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Introduction 
 
Gastric cancer (GC) is one of the most important 
cancers worldwide (1). The 5-year survival rate 

for GC patients is disappointing with 20% in 
Western countries and up to 60% in Asian 

Abstract 
Background: Today, survivin is known as one of the most specific cancer proteins; provide unique and practical 
study opportunities. Clinical value of survivin in gastric cancer (GC) is not yet appointed. To establish the expression 
level of survivin and its diagnosis value in Iranian patients with GC, we evaluated the association of survivin expres-
sion with clinicopathologic factors. 
Methods: Overall, 60 matched-normal controls with 60 GC samples including 30 cases with evidence of metastasis 
at time of our study and 30 cases without evidence of metastasis were recruited, in Tehran, Iran during 2008 to 2018. 
Survivin expression was evaluated by quantitative Real-time polymerase chain reaction (qRT-PCR) and immuno-
histochemistry (IHC) study.  
Results: Increased expression of survivin at mRNA and protein levels was found in 86.7% and 71.6% of cases, 
respectively. Evidence indicated a significant difference in survivin mRNA expression level between tumor and non-
tumoral (marginal) tissues (P<0.001). The difference in expression of survivin mRNA was not significant between 
metastatic and non-metastatic tumor tissues (P=0.171). Positive immunoreactivity of survivin was observed to be 
predominantly in the nucleus of tumor cells. A significant difference in survivin protein expression was detected 
between tumor and non-tumoral tissues (P<0.001) and between metastatic and non-metastatic tumor tissues 
(P<0.001). There was no  significant association between survivin mRNA expression and clinicopathological 
variables. However, survivin protein expression was significantly correlated with perineural involvement (P<0.018).  
Conclusion: This data could be supportive of using survivin as a useful diagnostic marker in GC. Although, more 
research is needed in this area.  
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countries (2). Based on genetic characteristics, 
gastric cancers have recently been described as 
complex and heterogeneous diseases by different 
subtypes, each with specific molecular aspects 
and specific clinical behavior (3). Survivin is a 
cytoplasmic and nuclear protein shuttle with a 
molecular weight of 16.5 kD and 142 amino acids 
(wild type) encoded by the BIRC5 gene on 
chromosome 17q25 (4, 5). In GC patients, 
survivin has been introduced as a specific protein 
with diagnostic and prognostic potential (6). The 
expression of survivin protein in GC is a very 
common occurrence as 88% of GC tissues have a 
positive expression of survivin (7, 8). It has a 
unique role in apoptosis and as a multifunctional 
protein, it participates in inhibiting 
differentiation, controlling cell division in most 
tumors, and responding to cellular stress (9, 10). 
Moreover, survivin involves in carcinogenesis, 
tumor progression, increase angiogenesis, 
malignant cell deformity, and abnormal P53 
expression (4, 11-13). In differentiated adult 
tissues, survivin has a very low level of 
expression, but in the epithelium of the 
gastrointestinal tract, it helps to maintain gastric 
mucosal coherence and regulate the cell cycle 
(14).  
Even though in previous studies (2, 5), the role 
of survivin in the diagnosis of GC patients and 
the relationship between its expression pattern 
and clinical features has been extensively assessed 
but it is still debated. The aim of the current 
study was to evaluate the expression of survivin 
at both RNA and protein levels and its associa-
tion with clinicopathological data among patients 
GC.  
 
Materials and Methods 
 
Subjects 
Clinical data and tumor specimens were provided 
by the Iran National Tumor Bank, funded by the 
Cancer Institute of Tehran University of Medical 
Sciences, Tehran, Iran. Sixty samples with diag-
nosis of gastric adenocarcinoma in patients who 
underwent gastrectomy and regional lymph 
nodes dissection between 2008 and 2018 were 

recruited. Thirty of the patients had already a his-
tory of proven metastasis based on their hospital 
records. Formalin-fixed paraffin-embedded 
(FFPE) tissue blocks were selected by viewing 
original pathologic slides and choosing repre-
sentative blocks that showed the tumor and non-
tumoral (marginal) area for each patient. The rep-
resentative area was marked by an expert 
pathologist and was punched for RNA extrac-
tion. Then it was freshly cut (4 μm) and mounted 
on aminopropyltriethoxysilane-coated slides. 
Tumor staging was in accordance with the Amer-
ican Joint Committee on Cancer staging system 
(15). Patient and tumor characteristics including 
sex, age at the time of surgery, tumor size, loca-
tion, focality, perineural and lymphovascular in-
vasion, and tumor stage were all obtained by 
hospital records and reviewed. Overall survival 
(OS) was measured from the date of primary di-
agnosis to death, or the last follow-up date. Dis-
ease-free survival (DFS) time was calculated from 
the date of primary diagnosis to disease 
recurrence, death, or the last follow-up date.  
The study design was assessed and confirmed by 
Ethics Committee of Science and Research 
Branch, Islamic Azad University, Tehran, Iran 
(ethical confirmation code: 
IR.IAU.SRB.REC.1397.109).  
 
RNA extraction and cDNA synthesis 
Deparaffinization was performed using xylene 
(cat. no. 247642, Navid Tejarat). Total RNA was 
isolated from FFPE sections using a solution of 
RiboExTM, according to the manufacturer’s in-
structions of the RNA extraction kit (cat. no. 
305-101, Gene all). The extracted RNAs were 
quantified through Nanodrop (Thermo Fisher, 
USA). cDNA was synthesized with 100 ng of 
purified total RNA in a total 20 µl reaction mix-
ture and using random hexamer primers in ac-
cordance with the manufacturer’s instructions of 
the cDNA synthesis kit (cat. no. YT4500, Yekta 
taghiz).  
 
qRT-PCR analysis 
Real-time PCR was done and duplicated for each 
sample with specific primers described previously 
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(16,17). β -2 Microglobulin (β2m) gene was used 
as an internal control. The amplification was car-
ried out in a total volume of 20 µl, including 200 
ng of cDNA, 10 µl Hot Start 2X RT-PCR Master 
Mix Green-No ROX (cat. no. A323402-25, Am-
pliqon), and 15 pmol from each forward and re-
verse primer specific. The qRT-PCR program 
initiated with denaturation in 15 min at 95 °C, 
followed by 40 cycles of denaturation at 95 °C 
for 30 sec, annealing at 61 °C in 30 sec, and ex-
tension at 72 °C for 30 sec by the Bio-Rad (CFX-
96 C1000 Touch Real-Time System) thermal cy-
clers.  
 
Data analysis of qRT-PCR  
The relative expression of each gene was accom-
plished using a comparative threshold cycle 
according to 2 -∆∆Ct method (18). The mean 
threshold cycle (mCT) was acquired from dupli-
cated amplicon during the exponential phase of 
amplification. To achieve ΔCt for each tumor or 
matched normal tissues, subtracted mCT value of 
the reference gene from mCT value of survivin 
gene. Fold changes were presented in the relative 
quantification over the control group. Melting 
curve analysis approved accuracy of the qRT-
PCR amplification curves.  
 
Immunohistochemistry staining 
IHC staining was implemented on 4 μm sections 
after antigen retrieval in Tris-EDTA-citrate  buff-
er pH 8.0 for 20 min. The endogenous peroxi-
dase activity was blocked by immersion in 0.3% 
hydrogen peroxide for 10 min at room tempera-
ture (RT). After washing with phosphate-
buffered saline, sections were incubated in 10% 
normal rabbit serum for 5 min to block non-
specific antibody binding. A monoclonal anti-
body to survivin (clone EP119, Abcam, USA) 
was used as a primary antibody (for 60 min at 
RT). Antimouse immunoglobulin G (cat. no. 
41020, Seville Spanish) labeled with horseradish 
peroxidase-conjugated (HRP) was added as a 
secondary antibody for the detection of primary 
antibodies and the samples were incubated for 30 
min at RT. Immunostain visualization advanced 
with 3,3′-diaminobenzidine (DAB) chromogen 

solution (2 min, at RT). Fragments of skin tissue 
with invasive melanoma were used as positive 
controls, and incubation with the primary anti-
bodies was omitted for the negative controls.  
 
Immunoassay analysis 
Immunohistochemical staining was evaluated by 
two independent pathologists who were blinded 
to the clinical information. Protein expression 
was found in the nuclei of the tumor cells, and 
graded separately in an identical manner. Expres-
sion was determined using the semiquantitative 
method named as immunoreactive score (IRS) 
(19, 20) and defined with regard to the intensity 
of staining (0, absent; 1, weak; 2, moderate; and 
3, strong) and the percentage of positive tumor 
cells. The percentage of positive cells was rated as 
follows: 0%-10% positive cells [1]; 11%-25% 
positive cells [2]; 26%-50% positive cells [3]; 
51%-75% positive cells [4]; and >75% positive 
cells [5]. Scores for the percentage of positive 
cells and scores for the expression intensities 
were multiplied to calculate the immunoreactive 
score 0=no staining, 1-3=positive, mild expres-
sion, 4-8=positive, moderate expression, 9-
12=positive, strong expression. The study group 
was divided into negative cases (IRS score <1) 
and positive cases (IRS score ≥1).  
 
Statistical analysis 
Statistical analysis was performed using SPSS 
software (ver. 26.0) (IBM Corp., Armonk, NY, 
USA). Analysis of Continuous variables was pre-
sented as means (±standard deviation, range). 
Student's t-test, Fisher's exact test, Chi-square 
test, Mann-Whitney u test and Monte Carlo test 
were used as appropriate for data analysis. The 
patient OS and DFS were calculated by the 
Kaplan-Meier method and comparison between 
different subgroups was analyzed using Log-rank 
test. The hazard ratio (HR) from univariate and 
multivariate analysis was accomplished using Cox 
regression model. A P-value<0.05 was consid-
ered significant.  
Results 
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Quantification of survivin expression at the 
mRNA level  
Increased expression of survivin mRNA was 
found in 86.7% of tumors and 13.3% of 
marginal- matched tissues. The expression was 
significantly different between marginal tissues 
and non-metastatic (P=0.001) and metastatic 
(P=0.001) tumor tissues (Fig. 1). No significant 
difference (P=0.171) was found in the expression 
of survivin mRNA between metastatic and non-
metastatic tumor tissues (Fig. 2). No significant 
association was identified between clinicopatho-
logic parameters and survivin mRNA expression. 
According to receiver operating characteristic 
curve (ROC curve) analysis, the expression of 
survivin mRNA can differentiate the marginal 

matched control from the metastatic tumor 
tissues with a sensitivity of 75.8% and a 
specificity of 76.75% at the cut-off point of 5.10 
(area under the curve (AUC): 0.759, 95% CI: 
0.640-0.878, P<0.001). Similarly, marginal 
matched control area from the non-metastatic 
tumor tissues can be differentiated with a 
sensitivity of 72.7% and a specificity of 45.5% at 
the cut-off point of 3.15 (AUC: 0.694, 95% CI: 
0.568-0.821, P=0.007). The metastatic tumor can 
be discriminated from the non-metastatic tumor 
tissues, at the cut-off point of 2.15 with a 
sensitivity of 72.7% and a specificity of 64.5% 
(AUC: 0.830, 95% CI: 0.727-0.902, P< 0.001). 
(Fig. 3).  

 

 
 

Fig. 1: Comparison of survivin mRNA expression between tumor with the margins of the respective tissues. Data are 
represented by the expression of a normalized gene with an endogenous β2m reference gene 

 

 
 

Fig. 2: The relative expression level of survivin mRNA. Increased expression of mRNA survivin was significantly seen in 
tumor samples compared to marginal matched. Each qRT-PCR test was repeated at least twice. The expression levels of 

survivin mRNA were normalized to the expression level of β2m in the relevant tissues. Relative change of mRNA 
expression calculated using equation 2 –ΔΔCt 
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Fig. 3: ROC curve to evaluate the expression potential of survivin mRNA. It distinguishes A: marginal matched of metastatic tumor tissues. B: 

marginal matched of non-metastatic tumor tissues. C: metastatic from non-metastatic tumor tissues. 
 
Assessment of immunoreactivity 
The stained slides were reviewed by an expert 
pathologist. Positive immunoreactivity of 
survivin was observed to be predominantly in the 
nucleus of tumor cells compare to the cytoplasm 
as brown sedimented granules, similar to the 
control positive sample. However, it was rare and 
scattered in the adjacent normal cells (Fig. 4). 
Overall, positive expression was observed in 43 
out of 60 (71.6%) tumor tissues. The intensity of 
survivin expression was classified as weak, 
moderate and strong for 16 out of 60 (26.6%), 18 
out of 60 (30%) and 9 out of 60 (15%) of tumor 
tissues, respectively. 
Moderate and strong staining intensity was more 
common among metastatic compared with non-

metastatic tumors. Although, no significant asso-
ciation in staining intensity was found between 
metastatic and non-metastatic tumor tissues 
(P=0.300). A considerable difference was shown 
in the distribution pattern of cell staining 
percentage between metastatic and non-
metastatic tissues (P=0.033). In metastatic and 
non-metastatic tumors, 40% and 6.7% of cells 
were stained more than 50%, respectively. In 
other words, in non-metastatic tumors, 93.3% of 
cells stain up to 50%. Moreover, no significant 
difference was identified between the marginal 
normal tissues in the two tumor groups  by the 
IRS (P<0.313), (Table 1). 

 

 
 

Fig. 4: IHC staining of survivin protein in patients with GC. A: skin melanoma cells (positive control); B: marginal matched control cells; C: 
tumor cells with score 0; D: tumor cells with score 1-3; E: tumor cells with score 4-8; F: tumor cells with score 9-12 
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Table 1: Comparison the IRS in metastatic and non-metastatic tumor with its marginal tissues 

 
 Metastatic % Non-metastatic% Tumor%  
Score Margin Tumor P-value Margin Tumor P-value Non-

metastatic 
Metastatic P-value 

0 100 23.3 <0.001
* 

90 33.3 <0.001
* 

33.3 23.3 <0.001* 
1-3 0 23.4 10 30 30.0 23.4 
4-8 0 30 0 30 30.0 30 
9-12 0 23.3 7 6.7 6.7 23.3 

 
Clinicopathological features 
The medical records of all 60 patients were care-
fully examined. Most patients (73.3%) were male 
and 26.7% were female. The mean age of the pa-
tients was 60.72 ± 13.14 yr old (range: 24 to 87 
yr). The mean tumor size was 4.45 ± 2.92 cm 
(range: 1 to 19 cm). No significant association 
was found between clinicopathologic parameters 
and survivin protein expression. A significant 
relationship was noted between survivin protein 
expression and perineural involvement 
(P<0.018).  
 
Survival analysis 
The results of survival analyses by the 
Kaplan-Meier method are presented in Fig. 5. 
During the study period (36 months), 38 patients 
(63.3%) eitherrelapsed or died. The mean OS of 
the subjects was 17.58 (95% CI: 13.62-21.53) 
months. 
The mean DFS was 17.19 (95% CI: 13.16-21.21) 
months. OS and DFS were longer in patients 
with tumor size less than or equal to 6 cm, the 
location of the tumor in the middle or lower 
parts, tumor stage I or II, intestinal tissue type, 
tumors without metastasis and without lympho-
vascular invasion and these differences were 
significant (P<0.05). These results were also 
confirmed in the Cox regression model, in the 
univariate mode. The results of the Cox 
regression model in multivariate mode were 
shown that OS was reduced among those with a 

tumor stage of III/IV versus I/II, as well as 
those with metastasis versus no metastasis 
tumors, with an HR equal to 6.45 (95% CI: 1.81-
23.27, P=0.004) and 2.45 (95% CI: 1.1-5.95, 
P=0.04), respectively. 
Moreover, DFS was reduced in patients with a 
tumor stage of III/IV versus I/II, with an HR 
equal to 6.6 (95% CI: 1.72-21.44, P=0.005), in the 
multivariate mode. As well as, the OS and DFS 
were less in patients with positive expression 
compared with those with negative expression of 
survivin, but these differences were not 
significant (P=0.28 and P=0.32, respectively).  
 
Discussion 
 
Several studies have focused on the role of genes 
involved in the development and progression of 
GC (2,3). The role of survivin in GC is still well 
not studied and there is no reported publication 
in Iranian cases yet. First-degree relatives are 
approximately three-fold increase in a risk of de-
veloping gastric carcinoma (20). In the current 
research, the expression level of survivin mRNA 
was increased in 86.7% of tumors and 13.3% of 
marginal-matched tissues. In agreement with oth-
er studies, in patients with gastric carcinoma, the 
expression of survivin mRNA was higher in 
98.6% of peripheral blood samples compared to 
the normal controls. 
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Fig. 5: Kaplan-Meier curves for overall-survival (OS) and disease-free survival (DFS). (a) Kaplan-Meier curves for 

OS according to ypTNM stage. (b) KaplanMeier curves for OS according to metastatic status. (c) Kaplan-Meier 
curves for OS according to survivin expression. (d) Kaplan-Meier curves for DFS according to ypTNM stage. (e) 

Kaplan-Meier curves for DFS according to survivin expression 
 
The survivin mRNA level was as an independent 
prognostic factor, and high expression was 
associated with the worst prognosis only in 
primary tumors and not in the metastatic group 
(21). Survivin mRNA expression is higher in the 
mucosa of these individuals than in the control 

group. Therefore, measuring survivin mRNA in 
the mucosa of susceptible patients may be 
considered as a way to identify these patients 
(22). Although, survivin mRNA expression did 
not detect in marginal-matched areas when the 
corresponding cancerous tissues were negative 
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(20). However, they observed its expression in 
68% of all 5 gastric cell lines and 22% of the ad-
jacent non-tumor samples. They also did not find 
any correlation between survivin mRNA 
expression level and patient demographic 
information, tumor staging, lymph node 
involvement, and tumor subtypes consistent with 
our study (20).  
In this study, the results of the IHC were strongly 
consistent with the results of the qRT-PCR test. 
We calculated the positive expression of survivin 
protein in 71.6% and 5% of the tumor and mar-
ginal-matched tissues, respectively. Similarly, the 
positive expression of survivin retained in 72% 
and 5% of the tumor and normal tissues, respec-
tively (22). The range of survivin protein 
expression varied from 50% to 88% in GCs (14). 
The survivin protein expression in 55.4% of gas-
tric carcinoma and the expression level of 
survivin was significantly higher in patients with 
lymph node metastasis than those without metas-
tasis (23). Moreover, the survivin protein 
expression evaluated in 62.5% and 12.5% of the 
tumor and the adjacent non-cancer mucosa 
samples by IHC (20). In addition, the serum lev-
els of survivin were significantly higher in cancer 
patients than healthy subjects (12). Survivin 
protein did not observe in the normal gastric 
mucosa (24). Unlike qRT-PCR, the IHC test 
results showed a significant difference in the 
expression of survivin between metastatic and 
non-metastatic tumor tissues. Since, metastatic 
groups showed higher levels of the IRS, it can be 
considered as an accurate factor for distinction of 
metastatic from non-metastatic tumor tissues.  
In addition to the expression level of the 
survivin, its expression site may be also effective 
in prognosis (25). The survivin - ΔEx3 splicing 
variant is localized in the nucleus, whereas wild-
type survivin and survivin-2B splicing have been 
detected in the cytoplasm (11, 24). Currently, 
there is no antibody that can specifically identify 
the splicing variants (24). Cytoplasmic survivin 
expression as an inhibitor of apoptosis is 
associated with poor prognosis. While nuclear 
survivin is necessary to complete the cell cycle, it 
does not significantly affect the overall survival 

(13, 26). Similar to Yu et al (20), we mainly 
observed the survivin protein in the nucleus of 
tumor cells with only scattered staining in the 
cytoplasm. This study did not find any relation 
between the clinical features of patients and cell 
location of survivin expression. Cytoplasmic and 
membranous staining was detected in Yusufu et 
al study (22). These may be related to differences 
in tissue reagents and clinical stages. In a meta-
analysis, a heterogeneity was seen in all studies 
according to the method of identification, differ-
ent scoring methods, and the affinity of 
polyclonal antibodies compared to monoclonal 
antibodies in IHC (2). However, there is 
disagreement to this extent and more research is 
needed.  
In the present study, no significant association 
between clinicopathologic parameters and 
survivin protein expression level was detected. A 
significant relationship only was observed 
between survivin expression and perineural 
involvement (P<0.018). Moreover, the survival 
rate of the patients was significantly associated 
with tumor size less than or equal to 6 cm, the 
location of the tumor in the middle or lower 
parts, tumor stage I or II, intestinal type, and 
tumors without metastasis and without lympho-
vascular invasion. In contrast, Yusufu et al 
reported an association of the survivin expression 
with metastatic lymph nodes, gross type, depth of 
invasion, vascular invasion, distant metastasis, 
necrosis tumor, metastasis stage, poorer survival, 
and an increased risk of recurrence in most 
tumors (22). In a meta-analysis, only the 
association between positive expressions of 
survivin with the presence of lymph node 
metastases (2).  
Overall, the positive expression of survivin alone 
may not predict poor prognosis, but it may be 
useful in identifying subtypes of patients who 
may benefit from targeted therapy in advanced 
GC (2). Moreover, data analysis has not yet 
established the correlation of patient survival 
with increasing survivin expression; larger sample 
size is needed in this area. However, sample size, 
incomplete patient’s medical records and 
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inadequate tumor tissue in the FFPE blocks were 
our limitations in this research.  
 
Conclusion 
 
To the best of our knowledge, this study is novel 
and there is no documented report on ours 
studied population as well. The current study 
showed an expression difference of survivin 
protein between metastatic and non-metastatic 
samples. The high expression rate of survivin in 
tumor tissues, especially among those with 
metastasis, has revealed a possible role of 
survivin in cancer progression and also its 
application as a potential molecular marker for 
diagnosis and therapy. One of the limitations of 
our study was the small sample size. We did not 
have access o blood and fresh samples.  
 
Journalism Ethics considerations 
  
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  
 
Acknowledgements  
 
We would like to thank the Pathology 
Department of Imam Khomeini Hospital, 
Tehran, Iran, and Dr. Amir Nader Emami 
Razavi, who helped us prepare the samples. We 
would also like to thank Dr. Ali Jafarzadeh for 
his assistance in data analysis and Dr. Khadijeh 
Arjmandi for her assistance in conducting the 
study. 
This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors.  
 
Conflict of interest  
 
All authors have no conflict of interest to declare.  
 
 

References 
 

1. Xue J, Yang H (2021). Comparison of the overall 
survival of proximal and distal gastric cancer 
after gastrectomy: a systematic review and 
meta-analysis. World J Surg Oncol, 19:17.  

2. Krieg A, Baseras B (2013). Role of survivin as 
prognostic and clinicopathological marker in 
gastric cancer: a meta-analysis. Mol Biol Rep, 
40(9):5501-11. 

3. Ratti M, Lampis A (2018). Microsatellite instabil-
ity in gastric cancer: molecular bases, clinical 
perspectives, and new treatment approaches. 
Cell Mol Life Sci, 75(22):4151-62. 

4. Shaaban HM, Hafez N (2016). Nuclear and Cy-
toplasmic Expression of Survivin in Breast 
Carcinoma: Correlation with Clinicopatholog-
ical Parameters. Int J Cancer Res, 12:128-39. 

5. Wang ZN, Xu HM (2004). Expression of sur-
vivin in primary and metastatic gastric cancer 
cells obtained by laser capture microdissec-
tion. World J Gastroenterol,10(21):3094-98. 

6. Deo PN, Deshmukh R (2017). Expression of 
survivin in dysplasia and different grades of 
oral squamous cell carcinoma. Translational Re-
search in Oral Oncology, 2(1):2057178X1771014. 

7. Ismail AA (2018). A Review on Survivin as a 
Prognostic and Therapeutic Cancer Bi-
omarker. Open J Pathol, 8(1):15-23. 

8. Vischioni B, Van der Valk P (2004). Nuclear lo-
calization of survivin is a positive prognostic 
factor for survival in advanced non-small-cell 
lung cancer. Ann Oncol, 15(11):1654-60. 

9. Hossain MM, Banik NL (2012). Survivin knock-
down increased anti-cancer effects of (−)-
epigallocatechin-3-gallate in human malignant 
neuroblastoma SK-N-BE2 and SH-SY5Y 
cells. Exp Cell Res, 318(13):1597-610. 

10. Jaiswal PK, Goel A, Mittal R (2015). Survivin: A 
molecular biomarker in cancer. Indian J Med 
Res, 141(4):389-397. 

11. Wang X, Beitler JJ (2018). Honokiol radiosensi-
tizes squamous cell carcinoma of the head 
and neck by downregulation of survivin. Clin 
Cancer Res, 24 (4):858-869. 

12. Gunaldi M, Isiksacan N (2018). The value of se-
rum survivin level in early diagnosis of cancer. 
J Cancer Res Ther, 14(3):570-73. 

13. Liu JL, Gao W (2013). Prognostic value of sur-
vivin in patients with gastric cancer: a system-



Fanaei et al.: Evaluation of Immunohistochemical Expression of Survivin and its Correlation … 
 

Available at:    http://ijph.tums.ac.ir   471 

atic review with meta-analysis. PLoS One, 
8(8):e71930. 

14. Gupta V, Goel M (2016). Expression and clini-
copathological significance of antiapoptotis 
protein survivin in gallbladder cancer. Indian J 
Pathol Microbiol, 59(2):143-47. 

15. Shi C, Berlin J (2017). Protocol for the examina-
tion of specimens from patients with carci-
noma of the esophagus, version 4.0. 0.0. 
Northfield, IL: College of American 
Pathologis, 1-18. 

16. Kekeeva T, Tanas A (2016). Novel fusion tran-
scripts in bladder cancer identified by RNA-
seq. Cancer Lett, 374(2):224-8.  

17. Li Y, Gao W (2018). Dual targeting of survivin 
and X-linked inhibitor of apoptosis protein 
suppresses the growth and promotes the 
apoptosis of gastric cancer HGC-27 cells. On-
col Lett, 16 (3):3489-98. 

18. Livak KJ, Schmittgen TD (2001). Analysis of rel-
ative gene expression data using real-time 
quantitative PCR and the 2− ΔΔCT method. 
Methods, 25(4):402-8.  

19. Fedchenko N, Reifenrath J (2014). Different ap-
proaches for interpretation and reporting of 
immunohistochemistry analysis results in the 
bone tissue–a review. Diagn Pathol, 9:221.  

20. Yu J, Leung W (2002). Increased expression of 
survivin in gastric cancer patients and in first 
degree relatives. Br J Cancer, 87(1):91-7. 

21. Bertazza L, Mocellin S (2009). Survivin gene lev-
els in the peripheral blood of patients with 
gastric cancer independently predict survival. J 
Transl Med, 7:111.  

22. Yusufu A, Tuerdi R (2020). Expression and clin-
ical correlation of Survivin and PTEN in gas-
tric cancer patients. Oncol Lett, 20(6):297. 

23. Zhang J, Zhu Z (2014). Survivin gene expression 
increases gastric cancer cell lymphatic metas-
tasis by upregulating vascular endothelial 
growth factor-C expression levels. Mol Med 
Rep, 9 (2):600-606. 

24. Lee GH, Joo YE (2006). Expression of survivin 
in gastric cancer and its relationship with tu-
mor angiogenesis. Eur J Gastroenterol Hepatol, 
18(9):957-63. 

25. Engels K, Knauer S (2007). Dynamic intracellu-
lar survivin in oral squamous cell carcinoma: 
underlying molecular mechanism and poten-
tial as an early prognostic marker. J Pathol, 
211: 532–540. 

26. Hirano H, Maeda H (2014). Association of ciga-
rette smoking with the expression of nuclear 
survivin in pathological Stage IA lung adeno-
carcinomas. Med Mol Morphol, 47(4):196-200. 

 
 


