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Abstract 

Survivin is an important member of the apoptosis inhibitory protein family, which plays an important role in suppressing 

apoptosis, promoting proliferation and vascular formation. The occurrence and development of tumors are related to apoptosis 

and imbalance of proliferation. Gastric cancer is the most common malignant tumor in the digestive system. Due to the 

inadequate symptoms of early symptoms, most of them have entered the middle and late stages during diagnosis. It is easy to 

relapse and metastasize. The mortality rate is high, which seriously endangers human health. Research have found that Survivin 

expresses high in gastric cancer tissue, participating in the proliferation of tumor cells, inhibiting apoptosis and the formation of 

blood vessels, and is of great significance to the diagnosis, judgment transfer and prognosis evaluation of gastric cancer, 

especially the value of combined with a number of indicators is greater. Therefore, finding an early diagnosis and judging the 

ideal tumor logo combination of the early diagnosis and judgment of the prognosis is important. This article reviews the 

biological characteristics of Survivin and its research progress in gastric cancer, so as to provide theoretical basis for the 

diagnosis of gastric cancer and new ideas for the successful prevention and treatment of tumors. 

Keywords 

Apoptosis Inhibiting Protein, Survivin, Gastric Cancer, Prognosis 

 

1. Introduction 

Gastric cancer (GC) is the most common cancer in the world, 

and it is also one of the common clinical digestive tract ma-

lignant tumors [1]. The latest statistics show that [2] in 2020, 

there are 1,93 million new cases of malignant tumors in 2020, 

10 million deaths in death, of which 1.09 million new occur-

rences of gastric cancer and 769,000 deaths, respectively, ac-

counting for all malignant tumors and death cases 5.64 % and 

7.69%, ranked 6th among the global malignant tumors, and 3rd 

in mortality. In 2020, the number of new hair cancer and death 

cases in China is 478 508 and 373 789 cases, respectively, 

accounting for 43.94%and 48.62%of the world's [3]. China is a 

high incidence of gastric cancer. The incidence and mortality 

are ranked 2nd and 3rd in the cancer spectrum [4]. The 5-year 

survival rate is only about 30%, and the prognosis is poor, 

which seriously threatens the health of the people of our people. 

So far, the occurrence and development mechanism of the GC 

is still not very clear. Survivin is an important members of the 

Apoptosis inhibiting protein (AIP) family have functions such 

as regulating apoptosis and cell proliferation. Normal adult 

tissue is not expressed, and embryo tissue is expressed. Re-
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searchers have found that Survivin is highly expressed in gas-

tric cancer tumor tissues, participating in regulating the prolif-

eration, apoptosis, and vascular production of tumor cells, 

which are related to the development and prognosis of tumor 

[5]. Comprehensive analysis of the relationship between Sur-

vivin and other tumor markers and gastric cancer helps the 

research on diagnosis and treatment and pathogenesis, which is 

of great significance to the prevention and treatment of tumors. 

This article reviews the research progress of Survivin and its 

research on gastric cancer. 

2. Overview of Survivin 

2.1. Composition and Structure of Survivin 

Survivin is an anti-apoptosis gene first screened and cloned 

from the human gene pool in 1997 by Ambrosini et al [6] at 

Yale University. Survivin has the most potent inhibitor of 

apoptosis been found so far. It belongs to the IAPs family and 

is also known as survivin because of it prolongs cell survival. 

This gene is located on chromosome 17q25, and the expres-

sion product consisted of 142 amino acid residues with a 

relative molecular weight of 16.5KD [7], 4 exons and 3 in-

trons. Survivin is the factor with the smallest molecular 

weight and the strongest inhibitory effect on apoptosis in the 

AIPs family [8]. Its protein structure includes an N-terminal 

baculovirus IAP repeat (BIR) with inhibitory Caspase activity 

and a long C-terminus α Spiral, BIR plays a crucial role in 

apoptosis. Survivin has a unique homodimeric structure 

compared to other IAP protein molecules and is present in the 

cytoplasm. Survivin mRNA is cleaved and found to have 9 

isomers, such as Survivin-2α、 Survivin-3βand Survivin-2β、

Survivin-δEx3 contains 165 and 137 amino acids, respec-

tively. Survivin-δEx3 retains most of its anti-apoptotic ability 

and functions similarly to Survivin, with the ability to inhibit 

apoptosis. Survivin-2αhas anti-apoptotic function of Survivin, 

Survivin-2βhas cytotoxic effects and can significantly reduce 

anti-apoptotic properties [9], Survivin-δEx3 and Survivin-2 

have the opposite effect and have received widespread atten-

tion from foreign scholars due to its unique functions and 

effects. There is relatively little research on the relationship 

with tumors and Survivin-3. There are three isomers in human 

embryonic tissue: Survivin-40, Survivin-128, and Sur-

vivin-140‚ The latter also exists in thymus and testicular tis-

sues, while differentiated and mature tissues do not express 

Survivin-40 [9]. Survivin isomers have different biological 

activities and play different roles in tumors. 

2.2. Biological Characteristics of Survivin 

2.2.1. Inhibition of Apoptosis 

Apoptosis is an autonomous and orderly death regulated by 

cells that maintains a stable internal environment in the body. 

It can occur in the physiological state of individual develop-

ment or in diseases. The pathways of cell apoptosis mainly 

include internal pathways mediated by mitochondria and 

external pathways mediated by death receptors. Under normal 

circumstances, the expression of apoptotic proteins is rela-

tively stable. Once cells receive the stimulation of apoptotic 

signals, it promotes and inhibits the imbalance of expression 

of apoptotic gene proteins, leading to cell apoptosis [10]. 

Caspase is a cysteine protease with specific aspartic acid, 

which plays a crucial role in the process of cell apoptosis. 

Under normal circumstances, Caspases exist in the cytoplasm 

in the form of enzymes and are activated by specific binding 

with reactants. Caspases have the characteristics of self- ac-

tivation and mutual activation. Once the apoptosis process is 

triggered, it exhibits a cascade amplification effect. The cas-

cade reaction triggered by Caspases is the central link in the 

process of cell apoptosis and plays an important role in in-

ducing cell apoptosis. Its cascade activation and protein dis-

solution occur. It is the convergence point of multiple apop-

totic pathways and the ultimate pathway for executing apop-

tosis [11]. Most members of the Caspase family are promoters 

or effectors of apoptosis, playing important roles in the pro-

cess of cell apoptosis [12]. The Caspase family has 14 mem-

bers, which are classified according to their biological func-

tions into inflammatory, apoptotic, and functionally unknown 

Caspases [13]. According to the different positions and func-

tions upstream and downstream of the cascade reaction, the 

Caspase family can be divided into three categories: apoptosis 

initiating factors (Caspase-2, 8, 9, 10), apoptosis executing 

factors (Caspase-3, 6, 7), and inflammatory mediating factors 

(Caspase-1, 4, 5, 13, 14), which together form a cascade re-

action and have an amplification effect. Caspases-3 is a key 

executor in regulating cell apoptosis. After activation, it can 

further activate Caspases-9 proenzyme, form positive feed-

back regulation, and accelerate the process of cell apoptosis 

[14]. Caspase-9 can activate downstream Caspase, initiate the 

cell apoptosis program, and is a key link in completing cell 

apoptosis [15]. It is also an important indicator reflecting the 

degree of cell apoptosis. Caspases-3 is one of the most im-

portant executors of apoptosis and an irreversible marker of 

apoptosis [16]. Its expression level can reflect the apoptosis of 

cells. 

The process of cell apoptosis is jointly regulated by apoptosis 

inhibitory factors (Bcl-2, Bcl-x, Survivin, etc.) and apoptosis 

promoting factors (Bax, caspase, etc.) [17]. Survivin exerts a 

strong inhibitory effect on the cell apoptosis pathway mainly 

through direct protein binding and inhibition of upstream and 

downstream Caspase molecules. High expression of Survivin 

can inhibit Caspase induced cell apoptosis, bind specifically to 

Caspase, inhibit Caspase-3,7 activity, and block the occurrence 

of apoptosis. The Bcl-2 family plays an important regulatory 

role in the mitochondrial apoptosis pathway, and can induce 

cell apoptosis by activating downstream genes [18]. The en-

dogenous pathway of cell apoptosis is regulated by the Bcl-2 

family, which includes anti apoptotic genes such as Bcl-2 and 

pro apoptotic genes such as Bax. Bcl-2 and Bax together form a 
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dimeric structure, regulating the process of cell apoptosis [19]. 

The Bcl-2/Bax ratio directly determines cell survival. Therefore, 

cell apoptosis is regulated by the combined action of Caspase 

and many factors. 

2.2.2. Participating in Cell Cycle Regulation 

Survivin has a dual effect of inhibiting cell apoptosis and 

regulating cell cycle, and is an important factor connecting the 

cell cycle and apoptosis interface. Unlike other proteins in the 

IAPs family, Survivin expression is cell cycle dependent and 

highly expressed specifically in the G2/M phase [20]. Sur-

vivin is closely related to cell division, proliferation, and cell 

cycle regulation by inhibiting cell apoptosis. Survivin is 

synthesized and degraded in a cell cycle dependent manner in 

normal tissues, increasing in G1 phase and significantly in 

G2/M phase. Kobayashi et al. found that Survivin is expressed 

in all proliferating tissues and is widely expressed in embry-

onic tissues, participating in cell growth and differentiation 

[9]. It plays an important role in promoting the cell cycle, 

accelerating cell division and proliferation processes. Sur-

vivin also participates in chromosome segregation regulation 

and plays an important role in chromosome and cytoplasmic 

division [21]. The Survivin gene promotes tumor cell prolif-

eration and differentiation by accelerating the transition of 

tumor cells from G1 to S phase and allowing tumor cells to 

evade recognition of apoptosis during G2/M phase [9]. 

2.2.3. Promoting Blood Vessel Formation 

The formation of blood vessels is regulated by both pro-

moting and inhibiting angiogenesis factors. In the process of 

angiogenesis, various pro-angiogenic factors, such as VEGF, 

Ang-1 and basic fibroblast growth factor (bFGF), promote the 

proliferation of vascular endothelial cells by up-regulating 

Survivin expression and play an important role in the middle 

of angiogenesis [10]. O 'Connor et al. used VEGF and bFGF 

to induce quiescent skin cells and found that Survivin ex-

pression level increased 16-fold, suggesting that Survivin may 

be involved in regulating tumor blood vessel formation [22]. 

Survivin and VEGF are closely related to angiogenesis, and 

VEGF can increase the Survivin expression level in vascular 

endothelial cells, which depend on the up-regulation of Sur-

vivin expression in angiogenesis [23]. Control of the expres-

sion or function of Survivin can affect pathologic angiogene-

sis. Therefore, Survivin plays an important role in angiogen-

esis mediated by VEGF and promotes tumor angiogenesis and 

tumor growth [24]. 

3. Expression and Prognosis of Survivin 

in Gastric Cancer 

3.1. Expression of Survivin in Gastric Cancer 

Early researchers have found that Survivin is not expressed 

in embryos and developing fetuses, but is widely expressed in 

various human malignant tumors. It is closely related to tumor 

cell proliferation, growth, apoptosis, and tumor formation, 

and can serve as an independent and sensitive marker for 

malignant tumors [25]. In 1998, Lu et al. were the first to use 

anti Survivin antibodies to perform immunohistochemical 

staining on 174 gastric cancer samples of different stages [26]. 

They found that the positive expression rate of Survivin in 

gastric cancer tissue was 34.5%, while adjacent normal tissues 

did not express it. Yu et al. reported that the positive expres-

sion rates of Survivin in 5 gastric cancer cell lines and gastric 

cancer tissues were 100% and 68%, respectively [27]. The 

positive expression rates of Survivin in adjacent gastric cancer 

tissues and normal gastric tissue of first-degree relatives of 

gastric cancer (without tumor disease) were 22% and 27%, 

respectively. Normal gastric mucosa did not express Survivin. 

Zhu et al [28] found that the positive expression rate of 

Smwivin in gastric cancer tissue (48.2%, 27/56) was signifi-

cantly higher than that in chronic gastritis (5%, 1/20). Song et 

al [29] reported that the positive expression rate of Survivin in 

157 stage III gastric adenocarcinoma tissues was 40.1%, 

mainly located in the nucleus. Da et al [30] found that the 

positive expression rate of Survivin in gastric cancer tissue 

was 70%. The poorer the tissue differentiation and the later 

the clinical stage, the higher the positive expression rate. 

Yao Xuequan et al [31] found that the positive expression 

rates of Survivn in gastric cancer primary lesion, lymph node 

metastatic carcinoma, and normal glandular basal germinal 

layer cells were 49.2%, 64.0%, and 17.5%, respectively. The 

expression rate of cancer cells in metastatic lymph nodes was 

higher than that in primary lesion cancer cells. The positive 

expression rate of Survivin in early gastric cancer tissue was 

68.5% (37/54). The difference between mild and moderate 

atypical hyperplasia was statistically significant (P<0.05) 

‚however, there was no statistically significant difference 

(P>0.05) compared to severe atypical hyperplasia. Survivin 

was not expressed in normal gastric mucosa (0/30). The posi-

tive expression rate of incomplete colorectal metaplasia was 

5.00% (1/20) [32]. Suggest that Survivin may play an important 

role in the development of early gastric cancer. The higher the 

expression of Survivin‚the lower the differentiation degree of 

early gastric cancer. Luo Xue [33] reported that the positive 

expression rate of Survivin in gastric cancer tissue (71.4%, 

20/28) was significantly higher than that in chronic gastritis 

(10%, 1/10). Sun Yanxia et al [34] found that the positive ex-

pression rates of Survivin in gastric cancer, adjacent tissues, 

and normal gastric mucosa were 38.7%, 14.8%, and 0%, re-

spectively, with statistically significant differences among 

groups (P<0.05). This was consistent with the report by Kania J 

et al [35] that normal gastric mucosa had low expression of 

Survivin, while gastric cancer and adjacent tissues had signif-

icantly increased expression, and the expression of cancer tis-

sue was higher than that of adjacent tissues. Xu Tianxiang et al 

[36] reported that the positive expression rate of Survivin in 

gastric cancer tissue was (67.7%, 46/68) was significantly 
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higher than that of normal gastric mucosal tissue (0%, 0/30, 

P<0.05). Jiao Jianxin et al [37] found that the positive expres-

sion rate of Survivin in gastric cancer tissue was 68.3% (41/60), 

mainly located in the cytoplasm. No positive expression was 

found in the nucleus and adjacent tissues, which was roughly 

consistent with the results reported by Shintani et al [38]. Re-

cently, Jia et al [39, 40] found that the expression level of Sur-

vivin in normal gastric mucosal tissue was extremely low, 

while the expression in gastric cancer and adjacent tissues was 

significantly increased, and the positive expression rate in gas-

tric cancer tissue was significantly higher than that in adjacent 

tissues. The research results of Fang Yu et al [41] showed that 

the positivity rate of Survivin in gastric cancer tissue (80.23%, 

69/86) was significantly higher than that in adjacent normal 

tissue (43.02%, 37/86), and the difference was statistically 

significant (P<0.001). Li Hong et al [42] analyzed the positive 

expression of Survivin using a microscopic imaging system and 

found that Survivin was not expressed in normal gastric mu-

cosa. There was a statistically significant difference (P<0.05) 

between mild to moderate dysplasia and gastric cancer, while 

there was no statistically significant difference (P>0.05) be-

tween severe dysplasia and gastric cancer. 

The above research results show that the positive expres-

sion rate of Survivin in gastric cancer tissue ranges from 34.5% 

to 80.23%, with some expression in adjacent tissues (22% to 

43.02%) and chronic gastritis (10%), but both are signifi-

cantly lower than the positive expression rate in cancer tissue. 

Normal gastric mucosal tissue is rarely expressed or not ex-

pressed, and quantitative analysis of immunohistochemical 

image absorbance parameters Survivin can be used as a 

marker for early diagnosis of gastric cancer. The abnormal 

expression of Survivin in gastric cancer tissue is closely re-

lated to gastric cancer and may be involved in the occurrence 

and development of gastric cancer. As a type of TM, Survivin 

provides objective basis for screening and diagnosis of gastric 

cancer. 

3.2. Survivin Protein Expression and Prognosis 

of Gastric Cancer 

Research has found that Survivin is closely related to the 

malignancy of tumors, and its expression level is significantly 

increased in infiltrating and metastatic cancer tissues [43]. 

Yao Xuequan et al [31] studied 120 cases of advanced gastric 

adenocarcinoma and found that the expression rate of Survivn 

was higher in poorly differentiated adenocarcinoma, those 

with lymph node metastasis, and those with invasion of the 

serosa than in well differentiated adenocarcinoma, those 

without lymph node metastasis, and those without invasion of 

the serosa. Survivn expression was significantly correlated 

with tumor histological type, differentiation degree, infiltra-

tion depth, and lymph node metastasis, and was also closely 

related to tumor angiogenesis. Its expression score was nega-

tively correlated with apoptosis index, but not significantly 

correlated with proliferation index. Lee et al [44] found that 

Survivin was not only significantly associated with the size, 

depth of infiltration, lymph node metastasis, clinical staging, 

and prognosis of gastric cancer masses, but also with mi-

crovessel density (MVD), suggesting that Survivin may play 

an important role in tumor angiogenesis. Zhu et al [28] found 

that the positive expression rate of Survivin in gastric cancer 

tissue was not related to age, tumor size, depth of infiltration, 

clinical stage, etc., but was related to histological type. The 

positive expression rate of Survivin in intestinal gastric cancer 

was significantly higher than that in diffuse gastric cancer 

(P<0.05). Song et al [29] reported that the expression of Sur-

vivin in stage III gastric cancer tissue was closely related to 

tumor size and survival rate (P<0.05), and there was a statis-

tically significant difference in 5-year survival rate between 

Survivin positive and Survivin negative individuals (P<0.05). 

Survivin was an independent prognostic factor for stage III 

gastric cancer and can serve as an important indicator for 

monitoring prognosis. 

Li Dongxia et al [45] reported that the expression of Sur-

vivin in gastric cancer tissue was positively correlated with 

tissue classification, lymph node metastasis, and TNM stag-

ing (P<0.05), but not with age, gender, and degree of infiltra-

tion (P>0.05). The positive expression rate of Survivin in 

gastric cancer tissue increases with decreasing tissue differ-

entiation and lymph node metastasis [30] ‚ which indicated a 

significant correlation between the expression intensity of 

Survivin and the malignancy and development trend of tu-

mors ‚ It can serve as a reference indicator for poor prognosis. 

The expression intensity of Survivin in gastric cancer tissue 

was related to gastric mucosal infiltration, TNM staging, 

lymph node metastasis, and other factors [46]. Luo Xue et al. 

found that the positive expression of Survivin in gastric can-

cer tissue was not significantly correlated with age, depth of 

tumor infiltration, lymph node metastasis, clinical grade, etc., 

but was related to tissue classification (P<0.05). The positive 

expression rate of high differentiation intestinal type gastric 

cancer was significantly higher than that of low differentiation 

diffuse type gastric cancer. The high expression of Survivin 

may be mainly related to cellular carcinogenesis, and the 

resulting inhibition of apoptosis played an important role in 

the occurrence and development of gastric cancer. Sun Yan-

xia et al.. reported that the expression of Survivin in gastric 

cancer tissue was not related to gender, age, lymph node 

metastasis, and clinical stage, but was related to pathological 

grading and survival prognosis. The expression of Survivin in 

the low differentiation group was significantly higher than 

that in the high differentiation group (P<0.05), and the 3-year 

survival rate in the high expression group was significantly 

lower than that in the low expression group (P<0.05). This 

indicated that the expression of Survivin in gastric cancer 

tissue was related to the degree of tumor differentiation and 

prognosis, suggesting that Survivin played an important role 

in the occurrence and development of gastric cancer and can 

serve as an indicator for predicting prognosis. Hu Zhongdong 

et al [47] found that an increase in Survivin expression during 
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tumor infiltration and metastasis may indicate an increase in 

tumor malignancy, which was closely related to tumor infil-

tration and metastasis. Xu Tianxiang et al [36] found that the 

expression of Survivin in gastric cancer tissue was signifi-

cantly higher than that in normal tissue, and the positive ex-

pression rate in the lymph node metastasis group was signif-

icantly higher than that in the non-lymph node metastasis 

group (P<0.05), indicating a close correlation between Sur-

vivin expression and lymph node metastasis. The high ex-

pression of Survivin in gastric cancer tissue was related to the 

malignancy and prognosis of the tumor, and had a stronger 

metastatic ability. There was no difference in the expression 

of Survivin in gastric cancer tissues of different tissue types 

(poorly differentiated, moderately differentiated, and signet 

ring cell carcinoma), but the poorer the tissue differentiation, 

the higher the positive expression rate [48]. The disease-free 

survival and median survival of patients with positive Sur-

vivin expression were significantly lower than those with 

negative expression. Survivin expression was associated with 

lymph node and distant metastasis, TNM staging, but not 

gender, age, tumor size and location, infiltration depth, and 

histological type. 

The above research results indicate that Survivin positive 

expression is closely related to the biological characteristics 

and prognosis of gastric cancer, but varies in terms of tumor 

size, infiltration depth, lymph node metastasis, clinical stag-

ing, and histological type. The positive expression rate of 

Survivin in gastric cancer tissue varies greatly, which may be 

related to differentiation degree, TNM staging, etc. 

3.3. Expression of Survivin Protein and Other 

Tumor Markers in Gastric Cancer and 

Prognosis 

Research has been conducted on the joint detection of 

Survivin and other TM in gastric cancer tissue expression and 

prognosis monitoring. Lee et al [44] found that the positive 

expression rates of Survivin and VEGF in gastric cancer tis-

sue were 50.0% and 69.8%, respectively, and Survivin was 

not associated with VEGF expression. The MVD of Survivin 

and VEGF positive tumors was significantly higher than that 

of Survivin negative tumors (P<0.001). Survivin may play an 

important role in the carcinogenesis process of gastric cancer 

by stimulating tumor angiogenesis. Sun Yuanshui et al [49] 

reported that the positive expression rates of VEGF-C and 

Survivin in gastric cancer tissues (66.0% and 57.2%) were 

significantly higher than those in adjacent and normal gastric 

tissues, and the two were positively correlated (P<0.05). 

VEGF-C expression was not related to tumor location and 

diameter, degree of differentiation, venous invasion, and 

distant metastasis, but was closely related to lymph node 

metastasis and invasion, serosal involvement, and TNM 

staging; Survivin expression was closely related to serosal 

involvement, lymphatic vessel invasion, lymph node and 

distant metastasis, and TNM staging. The postoperative sur-

vival rate of the VEGF-C and Survivin positive expression 

group was significantly lower than that of the negative group, 

indicating more malignant biological behavior and poorer 

prognosis, which can be used as a reference indicator for poor 

prognosis of gastric cancer. 

Wang Songwen et al [46] found that the positive expression 

rate of Survivin in gastric cancer tissue (74.4%, 67/90) was 

significantly higher than that in normal gastric mucosa (0%, 

0/90). The positive expression rate of Metastin (KISS-1 gene 

coding product) in normal gastric tissue (71.1%, 64/90) was 

significantly higher than that in gastric cancer tissue (35.6%, 

32/90), and the intergroup difference was statistically signifi-

cant (P<0.01). The high expression of Survivin in gastric can-

cer tissue was related to serous infiltration, TNM staging, and 

lymph node metastasis (P<0.05), while the expression level of 

Metastin was related to TNM staging and lymph node metas-

tasis (P<0.05), and was not related to gender, age, primary site, 

Borrmann type, tumor size, and serous infiltration (P>0.05). 

Survivin and Metastin can be used as indicators to determine 

the biological characteristics and prognosis of gastric cancer, 

and have important reference value for clinical diagnosis and 

treatment. Song et al [29] suggested that Survivin expression 

was independent of p53 and Bax expression. The positive ex-

pression of Survivin was closely related to tumor size, and the 

difference in 5-year survival rate between Survivin negative 

patients was statistically significant (P<0.05). Survivin and p53 

were independent prognostic factors for stage III gastric cancer, 

and Survivin was an important indicator for monitoring gastric 

cancer prognosis. Hu Zhongdong et al [47] found that the pos-

itive expression rates of Survivin and MMP-7 in gastric ade-

nocarcinoma tissues were 75.4%, respectively (46/61) and 

68.8% (42/61). Spearman rank correlation analysis showed that 

MMP-7 was positively correlated with Survivin expression 

(P<0.01), and was correlated with tumor infiltration depth, 

lymph node metastasis, TNM staging, differentiation degree, 

and 5-year survival time (P<0.05), but not with tumor size and 

location (P>0.05). The upregulation of the expression of both 

may be related to the occurrence and development of gastric 

cancer. Li Hong et al [42] found that the expression of Survivin 

and CD34 was significantly correlated with the differentiation 

degree, lymph node metastasis, and infiltration depth of gastric 

cancer (P<0.05). Survivin expression was positively correlated 

with MVD, and combined detection was helpful in determining 

the pathological grading, malignancy, and prognosis of gastric 

cancer. 

Zhou Wei et al [50] reported that the positive expression 

rate of Survivin in gastric cancer tissue was 70% (35/50), and 

the expression rate was higher with poorer tissue differentia-

tion and later clinical staging, while it was not expressed in 

normal gastric mucosal tissue. The positive expression rate of 

Bcl-2 in gastric cancer tissue (76%, 38/50) was significantly 

higher than that in normal gastric mucosa. The poorer the 

tissue differentiation, the higher the expression rate of Bcl-2, 

which was closely related to the expression of Survivin. Li 

Dongxia et al [45] found that the positive expression rate of 
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Survivin and Bcl-2 in gastric cancer tissue was 59.6%, 31/52 

vs 69.2%, 36/52) were significantly higher than normal gas-

tric mucosa (0%, 0/30 vs 16.67%), 5/30), there was a statis-

tically significant difference between the groups (P<0.05). 

Fang Yu et al [41] reported that the expression of Survivin and 

Bcl-2 in gastric cancer tissue was positively correlated 

(P<0.05), both of which were highly expressed. The co posi-

tive and negative expression rates of the two were 58.14% and 

13.95%, respectively. At the same time, the sensitivity, spec-

ificity, and Youden index of positive expression were signif-

icantly higher than those of single positive expression 

(P<0.05). Spearman analysis showed that there was no statis-

tically significant difference in overall survival and progres-

sion free survival between individuals with simultaneous and 

single positive expression of Survivin and Bcl-2 in gastric 

cancer tissue (P>0.05). It is suggested that Survivin and Bcl-2 

are closely related to the occurrence and development of 

gastric cancer, and high expression may exert a synergistic 

effect in the occurrence and development of gastric cancer, 

jointly inhibiting cell apoptosis. The molecular mechanism 

underlying the upregulation of Survivin and Bcl-2 expression 

was elucidated. Joint detection of Survivin and Bcl-2 expres-

sion levels provided a theoretical basis for early diagnosis, 

prevention, and gene therapy of gastric cancer. 

Yan Yuping [51, 52] found that the positivity rate of sur-

vivin in gastric cancer tissue was significantly higher than that 

in adjacent tissues, while the positivity rate of caspase-3 was 

significantly lower than that in adjacent tissues. The positivity 

rate of Survivin was related to clinical staging, lymph node 

metastasis, and infiltration; The positive rate of caspase-3 was 

related to the degree of tumor differentiation, lymph node 

metastasis, and clinical staging. Ying Rongbiao et al [53] 

reported that the expression of Survivin in gastric cancer 

tissue was significantly negatively correlated with the ex-

pression of caspase-3, and both were significantly correlated 

with the depth of tumor infiltration, lymph node metastasis, 

and TNM staging (P<0.05). Liu Xiaomin et al [54] found that 

the expression of PIG II and Caspase-3 in gastric cancer tissue 

was positively correlated (r=0.) The positive expression rates 

of 859 (P<0.01) were significantly lower than those of normal 

gastric mucosa, intestinal metaplasia, and dysplastic tissue 

(P<0.01), and their expression levels were closely related to 

the differentiation degree, clinical stage, lymph node metas-

tasis, and distant metastasis of gastric cancer (P<0.05). Park 

Haichao et al [55] reported that the positivity rate of Survivin 

in gastric cancer tissue (63.89%) was higher than that in 

normal tissue (0.0%), and the positivity rate of advanced 

group (III-IV) was higher than that in early group (I-II) 

(78.05%), while the positivity rate of Caspase-3 in gastric 

cancer tissue (38.89%) was lower than that in normal tissue 

(85.00%). The positivity rate of advanced group (21.95%) 

was lower than that in early group (61.29%), and the differ-

ences were statistically significant (P<0.05). It is suggested 

that Survivin and caspase-3 are synergistically involved in the 

occurrence and development of gastric cancer, and their ex-

pression was significantly correlated with biological behav-

iors such as tumor infiltration and metastasis. Combined de-

tection may help to determine the malignancy of gastric 

cancer and evaluate its invasion and metastasis ability. It can 

serve as a reference indicator for the prognosis evaluation of 

gastric cancer and provide a reference basis for the prognosis 

judgment and reasonable treatment of gastric cancer. Im-

munohistochemical staining analysis was performed on 300 

paraffin tissue samples of gastric cancer [56], and the results 

showed a negative correlation between Survivin and PTEN 

expression in gastric cancer tissue. The positive expression 

rates in the gastric cancer and control groups were (72.0%, 

5.0%) and (34.0%, 92.5%), respectively, with statistical sig-

nificance (P<0.05). The differences were related to histolog-

ical type, differentiation degree, infiltration depth, distant 

metastasis, pathological stage, and survival rate (P<0.05 and 

P=0.000), The increased expression of Survivin and the de-

creased expression of PTEN are closely related to the occur-

rence, metastasis, and prognosis of gastric cancer, suggesting 

that the two may work together and affect each other in the 

invasion and metastasis of gastric cancer, and may be candi-

date targets for the treatment of gastric cancer. 

4. Survivin mRNA Expression and 

Prognosis in Gastric Cancer 

4.1. Survivin mRNA Expression and Prognosis 

in Gastric Cancer 

Research has confirmed that overexpression of Survivin 

can accelerate the transition of the cell cycle to the S phase, 

inhibit G1 phase arrest, promote cell proliferation, and the 

occurrence and development of gastric cancer are closely 

related to the Survivin gene [57]. Miyachi et al. [58] used 

real-time fluorescence quantitative reverse transcription 

polymerase chain reaction (Real time RT-PCR) to detect the 

expression level of Survivin mRNA in gastric cancer and non- 

cancer tissues. They found that the expression level of Sur-

vivin mRNA in gastric cancer tissue and lymph node metas-

tasis group was significantly higher than that in non- cancer 

tissue and non-metastasis group (P<0.01), with a positive 

expression rate of 98.1% (105/107), which was significantly 

correlated with lymph node metastasis, but not with histo-

logical type and infiltration depth. The increase in Survivin 

mRNA expression occurs in the early stage of gastric cancer, 

which can be used for early diagnosis of gastric cancer and to 

determine lymph node metastasis. Zhu et al [28] believe that 

the expression of Survivin mRNA is significantly correlated 

with the histological type of gastric cancer, and its overex-

pression begins in the early stages of gastric cancer. This 

suggests that high expression of Survivin mRNA is of great 

significance for the early diagnosis, lymph node metastasis, 

clinical staging, treatment, and prognosis of gastric cancer. 

Meng et al [59] used RT-PCR technology to analyze Sur-
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vivin mRNA expression level of 77 gastric cancer tissues and 

7 gastric cancer cell lines (MKN-1, MKN-7, MKN-45, 

MKN-45P, MKN-74, AGS, and KATO-III). It was found that 

all cases and cell lines significantly expressed wild-type Sur-

vivin mRNA, Survivin-2βmRNA negative expression was 

negatively correlated with tumor staging, histological type, 

and depth of infiltration, Survivin-ΔEx3 mRNA was signifi-

cantly positively correlated with cell apoptosis. Prompt Sur-

vivin-2βand Survivin-ΔEx3 mRNA was involved in the oc-

currence and development of gastric cancer, and the expres-

sion level of Survivin mRNA can serve as a biological marker 

for poor prognosis. Bertazza et al [60] found that the expres-

sion rates of Survivin, CK19, CEA, and VEGF genes in gas-

tric cancer tissue (98.6%, 97.1%, 42.9%, and 38.6%) were 

higher than those in the control group, indicating the potential 

value of Survivin and CK19 genes in the diagnosis of gastric 

cancer. Multivariate survival analysis showed that TNM 

staging and Survivin mRNA levels were independent prog-

nostic factors, while mRNA expression level of Survivin had 

important value for TNM staging. 

4.2. Expression of Survivin mRNA in Peripheral 

Blood and Peritoneal Lavage Fluid and 

Prognosis of Gastric Cancer 

In clinical practice, tumor tissue samples are most com-

monly used for immunohistochemical detection in Survivin, 

but it cannot meet the requirements of monitoring the efficacy 

of different treatment stages and judging the drug induced 

apoptosis of tumor cells. Therefore, finding sensitive and 

specific non-invasive detection methods is a research hotspot 

for monitoring tumor prognosis. Peripheral blood serves as a 

carrier for tumor cell metastasis, and RT-PCR technology can 

detect the expression level of Survivin mRNA in peripheral 

blood. It is a sensitive and specific non-invasive detection 

method that can accurately reflect the level of peripheral 

blood tumor cells. Therefore, detecting the expression level of 

Survivin mRNA in peripheral blood may become an effective 

indicator for monitoring tumor prognosis, and has important 

value in determining the recurrence, metastasis, and prognosis 

of gastric cancer. 

The detection of Survivin mRNA in peripheral blood is 

easier and more valuable for the diagnosis and prognosis of 

gastric cancer than the collection of gastric cancer tissue 

specimens. Deng Jianzhong et al [61] reported that the posi-

tive expression rate of Survivin mRNA in gastric cancer tissue 

was 86.0% (43/50), and the expression rate in early or locally 

advanced stages was 68.2%, which was only related to the 

size of the tumor but not to age, gender, and lymph node 

metastasis. This was different from the results reported by Yi 

et al [62] that Survivin mRNA expression was related to the 

depth of infiltration, lymph node metastasis, and disease stage. 

The application of COX regression analysis [63] found that 

tumor stage and Survivin mRNA expression level were in-

dependent factors affecting the prognosis of gastric cancer, 

indicating that Survivin mRNA was involved in the occur-

rence and development of gastric cancer. Detecting the ex-

pression level of peripheral blood can determine the prognosis 

of gastric cancer. Liu Jinlong et al [64] found during fol-

low-up that the expression of Survivin mRNA in peripheral 

blood of gastric cancer patients was significantly correlated 

with tumor size, infiltration depth, lymph node metastasis, 

and clinical stage, but not with tumor location and differenti-

ation degree. The recurrence and metastasis rates of the gas-

tric cancer group with positive Survivin mRNA were signif-

icantly higher than those of the negative group, indicating that 

the expression level of Survivin mRNA in peripheral blood 

can be used as a reference indicator for evaluating the bio-

logical behavior and prognosis of gastric cancer. 

Chen Jianhua et al [65] reported that the sensitivity of pe-

ripheral blood Survivin mRNA expression in diagnosing 

gastric cancer was 60.4% (32/53). The specificity was 79.9%. 

The positive expression rate of Survivin mRNA in the group 

with tumors>5cm, infiltration to the serosa and lymph node 

metastasis was much higher than that in the group with tumors 

≤ 5cm, invasion to the lower serosa and muscle layers, and no 

lymph node metastasis (78.3% vs 46%, 74.2% vs 3.3%, and 

75.0% vs 29.4%). The RT-PCR-ELISA method for detecting 

Survivin mRNA in peripheral blood has strong specificity in 

diagnosing gastric cancer, and positive expression is signifi-

cantly correlated with tumor size, infiltration depth, lymph 

node metastasis, and clinical staging, which had higher di-

agnostic value for advanced gastric cancer. Chen Guofei et al 

[66] found that the expression levels of Survivin mRNA and 

CK19 mRNA in peripheral blood of 89 gastric cancer patients 

were higher than those of the healthy control group, and were 

positively correlated with TNM staging, but not with clinical 

and pathological characteristics such as age, gender, and 

Lauren typing. The 5-year survival rate of double positive 

patients after surgery was lower than that of other groups. The 

ROC curve detection results show that Survivin mRNA and 

CK19 mRNA were effective indicators for diagnosing early 

gastric cancer. Combined detection can improve the sensitiv-

ity (92.14%) and specificity (97.75%) of diagnosis, avoiding 

misdiagnosis and missed diagnosis of a single indicator. 

Peritoneal metastasis of gastric cancer is the most common 

mode of metastasis [67], and the detection of cancer cells in 

ascites is currently the gold standard for diagnosing peritoneal 

metastasis, but the sensitivity is relatively low (5%~15%) [68]. 

With the rapid development of molecular biology technology, 

the detection of molecular markers in peritoneal lavage fluid 

has emerged. CEA mRNA is almost exclusively present in 

tumor cells, and positive CEA mRNA in ascites suggests the 

presence of tumor cells with CEA mRNA expression. The 

sensitivity and specificity of RT-PCR technology in detecting 

CEA mRNA in peritoneal lavage fluid for diagnosing gastric 

cancer were 77% and 94%, respectively [69]. A meta-analysis 

[70] showed that the sensitivity and specificity of CEA 

mRNA in peritoneal lavage fluid for detecting peritoneal 

metastasis after gastric cancer radical surgery were 82% and 
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82%, respectively. Katsuragi K et al [71] found that the ex-

pression of CEA mRNA in peritoneal lavage fluid is associ-

ated with the recurrence of gastric cancer. Tan Siyi et al [72] 

reported that the detection of CEA mRNA in peritoneal lav-

age fluid was mainly used to predict the screening of perito-

neal metastasis in gastric cancer. Positive cases had a high risk 

of recurrence and metastasis, poor prognosis, and were par-

ticularly suitable for routine testing in patients with signet ring 

cell carcinoma, vascular invasion, and advanced TNM. 

Therefore, the level of CEA mRNA in peritoneal lavage fluid 

can accurately predict peritoneal recurrence after radical gas-

trectomy for gastric cancer. 

Wang et al [73] reported that the positive detection rate of 

Survivn mRNA in abdominal lavage fluid of gastric cancer 

patients was 58.3% (28/48), with a detection rate of 92% for 

obvious abdominal metastasis and 100% for all metastatic 

lymph nodes. They also pointed out that Survivn mRNA 

expression in abdominal lavage fluid was highly correlated 

with infiltration depth, tumor TNM stage, and lymph node 

metastasis. Survivin mRNA can be used as a molecular 

marker for gastric cancer peritoneal micrometastasis, Its ex-

pression level can evaluate the degree of tumor differentiation 

and predict lymph node metastasis. At present, there are few 

reports on the study of Survivn mRNA in peritoneal lavage 

fluid of gastric cancer patients in China. The predictive value 

of combined detection of CEA mRNA and Survivin mRNA in 

peritoneal lavage fluid for gastric cancer peritoneal metastasis 

needs to be confirmed. 

In summary, overexpression of Survivin mRNA is an early 

event in gastric cancer and is significantly associated with 

histological types. The high expression of Survivin mRNA 

plays an important role in the occurrence and development of 

gastric cancer. It is not only used for early diagnosis of gastric 

cancer, but also has significant implications for lymph node 

metastasis, clinical staging, treatment guidance, and prognosis 

monitoring. Dynamic monitoring of peripheral blood and 

abdominal lavage fluid Survivin. The mRNA expression level 

has important value in predicting the prognosis of gastric 

cancer. 

5. Serum Survivin Level and Prognosis of 

Gastric Cancer 

The detection of TM serological indicators is simple and 

rapid, which not only has important value in the diagnosis of 

gastric cancer, but also has greater value in monitoring 

prognosis. Serum Survivin levels have been used for prog-

nostic monitoring of tumors such as lung cancer, but their 

application in gastric cancer is relatively limited. 

According to data [74], the serum levels of VEGF, Survivin, 

and p53 proteins in lung cancer patients were higher than 

those in the control group (P<0.01) ‚ Three indicators were 

significantly correlated ‚and also significantly correlated with 

lymph node metastasis and staging (P<0.05), but not with 

gender, age, degree of differentiation, and pathological type 

(P>0.05). Zhai Nailiang et al found that the serum Survivin 

levels in lung cancer patients were significantly higher than 

those in the normal control group [75]. The serum Survivin 

levels in adenocarcinoma, lymph node metastasis group, and 

stage III and IV patients were significantly higher than those 

in squamous cell carcinoma, non-lymph node metastasis, and 

stage I and II patients (P<0.05). The serum levels of VEGF, 

Ang-2, and Survivin in non-small cell lung cancer patients 

were higher than those in the control group (P<0.01), and the 

three indicators were significantly correlated with lymph node 

metastasis and staging (P<0.05), but not with age and gender 

(P>0.05). Huang Yanbo [76] found that the serum levels of 

Livin and Survivin were significantly increased in patients 

with retinoblastoma (RB), closely related to the degree of 

cancer tissue differentiation and clinical stage. The worse the 

differentiation, the higher the clinical stage, and the higher the 

serum levels of Livin and Survivin. The detection of serum 

Livin and Survivin can be used for the early diagnosis of RB. 

The sensitivity of the combined detection in diagnosing RB 

has increased to 92.5%, significantly improving the diagnostic 

value of RB, and can be used as an indicator for judging ef-

ficacy and prognosis. The above research results show that the 

combined detection of serum VEGF, Survivin, p53, Ang-2, 

and Livin TM can improve the diagnostic efficiency of tumors 

such as lung cancer and RB, and can serve as a good indicator 

for early diagnosis, monitoring metastasis, and staging 

judgment. 

The serum levels of VEGF and Survivin in gastric cancer 

patients were higher than those in the control group (P<0.05), 

and the two were positively correlated, closely related to the 

degree of differentiation and lymph node metastasis 

(P<0.05). The elevated levels of serum VEGF and Survivin 

may play an important role in the occurrence and develop-

ment of gastric cancer [77]. Fu Baiyu et al [78] found that the 

serum levels of p53 and Survivin were significantly in-

creased in gastric cancer patients, while the levels of pro-

grammed cell death molecule-5 (PDCD-5) were signifi-

cantly decreased (P<0.05). The expression levels of the three 

indicators were related to tumor diameter, differentiation 

degree, infiltration depth, TNM stage, and lymph node me-

tastasis (P<0.05). Moreover, the 3-year overall survival rate 

and disease-free survival rate of the p53 and Survivin high 

expression group were significantly lower than those of the 

p53 and Survivin low expression group (P<0.05) The 3-year 

overall survival rate and disease-free survival rate of the 

high expression group of Survivin were significantly higher 

than those of the PDCD-5 and low expression groups of 

Survivin (P<0.05). Low expression of serum p53 and Sur-

vivin and high expression of PDCD-5 in gastric cancer pa-

tients can improve 3-year overall survival and disease-free 

survival, and may become prognostic markers. Therefore, 

the combined detection of serum VEGF, Survivin, p53, and 

PDCD-5 TM has important value for early diagnosis, 

prognostic monitoring, and guiding treatment of gastric 
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cancer. It not only has high sensitivity and specificity, but 

also had strong repeatability, simple operation, and was easy 

to promote and apply. 

The above research results indicate that detecting the ex-

pression levels of TM such as Survivin and VEGF in gastric 

cancer tissue can determine its prognosis, but its application is 

often limited. Peripheral blood samples, especially serum 

samples, are easier to obtain than tumor tissue samples. 

Therefore, detecting peripheral blood samples of tumor pa-

tients, especially serum TM, is more convenient and may have 

more clinical significance. 

6. Summary and Prospect 

A large number of research results have confirmed that Sur-

vivin, as the factor with the strongest inhibitory effect on 

apoptosis, is highly expressed in gastric cancer tissue. The 

positive expression rate, protein level, and gene content of 

Survivin are significantly higher than those of the control group. 

It is not only related to the onset of tumors, but also closely 

related to the progression and prognosis of diseases. However, 

the research results are not the same, and large-scale prospec-

tive studies are needed. The research results indicate that Sur-

vivin is not only highly expressed in GC tissue cells, but also 

significantly increases in serum Survivin content, which is 

positively correlated with GC pathology and clinical staging. 

Changes in serum Survivin content have important clinical 

value for the diagnosis and prognosis monitoring of GC. Se-

rological indicators have important reference value in early 

screening and prognostic evaluation of gastric cancer. Com-

bined detection of multiple indicators has greater prognostic 

monitoring value for gastric cancer. Based on the principles of 

evidence-based laboratory medicine, it is imperative to screen 

serum Survivin, VEGF, Livin, PTEN, Caspase-3, Bcl-2 and 

other highly sensitive and specific indicators for the diagnosis 

and prognosis monitoring of gastric cancer. This will provide 

new indicators for the screening of gastric cancer and simple, 

fast, and valuable indicators for prognosis monitoring. 
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