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The correlation of serum sirt6 with clinical 
outcome and prognosis in patients with gastric 
cancer
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Abstract 
Background: We aimed to evaluate the correlation between serum sirtuin 6 (sirt6) level and clinicopathological characteristics 
and prognosis of gastric cancer (GC) patients.

Methods: The serum sirt6 levels of subjects (135 cases of GC, 68 cases of atrophic gastritis, 60 cases of healthy controls) 
were analyzed by enzyme-linked immunosorbent assay. The predictive and prognostic values of sirt6 serum level for GC were 
determined by performing receiver operating characteristic curve (ROC), Kaplan–Meier analysis, as well as univariate and 
multivariate Cox regression, respectively.

Results: GC patients showed lower sirt6 serum levels than that of atrophic gastritis patients and healthy control. Taking the 
healthy control as a reference, the area under the ROC curve (AUC) of sirt6 serum level for diagnosing GC was 0.955 with a 
sensitivity of 91.85% and a specificity of 90.0%. Based on ROC analysis using atrophic gastritis as the state variable, serum 
sirt6 had a high diagnostic efficiency for GC (AUC = 0.754). Serum sirt6 was related to the clinicopathological features (tumor 
size, Lauren’s classification, tumor node metastasis staging, lymph node metastasis) and overall survival (log-rank χ2 = 12.22, 
P < .001). The AUC of serum sirt6 predicting death in GC patients was 0.731. At the optimal cutoff value (16.83 ng/mL), the 
sensitivity and specificity of sirt6 were 59.57% and 79.55%, respectively. Moreover, lower sirt6 level as independent risk factor 
was revealed to affect prognosis of GC patients (P = .018).

Conclusion: Serum sirt6 level was positively associated with the tumor stage and metastasis conditions, which could be served 
as diagnostic and predictive biomarkers in GC.

Abbreviations: AG = atrophic gastritis, AUC = area under the ROC curve, CA 19-9 = carbohydrate antigen 19-9, CA 72-4 
= carbohydrate antigen 72-4, CEA = carcino-embryonic antigen, GC = gastric cancer, ROC = receiver operating characteristic 
curve, Sirt6 = sirtuin 6, TNM = tumor node metastasis.
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1. Introduction

As the most prevalent malignancy of the digestive system and 
the third greatest cause of cancer-related fatalities,[1] the prog-
nosis of patients with advanced gastric cancer (GC) is still poor 
although the overall survival has been significantly improved 
in the past decades.[2] The misdiagnosed result in the delay in 
treatment due to the unspecific early symptoms of GC patients, 
implying the importance of early and accurate diagnosis in 
improving GC prognosis.[3] Gastroscopy and histological exam-
ination are the most commonly used screening methods for 
gastrointestinal diseases with the disadvantages of high cost, 
invasiveness and uncomfortableness.[4] Body fluid-based detec-
tion is thought to be a good noninvasive option, such as serum 
biomarkers carcino-embryonic antigen (CEA), carbohydrate 

antigen (CA) 19-9 and CA72-4, which, however, demonstrated 
low sensitivity for GC diagnosis.[5] The identification of effec-
tive serum biomarkers is of great significance for the diagnosis 
and prognosis of GC.

Sirtuin 6 (sirt6) a nicotinamide adenine dinucleotide-de-
pendent histone deacetylase[6] has long-chain fatty acylase 
activity, thus playing an eventful role in cell metabolism, cell 
cycle, apoptosis and transcriptional regulation.[7] In addition, 
its dysregulated has been confirmed to be involved in the 
occurrence of many diseases including tumors.[8] For exam-
ple, Shen et al[9] found that sirt6 expression in GC tissues was 
related to Lauren’s classification, and the high expression of 
sirt6 was unfavorable for overall survival via analyzing the 
sirtuins expression profiles form GEO datasets (GSE62254 
and GSE15459). In addition, Zhou et al[10] proposed that sirt6 
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in GC tissues is a protective factor for the prognosis of GC 
via detecting the protein expression by immunohistochemi-
cal methods. It is worth noting that the level of serum sirt6 
is considered to be an aid in the diagnosis of coronary artery 
disease.[11] Besides, the level of serum sirt6 is considered as a 
potential sex-specific aging marker.[12] However, there is still 
a lack of relevant reports about the preoperative serum sirt6 
predicting the prognosis of GC.

2. Objectives
In the current study, the sirt6 serum level was detected by an 
enzyme-linked immunosorbent assay, and the correlation 
between its concentration with clinicopathological characteris-
tics and prognosis in GC patients was analyzed, thus providing 
suitable relevant targets for the clinical diagnosis and prognostic 
judgment of GC.

3. Materials and Methods

3.1. Clinical data and pathological evaluation

The 135 cases of gastric cancer (GC group) patients admitted 
to Xi’an international medical center Hospital between June 
2015 and June 2016 were enrolled, who all met the inclusion 
criteria: all patients were diagnosed with GC by gastroscopy 
and pathological examination; no drugs or chemotherapy 
were received before surgery. The following were the criteria 
for exclusion: have a history of gastric surgery; taken the fol-
lowing drugs, including proton pump inhibitors, gastric pro-
tectants and other drugs within 2 weeks; have coagulation 
dysfunction or other diseases. Neoadjuvant and adjuvant che-
motherapy were administered in 3 (2.22%) and 82 (60.74%) 
patients, respectively. A total of 80 patients (59.26%) received 
fluorouracil-based chemotherapy. A total of 65 patients 
(48.15%) received adjuvant chemotherapy over 3 cycles. No 
patient received adjuvant radiotherapy. Besides, patients with 
atrophic gastritis (atrophic gastritis [AG] group, n = 68) and 
healthy controls (HC group, n = 60) without stomach dis-
eases or other diseases that affected the results of this study 
were selected during the same period. Patients with AG were 
referred for gastric antrum biopsy and upper gastrointestinal 
endoscopy due to dyspeptic symptoms, and had no history of 
malignant tumors.

All procedures involving human participants are in compli-
ance with the Declaration of Helsinki (revised in 2013). This 
study obtained written informed consent from all participants 
before participating in the study, which also was approved by 
Xi’an international medical center Hospital.

3.2. Laboratory analysis

Fasting venous blood (5 mL) was centrifuged at 4,000 rpm for 5 
minutes to obtain serum (the supernatant), which was stored at 
−80°C for the measurement of the levels of CEA, carbohydrate 
antigen 19-9 (CA 19-9), and carbohydrate antigen 72-4 (CA 
72-4) using automatic electrochemical luminescence analyzer 
(Roche Applied Science, Germany), as well as sirt6 levels by 
human enzyme-linked immunosorbent assay kit in accordance 
with the kit’s directions (CSB-E17018h, Shunyuan Biotech Co., 
LTD, Shanghai, China).

3.3. Data collection and follow-up

Patients’ characteristics, including age, gender, metastasis con-
dition, differential, tumor node metastasis (TNM) stage, were 
recorded. Survival was measured from the time of surgery until 
follow-up on June 31, 2021. The time from admission to death 
or the last follow-up was used to calculate overall survival.

3.4. Statistical analysis

For comparisons of data presented as the mean ± standard devi-
ation (SD) between 2 group, Student t-test was performed, and 
1-way analysis of variance following with Tukey post hoc test 
for more than 2 groups. The χ2 or Fisher’s exact tests were used 
to analyze odds ratios. Pearson correlation analysis was used to 
assess correlations between sirt6 and other biomarkers. The cut-
off value of sirt6 level for diagnosing GC was determined using 
the receiver operating characteristics (ROC) curve. Kaplan–
Meier curves (log-rank test), as well as univariate and multi-
variate Cox regression analyses were used for survival analysis. 
P < .05 was considered as statistically significant via SPSS 22.0 
(IBM Corp., Armonk, NY).

4. Results

4.1. Basic clinical information for all participants

No significant difference was showed among the GC, AG, and 
HG groups in terms of age and gender (P > .05; Table 1). Before 
the subject receives any surgery, chemotherapy or radiotherapy, 
the serum simple of subject was collected for measuring CEA, CA 
19-9, and CA 72-4, which were markedly higher in GC patients 
and AG patients than healthy controls (P < .05; Table 1), espe-
cially in GC patients (P < .05). Moreover, GC patients showed 
lower sirt6 serum levels than that of AG patients and healthy 
control (P < .05; Table 1).

4.2. The diagnostic value of serum sirt6 for GC

Next, the diagnostic capacities of serum biomarkers in GC were 
evaluated and compared using ROC curves in GC patients and 
healthy controls (Fig. 1A). At the optimal cutoff value (26.18 ng/
mL), an area under the ROC curve (AUC) of serum sirt6 level was 
0.955 with a sensitivity of 91.85% and a specificity of 90.0%, 
which was higher than that of CEA (0.809), CA 19-9 (0.715) and 
CA 72-4 (0.873). Furthermore, we created ROC curves in GC and 
AG patients to assess the performance of serum indicators for GC 
and AG discrimination (Fig. 1B), and the result also showed higher 
AUC of serum sirt6 level (0.754) as compared with CEA (0.564), 
CA 19-9 (0.695) and CA 72-4 (0.688). These findings suggested 
that serum sirt6 could be a useful diagnostic marker for GC, but 
its ability to discriminate between GC and AG was limited.

4.3. The correlation between sirt6 serum level and 
clinicopathological features of GC

As shown in Table  2, serum sirt6 level was related to tumor 
size, differentiate grade, lauren classification, depth of invasion, 

Table 1

Characteristics of study subjects.

Baseline 
HC group 
(n = 60) 

AG group 
(n = 68) 

GC group 
(n = 135) P 

Age (yr) 64.55 ± 13.32 62.56 ± 11.55 64.79 ± 12.36 .464
Gender .237
  Female 33 35 58
  Male 27 33 77
Sirt6 (ng/mL) 35.01 ± 7.30 25.13 ± 6.84 19.09 ± 5.36 <.001
CEA (ng/mL) 2.15 ± 1.15 3.56 ± 1.50 3.89 ± 1.59 <.001
CA 19-9 (U/mL) 14.04 ± 4.46 14.60 ± 3.94 17.81 ± 4.79 <.001
CA 72-4 (IU/mL) 5.37 ± 1.43 7.11 ± 1.60 8.43 ± 2.18 <.001
CA 125 (IU/mL) 33.49 ± 14.03 36.96 ± 9.49 38.42 ± 7.42 .006
CA 50 (µg/L) 21.99 ± 4.76 22.93 ± 4.96 25.44 ± 4.66 <.001

AG = atrophic gastritis, CA 19-9 = carbohydrate antigen 19-9, CA 72-4 = carbohydrate antigen 
72-4, CEA = carcino-embryonic antigen, Sirt6 = sirtuin 6.
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lymph nodes metastasis, distant metastasis and TNM stage of 
GC (P < .05) rather than age and gender (P > .05). Moreover, 
Pearson analysis revealed negatively correlation of sirt6 con-
centration with serum CA 19-9 and CA 72-4 in GC patients 
(P < .05, Fig. 2).

4.4. Sirt6 serum level was served as a prognostic 
biomarker for GC

Compared with the survival group, the serum sirt6 level of 
the death group was significantly lower (20.48 ± 5.11 vs 
16.49 ± 4.88, t = 4.386, P < .001). We then applied the ROC 
curve to determine the most valuable cutoff point of serum 
sirt6 related to prognosis. We found that the predictive AUC 
of serum sirt6 for prognosis of GC patients was 0.731 (0.648–
0.803) at a cutoff value of 16.83 ng/mL (P < .001, Fig. 3A) with 
the sensitivity and specificity of sirt6 were 59.57% and 79.55%, 
respectively. Subsequently, we found the median survival time 
of GC patients with high sirt6 serum level (>16.83 ng/mL) was 
50.66 months, which was shorter in patients (40.27 months) 
with low sirt6 (≤16.83 ng/mL) via performing Kaplan–Meier 
curves (log-rank test) (χ2 = 12.22, P < .001; Fig. 3B).

4.5. Cox regression analysis for overall survival

In univariate analyses, lower sirt6 serum level (P = .001), higher 
CEA levels (P = .013), larger tumor size (P = .025), higher 
Lauren’s classification (P = .012), poor differentiate (P = .021), 
lymph nodes metastasis (P = .009), and higher TNM stage 
(P = .017) were all associated with short overall survival. In 
multivariate analyses, lower sirt6 serum level (P = .018) and 
distant metastasis (P = .007) were independent risk factors that 
affect GC prognosis (Table 3).

5. Discussion
Sirtuins are a type of protein deacetylase that is activated by 
NAD + and is involved in stress resistance and metabolic 

homeostasis.[13,14] Among the seven mammalian sirtuins, sirt6 
has been confirmed to be involved in regulating embryonic 

Figure 1. ROC curve analysis of serum sirt6 to predict and identify GC. (A) The ROC curves of serum sitr6, CEA, CA 19-9, and CA 72-4 were used to diagnose 
GC in GC patients and health control. (B) The ROC curves of serum sitr6, CEA, CA 19-9, and CA 72-4 were used to identify GC and AG in GC and AG patients. 
AG = atrophic gastritis, CA 19-9 = carbohydrate antigen 19-9, CA 72-4 = carbohydrate antigen 72-4, CEA = carcino-embryonic antigen, GC = gastric cancer, 
ROC = receiver operating characteristic curve, Sirt6 = sirtuin 6.

Table 2

Relationship between serum sirt6 and clinicopathological 
characteristics of GC.

Characteristics Case No. Sirt6 (ng/mL) P 

Age (yr) .087
  <60 47 18.58 ± 5.95
  ≥60 88 19.37 ± 5.04
Gender .942
  Female 58 19.81 ± 5.3
  Male 77 18.55 ± 5.38
Tumor size (cm) <.001
  <4 78 21.19 ± 4.51
  ≥4 57 16.23 ± 5.15
Pathological differention <.001
  Well + Moderate 93 20.40 ± 5.17
  Poor 42 16.19 ± 4.65
Lauren classification <.001
  Intestinal 86 20.36 ± 4.97
  Diffuse 49 16.88 ± 5.36
T classification <.001
  T1 26  24.45 ± 4.07
  T2 9 24.21 ± 3.12
  T3 34 19.82 ± 4.95
  T4 66 15.91 ± 3.70
Lymph nodes metastasis <.001
  Negative 92 20.29 ± 4.83
  Positive 43 16.52 ± 5.60
Distant metastasis <.001
  No 116 19.80 ± 5.12
  Yes 19 14.77 ± 4.86
TNM stage .001
  I 21 24.18 ± 3.29
  II 31 20.49 ± 5.18
  III 64 18.03 ± 4.67
  IV 19 14.77 ± 4.87

GC = gastric cancer, Sirt6 = sirtuin 6, TNM = tumor node metastasis.
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development, DNA repair, inflammation, cancer and aging.[15,16] 
In thyroid cancer,[17,18] breast cancer[19] and prostate cancer,[20] 
the expression of sirt6 is significantly up-regulated, and its 
inhibitions enhances the chemosensitivity of pancreatic cancer 
cells.[21] Moreover, sirt6 suppressed the apoptosis of hepato-
cellular carcinoma cells by regressing the expression of B-cell 
lymphoma 2 (Bcl-2) related X protein.[22] AG is considered to 
be an important precancerous lesion of gastric cancer.[23] In our 
study, the serum sirt6 level of patients with GC was observed 
to be substantially lower than that of AG patients and healthy 
controls in the current investigation, being consistent with the 
results obtained by Zhou et al[10] in GC. Besides, serum sirt6 had 

a certain diagnostic value for AG and GC versus health controls, 
which also could distinguish GC versus AG with low accuracy. 
What is more, serum sirt6 in GC patients was negatively cor-
related with CA 19-9 and CA 72-4, indicating sirt6 might act 
as a tumor suppressor in GC, and monitoring serum sirt6 might 
provide benefits for the clinical diagnosis of GC.

The link between serum sirt6 and clinicopathological features 
of GC patients was also investigated. The findings revealed that 
serum sirt6 was linked to tumor size, stage, and metastasis, 
implying that sirt6 downregulation may boost tumor cell prolif-
eration, migration, and invasion, hence aiding in the progression 
of GC. It was found in GC cells that sirt6 blocked the activation 

Figure 2. Correlation between serum sirt6 and other serum biomarkers in GC patients. Serum sirt6 in GC patients were significantly negatively correlated with 
CA 19-9 and CA 72-4 (P < .05), but not significantly correlated with CEA (P > .05). CA 19-9 = carbohydrate antigen 19-9, CA 72-4 = carbohydrate antigen 72-4, 
CEA = carcino-embryonic antigen, GC = gastric cancer, Sirt6 = sirtuin 6.

Figure 3. The relationship between serum sirt6 and prognosis of GC. (A) ROC curve analysis of serum sirt6 predicting the prognosis of GC patients. (B) Kaplan–
Meier curves of GC patients based on sirt6 levels in their blood. ROC = receiver operating characteristic curve. Sirt6 = sirtuin 6.

Table 3

Univariate and multivariate Cox regression analyses for overall survival (n = 135).

Variables 

Overall survival

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P 

Sirt6 levels (low vs high) 2.69 1.498–4.829 .001 2.030 1.106–3.726 .022
Age (<60 vs  ≥60) 1.329 0.718–2.458 .365
Gender (female vs male) 1.323 0.728–2.406 .358
CEA levels (high vs low) 2.988 1.262–7.076 .013 2.882 1.202–6.907 .018
CA 19-9 levels (high vs low) 1.044 0.584–1.867 .885
CA 72-4 levels (high vs low) 1.726 0.856–3.480 .127
Tumor size (<4 cm vs ≥4 cm) 1.969 1.088–3.565 .025
Lauren classification (intestinal vs diffuse) 2.108 1.175–3.782 .012
Pathological differention (well + moderate vs poor) 1.976 1.107–3.527 .021
Lymph nodes metastasis (negative vs positive) 2.147 1.211–3.808 .009
TNM stage (I and II vs III and IV) 2.024 1.135–3.610 .017 2.332 1.015–5.354 .046

CA 19-9 = carbohydrate antigen 19-9, CA 72-4 = carbohydrate antigen 72-4, CEA = carcino-embryonic antigen, Sirt6 = sirtuin 6, TNM = tumor node metastasis.
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of JAK2/STAT3 and inhibits the cyclin D1 and Bcl-2 expressions 
to inhibit tumor cell proliferation and to promote cell apopto-
sis,[10] and sirt6 also overcomes sorafenib resistance by inhib-
iting ferroptosis.[24] Besides, sirt6, as a new tumor suppressor, 
prevents the occurrence of tumors by inhibiting glycolysis[25] and 
enhancing oxidative phosphorylation.[26] These studies suggest 
that sirt6 directly acts on tumor cells, or indirectly regulates 
related signal pathways, as well as cancer metabolism, to par-
ticipate in the occurrence and progression of GC. However, its 
exact mechanism in GC needs to be further explored.

Some scholars have confirmed through immunohistochemical 
analyses that sirt6 has a certain value in predicting the long-
term prognosis of a variety of tumors. In hepatocellular carci-
noma[27] and non-small cell lung cancer,[28] the upregulation of 
sirt6 expression is closely related to poor overall survival and 
disease-free survival, which was also related to drug resistance 
and a poor prognosis in breast cancer[19] and prostate cancer.[20] 
In addition, Zhou et al[10] used immunohistochemical analysis 
and found that the decreased expression of sirt6 was associated 
with poor prognosis of GC. Recent studies have proposed that 
noninvasive serological biomarkers for real-time monitoring of 
targeted prognosis have higher safety and effectiveness.[29,30] The 
level of sirt6 in the peripheral circulation has also been used 
to predict coronary artery disease,[11] diabetes,[31] and aging.[12,32] 
However, no research has been done on the link between serum 
sirt6 and prognosis in GC patients. We discovered that GC 
patients with low serum sirt6 had a significantly shorter 5-years 
overall survival than those with high serum sirt6. Furthermore, 
low serum sirt6 was found to be an independent risk factor for 
GC patients’ prognosis. These findings suggested that serum 
sirt6 could be utilized to predict the prognosis of GC patients.

6. Limitations
There were some limitations in this study that deserve further 
discussion, including a small sample size and the source of the 
research items, thus may resulting some selection bias. The 
prognostic significance of serum sirt6 needs to be verified in a 
larger cohort. Moreover, the relationship between sirt6 and spe-
cific molecular subtypes of GC remains to be explored.

7. Conclusions
To summarize, this was the first study to examine the associa-
tion between preoperative serum sirt6 and the prognosis of GC 
patients, as far as we know, which could be employed as a useful 
serum biomarker for the diagnosis of GC in the current investi-
gation. Additionally, low levels of sirt6 were significantly associ-
ated with several clinic features, implying that down-regulation 
of sirt6 was implicated in the progression of GC. Furthermore, 
low serum sirt6 levels exhibited a significant prognostic value 
for GC patients’ poor prognosis, and it was one of the indepen-
dent factors influencing GC prognosis. The assessment of serum 
sirt6 has significant implications for the diagnosis, prognosis, 
and subsequent therapy options for GC.
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