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Abstract 
Background: Gastric cancer is the second global leading cause of death from 

cancer and the most common gastrointestinal cancer in Iran. This condition is usually 
diagnosed at advance stages where treatment options are limited. Recently, heat shock 
proteins (HSPs) have been reported to be overexpressed in a wide range of malignancies 
and considered as promising candidate biomarkers and therapeutic targets for gastric 
adenocarcinoma. The aim of the present study was to compare HSPs protein expression 
between non-tumoral and tumoral sections from patients with gastric adenocarcinoma 
and determine HSPs protein expression correlation with histological stage, tumoral 
grade and prognosis.   

Methods: Immunohistochemistry was used to assess the expression levels of HSP-
27, 70 and -90 proteins on both tumoral and non-tumoral (margin of tumor as control 
group) sections in 80 patients with gastric adenocarcinoma. Further analyses were 
histology, grade and stage of tumor (Tumor, node, and metastasis), HSPs expression 
level, clinicopathological significances, and survival rate.  

Results: The expression of HSPs was significantly increased in tumoral sections 
compared with non-tumoral sections (P<0.001). The HSP27 expression was correlated 
with tumors on the corpus of stomach (P=0.049). Patients younger than 63 years 
revealed higher expression levels of HSP70 (P=0.040). High expression levels of 
HSP90 were further assessed in well-differentiated and intestinal types of tumors 
(P=0.009 and P=0.019). Overexpressed levels of HSP27 and 90 were associated with 
the reduced survival rate of patients (P=0.017 and P=0.018).  

Conclusion: HSP27 and HSP 90 are potential prognostic biomarkers of patients’ 
survival rate. Patients harboring positive HSP27 and HSP 90 expression display worse 
disease-free survival compared to those with negative HSP27 and HSP 90 expression. 
Differential expression of HSPs may play crucial roles in the initiation and progression 
of gastric cancer and can be exploited as future therapeutic targets.  
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Introduction 

Heat-shock proteins (HSPs, stress proteins) 

are a group of evolutionarily conserved chaperone 

proteins first discovered in 1962.1 HSPs 

expression levels increase in stressed cells to 

protect cells against ischemia, infection, 

temperature shocks, irradiation, oxidative stress, 

anticancer chemotherapy, decreased PH, osmotic 

stress, heavy metals, and other environmental 

stresses  behaving as molecular chaperons for 

other cellular proteins.2 HSPs have also been 

shown to play a critical role in DNA/RNA 

replication and repair, immune system regulation, 

apoptosis and cell differentiation.3-7 HSPs have 

been classified based on their molecular size: 

HSP100, HSP90, HSP70, HSP60 and small HSPs 

(15-30 kDa) such as HSP27. Each family of HSPs 

is composed of members either expressed 

constitutively or regulated inductively. These 

families are targeted to different subcellular parts.8 

HSP90 is constitutively expressed at 2- to 10-

fold higher levels in tumor cells compared to 

their normal counterparts, suggesting that it may 

be critically important for tumor cell growth and 

survival.9 HSP27 may function as a molecular 

chaperone in signal transduction pathways of 

different cell regulators and be active in the 

development of resistance to stressful conditions 

and agents including cytotoxic drugs.10 HSP27 

may also be a predifferentiation marker.11 HSP27 

and HSP70 have strong cytoprotective properties 

and their overexpression prevents apoptosis 

triggered by various stimuli, including 

hyperthermia, oxidative stress, inhibition of 

tyrosine kinases by staurosporine, ligation of the 

Fas/Apo-1/CD95 death receptor or addition of 
cytotoxic drugs.12-14 HSPs have been  reported 

to be involved in carcinogenesis in various 

metabolic and molecular mechanisms such as 

cell proliferation, invasiveness, neoangiogenesis, 

metastasization, and induction of immune 

tolerance.15-19 Tumor cells that overexpress HSPs 

may have an increased tendency to invade their 

microenvironment and spread to distant organs, 

producing metastasis. For instance, a positive 

correlation was found between the increased 

expression of HSP27 and HSP70 and tumor-

invasiveness.20 HSPs may also affect tumor 

neoangiogenesis; for example, HSP90 stabilizes 

vascular endothelial growth factor and nitric oxide 

synthetase in endothelial cells.21  

Gastric cancer constitutes the fourth most 

common cancer type and the second most 

prevalent cause of cancer-related deaths.22 

Although gastric cancer incidence is reduced in 

Western countries, the frequency of the adeno-

carcinomas of the gastroesophageal junction has 

been soaring.22 Clinically, the prognosis for 

advanced gastric cancer is poor, and the 5-year 

overall survival rates have reached about 15%.23 

Therefore, the elucidation of the molecular 

pathogenesis of gastric cancer can provide novel 

targeted therapies resulting in new prognostic 

and therapeutic avenues. Accordingly, the present 

work is the immunohistochemical study of the 

expression levels and clinicopathological 

significance of HSP27, HSP70, and HSP90 in 

both tumoral and non-tumoral sections for patients 

with gastric cancer. 

 

Methods 

Patients and Samples 
In this case-control study, surgically resected 

tumoral specimens by total or subtotal gastrectomy 

were obtained from 80 patients with gastric 

adenocarcinoma, who had given written informed 

consent prior to their participation in the study. 

This study is approved by the Ethics Committee 

of Mashhad University of Medical Sciences. All 

80 patients were admitted to Omid Hospital, 

Mashhad, Iran. Specimens resected from the non-

tumoral margin of tumoral area from the same 

patients were assumed as the control group. None 

of the patients received anticancer treatments of 

any kind (chemotherapy, radiotherapy, or surgical 

intervention) prior to surgery. Demographic 

information was registered and tumors were 

categorized based on Lauren classification as 

intestinal type and diffuse type. Tumor staging 

was assessed using the 8th edition of the tumor, 

node, and metastasis system according to the 

American Joint Committee on Cancer (AJCC) 
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system. Pathological investigations revealed three 

levels of differentiation to classify grading as: 

well, moderately, and poorly differentiated. 57 

patients were followed up for six years, during 

which time partial and total morbidity was 

registered. The median survival was 33.2 months.  

 

Immunohistochemistry 
Immunostainings for HSP-27-70 and -90 were 

performed on paraffin-embedded tissue sections 

using commercially available mouse antihuman 

HSP-27, HSP-60 and HSP-90 (Santa Cruz 

Biochemicals, Santa Cruz, CA, USA) primary 

antibodies. Briefly, 2 μm thick tissue sections 

Figure 1. Illustrated HSPs immunostaining in tumor cells with gastric adenocarcinoma: A: HSP-27, B: HSP-70, C: HSP-90 and illustrated 

HSPs immunostaining in non-tumor cells, D: HSP-27, E: HSP-70, F: HSP-90.

E F

C D

A B



Mehdi Zardadi et al.

Middle East J Cancer 2020; 11(1): 21-3224

were dewaxed in xylene and rehydrated through 

graded alcohols. To remove the endogenous 

peroxidase activity, sections were then treated 

with freshly prepared 0.3% hydrogen peroxide 

in methanol in the dark, for 30 minutes at room 

temperature. HSP-27, -70, and -90 protein 

expressions were measured using HSP 27 (dilution 

1:50, clone 2B4) (Novocastra, Leica Biosystems, 

Newcastle, United Kingdom), HSP 70 (dilution 

1:70, clone 8B11) (Novocastra, Leica Biosystems, 

Newcastle, United Kingdom), and HSP 90 

(dilution 1:100,clone JPB24) (Novocastra, Leica 

Biosystems, Newcastle, United Kingdom) for 30 

min according to manufacturer’s protocol. 

Sections were incubated with Polymer Novolink 

(Novolink detection system, Leica Biosystems, 

Newcastle, United Kingdom), stained with Harris' 

hematoxylin and mounted in Entellan (Merck, 

Darmstadt, Germany). The percentages of 

positively stained cells were obtained through 

counting at least 500 cells in each case, which 

was done by pathologist observer blinded to the 

clinical data. The intensity of HSP expression 

was estimated by high power field light 

microscope 40X. Specimens were considered 

"positive" for HSPs when more than 5% of the 

tumor cells were stained. Only intra-cytoplasmic 

immunoreactivity was considered as positive.  

 

Statistical Analysis    
Data received by demographic, clinical and 

para-clinical observations were analyzed using 

SPSS for Windows (version 16.0; SPSS Inc., 

Chicago, IL, USA). Chi-square was used to assess 

the association between HSP-27, -70, and -90 

overexpression and the intensity of 

immunostaining and clinicopathological variables. 

The P-value <0.05 was considered (statistically) 

significant. Spearman rank correlation was used 

to assess the correlation amongst HSP-27, -70, 

and -90 protein expressions. Survival curves were 

constructed using the Kaplan-Meier method and 

compared using the log-rank test.  

 

Results     

80 patients with gastric adenocarcinoma 

enrolled in our study, 58 (72.5%) were males and 

22 (27.5%) were females. The mean age of the 

patients was 62.7 ± 8.6 years (median: 62 years, 

range: 32-82 years). The average age of men was 

64.07 years, and the median age in women was 

59.32 years. There were no significant differences 

between men and women’s age as indicated by 

student’s t-test (P=0.069, t=1.846). 46% of patients 

were less than 63 years old. Generally, patients 

with advanced stages of gastric adenocarcinoma 

(stages 3 and 4) were more than 63 years old. 

According to Lauren classification, tumors were 

categorized as 1) intestinal type in 74.7% and 2) 

diffuse type in 25.3%. Three levels of differenti-

ation were observed, namely well (n=40, 50%), 

Table 1. Demographic information regarding the patients in the 

study  

Gender  

Male 72.5%  

Female 27.5%  

Age  

63< 53.8% 

63≥ 46.2%

Tumor Site  

Cardia 30% 

Corpus – Fundus 37.5% 

Antrum 32.5% 

Histology of Tumor  

Intestinal 74.7%  

Diffuse 25.3%  

Tumoral Differentiation  

Well 50% 

Moderate 17.5%  

Poor 32.5%  

T-Score  

T2 3.5% 

T3 80%  

T4 16.5%  

M-Score  

M0 95% 

M1 5%  

N-Score  

N0 3/16%  

N1 50%  

N2 2/31%  

N3 5/2%  

Stage  

1 5/2%  

2 8/13%  

3 65%  

4 8/18%  
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moderately (n=14, 17.5%) and poorly (n=26, 

32.5%) differentiated. According to AJCC system, 

tumor, node, and metastasis staging revealed T2 

(n=3, 3.5%), T3 (n=64, 80%), and T4 (n=13, 

16.5%). 83.7% of patients were node positive 

(N1=50%, N2=31.2%, N3=2.5%), while16.3% 

were node negative (N0). Organ metastasis was 

noted in 4 out of 80 patients. Clinicopathological 

Table 2. HSP27 expression and intensity of staining and clinicopathological characteristics of the 80 patients with gastric adenocarcinoma 

Parameter HSP-27 expression                 P –value 

21.5%> %21.5 ≥ Total 

n=53 n=27 n=80 

Age  

63> 25(31.3) 12(15.0) 37(46.2) 0.053(0.817) 

63≤ 28(35.0) 15(18.8) 43(53.8)  

 

Gender  

Male 35(43.8) 23(28.8) 58(72.5) 3.289(0.070)  

Female 18(22.5) 4(5.0) 22(27.5)  

 

Tumoral  

Differentiation  

Well 25(31.3) 15(18.8)  40(50.0) 0.523(0.770)  

Moderate 10(12.5) 4(5.0) 14(17.5)  

Poor 18(22.5) 8(10.0) 26(32.5)  

 

Tumor Site  

Cardia 17(21.3) 7(8.8) 24(30.0) 7.865(0.049)  

Corpus 23(28.8) 6(7.5) 29(36.3)  

Fundus 1(1.3) 0(0.0) 1(1.2)  

Antrum 12(15.0) 14(17.5) 26(32.5)   

 

PT Classification  

T2 1(1.3) 2(2.5) 3(3.8) 1.427(0.490) 

T3 43(53.8) 21(26.3) 64(80.0)  

T4 9(11.3) 4(5.0) 13(16.2)  

  

PN Classification  

N0 7(8.8)  6(7.5) 13(16.3) 2.813(0.421)  

N1 28(35.0) 12(15.0) 40(50.0)  

N2 16(20.0) 9(11.3) 25(31.2)  

N3 2(2.5) 0(0.0) 2(2.5)  

 

PM Classification  

M0 37(46.3) 39(48.8) 76(95.0) 0.855(0.355) 

M1 1(1.3) 3(3.8) 4(5.0)  

 

Histology of  

Tumor  

Diffused 8(10.7) 11(14.7) 19(25.3) 0.354(0.552)  

Intestinal 28(37.3) 28(37.3) 56(74.7)  

 

Stage of Tumor  

Stage-I 1(1.3) 1(1.3) 2(2.5) 3.365(0.339)  

Stage-II 6(7.5) 5(6.3) 11(13.8)  

Stage-III 27(33.8) 25(31.3) 52(65.0)  

Stage-IV 4(5.0) 11(13.8) 15(18.8)  
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information is summarized in table 1. There was 

no significant difference between men and woman 

regarding tumoral differentiation as shown by 

Chi-square (χ2=1.044, P=0.593). The mean age 

was 65.08±9.18 in patients with well-differentiated 

tumors and 58.85±12.16 in poorly differentiated 

patients. Based on one-way ANOVA test 

(P=0.0556, F=2.985), no statistically significant 

Table 3. HSP70 expression and intensity of staining and clinicopathological characteristics of the 80 patients with gastric adenocarcinoma 

Parameter HSP-70 expression  (P –value) 

38.75%> 38.75%≥ Total 

n=38 n=42 n=80 

Age  

63> 13(16.3) 24(30.0) 37(46.3) 4.220(0.040)  

63≤ 25(31.3) 18(22.5) 43(53.8)  

  

Gender  

Male 26(32.5) 32(40.0) 58(72.5) 0.604(0.437) 

Female 12(15.0) 10(12.5) 22(27.5)  

 

Tumoral  

Differentiation  

Well 19(23.8) 21(26.3) 40(50.0) 1.200(0.549)  

Moderate 5(6.3) 9(11.3) 14(17.5)  

Poor 14(17.5) 12(15.0) 26(32.5)  

 

Tumor Site  

Cardia 14(17.5) 10(12.5) 24(30.0) 3.562(0.313)  

Corpus 11(13.8) 18(22.5) 29(36.3)  

Fundus 0(0.0) 1(1.3) 1(1.3)  

Antrum 13(16.3) 13(16.3) 26(32.5)  

  

PT Classification  

T2 1(1.3) 2(2.5) 3(3.8) 2.176(0.337) 

T3 33(41.3) 31(38.8) 64(80.0)  

T4 4(5.0) 9(11.3) 13(16.3)  

 

PN Classification  

N0 7(8.8) 6(7.5) 13(16.3) 3.090(0.378)  

N1 18(22.5) 22(27.5) 40(50.0)  

N2 13(16.3) 12(15.0) 25(31.3)  

N3 0(0.0) 2(2.5) 2(2.5)  

 

PM Classification  

M0 37(46.3) 39(48.8) 76(95.0) (0.617) 

M1 1(1.3) 3(3.8) 4(5.0)  

 

Histology of  

Tumor  

Diffused 8(10.7) 11(14.7) 19(25.3) 0.354(0.552)  

Intestinal 28(37.3) 28(37.3) 56(74.7)  

 

Stage of Tumor  

Stage-I 1(1.3) 1(1.3) 2(2.5) 3.365(0.339)  

Stage-II 6(7.5) 5(6.3) 11(13.8)  

Stage-III 27(33.8) 25(31.3) 52(65.0)  

Stage-IV 4(5.0) 11(13.8) 15(18.8)  
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difference was observed between the median age 

of patients and three grade of tumors. Among all 

80 patients, 2.5% were in stage I, 13.8% in stage II, 

65% in stage III and 18.8 % in stage IV of gastric 

adenocarcinoma. Likelihood ratio test revealed 

no significant differences between tumoral stage 

and age (Likelihood ratio=7.745, P=0.060). The 

tumor site in 30% (n=24) of the patients was in 

cardia, 36.3% (n=29) in corpus, 1.3% (n=1) in 

fundus and 32.5% (n=26) in the antrum of 
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Table 4. HSP90 expression and intensity of staining and clinicopathological characteristics of the 80 patients with gastric adenocarcinoma 

Parameter HSP-90 expression   P –value 

70.88%> 70.88%≥ Total 

n=27 n=53 n=80 

Age  

63> 16(20.0) 21(26.3) 37(46.3) 2.775(0.096) 

63≤ 11(13.8) 32(40.0) 43(53.8)  

 

Gender  

Male 17(21.3) 41(51.3) 58(72.5) 1.859(0.173)  

Female 10(12.5) 12(15.0) 22(27.5)  

  

Tumoral  

Differentiation  

Well 8(10.0) 32(40.0) 40(50.0) 8.103(0.017)  

Moderate 5(6.3) 9(11.3) 14(17.5)  

Poor 14(17.5) 12(15.0) 26(32.5)  

  

Tumor Site  

Cardia 8(10.0) 16(20.0) 24(30.0) 1.153(0.764) 

Corpus 11(13.8) 18(22.5) 29(36.3)  

Fundus 0(0.0) 1(1.3) 1(1.3)  

Antrum  8(10.0) 18(22.5) 26(32.5)  

 

PT Classification  

T2 0(0.0) 3(3.8) 3(3.8) 3.573(0.168)  

T3 24(30.0) 40(50.0) 64(80.0)  

T4 3(3.8) 10(12.5) 13(16.3)  

 

PN Classification  

N0 4(5.0) (11.3) 9 13(16.3) 2.082(0.555)  

N1 16(20.0) (30.0) 24 (50.0) 40  

N2 6(7.5) (23.8) 19 (31.3) 25  

N3 1(1.3) 1(1.3) 2(2.5)  

 

PM Classification  

M0 26(32.5) 50(62.5) 76(95.0) (0.999) 

M1 1(1.3) 3(3.8) 4(5.0)  

 

Histology of Tumor  

Diffused 11(14.7) 8(10.7) 19(25.3) 6.908(0.009)  

Intestinal 14(18.7) 42(56.0) 56(74.7)  

 

Stage of Tumor  

Stage-I 0(0.0) 2(2.5) 2(2.5) 2.041(0.564)  

Stage-II 3(3.8) 8(10.0) 11(13.8)  

Stage-III 19(23.8) 33(41.3) 52(65.0)  

Stage-IV 5(6.3) 10(12.5) 15(18.8)  
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stomach. Likelihood ratio test revealed no 

significant difference between the tumor site and 

sex of patients (Likelihood ratio=4.295, P=0.249). 

38.2% of patients younger than 63 years had 

histologically diffuse type cancer, while 61.8% 

had histologically intestinal gastric cancer. A 

significant difference was found regarding the 

histology of tumor and age. Diffused tumors were 

further observed in patients younger than 63 years 

old (χ2=5.473, P=0.019). Regarding prognosis, 

there was no correlation between the disease and 

age, sex, tumor site, tumor histology, and tumor 

differentiation. However, patients in the advanced 

stages of the disease (stage 3/4) had lower survival 

rates compared with patients in the early stages 

of gastric cancer (P=0.034).  

HSP-27, -70, and -90 proteins were abundantly 

expressed in the examined gastric adenocarcinoma 

cases. Representative immunostainings for HSP-

27, -70 and -90 are illustrated in figure 1A–C. In 

the tumoral sections, 38.8% were positive for 

HSP27, 60% for HSP70 and 90% for HSP90. 

None of the non-tumoral sections were positive 

for HSPs. The mean HSP-27 expression value 

was 21.5% in tumoral sections, while it was 0% 

in non-tumoral sections. The expression level of 

HSP27 was less than the average of HSP27 

expression in 53 patients (66.3%) and higher than 

the average in 27 patients (33.8%). No statistically 

significant differences were observed between 

HSP27 protein expression and sex, age, tumoral 

grade, PT/N/M classification, histology, and stage 

of tumor (Table 2). There was a significant 

difference between HSP27 expression and tumor 

site as determined by likelihood ratio test.  

The mean HSP70 expression value was 38.75% 

in tumoral sections and 0% in non-tumoral 

sections. HSP70 expression level was less than 

the median in 38 cases (47.5%) and higher than 

the average in 42 cases (52.5%). No statistically 

significant differences were seen between HSP70 

protein expression and sex, tumoral grade, 

PT/N/M classification, histology, and stage of 

tumor. Likelihood ratio test revealed a significant 

difference between HSP70 expression value and 

age (Table3).  

The median HSP90 expression value was 

70.88% in tumoral sections and 0% in non-tumoral 

sections. HSP70 expression level was less than 

the median in 27 subjects (33.8%) and higher 

than the average in 53 subjects (66.3%). Statistical 

tests revealed no significant difference between 

HSP90 expression level and age, sex, tumor site 

and grade of tumor. Chi-square showed a 

significant difference between HSP90 expression 

level and histology and differentiation of tumor 

(Table 4). We also calculated the Spearman's rank 

correlation coefficient to evaluate the linear 

relationships among the expression extents of 

HSP-27, -70 and -90 proteins. A significant 

positive correlation was also found between the 

extent of HSP-60 and HSP-90 expressions. 

Although a significant positive correlation was 

observed between the extent of HSP-27, -70 and 

-90 expressions, the correlation was weak (Table 

5). Spearman's rank interpretation was exactly 

the same as Pearson correlation coefficient. 

Spearman correlation coefficient was assumed 

as: rs < 0.2 as very weak, 0.2 < rs < 0.4 as weak, 

0.4 < rs < 0.6 as moderate, 0.6 < rs < 0.8 as 

strong, and rs > 0.8 as very strong. Among all 

the 80 patients who were followed up, 17 cases 

(21.3%) expired. 63 patients were followed up 

for a median of 60 months (mean 98/4±24/33 

months). The mean longevity among cases  with 

HSP27 expression levels lower than average 

(21.5%) was 37/5±34/28 months, while that of 

the cases with HSP70 expressions level higher 

than average (21.5%) was 16/2±50/27 months. 

Wilcoxon signed-rank test  indicated a significant 

difference  regarding the average life span between 

the two groups of patients (χ2=5.593, 

P=0.018).The median longevity among cases 

with HSP70 expression levels lower than average 

(38.75%) was 1.86±12.08 months, while that of 

the subjects with HSP70 expression level higher 

than average (38.75%) was 75/5±57/43 months. 
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Table 5. Spearman rank correlations amongst the HSP-27, -70 

and -90 proteins extent of expression in the 80 gastric tumoral 

specimens 

       HSP-27    HSP-70 HSP-90 

HSP-27             -              0/309(0/500)        0/282(0/001) 

HSP-70              -             0/309(0/500) 
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Wilcoxon signed-rank test showed a significant 

difference in the mean of life span between the 

two groups (χ2=5.842, P=0.016). The mean life 

span among cases  with HSP90 expression levels 

lower than average (70.88%) was 56/5±85/25 

months, while that of subjects with HSP90 

expression levels higher than average (70.88%) 

was 80/5±65/32 months (Figure 2A–C). Wilcoxon 

signed-rank test revealed no significant difference 

regarding the average life span (χ2=0.001, 

P=0.978). Cox proportional hazard regression 

showed no statistical significance for the survival 

rate with age, gender, tumor site, histology of 

tumor, and grade of the disease.  

 

Discussion 

In the present study, the prevalence rate of 

gastric adenocarcinoma was 2.6 times more in 

males than females, which is compatible with the 

investigations of Sadjadi et al. in Iran, Kim et al. 

in Japan, and Giaginis et al. in Greece.24-26 In 

this study, the average age of diagnosis was about 

63 years, while it was measured around 55 years 

by Kim et al.25 Such discordance may result from 

the active screening programs for patients in 

Japan. Only 2.5% of our subjects were diagnosed 

at stage I and 85% of subjects were diagnosed at 

stages III and IV of gastric cancer. In the study 

by Kim et al., 25.6% of the cases were diagnosed 

at stage I, and 77% were diagnosed at stages III 

and IV of the disease.25 This proportion was 

calculated approximately 53% by Giaginis et al.26 

In a report by Sugasawa et al., less than 70% of 

the cases were diagnosed at stage II of gastric 

cancer. According to our results, 87% of the 

patients were diagnosed with metastasis to lymph 

nodes, calculated 63% by Giaginis et al., and 

55% by Sugasawa et al. In this regard, we can 

conclude that active screening program for patients 

can result in diagnosis at the early stage of the 

disease and more effective therapies. Our results 

revealed that most patients had well-differentiated 

tumors (50%). It is concluded that the high 

expression level of HSPs is associated with the 

high stage of gastric cancers. The most common 

tumor sites were located in the stomach, and most 

tumors (74%) were histologically intestinal. 95% 

of patients had organ metastasis, 87% were node 

positive, and no significant difference was 

observed between the disease stage, differentiation, 

and tumor site and the gender of the patients. A 

significant difference existed between the 

histology of tumor and the age of patients. In this 

respect, the prevalence rate of the intestinal type 

of tumor was approximately more than twice the 

diffused type among patients who were less than 

63 years. 

HSPs protein expression was dramatically 

higher in tumoral sections than in non-tumoral 

sections. None of the non-tumoral sections was 

positive for any HSPs protein expression although 

the protein expression was 38.8% for HSP27, 

60% for HSP70, and 90% for HSP90 in tumoral 

sections. In the present study, all examined gastric 

cancer cases displayed positive expression for at 

least one member of the HSPs family with variable 
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Figure 2. Survival rate in patients with gastric adenocarcinoma during the 5-year follow up according to HSPs protein expression (A. 

HSP27, B. HSP70, C. HSP90).  
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expressions in each case. Our results are consistent 

with earlier reports where HSPs expression was 

found in bladder cancer and squamous cell 

carcinoma of the esophagus.27,28 The present 

study further supports the clinicopathological 

significance of HSP-27, -70, and -90 protein 

expression in the progression of gastric cancer. 

No association was observed between HSP27 

expression and differentiation, histology, and 

grade of tumor in the present research. On the 

contrary, previous studies conducted by Nagata 

et al. (2012), and Bodoor et al. (2016) observed 

HSP27 expression to be significantly associated 

with poorly differentiated tumors.29,30 However, 

Giaginis et al. reported the relationship between 

HSP27 and organ metastasis. Kapranos et al. 

showed an association between HSP27 protein 

expression and high stages of tumoral sections 

and female gender.31 Also, in the present study, 

we observed an association between high HSP27 

expression and tumor site (body of stomach) and 

low survival rates of patients. A 5-year follow-

up up was performed to investigate the patients' 

survival rate and longevity. The median of 

patients’ life span was 33 months. Kaplan-Meier 

curve illustrated an association between high 

HSP27 expression and low survival rates of 

patients, which is in line with the results of 

Kapranos et al.31  

No association has been observed between 

HSP70 protein expression and gender of patients, 

disease stage, grade, histology and site of tumor, 

which is in accordance with Maehara and Isomoto 

studies.32,33 One study indicated that this protein 

exhibited reduced levels of expression in gastric 

cancer tissues.29 Nevertheless, certain studies 

have shown a significant increase in HSP70 

expression in gastric cancer sections where >50% 

of the cases displayed immunoreactivity towards 

the protein.33 The hypothesis of the present 

research was that HSP70 is favorable in the 

context of transformation and progression as a 

result of its cytoprotective effects. However, 

controversial results have been obtained regarding 

the role of HSP70 in the pathogenesis of gastric 

cancer. Patients less than 63 years old with low 

survival rates had high HSP70 protein expressions.   

A positive correlation was observed between 

high HSP90 protein expressions and sex, age and 

stage of tumor, which is in line with the results 

of Giaginis et al. High HSP90 expression is 

associated with well-differentiated and intestinal 

types of tumors. These findings are consistent 

with earlier reports investigating the expression 

of the protein in gastric cancer.29,34,35 Despite the 

fact that similar detection methods and scoring 

criteria were used, we observed the highest 

expression levels of the protein in GC tissues 

compared to previous studies. This might be 

related to the differences in the ethnic backgrounds 

of patients or different choices of antibodies used 

in these investigations. 

 

Conclusion 

Our study indicated the major role of HSP in 

many aspects of tumor progression and response 

to therapy. HSPs have been recently identified as 

candidate biomarkers and therapeutic targets for a 

wide range of human malignancies when sufficiently 

expressed. These proteins were shown to contribute 

to malignant transformation and progression and 

to be associated with poor survival. Currently, many 

efforts are being made (with promising results) to 

develop antiHSPs compounds for cancer therapy. 

The current study proposes that the expression of 

HSP-27, -70 and -90 proteins is associated with 

clinicopathological significances in terms of 

diagnosis, prognosis and therapeutic targets for 

patients with gastric adenocarcinoma. HSP-70 failed 

to predict patients' prognosis; whereas, HSP-27 

and -90 were shown to be promising prognostic 

indicators in patients with gastric cancer. Further 

research is required  to clarify the molecular 

pathogenesis through which HSPs' regulation 

influence the molecular events involved in tumor 

growth, invasiveness, and metastases. Such studies 

could be important for the development of new 

therapeutic strategies, such as using HSP-90 

inhibitors and promising prognostic indicators, and 

targeting HSPs in gastric cancer.  
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