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Background: Hepatocellular carcinoma (HCC) is a highly malignant and common tumor. 
Many biomarkers have been identified for HCC. However, the available ones are not 
accurate enough in term of prognostic value and new markers are needed for the prognosis 
of this disease. Sirtuins are NAD(+)-dependent histone deacetylases involved in many 
biological processes of cancers, consisting of family members SIRT1-SIRT7. However, the 
prognostic value of the SIRTs in HCC remains largely unknown.
Methods: Differential expression of SIRTs and survival analysis were assessed in patients 
with HCC using Oncomine and UALCAN databases. Gene set enrichment analysis (GSEA) 
was used for pathway analysis. Metascape software was used to construct gene ontologies, 
metabolic pathways and protein-protein interaction networks. Moreover, a HCC murine 
model was used to validate the expression levels of SIRT3/6/7 expression.
Results: Differential expression analysis suggested that SIRT2-7, not SIRT1, were expressed 
at higher levels in HCC tissues compared to adjacent normal tissues. These SIRTs showed 
some similarities, as revealed by GO and KEGG pathway. Higher SIRT3/6/7 mRNA 
expression levels were found to be significantly associated with shorter overall survival 
(OS) in HCC patients. Both SIRT3/6/7 mRNA and protein levels were highly expressed in 
HCC. In addition, over-expression of SIRT3/6/7 was associated with tumor stage and grade 
in HCC patients. Univariate analysis showed that SIRT 6/7 expressions were linked to 
a shorter OS of HCC patients. Multivariate analysis showed that SIRT7 levels were inde-
pendently associated with a significantly shorter OS in HCC patients.
Conclusion: Differentially expressed SIRT3/6/7 were significantly associated with tumor 
stage, grade and OS in HCC patients. In addition, SIRT7 were independently associated with 
a significantly shorter OS in HCC patients. Thus, SIRT3/6/7 can be used as prognostic 
biomarkers to predict the survival of HCC patients.
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Introduction
Liver cancer is fatal and represent the second cause of cancer mortality in men 
worldwide.1 The incidence of liver cancer has rapidly increased in recent years.2 The 
main type of liver cancer is hepatocellular carcinoma (HCC). HCC causes vary 
between different countries. In more developed countries, HCC is mainly caused by 
the hepatitis C virus (HCV),3 whereas, in the less developed countries, the first risk 
factor is chronic HBV infection.4 Even though great efforts have put into elucidating 
the disease mechanisms of HCC, the prognosis of HCC remains poor. Early diagnosis 
and treatment are essential for a good prognosis for HCC. Efforts have made to study 
HCC biomarkers, but not many of them have the potential to be routinely used in 
clinical practice.
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In mammals, there are seven different types of histone 
deacetylases known as sirtuins (SIRTs), including SIRT1- 
SIRT7.5,6 Their subcellular localization differs but they are 
mainly located in the nucleus, mitochondria and 
cytoplasm.7 All Sirtuins take part in cell metabolism and 
regulate many cellular functions.8,9 SIRT1 regulates 
inflammation and cellular senescence through deacetyla-
tion of transcription factors and histones.10 SIRT2 deace-
tylates histones and several non-histone proteins.10 SIRT3 
is a mitochondrial protein that target the mitochondria for 
lysine deacetylation.11 SIRT4 and SIRT5 are very weak 
deacetylated but are critical for cellular metabolism and 
DNA damage responses.12,13 SIRT6 is a complex enzyme 
with multiple catalytic activities and has been associated 
with metabolic diseases and cancer.14 SIRT7 is the least 
studied member, but research has shown its involvement in 
various metabolic processes and cancer.15

Recent studies revealed that several members of SIRT 
are involved in progression of HCC.16,17 Therefore, the 
work presented here aimed to explore the potential clinical 
value of SIRTs in HCC.

Materials and Methods
Oncomine
The Oncomine database (https://www.oncomine.org)18 is 
a bioinformatics tool that was used to analyze the expres-
sion level of the seven SIRTs in common types of cancer, 
including cancers of the liver, bladder and breast. 
Differences in transcriptional expression levels were com-
pared using a Student’s t-test. A p < 0.05, fold change >1.5 
and gene rank of 10% were the criteria used to determine 
statistical significance.

UALCAN
UALCAN (http://ualcan.path.uab.edu) is a web resource 
with data obtained from The Cancer Genome Atlas 
(TCGA). UALCAN was used to analyze relative transcrip-
tional expression levels of genes in tumor tissues and 
adjacent normal tissues. The prognostic value of mRNA 
expression of distinct SIRTs in liver cancers was analyzed 
by using UALCAN. In addition, the association of gene 
expression levels with pathologic data was determined.19 

In this study, UALCAN was used to analyze mRNA 
expressions of levels of SIRTs in HCC tissues and their 
association with clinical stage and grade. A p <0.05 was 
determined as statistically significant using a Student’s 
t-test.

TCGA
Information about sequencing and clinical data of more 
than 30 kinds of human tumors can be analyzed in 
TCGA.20 In our analysis, the mRNA expression levels of 
SIRTs from 371 HCC patients were downloaded from the 
Firehose website (http://gdac.broadinstitute.org). 50 of 371 
HCC patients were excluded because of the absence of 
follow-up data. Finally, 321 HCC patients were included 
in our analysis (Supplementary Table 1). Clinical data 
from HCC patients including gender, age, weight, PLT, 
albumin, creatinine, prothrombin time, AFP, Child-Pugh 
stage, neoplasm histologic grade and pathologic stage are 
shown in Supplementary Table 1.

Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes 
(KEGG) Analysis
Enrichment analysis of GO terms and KEGG pathways 
was performed for SIRT1-7. Three GO terms included 
biological processes (BPs), cellular components (CCs) 
and molecular functions (MFs). Single gene enrichment 
was enriched and visualized using LinkedOmics (http:// 
www.linkedomics.org/).21 GSEA enrichment of KEGG 
pathways was also enriched using LinkedOmics. The mul-
tiple gene enrichment of SIRTs were performed and visua-
lized using Metascape.22 The STRING website (https:// 
string-db.org/)23 was used to construct a PPI network to 
explore SIRT interactions.

Animals
Male C57BL/6J mice 8 weeks of age were purchased from 
Hunan SJA Laboratory Animal Co. Ltd. Mice were main-
tained in 12-hour dark or light cycles and housed in the 
Animal Facilities of Guangxi Medical University. For 
in vivo studies, mice were fed a normal chow diet (ND), 
(TrophicDiets, LAD0011, Nantong, China) and water or 
West Diet (WD) (TrophicDiets, TP23100, Nantong, 
China) containing 42% fat, 21% sucrose 1.25% cholesterol 
and a high sugar solution (23.1 g/L fructose (TrophicDiets, 
China) and 18.9 g/L glucose (TrophicDiets, China). CCl4 
(Aladdin, C112044-500ML,China) at the dose of 0.2 ul 
(0.32 ug)/g of body weight once per week. Corn oil 
(Aladdin, C116025-500ML,China) was injected intraperi-
toneally once a week as a control. Corn oil and CCl4 
injections began with dietary management and continued 
for 24 weeks.24 There were four experimental groups (ND/ 
Oil, ND/CCl4, WD/Oil, WD/CCl4 24 weeks) each 
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containing 6–8 mice each. The mice were euthanized, and 
samples were collected after 24 weeks. Liver and serum 
samples were collected and stored at −80 °C until analyzed 
further. The protocol for animal experiment was approved 
by the Institutional Animal Care and Use Committee of 
Guangxi Medical University, and manipulations were per-
formed in accordance with the ethical regulations laid 
down by the Committee of Guangxi Medical University.

Quantitative Real-Time PCR
Total RNA from tissues was isolated using TRIzol reagent 
(15596026, Invitrogen, USA). RNA was reverse tran-
scribed into cDNA using a cDNA synthesis kit (Thermo 
Fisher Scientific, Waltham, USA) following instructions 
provided by the manufacturer. RT-PCR was performed 
using SYBR green mix (Bio-Rad, California, USA) on 
a Real-Time system (CFX96 Bio-Rad, California, USA).

Patient Samples
Samples (HCC tissue and paired adjacent tissue) from a total 
of 30 HCC patients (22 males and 8 females) treated at The 
First Affiliated Hospital of Guangxi Medical University 
from March 2017 to May 2018 were included in this analy-
sis. All patients provided written, informed consent for 
participation in the study. The Ethics Committee of the 
First Affiliated Hospital of Guangxi Medical University 
(Nanning, China) approved the use of these samples for 
total RNA isolation, quantitative reverse transcription- 
polymerase chain reaction (qRT-PCR) analysis, immunohis-
tochemical and hematoxylin and eosin (H&E) staining 
(Solarbio, China). Patient inclusion criteria included patients 
diagnosed with HCC based on a pathologic biopsy and 
TNM staging criteria for HCC proposed by the AJCC in 
2009,25 patients that were not previously treated using sur-
gery, radiotherapy or chemotherapy.

Histopathology and 
Immunohistochemistry
Liver tissues were resected (2cm*2cm) and fixed in 10% 
formalin for 12 hours. Paraffin-embedded sections (4-μm 
thick) were prepared for immunohistochemical and hema-
toxylin and eosin (H&E) staining. Sections were incubated 
with the following primary antibody at 4°C overnight, 
anti-SIRT3 (Abcam, UK,1:300), anti-SIRT6 (Proteintech., 
China,1:100), anti-SIRT7 (Abcam, UK,1:1000). After 
incubation with labeled the following day using an anti- 
rabbit universal two-step detection kit (Beijing Zhongshan 

Jinqiao Biotechnology Co. LTD, China). Finally, the signal 
was detected by DAB method (Beijing Zhongshan Jinqiao 
Biotechnology Co. LTD, China). Images were collected 
using NanoZoomer S60 C13210 series (S60 C13210, 
Hamamatsu Photonics K.K., Japan).

Biochemical Analysis
Serum ALT and AST levels were measured using an 
autoanalyzer (Antech Diagnostics, CA, USA)

Statistical Analysis
One-way analysis of variance was used to analyze gene 
expression. The Cox test was used to analyze survival with 
the help of SPSS23.0 software. Survival data include the Cox 
proportional risk ratio and 95% confidence interval. SPSS 
23.0 software was used to perform univariate and multivariate 
analyses. A p < 0.05 was considered statistically significant.

Results
Gene Expression Analysis in HCC 
Patients
Studies investigating SIRTs in various cancers are presented 
in the figure (Figure 1). The expression was analyzed using 
Oncomine and UALCAN. The roles of SIRTs were pre-
viously explored in many cancer types. Differences in tran-
scriptional expression of these SIRTs were analyzed using 
a Student’s t-test. SIRT expression levels in HCC and normal 
liver tissues (Figure 2). All SIRT family members were 
highly expressed in HCC tissues compared with adjacent 
normal tissues, except for SIRT1 (Figure 2).

Enrichment Analysis of GO and KEGG 
Pathway
After analyzing the expression levels of SIRTs in HCC 
patients, metabolic pathways and GO terms for these 
SIRTs were next explored. Functional enrichment and 
KEGG pathway analyses of SIRTs in HCC were forced 
at a limitation of p <0.05. Single gene enrichment of SIRTs 
showed similar changes in BPs, CCs and MFs, (Figure 3). 
Changes in SIRT1-7 in GO BPs mainly included biologi-
cal regulation, metabolic processes and stimulus-response 
as the top three. Changes in GO CCs were focused on the 
enrichment of the membrane, nucleus and membrane- 
enclosed lumen. Meanwhile, in MFs, changes were found 
to be significant in protein binding, ion binding and 
nucleic acid-binding. GSEA enrichment analysis of 
KEGG pathway was enriched in Type II diabetes mellitus 
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(SIRT1, Figure 4A), oxidative phosphorylation (SIRT2, 
Figure 4B), glycine and serine and threonine metabolism 
(SIRT5, Figure 4E). Others (SIRT3/4/6/7) were enriched 
in the ribosome (Figure 4C and D, 4F and G). SIRTs were 
enriched in fatty liver disease (no-alcoholic susceptibility 
to two) and other liver diseases as well as an alcoholic 
susceptibility to one, as shown by multiple gene enrich-
ment analysis (Figure 5). These findings imply that SIRTs 
are closely related to liver diseases.

PPI Network Analysis
To distinguish the relationship between SIRTs, a PPI net-
work was constructed using String. Their adjacent genes 
were also analyzed and found to be remarkably related to 
SIRT functions (Figure 6). Liver disease-related genes, 
including Foxo3, Foxo1, TP53, EP300 and HDAC1, 
were significantly linked to SIRT functions (Figure 6). 
Some of these genes were related to tumor formation. 
These findings suggest that SIRTs may play important 
roles in liver cancer.

Prognostic Value of SIRT mRNA 
Expression Levels in HCC Patients
UALCAN was used to analyze the prognostic value of 
SIRT expression in HCC patients. Higher mRNA expres-
sion of SIRT3 (p=0.00074), SIRT6 (p=0.0027) and SIRT7 
(p< 0.0001) were notably associated with shorter overall 
survival (OS) of HCC patients (Figure 7C, F and G), while 
there was no correlation between SIRT1/2/4/5 and HCC 
patient prognosis (Figure 7A, B, D and E). These results 
imply that SIRT3/6/7 might be selected as useful biomar-
kers to predict HCC patient survival.

Gene and Protein Expression Levels of 
SIRT 3/6/7 in HCC
To confirm changes in SIRT3/6/7 in HCC, a liver cancer 
mouse model was generated to explore the differential 
expression of SIRT3/6/7. The WD/CCl4 group showed 
changes in liver pathology, similar to what is observed in 
liver cancer (Figure 8A). In addition, ALT and AST levels 

Figure 1 mRNA expression of SIRTs in different types of cancers (Oncomine database). Difference of transcriptional expression was compared by students’ t-test. Cut-off 
of p value and fold change were as follows: p value: 0.05, fold change: 1.5, gene rank:10%, data type: mRNA.
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were also significantly increased in WD/CCl4 mice 
(Figure 8B and C). We performed immunohistochemical 
staining to verify SIRT3/6/7 expression levels at the pro-
tein level. SIRT3/6/7 accumulation increased in the WD/ 
CCl4 mouse group (Figure 8D).

Furthermore, we repeated the validation experiment 
on human HCC and normal tissues. 30 paired patient 
tissues were selected from The First Affiliated 
Hospital of Guangxi Medical University. Results 
showed that SIRT3/6/7 levels were obviously upregu-
lated in HCC compared to adjacent normal tissues 
(Figure 9A, B and C). In the 30 paired tissues, 
SIRT3/6/7 expression levels in HCC were distinctly 
higher than in adjacent normal tissues, with average 
fold changes being 3.103, 4.025 and 11.814, respec-
tively (Figure 9D–I). Next, we performed H&E and 
immunohistochemical (IHC) staining to further iden-
tify the positions and expression levels of SIRT3/6/7 

protein in cells (Figure 10A and B). Protein expression 
levels in HCC tissues were higher than in normal 
tissues (Figure 10B). These results implied that 
SIRT3/6/7 levels were significantly upregulated at 
both the mRNA and protein levels.

Relationship Between SIRT3/6/7 
Expression Levels and Tumor Stages and 
Grades in HCC Patients
SIRT3/6/7 expression levels were high in HCC 
patients. Therefore, we analyzed the relationship 
between SIRT3/6/7 expression levels and tumor stages 
and grades in HCC patients by UALCAN. SIRT3/6/7 
expression levels correlated with tumor stage 
(Figure 11). The more advanced the disease, the higher 
the SIRT3/6/7 mRNA expression levels and the high-
est levels were observed in stage 3 (Figure 11). 
Similarly, SIRT3/6/7 expression was distinctly 

Figure 2 mRNA expression of distinct SIRT family members in HCC and adjacent normal liver tissues (UALCAN). (A) mRNA expression levels of SIRT1 has no significance 
in primary HCC tissues compared to adjacent normal samples. (B–G) mRNA expression levels of SIRT2/3/4/5/6/7 were overexpressed in primary HCC tissues compared to 
adjacent normal samples. ***p<0.001.
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correlated with tumor grade. An increase in grade was 
significantly associated with higher SIRT3/6/7 expres-
sion levels (Figure 12). The highest SIRT3/6 mRNA 
expression levels were observed in grade 4 tumors 
(Figure 12A and B), while SIRT7 mRNA expression 
was the highest in grade 3 (Figure 12C). These results 
show that SIRT 3/6/7 expression levels are associated 
with tumor stage and grade in HCC patients.

Independent Prognostic Value of SIRT 3/6/7 
mRNA Expression and OS of HCC Patients
After confirming that SIRT 3/6/7 mRNA expression levels 
are significantly associated with HCC patient prognosis, 
we explored the prognostic value of SIRT 3/6/7 expression 
in relation to the OS of HCC patients. Next, base data 
(Supplementary Table 1) and mRNA expression data for 

Figure 3 GO enrichment analysis of SIRTs. (A–G) Enriched biological processes (BPs), cellular components (CCs) and molecular functions (MFs) of SIRT1-7. 
Abbreviations: BPs, bar chart in red; CCs, bar chart in blue; MFs, bar chart in green.
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SIRT 3/6/7 in 321 HCC patients from TCGA database 
were obtained from Firehorse (http://gdac.broadinstitute. 
org) for Cox survival analysis. Using univariate analysis, 
high pathologic stage (HR=1.649, 95% CI: 1.315–2.067 
and p<0.001) and high mRNA expression levels of SIRT 
6/7 (HR=1.001, 95% CI: 1.000–1.001 and p=0.021)/(HR= 
1.001, 95% CI: 1.000–1.001 and p=0.005) were related to 

poor OS for HCC patients (Supplementary Table 2). 
Multivariate analysis revealed that high expression levels 
of SIRT3/6 were no significant (Supplementary Tables 3 
and 4). On the other hand, SIRT7 (HR=1.001, 95% CI: 
1.000–1.001 and p=0.015) was independently related to 
poor OS in HCC patients (Supplementary Table 5). These 
results shows that the transcriptional expression of SIRT7 

Figure 4 GSEA enrichment analysis of KEGG pathway SIRT1-7. (A–G) The results of pathways of SIRT1-7 cut-off of criteria were as follows: NSE>1, FDR <0.05, p <0.05.
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is an independent prognostic factor affecting OS in HCC 
patients.

Discussion
It was previously reported that SIRTs are involved in the 
development of a variety of cancers, including HCC.26,27 No 
one has done a study on bioinformatics analysis of the entire 
SIRT family in HCC. In this study, the expression levels and 
prognostic value of different SIRTs in HCC were analyzed. 
We uncovered that SIRTs are highly expressed in HCC tissues 
compared to adjacent normal tissues, except for SIRT1. In 

addition, SIRT mRNA expression levels were remarkably 
associated with tumor stage and grade in HCC patients. 
Furthermore, SIRT3/6/7 expression was associated with OS.

Studies have shown that SIRT3, a major deacetylase in 
mitochondria, may play a dual role in cancer.28 Over- 
expression of SIRT3 is observed in colorectal cancer, 
gastric cancer and non-small cell lung cancer.29–31 In gas-
tric cancer tissues, higher SIRT3 expression correlates 
with gastric cancer subtypes. SIRT3 may increase glyco-
lysis and cell proliferation in cancer cells that have high 
SIRT3 expression.30 Similarly, over-expression of SIRT3 
was also related to poor prognosis in colorectal cancer and 

Figure 5 Summary of SIRT enrichment analyses. SIRTs were enriched in fatty liver disease (no-alcoholic susceptibility to two) and liver diseases as well as an alcoholic 
susceptibility to one.

Figure 6 PPI network construction. Protein-protein interaction networks of SIRT1-7. Network nodes: proteins, edges: protein-protein associations.
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non-small cell lung cancer.29,31 In contrast, down- 
regulation of SIRT3 was observed in breast cancer, kidney 
cancer and prostate cancer.32–34 Therefore, SIRT3 clearly 
has differential expression in different cancers.

In this study, SIRT3 levels were elevated at both the 
mRNA and protein level in tumor tissues. SIRT3 mRNA 
expression was significantly associated with tumor stage 
and grade, in agreement with previously published 
research.29,30 Higher SIRT3 mRNA expression was 
a related prognostic factor affecting poor OS of HCC 
patients.

SIRT6 is a member of the SIRT family and has 
multiple roles in different diseases. Studies showed 
that SIRT6 promotes specific oncogenic pathways.35 

However, the role of SIRT6 in different human cancers 
is still unclear.36 To better elucidate SIRT6 function, 
Kugel et al generated SIRT6 deficient mice to determine 
pancreatic cancer progression to find that its loss did 
facilitate the progression of pancreatic cancer.37 Others 

have shown opposite outcomes.38 Some studies reported 
that SIRT 6 is a tumor suppressor in colorectal cancer, 
non-small cell lung cancer and renal cell carcinoma.39–41 

However, SIRT6 also acts as an oncogene in other 
cancers.38,42 Jun Sang Bae et al conducted a study 
investigating SIRT6 in breast carcinoma and demon-
strated that CSNK2A1 and SIRT6 were markers for 
poor prognosis.42

In our study, SIRT6 showed higher expression levels in 
HCC compared with adjacent normal tissues. The expres-
sion of SIRT6 was related to tumor stage and grade, which 
was similar to the findings published by Ming et al.38 

Higher expression of SIRT6 was also linked to shorter 
OS in HCC patients, acting as an effective prognostic 
marker.

Similar to SIRT3, upregulation of SIRT7 was observed 
in numerous malignancies, such as colorectal, gastric, 
thyroid, node-positive breast, bladder and ovarian 
cancers.15 In breast cancer patients, SIRT7 is linked to 

Figure 7 Prognostic value of the mRNA expression levels of SIRT family members in HCC patients (UALCAN). (A, B, D and E) SIRT1/2/4/5 mRNA expression showed no 
correlation with HCC patient prognosis. (C, F and G) Higher mRNA expression levels of SIRT3/6/7 were related to shorter OS of HCC patients.
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Figure 8 H&E and immunohistochemistry of liver tissues from the mouse model. (A) H&E staining of the four experimental groups (ND/Oil, ND/CCl4, WD/Oil, WD/ 
CCl4), Scale bar: 50μm. (B and C) Serum ALT and AST levels in the four groups. (D) IHC was performed to detect the expression of SIRT3/6/7 the four groups, Scale bar: 
50μm. **p< 0.01.
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poor prognosis, and low SIRT7 expression is associated 
with increased metastasis occurrence over time.43 High 
expression of SIRT7 indicates poor prognosis in breast 
cancer.44 In gastric cancer patients, the mRNA and protein 
levels of SIRT7 were both higher and associated with the 
cancer stage.45

Likewise, in this study, SIRT7 was elevated at both 
the mRNA and protein levels in tumor tissues. mRNA 
expression of SIRT7 was remarkably associated with 
tumor stage and grade. Higher mRNA expression of 

SIRT7 was also related to a shorter OS in HCC 
patients. Furthermore, SIRT7 was an independent 
prognostic factor affecting OS in HCC patients. Our 
results imply that SIRT7 acts as an oncogene in HCC.

Our study had several limitations. First, a larger 
population would be needed to validate these results. 
Second, the potential therapeutic roles of SIRT3/6/7 in 
HCC were not studied and would require further work. 
Lastly, the mechanisms underlying SIRT3/6/7 in HCC 
need more exploration.

Figure 9 SIRT 3/6/7 expression levels are upregulated in HCC. (A–F) Gene expression of SIRT 3/6/7 in 30 paired HCC and adjacent normal tissues was plotted. (G–I) Fold 
change of SIRT 3/6/7 expression levels in 30 paired HCC, and adjacent normal tissues are presented. **p< 0.01.
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Figure 10 H&E and immunohistochemistry of HCC and adjacent tissues from HCC patients. (A) H&E staining of adjacent normal and HCC tissues. Scale bar: 50μm. (B) 
IHC was performed to detect the expression of SIRT3/6/7 in adjacent normal and HCC tissues. Scale bar: 50μm.
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Conclusion
In general, the study presented here showed that SIRT3/6/ 
7 significantly correlated with tumor stage, grade and OS 
in HCC patients. In addition, SIRT7 were independently 
associated with a significantly shorter OS in HCC patients. 
These findings suggest that SIRT3/6/7 may serve as prog-
nostic biomarkers for HCC patient survival.
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Figure 11 Relationship between SIRT3/6/7 mRNA expression and individual cancer stages of HCC patients. (A–C) mRNA expression levels of SIRT3/6/7 were significantly 
correlated with tumor stages. Patients in more advanced stages tended to express higher mRNA expression levels of SIRT3/6/7, and the highest were observed in stage 3 
(A–C). *p<0.05, **p<0.01, ***p<0.001.

Figure 12 Association of SIRT3/6/7 mRNA expression levels with tumor grade in HCC patients. (A–C) mRNA expression levels of SIRT3/6/7 were significantly related to 
tumor grade. As tumor grade increased, SIRT3/6/7 mRNA expression levels increased. Highest mRNA expression levels for SIRT 3/6 were observed in grade 4 tumors 
(A and B), while SIRT 7 was observed in grade 3 tumors (C). *p<0.05, **p<0.01, ***p<0.001.
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