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SIRT4 is upregulated in Chinese patients with  
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Abstract: Background and objective: Several members of the sirtuin (SIRT) family, a highly conserved family of 
NAD+-dependent enzymes, may influence tumor formation. SIRT4 regulates glutamine metabolism, but also may 
act as a tumor suppressor. The current study aimed to investigate whether SIRT4 is associated with occurrence and 
development of Chinese esophageal squamous cell carcinoma (ESCC). Method: We investigated the SIRT4 protein 
levels in ESCC and possible association with selected clinicopathological parameters and the overall survival by im-
munohistochemical staining on a tissue microarray that included 93 ESCC patients. Results: SIRT4 protein levels in 
ESCC tissues were higher than in corresponding normal tissues. Besides, women esophageal cancer patients are 
more likely have high levels of SIRT4 protein in ESCC tissues. The average survival time of patients with high SIRT4 
levels in esophageal cancer tissues was shorter than that of patients with low SIRT4 levels. Conclusions: Our results 
indicate that SIRT4 may participate in the development of esophageal cancer.
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Introduction

Esophageal cancer is the sixth leading cause of 
cancer-related death worldwide. In 2012, there 
were about 400,200 deaths due to esophageal 
cancer [1]. The prognosis of patients with eso- 
phageal squamous cell carcinoma (ESCC) is 
poor; the postoperative 5-year survival rate is 
only about 15% [2]. The etiology and pathogen-
esis of esophageal cancer is very complex, 
involving many risk factors and a variety of 
genetic and epigenetic alterations. Over the 
past few decades, many key genes and signal-
ing pathways were found involved in the patho-
genesis of esophageal cancer. These include 
tumor suppressor gene TP53, CDKN2A, RTK-
MAPK-PI3K and the Notch signaling pathway 
[3]. To discover potentially useful targets to aid 
diagnosis and therapeutic strategies, a better 
understanding is required of the molecular 
mechanisms that underlie the gene changes 
and pathology of esophageal carcinoma.

The sirtuin (SIRT) family is a 7-member group 
(SIRT1-7) of NAD+-dependent acetylases, de- 

acetylases, and ADP-ribosyltransferases that 
are involved in pressure resistance, genome 
stability, energy metabolism, and aging [4]. In 
particular, SIRT4 is an NAD+-dependent ADP-
ribosyltransferase located in the mitochondria, 
which catalyzes and transfer of ADP ribosyl to 
glutamate dehydrogenase [5]. Recent studies 
indicate that SIRT4 acts as a tumor suppressor 
by regulating the metabolism of glutamine [6, 
7]. Several studies have also found that SIRT4 
levels are downregulated in gastric cancer and 
colon cancer tissues and are associated with 
some clinicopathological parameters [8-10]. Re- 
cently, there have been reports that downregu-
lation of SIRT4 levels is associated with poor 
prognosis in ESCC [11]. However, the study did 
not compare the SIRT4 levels of esophageal 
cancer tissues with that of adjacent normal tis-
sues. Furthermore, the study was limited by 
basing evidence solely on the immunohisto-
chemistry of paraffin sections, rather than tis-
sue microarray. To confirm the important results 
of Nakahara et al. [11], reliable comparisons of 
the SIRT4 levels between ESCC tissue and adja-
cent normal tissues should be conducted, as 
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well as investigations of associations between 
SIRT4 levels and the clinicopathological param-
eters of ESCC patients.

The present study utilized high-throughput tis-
sue microarray and immunohistochemistry to 
compare the SIRT4 levels of ESCC tissue and 
matched normal tissues. We also analyzed the 
association between SIRT4 levels and clinico-
pathological parameters in ESCC, and between 
SIRT4 levels and patient outcomes to deter-
mine its value as a prognostic indicator.

Materials and methods

The Ethics Committee of First Affiliated Hospital 
of Wenzhou Medical University approved this 
study. The study was performed in accordance 
with the principles of the Declaration of Hel- 
sinki.

Patient and tissue samples

Tissue microarrays were purchased from a 
commercial chip company (Superchip, Shang- 
hai, China). There were 93 patients, including 
87 patients with esophageal carcinoma and 
normal esophageal tissue, and another 6 pati- 
ents with only esophageal cancer tissue. There 
are a total of 180 points on the tissue microar-

growth pattern; pathological type; pathological 
grade; tumor T, N, M and American Joint 
Committee on Cancer (AJCC) 7th edition stag-
ing; and postoperative total survival time. 
Seven patients had no T stage information. Five 
patients had no AJCC stage information. 

Immunohistochemistry

Chips were baked in a hot oven incubator for 2 
hours and then placed in xylene for 2 × 5 min 
incubations to deparaffinize the specimen. Ch- 
ips were then transferred to 100%, 100%, 95%, 
80%, and 70% successive ethanol washes ev- 
ery 5 min to rehydrate the specimen. Antigen 
retrieval was performed in a pressure cooker 
with citrate buffer (10 mM citrate and 0.05% 
Tween 20, pH 6.0). The chip was then incubat-
ed in 0.3% H2O2 in TBS for 15 min to suppress 
endogenous peroxidases.

The chip was incubated with an affinity-isolated 
polyclonal rabbit antibody against SIRT4 (HPA- 
029691, 1:100, Sigma, USA) at 4°C overnight. 
Secondary antibody was applied using a GTV- 
ision Kit (Gene Tech, Shanghai, China). The chip 
was stained with diaminobenzidine and then 
counterstained with hematoxylin. The chip was 
then dehydrated and sealed with coverslips in 
accordance with standard procedures. Tissues 

Table 1. SIRT4 protein expression in hepatocellular carcinoma 
and adjacent normal liver tissues

SIRT4 levels
All cases Low High χ2 P*

Age, y ≤ 60 27 10 17 1.014 0.314
> 60 66 32 34

Gender Male 77 39 38 5.443 0.026
Female 16 3 13

Tumor size, cm ≤ 5 51 23 28 0.000 0.989
> 5 42 19 23

Differentiation Well 14 3 11 4.281 0.118
Moderate 60 31 29

Poor 19 8 11
T stage T1-T2 22 11 11 0.587 0.444

T3-T4 64 26 38
N stage N0 45 23 22 1.246 0.302

N1-N3 48 19 29
AJCC stage I 11 3 8 2.639 0.267

II 37 19 18
III 40 15 25

Bold values are statistically significant (P < 0.05). *Chi-squared test.

ray. The diameter of tissue pieces 
on the tissue microarray was 1.5 
mm, and all points were overlaid 
with paraffin wax.

Among the 93 patients there were 
77 men and 16 women. Ages ran- 
ged from 49 to 85 years; the aver-
age age was 65.8 years. All pati- 
ents with pathological type are 
ESCC. The enrolled patients did 
not receive chemotherapy or radio-
therapy before surgery. The pati- 
ents underwent surgery between 
January 2009 and December 20- 
10 year. The follow-up time extend-
ed to September 2014 (3.8-5.7 
years). Overall survival was consid-
ered the time from radical surgery 
to death from any cause.

The tissue microarray contained 
clinicopathologic data (Table 1) 
that included: patient’s age; gen-
der; tumor size and location; tumor 
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treated with the antibody vehicle were used as 
the negative control.

Two pathologists who were blinded to the pati- 
ent information evaluated the SIRT4 immunos-
taining intensity under a light microscope. Each 
tissue point was assigned a score based on the 
staining intensity multiplied by the area of the 
stain [12]. The staining intensity was divided 
into 4 levels: 0, none; 1, weak; 2, moderate; or 
3, strong. The assessment of staining area was 
based on the percentage of cells that were po- 

SIRT4 in ESCC tissues was stronger than that of 
adjacent normal tissues (median score: Cancer 
= 6.1 compared with Normal = 4.7, P < 0.001, 
Figure 2A).

Associations between SIRT4 levels and clinico-
pathological parameters

Associations between SIRT4 levels and clinico-
pathological features were evaluated using 
immunohistochemistry (Table 1). We found sig-
nificant relationships between SIRT4 expres-

Figure 1. Representative immunohistochemical staining of SIRT4 protein 
in human esophageal carcinoma tissues. SIRT4 was expressed in the cyto-
plasm. The micrographs showed weak (A), medium (C) and strong (E) stain-
ing of SIRT4 in the esophageal carcinoma tissues. SIRT4 levels in corre-
sponding adjacent normal tissues are shown in (B, D and F), respectively. 
Magnification 100 ×.

sitively stained as follows: 0- 
0.5%; 1.5%-25%; 2.26%-50%; 
3.51-75%; and 4, > 75%. The 
degree of staining was consid-
ered as: 0-5, low; or 6 to 12 
points, high. The 2 patholo-
gists rectified any disagree-
ment in staining result evalua-
tions through discussion.

Statistical analysis

Statistical analyses were per-
formed using the statistical 
software SPSS 20.0 version. 
The paired t-test was used for 
the analysis of SIRT4 stain- 
ing score differences between 
ESCC and normal tissues. The 
chi-squared test and Fisher’s 
exact test were used to ana-
lyze the SIRT4 immunohisto-
chemical staining results and 
the association between SIR- 
T4 and the clinicopathological 
parameters. The Kaplan-Mei- 
er method (the log-rank test) 
was used for single-factor an- 
alysis. The Cox proportional 
hazards regression model was 
used to identify the indepen-
dent prognostic factors. A 
P-value < 0.05 (2-tailed) was 
considered statistically signi- 
ficant.

Results

SIRT4 Expression in ESCC 
and adjacent normal tissues

SIRT4 was mainly expressed 
in the cell cytoplasm (Figure 
1). The staining intensity of 
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sion and gender. Women with esophageal can-
cer, patients are more likely to appear SIRT4 
high expression. However, SIRT4 levels were 
not associated with: age, tumor size, pathologic 
differentiation degree, tumor invasion depth 
(T), lymph node positive number (N), distant 
metastasis (M), or AJCC stage is statistically 
significant correlation (P > 0.05).

Association between SIRT4 levels and total 
survival time

The Kaplan-Meier analysis and log-rank test 
were used to investigate the prognostic value 
of SIRT4 levels on patient survival. In the uni-
variate analysis, we found that depth of tumor 
invasion (T), lymph node metastasis (N) and 
AJCC stage were associated with overall sur-
vival (P = 0.030, < 0.016, and < 0.003, respec-
tively, Table 2) in patients with ESCC. And we 
did not find a correlation between SIRT4 levels 
and the total survival time (P = 0.304). However, 
the average survival time of patients with high 
SIRT4 levels in esophageal cancer tissues was 
lower than that of patients with low levels 
(mean survival time: SIRT4 High = 26.2 months 
compared with SIRT4 Low = 32.1 months) 
(Figure 2B).

COX regression analysis was used to analyze 
the independent prognostic factors for overall 
survival time of patients with ESCC. After ad- 

justing the prognostic factors in univariate anal-
ysis, there was a significant correlation between 
AJCC stage and total survival time (data not 
show).

Discussion

In the present study, we analyzed the levels of 
SIRT4 in ESCC tissues and the association 
between them and the clinicopathological pa- 
rameters of patients with ESCC. Our results 
showed that SIRT4 was mainly located in the 
cell cytoplasm, and levels were higher than that 
of normal matched tissues. In addition to wo- 
men with esophageal cancer, patients are more 
likely to appear SIRT4 high expression, SIRT4 
expression intensity and the rest of the esopha-
geal cancer clinicopathological parameters are 
not related. The average survival time of pati- 
ents with high SIRT4 levels in esophageal can-
cer tissues was lower than that of patients with 
low levels. 

Based on the results of the present study and 
others, the different SIRT family members have 
roles that depend on the specific tissue and 
tumor type [13]. For example, the presence of 
SIRT1 in gastric [14], colon [15], prostate [16], 
skin [17] and other tumors suggests that it has 
a role in promoting tumor development in these 
cancers. However, other studies have found 
that SIRT1 levels are lower in breast cancer 

Figure 2. A. SIRT4 protein levels in 87 esophageal carcinoma tissues and paired adjacent normal esophageal 
tissues as measured by tissue microarray. SIRT4 protein levels were higher than in adjacent normal esophageal 
tissues. The boxes represent the interquartile range; whiskers represent the minimum-to-maximum range; bars 
represent the median. B. Kaplan-Meier curve comparing the patient survival times of those with low SIRT4 levels in 
esophageal cancer tissues and those with high levels; determined using tissue microarray. The total survival rate of 
patients with esophageal cancer with low SIRT4 levels was significantly lower than that of patients with high SIRT4 
levels; P = 0.304, log-rank test.
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than in normal tissues [18], and in an APCmin/+ 
mouse model of colon cancer can inhibit the 
formation of intestinal tumors [19]. This is simi-
lar to SIRT2, which was shown to be downregu-
lated in breast cancer [20], glioma [21], and 
skin cancer [22], while SIRT2 levels were ele-
vated in acute myeloid leukemia [23] and pros-
tate cancer [24]. Thus, we cannot easily extrap-
olate conclusions from the observations of one 
tumor type to others. 

There have been a limited number of studies 
regarding the SIRT4 gene in oncology, but all 
agree that it functions as a tumor suppressor. 
For example, Jeong [6] concluded that SIRT4 
suppresses tumor formation by inhibiting gluta-
mine metabolism. Furthermore, overexpressi- 
on of SIRT4 could inhibit the growth of HeLa 
cells, SIRT4 knockout mouse embryo fibro-
blasts formed larger tumors in nude mice, and 
SIRT4 knockout mice spontaneously generated 
lung cancer, liver cancer, breast cancer, and 
lymphoma. Csibi [7] also found that overex-
pression of SIRT4 could inhibit the growth of 

reduction in SIRT4 could promote esophageal 
cancer cell proliferation and migration. But they 
used paraffin sections, and the accuracy of 
immunohistochemistry is not equal to that of a 
tissue microarray; different races, samples, 
and different antibodies will also result in dif-
ferent results.

Current research on SIRT4 supports that it can 
inhibit tumor metabolism, especially the inhibi-
tion of glutamine metabolism [6, 7, 26], and 
acts as a tumor suppressor gene. It is thought 
that SIRT4 is a gate-keeper of cellular energy 
metabolism [26]. Indeed, altered energy meta- 
bolism is a feature of tumors [27]. Tumor cells 
and normal cells have distinct metabolic pat-
terns. Tumor cells often appear to enhance glu-
cose and glutamine metabolism to provide the 
energy for growth of the tumor [28, 29]. Be- 
cause the higher the degree of malignancy, the 
faster the proliferation, the corresponding ene- 
rgy demand is also stronger. Thus, the ability of 
SIRT4 to inhibit glutamine metabolism is in 
accord with its identification as a tumor sup-

Table 2. Univariate analysis of SIRT4 expression and clinico-
pathologic variables in 93 patients with ESCC

Overall survival, mo
All cases, n Mean Median P*

Age, y ≤ 60 27 30.0 27.0 0.834
> 60 66 28.1 20.0

Gender Male 76 28.1 20.0 0.190
Female 16 34.1 NR

Tumor size, cm ≤ 5 61 28.7 20.0 0.726
> 5 32 29.2 28.0

Differentiation Well 14 34.7 21.0 0.526
Moderate 60 28.1 19.0

Poor 19 27.4 17.0
T stage T1-T2 22 38.1 NR 0.030

T3-T4 64 25.7 17.0
N stage N0 45 35.2 42.0 0.016

N1-N3 48 23.2 15.0
M stage M0 93 38.8 28.0 0.408

M1 0 28.2 29.0
AJCC stage I 39.4 49.3 NR 0.005

II 34.0 27.4 31.0
III 20.0 20.2 14.0

SIRT4 levels Low 32 32.1 28.0 0.304
High 61 26.2 16.0

Bold values are statistically significant (P < 0.05). NR, not reached. *log-rank 
test.

human colon cancer cells (DLD-1) 
and human prostate cancer cells 
(DU145). Jeong [25] found that 
SIRT4 inhibited the growth of Myc-
induced B cell lymphoma. 

Our previous study found that 
SIRT4 levels were downregulated 
in gastric cancer and colon cancer 
tissues and were associated with 
pathological grading and other 
clinicopathological parameters [8, 
10]. In the present experiment, 
however, we found that SIRT4 pro-
tein levels were higher in esopha-
geal cancer tissues than adjacent 
normal esophageal tissues. More- 
over, the average survival time of 
patients with high SIRT4 levels in 
esophageal cancer tissues was 
lower than that of patients with 
low levels. This would suggest that 
the SIRT4 gene in esophageal can-
cer is an oncogene. 

Our present results are somewhat 
contradictory to recent literature. 
Nakahara [11] found that low 
SIRT4 levels were associated with 
poorer prognosis in esophageal 
cancer, and they also found that 
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pressor gene. However, there has been little 
research on the mechanism of SIRT4. Like 
other members of the SIRT family, SIRT4 may 
be a component of a complex regulatory net-
work, and it may act variously as a tumor sup-
pressor gene or oncogene. Therefore, the SIRT4 
regulatory network in tumors warrants further 
research, to facilitate in-depth understanding 
of its role in cancer. 

In the present study, we found that the total 
survival time of esophageal cancer patients 
with high SIRT4 levels was shorter than that of 
patients with low levels, but the difference was 
not statistically significant. This may be due to 
the small size of the sample population.

In summary, our results indicate SIRT4 may 
participant in the development of ESCC, and 
SIRT4 protein in tumors may have a complex 
mechanism of action.
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