325 71.1 63 51.2  

Molecular profile 

Luminal A 111 24.3 33 26.8 0.758 

Luminal B HER-2 negative 216 47.3 49 39.8  

Luminal B HER-2 positive 64 14.0 22 17.9  

HER-2 Overexpression 26 5.7 9 7.3  

Triple negative 40 8.8 10 8.1  

Surgery 

Not performed 1 0.2 1 0.8 0.478 

Conservative 181 39.6 51 41.5  

Radical 275 60.2 71 57.7  

Chemotherapy 
Not performed 117 25.6 16 13.0 0.000 

Performed 340 74.4 107 87.0  

Radiotherapy 
Not performed 168 36.8 29 23.6 0.000 

Performed 289 63.2 94 76.4  

Endocrine therapy 
Not performed 89 19.5 23 18.7 0.800 

Performed 368 80.5 100 81.3  

Herceptin® (anti-Her-2 
target) 

Not performed 41 45,6 21 70,0 0,154 

Performed 49 54,4 9 30,0  

Censored      

Live 364 79,6 87 70,7 0,004 

Events deaths 93 20,4 36 29,3  

Source: The author, 2016. 
 

the outcome of death from breast cancer were 96.9% in 

12 months; 92.1% at 24 months; 88.3% at 36 months; 

83.6% in 48 months; 79.6% in 60 months and 69.1% in 

10 years. The survival curve is shown in Fig. 2. 

The 123 cases selected for investigation of the grade 

of expression of the SIRT-1, represented 26.9% of the 

total cohort of female patients with breast cancer     

(n = 457). 

Table 2 shows the description of the cases classified 

according to the level of expression of SIRT-1 found 

from the immunohistochemical research and as criteria 

used for classification. In the analysis of the degree of 

expression of the SIRT-1, we observed nine cases 

(7.3%) that showed no expression; 71 cases (57.7%) 

classified as low expression; 35 cases (28.5%) 

classified as moderate expression and eight cases 

(6.5%) classified as overexpression. 

According to the main goal in this research were 
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calculated survival median estimates and risk of death 

in univariate and multivariate Cox models, to check the 

impact of the grade of SIRT-1 expression in the 

prognosis of patients investigated. To model these 

analyzes, patients were grouped and classified into two 

groups according to overexpression or not of the 

SIRT-1. 

According to the primary objective in this research 

were calculated survival median estimates and risk of 

death in univariate and multivariate Cox models, to check 
 

 
 

Full cohort Cases (n) Deaths (n) Deaths (%) OS* (meses) CI 95% 
Kaplan-Meier 
Standard deviation: 

Breast cancer 457 93 20.4 120.243 114.504~125.982 2.928 

Fig. 2  Global survival curve specific disease (Kaplan-Meier) in months of patients with breast cancer during the follow-up of 
the cohort. 
*estimated median overall survival specific disease every time; 
Source: The author, 2016.  
 

Table 2  Description of the grade of expression of the SIRT-1 (sirtuin-1) in patients with breast cancer and number of events  
occurred during follow-up.  

Grade of expression (SIRT-1) 
Cohort SIRT-1 
n = 123 

Events  

% (SIRT-1 expression) n = 35 % (deaths) 

Negative expression (0) 9 7.3 3 33.3 

Low expression (1+) 71 57.7 18 25.4 

Moderate expression (2+) 35 28.5 9 25.7 

Overexpression (3+) 8 6.5 5 62.5 

Source: The author, 2016.  

Breast cancer 
OS* 12 months—96.9% 
OS 24 months—92.1% 
OS 36 months—88.3% 
OS 48 months—83.6% 
OS 60 months—79.6 % 
OS 120 months—69.1% 

Follow-up (months) 
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the impact of the grade of SIRT-1 expression in the 

prognosis of patients investigated. To model these 

analyzes, patients were grouped and classified into two 

groups according to overexpression or not the SIRT-1. 

Thus, the groups were classified as: 

 Sirtuin-1 (SIRT-1) negative group: The cases 

considered the patients with negative expression (0) 

and low expression (1+) and moderate expression (2+) 

of SIRT-1;  

 Sirtuin-1 (SIRT-1) overexpressed group: We 

considered the patients with overexpression (3+). 

The curves of overall survival specific disease, 

estimated for 123 patients with breast cancer, 

compared to the profile of the expression of the 

sirtuin-1 (SIRT-1) investigated by 

immunohistochemistry, are shown in Fig. 3. 

According to the analysis and criteria used in this 

study, we observed 115 cases (93.5%) with negative 

expression of sirtuin-1 (SIRT-1), having been 30 

deaths in this group, accounting for 26.1% of the cases. 

The median overall survival specific disease, estimated 

for patients with negative expression of sirtuin-1 

(SIRT-1), was 115.541 months (CI 95% 

107.324~123.758). The overexpression of sirtuin-1 

(SIRT-1) was observed in eight cases (6.50%) and five 

deaths occurred in this group, accounting for 62.5% of 
 

 
 

SIRT-1 Cases (n) Deaths (n) Deaths (%) OS (meses) CI 95% 
Log Rank 
X2: 4.452 
p = 0.035 

Negative 115 31 26.9 115.541 107.324~123.758  

Overexpression 8 5 62.5 74.221 47.735~100.707  

Fig. 3  Overall survival curves specific disease (Kaplan-Meier) months of the cohort of patients with breast cancer according 
to expression of sirtuin-1 (SIRT-1). 
Source: The author, 2016.  

SIRT-1 (expression) 
Negative 
Overexpression  
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the cases. The median overall survival particular 

disease, estimated for patients with overexpression 

sirtuin-1 (SIRT-1), was 74.221 months (CI 95% 

47.735~100.707). The global log-rank test rejected the 

similarity hypothesis (parallelism) between the 

survival distributions curves (X2: 4.452; p = 0.035). 

Thus, the survival curves stratified according to the 

expression profile of sirtuin-1 (SIRT-1) in patients with 

breast cancer showed a significant difference between 

them (p < 0.05). 

The group of patients with overexpression of SIRT-1 

accounted for 6.5% of the samples investigated. The 

general characteristics of these samples according to 

the variables studied are described below: 

 The median age was 58 years, and the youngest 

was 35 and the oldest 77 years; 

 The histological type identified in all cases was 

invasive ductal carcinoma; 

 The tumor size was reported as T2 (2 cm to 4.9 cm) 

in four cases (50%) and T3 (> 5.0 cm) in four cases 

(50%); 

 The metastatic involvement in axillary lymph 

nodes was shown in four cases (50%) and four cases 

(50%) had no metastases in the axillary lymph nodes; 

 In the clinical staging (TNM), we identified three 

patients (37.5%) with Stage II (limited disease) and 

five patients (62.5%) with Stage III (advanced); 

 The histological grade was ranked as high in five 

cases (62.5%) and intermediate in three cases (37.5%); 

 The profile of expression of hormone receptors 

(estrogen and progesterone) was negative in four cases 

(50%) and positive in four patients (50%). There was 

no specific difference in the individual analysis of 

estrogen and progesterone receptors; 

 The cell proliferation index (Ki-67) was high 

grade in seven patients (87.5%) and identified one case 

(12.5%) low grade; 

 The Her-2 profile was negative in five cases 

(62.5%) and overexpressed in three cases (37.5%); 

 In the classification according to the molecular 

profiling, we identified one case (12.5%) categorized 

as Luminal A, three cases (37.5%) categorized as 

Luminal B Her-2 negative, two cases (25%) 

categorized as Her-2 overexpressed and two cases 

(25%) categorized as negative triple; 

 In the type of surgical treatment used, we 

observed that five patients (62.5%) were subjected to 

mastectomy and three patients (37.5%) were subjected 

to conservative surgery; 

 Chemotherapy and radiation were employed in all 

cases; 

 The hormone therapy was performed in five 

patients (50%); 

 The anti-Her-2 targeted therapy with Herceptin® 

was done in one case (50%). 

In order to check the prognostic effect of the grade of 

expression of the sirtuin-1 (SIRT-1), according to the 

risk of death from breast cancer, the HR (hazard ratio) 

were calculated for the SIRT-1 adjusted for variables 

selected. Table 3 shows the description of the variables 

and the respective HR obtained in each analysis by 

univariate Cox regression model. The grade of 

expression of the SIRT-1 had an HR of 2.66 (95% CI 

1.03~6.86, p = 0.043). 

The prognostic variables that were significant in the 

univariate model and which are relevant to the 

pathogenesis of SIRT-1 were selected for preparation 

of regressive multivariate models, the Cox model. The 

selected variables were age, axillary lymph nodes, TNM 

classification, histologic grade, the Her-2 profile, cell 

proliferation Ki-67, the profile of hormone receptors and 

the profile according to the molecular classification. 

Table 4 shows the description of the models submitted 

to multivariate analysis of SIRT-1 expression, adjusted 

according to each group of selected variables. 

The SIRT1 presented associated prognosis with 

increased risk of death from breast cancer, significant 

and independent, in almost all proposed multivariate 

models. 

4. Discussion 

Breast cancers are different in their natural history, 



Expression Grade Sirtuin-1 (SIRT-1) in Tumor Tissue in Women with Breast Cancer:  
A New Biomarker Prognosis? 

  

133

and in different responses to the treatments altogether 

[21]. There are several phenotypes of tumors that 

determine a specific molecular picture for each cancer. 

These phenotypic changes are the result of many signs 

of transcription that are involved in oncogenesis 

causing a biological diversity of tumors [21, 22]. 

Understanding the genetic complexity of breast cancer 

is an ongoing challenge to researchers. 

The discovery of new molecular markers involved in 

the pathogenesis of breast cancer is fundamental to 

optimize treatment and determine with greater certainty 

the prognosis of patients with the disease. In addition to 

markers already established in clinical practice, as the 

expression of estrogen receptor, progesterone receptor, 

Her-2 and Ki-67, it is necessary subcategorize some 

cancers that exhibit expression of negativity for the 

known biomarkers and thereby evolve biological 

behavior and more aggressive clinical outcomes [23].  
 

Table 3  Univariate analysis of SIRT1 adjusted to occurrence of death according to the description of each prognostic variable 
in the cohort of female patients with breast cancer.  

Adjusted variables HR* CI 95%** p*** 

SIRT-1 unadjusted 2.66 (1.03~6.86) 0.043 

Age 2.86 (1.11~7.38) 0.030 

Histology 2.79 (1.07~7.28) 0.036 

Tumor size 1.92 (0.71~5.20 0.198 

Lymph nodes 2.73 (1.06~7.04) 0.037 

TNM 2.25 (0.87~5.81) 0.096 

Grade 1.87 (0.71~4.92) 0.206 

Her-2 2.82 (1.07~7.44) 0.036 

Ki-67 2.48 (0.95~6.42) 0.062 

Estrogen receptor 2.42 (0.89~6.60) 0.085 

Progesterone receptor 2.13 (0.79~5.73) 0.135 

Molecular profile 2.47 (0.93~6.59) 0.071 

Surgery 2.57 (1.00~6.62) 0.051 

Chemotherapy 2.90 (1.11~7.60) 0.030 

Radiotherapy 2.71 (1.05~7.01) 0.040 

Endocrinetherapy 2.18 (0.79~6.04) 0.134 

Herceptin® 2.53 (0.98~6.54) 0.055 

*obtained from the Cox model of proportional hazards adjusted for each variable; 
**confidence interval; 
***statistical significance; 
Source: The author, 2016. 
 

Table 4  Multivariate Analysis of SIRT-1 adjusted for the occurrence of death according to the grouped prognostic variables 
in specific models in the cohort of female patients with breast cancer.  

Models HR* IC 95%** p*** 

SIRT-1 unadjusted 2.66 (1.03~6.86) 0.043 

SIRT-1, age 2.86 (1.11~7.38) 0.030 

SIRT-1, age, lymph nodes 3.58 (1.35~9.52) 0.011 

SIRT-1, age, TNM, histological grade 2.27 (0.84~6.15) 0.108 

SIRT-1, age, lymph nodes, Her-2, Ki-67 3.82 (1.37~10.64) 0.010 

SIRT-1, age, lymph nodes, hormone receptor 2.87 (0.97~8.48) 0.056 

SIRT-1, age, lymph nodes, molecular profile 3.44 (1.21~9.79) 0.021 

*obtained from the Cox model of proportional hazards adjusted for each variable; 
**confidence interval; 
***statistical significance; 
Source: The author, 2016. 
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In this regard, several studies seek to identify 

molecular markers that independent or associated with 

existing markers can identify subgroups of patients for 

more effective and selective treatments. Some 

surveyed markers, such as cyclin D1, cyclin E, DBC1, 

INK4a/ARF, TXB2/3 and VEGF express prognostic 

differences among subgroups of tumors, but are not 

consolidated in clinical practice [24, 25]. 

Given the complexity and heterogeneity of breast 

cancer biology, there is a need to investigate the 

prognostic effect of new molecules, such as sirtuin-1 

(SIRT-1), where there is evidence that changes in their 

expression, independent or associated the other 

surveyed variables may affect the natural history of the 

disease. 

Sirtuins are a family of seven proteins (SIRT-1-7) 

identified in mammals, classified as histone Class III, 

because they depend on the NAD+ (nicotinamide 

adenine dinucleotide) to perform their activities in the 

deacetylation and mediation of various cellular 

metabolic functions [26-29]. Sirtuin-1 (SIRT-1) is a 

kind of labile molecules circulating in the nuclear, 

cytoplasmic and membrane environments, exerting 

positive or negative action in signaling actions with 

various molecules and substrates important in 

epigenetic regulation [25, 26, 29]. Biologically, in 

humans, SIRT-1 is related to many critical processes of 

cells, among these, the genomic stability, cell 

proliferation, resistance, response to stress and cell 

aging [27, 29, 30]. In this context, several studies 

correlated with SIRT-1 stages of initiation and cell 

proliferation in oncogenesis, but in some models, the 

SIRT-1 operates with suppressive function and in other 

as a cancer promoter function. Given the complexity of 

factors involved in tumorigenesis, it remains 

controversial the function of SIRT-1 in these    

models [31].  

Epigenetic changes, including histone modifications, 

are critical for mammary carcinogenesis, but the 

association of expression of SIRT1 with the clinical 

features and prognosis of breast cancer have not yet 

been clarified [32]. Changes in the level of expression 

of sirtuin-1 (SIRT-1) and other molecules related to the 

signaling pathways of tumor cells have been 

investigated in many types of tumors, including breast 

cancer, but the association degree these expressions 

with the clinical prognosis of patients have not been 

definitively determined [25, 33, 34].  

In our research, we investigated the expression of 

SIRT-1 by immunohistochemistry in 123 cases of 

patients with breast cancer, which accounted for 26.9% 

of cases in the Erechim-RS cohort. According to the 

methodological criteria established for the 

investigation, we identified change in SIRT-1 

expression in 114 patients (92.7%), and 9 patients 

(7.3%) showed no expression. Patients with changes in 

the grade of nuclear expression of SIRT-1 were 

investigated and observed, 71 (57.7%) patients with 

low expression, 35 cases (28.5%) with moderate 

expression and 8 cases (6.5%) overexpressing the 

SIRT-1. 

These findings confirm the hypothesis that there is a 

change in the expression of SIRT-1 in patients with 

breast cancer, but in varying grades of expression. 

Even though the laboratory techniques for the 

investigation of SIRT-1 expression are not uniform and 

there is lack of research in this area, the data found in 

the Erechim-RS research are consistent with the 

information in the literature that suggests that the 

change in SIRT-1 expression is associated with breast 

cancer [32]. 

In order to investigate the estimates of survival and 

the risk of death from breast cancer, according to the 

grade of SIRT-1 expression and its association with 

other variables studied in the Erechim cohort, patients 

were classified into two groups. The group classified as 

SIRT-1 negative was composed of patients with breast 

cancer who did not express change of SIRT-1 and 

patients with expression of SIRT-1 low or moderate, 

totalizing 115 patients (93.5%). The group classified as 

SIRT-1 overexpressed was composed of eight patients 

who expressed high degree of SIRT-1 (6.50%).To 
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analyze the outcome of interest, during the cohort 

follow-up period, it was observed 30 deaths (26.1%) in 

negative SIRT-1 group and five deaths (62.5%)in 

overexpression SIRT-1 group. The survival median 

estimates calculated for the outcome of death from 

breast cancer during follow-up of the Erechim cohort, 

showed lower overall survival statistically significant 

for the overexpression SIRT-1 group patients. The 

risks related to the outcome of interest in the survey 

were calculated by univariate model (Cox). 

In univariate analysis unadjusted, we found a 

relative risk (HR) of 2.66 times greater of death for 

patients who had SIRT-1 overexpression in relation to 

the group of patients without overexpression of SIRT-1. 

Through the univariate Cox model were calculated 

SIRT-1 effect on the risk of death from breast cancer, 

and adjusted for other variables studied and observed 

that the SIRT-1 maintained the association of increased 

risk of death when adjusted for age (HR 2.86 ; CI 95% 

1.11~7.38; p = 0.030); histology (HR 2.79, CI 95% 

1.07~7.28; p = 0.036); status of the axillary lymph 

nodes (HR 2.73, CI 95% 1.06~7.04; p = 0.037); Her-2 

expression (HR 2.82, CI 95% 1.07~7.44; p = 0.036); 

completion of chemotherapy (HR 2.90, CI 95% 

1.11~7.60; p = 0.030) and conducting radiation 

treatment (HR 2.71, CI 95% 1.05~7.01; p = 0.040). The 

data demonstrated an association with poor prognosis 

and a higher risk of death for patients who had SIRT-1 

overexpression and higher age, SIRT-1 overexpression 

and metastatic involvement of axillary lymph nodes 

and overexpression of SIRT-1 and overexpression of 

Her-2. 

The results of the univariate analysis showed 

increased risk of death for the association of SIRT-1 

expression and the completion of chemotherapy or 

radiation therapy should be interpreted with caution. 

However, it suggests that patients with SIRT-1 

overexpression have mechanisms of tumor resistance 

to systemic chemotherapy, as suggested in some 

studies [30, 31, 35].  

The Cox multivariate model was constructed in 

order to test and verify the statistical significance of 

prognostic information obtained in the univariate 

model. In multivariate regression scenario, the variable 

grade of SIRT-1 expression was set and controlled 

according to traditional prognostic variables in breast 

cancer, and which had presented significance in the 

univariate model, such as age, the status of the lymph 

nodes, classification TNM, the histological grade of the 

tumor, the expression of hormone receptors, Her-2, 

Ki-67 index and the molecular profile. Consistently 

and significantly we observed that the patients 

classified with SIRT-1 overexpression showed lower 

survival and higher risk of death than patients classified 

with the absence of overexpression in several 

multivariate model scenarios created to control the 

effect of the degree of expression the SIRT-1, in the 

prognosis of patients with breast cancer. 

From the information obtained in these analyzes, it 

was evident an estimate of poor prognosis and 

increased risk of death for patients with overexpression 

of SIRT-1, independent of the age of diagnosis of 

metastatic involvement of axillary lymph nodes and the 

molecular cancer profile breast cancer. 

The results obtained in this study are relevant and 

suggest that patients with breast cancer with SIRT-1 

overexpression have a more aggressive biological 

profile, independent from analysis of other factors or 

classical prognostic variables. Some evidences in the 

literature suggest that an important factor in SIRT-1 

regulation is the p53 protein. These proteins could 

present interactions and be involved in its own 

feedback loop and, on balance, rise to a change in 

expression of one or both [13].  

A recent study investigated a specific population, 

evaluated the serum levels of SIRT-1 and changes in 

gene polymorphism coding for the SIRT-1 in patients 

with breast cancer and found a significant association 

between higher serum levels of SIRT-1 gene 

polymorphism and prognosis in breast cancer [32].  

The Asian meta-analysis, published in 2015, was the 

first study investigating the correlation of SIRT-1 
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expression with classical prognostic factors, such as the 

TNM staging (AJCC) and status of axillary lymph 

nodes on survival of patients with breast cancer. In this 

study, we included six trials totaling 604 patients and it 

was found a significant association between changes in 

SIRT-1 expression and lower survival from breast 

cancer. In the analyzes we investigated the expression 

of SIRT-1, TNM staging (AJCC) and the status of the 

axillary lymph nodes, having been a significant 

association between increased expression of SIRT-1, 

more advanced clinical stages and metastatic 

involvement of lymph nodes axillary [34].  

Some recent research in breast carcinogenesis 

suggest theoretical models considering a complex 

interaction of genetic and epigenetic mechanisms 

involved in the processes of initiation and development 

of cancer. Investigations assume that epigenetic 

changes may be reversible and be related to changes in 

the expression of proteins and molecules that regulate 

the metabolism of histones, DNA methylation and 

mRNA expression levels [36]. These evidences 

indicate the complexity of the breast oncogenesis and 

the possibility that changes in the expression of SIRT-1 

may be involved in the characterization of a particular 

subgroup of breast cancer. 

To understand the effect of overexpression of 

SIRT-1 in breast cancer, and explain the clinical 

outcome of poor prognosis, based on literature review 

and findings, we propose a synthesis of the 

hypothetical theoretical model. Tumor tissue is 

characterized by fluctuations in the oxygen 

concentration, reduced nutrients supply and acidic pH, 

with increased glucose consumption and lactate 

secretion increases [37]. Overexpression of SIRT-1 in 

the cell nucleus would cause a metabolic imbalance, 

cellular stress, the activation flags angiogenesis 

pathways and changes in pathway expression PI3K 

(phosphatidylinositol 3 protein kinase), which are 

related to tyrosine kinase receptors, thus causing an 

increase of cell proliferation and apoptosis loss of 

capacity [38]. The hyperactivation of SIRT-1 

molecules alter the expression of p53 protein 

(transcription factor that regulates the cell cycle) 

resulting in dysregulation of signaling pathways of 

steroid receptors [19, 39]. This intracellular 

homeostatic imbalance would lead to an inhibition of 

ligands related to the transcription of hormone 

receptors, capable of changing phenotypes in breast 

cancer [39]. This altered cellular environment, 

becomes favorable to the development of resistance of 

tumors to therapy employed and progression of tumor 

cells and thereby expressing a tumor molecular profile 

with more aggressive biological behavior and poor 

clinical outcome for patients. 

5. Final Considerations 

The evaluation of SIRT-1 expression by 

immunohistochemistry technique in tumor tissue from 

paraffin blocks proved feasible but requires a 

standardization of the technique aiming at 

standardization of information and the possibility of 

reproducibility and comparison of this information by 

other research centers. The findings of this research 

have shown that SIRT-1 was the independent 

prognostic marker of risk of death for patients with 

breast cancer. Patients with SIRT-1 overexpression 

featured a special subgroup of breast cancer that had a 

poorer prognosis. 

In this research, SIRT-1 showed evidence that 

qualify it as a “new biomarker” relevant in breast 

cancer setting. Thus, further studies are needed and 

future prospective investigations and in larger series to 

confirm these findings and to understand the true 

impact of overexpression of SIRT-1 in the prognosis of 

breast cancer. Moreover, new studies will allow the 

development of a rational model of bio-molecular 

action of the SIRT-1 allowing in the future, the 

development of specific target drugs anti-SIRT-1. 

6. Conclusions 

This study allows us to conclude that, in the studied 

cohort: 
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 The median estimates of overall survival for 

breast cancer in 5 and 10 years were 79.6% and 69.1%, 

respectively; 

 Patients classified overexpressing sirtuin-1 

(SIRT-1) characterized a subgroup of women who 

were strongly associated with poor prognosis, shorter 

survival and increased risk of death in breast cancer, 

independently from the adjustment for age, status 

axillary lymph nodes, Her-2 expression and 

proliferation index (Ki-67); 

 The grade of expression of SIRT1 in tumor tissue 

may be an important prognostic marker in risk 

assessment for women with breast cancer. 
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