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Gastric Carcinoma

Background: Overexpression of heat shock protein 70 (HSP70) has been observed in many types
of cancer including gastric adenocarcinomas, although the exact role of HSP70 in carcinogenesis
remains unclear. Methods: The study analyzed a total of 458 radical gastrectomy specimens
which were immunohistochemically stained with HSP70, p53, and Ki-67 antibodies. Results: The
study determined that the expression of HSP70 was significantly increased in early gastric cancer
(EGC) compared to advanced gastric cancer (p<0.001). The HSP70 expression was correlated
with well-differentiated tumor type, intestinal type of Lauren classification and the lower pT and
pN stage. Negative expression of Ki-67 and p53 expression was associated with poor prognosis.
The study did not find any correlation between HSP70 and p53 expression. The study determined
that HSP70 expression in the EGC subgroup was associated with a poor prognosis (p=0.009),
as well as negative Ki-67 expression (p=0.006), but was not associated with p53. Based on mul-
tivariate analysis, HSP70 expression (p=0.024), negative expression of Ki-67, invasion depth and
lymph node metastasis were determined to be independent prognostic markers. Conclusions:
HSP70 is expressed in the early stages of gastric adenocarcinoma. In EGC, HSP70 is a poor in-
dependent prognostic marker and is correlated with a low proliferation index.
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According to the National Cancer Information Center of Ko-
rea, gastric cancer was the most common cancer among Korean
men."” Although the incidence of gastric cancer has steadily
decreased steadily over the last several years, gastric cancer-asso-
ciated mortality is the third most common cause of mortality in
Korean cancer patients. Gastric cancer is a biologically and ge-
netically heterogeneous malignancy that involves several genet-
ic mutations and epigenetic alterations, including CDHI, p53
and CTNNBI mutations and hypermethylation of MLH],
MSH2, CDHI, CDKN2A, CDK2AP2, RASSF1A, and RUNX3.
However, little is known about gastric carcinogenesis and many
studies are working to understand the molecular mechanisms
that are implicated in gastric adenocarcinoma.

Heat shock protein 70 (HSP70) is an ubiquitously expressed
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protein, and the expression of HSP70 is up-regulated by vari-
able stresses such as heat, anticancer chemotherapy, oxidative
stress, and chemical injury and the assistance of various protein
folding and unfolding processes in the cell.* HSP70 protein acts
as a molecular chaperone in the development of malignant neo-
plasm, a stressful condition in which tumors are subjected to
free radicals, a hypoxic environment and the accumulation of
misfolded proteins, therefore the inhibition of HSP70 can be
lethal to tumor cells.” Overexpression of HSP70 has been re-
ported in many types of cancer and has been correlated with
poor differentiation, lymph node metastasis and a shorter pa-
tient survival prognosis.”” Some studies have reported that the
role of HSP70 in human malignancies could be attributable to
the interaction between p53 and HSP70 proteins, although
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other studies have reported contradictory results.'*"* Additional
reports have discussed the possibility that HSP70 expression is
correlated with the differentiation and low proliferation of tu-
mor cells.'*!* The exact mechanism and function of HSP70
in cancer development remains unclear, although the expression
of HSP70 is frequently found in malignant neoplasms.

A few studies that have been published investigated HSP70
expression in gastric adenocarcinoma but the studies have not
revealed the prognostic impact of HSP70 expression in gastric
cancer."*'¢ The studies reported that HSP70 is overexpressed in
gastric cancers, is involved in tumor differentiation, and that
there is a correlation between HSP70 expression and lymph
node metastasis and vascular invasion, although no correlation
between p53 and HSP70 expression has been identified. The
purpose of this study was to define the role of HSP70 in gastric
adenocarcinomay; the investigation examined the immunohisto-
chemical expression of HSP70, p53, and Ki-67 and analyzed
correlations between the expression of these proteins with clini-
copathologic characteristics and patient survival.

MATERIALS AND METHODS

Patients and samples

This study included a total of 458 gastric adenocarcinoma
patients who underwent radical gastrectomy at Korea Universi-
ty Guro Hospital from 2002 to 2005. Each patient’s records
were reviewed to ensure that the study did not include any pa-
tient with a prior history of neo-adjuvant chemotherapy. Clini-
copathologic data, including age, sex, distant metastasis, and
survival data were obtained from the medical records. Archived
formalin-fixed paraffin-embedded tissues were used for tissue
microarray (TMA) and immunohistochemical staining.

Clinicopathologic data, including age, sex, distant metastasis,
and survival data were obtained from medical records. All slide
glasses and gross photos were reviewed and the histopathologic
type, histologic grade, Lauren classification, invasion depth, re-
gional lymph node metastasis, and lymphatic invasion were re-
evaluated. All of the cases that were reviewed were reclassified
according to the 7th American Joint Committee on Cancer/In-
ternational Union against Cancer Classification (AJCC/UICC)
TNM cancer classification system."” In addition, the World
Health Organization classification system was applied for ade-
nocarcinoma grading.'® The follow-up period ranged from 2 to
2,514 days (mean, 50.5 months; median, 53.0 months). The
mean age of the patients was 58 years (median, 61 years; range,
23 to 84 years) and the male to female ratio was 2:1. The study
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determined that early gastric carcinoma (EGC) was identified
in 54% (n=246) of the patients, and advanced gastric carcino-
ma was found in 46% (n=212) of the patients. This study was
approved by Institutional Review Board of the Korea Universi-
ty Guro Hospital (KUGGR-2010-033).

Tissue microarray and immunohistochemical staining

Hematoxylin and eosin-stained slide glasses from the selected
patients were reviewed for TMA preparation. Portions from the
leading edges of tumor infiltration were marked on the slides
and used for the TMA construction. An additional 45 non-neo-
plastic mucosal tissues that were distant from the tumors were
selected from the patient samples and used for non-neoplastic
TMA control. The tissue core diameter used in TMA construc-
tion was 2.0 mm, and the TMA blocks were cut into 4 pm slic-
es for immunohistochemical staining. The standard streptavi-
din-biotin peroxidase complex method was used for staining.
After the deparaffinization and rehydration steps, the slides
were heated in a microwave oven for 15 minutes in 10mM ci-
trate buffer (pH 6.0) and treated with 3% hydrogen peroxide
for 20 minutes. The antibodies that were used in this study in-
cluded HSP70 (1:800, Abcam, Cambridge, UK), p53 (1:500,
clone DO-7, Novocastra, Newcastle upon Tyne, UK), and Ki-
67 (1:700, clone MIB-1, Dako, Glostrup, Denmark).

Immunohistochemical staining analysis

The immunohistochemical staining revealed that HSP70 ex-
pression was present in the cell cytoplasm. Based on these re-
sults, the study applied cytoplasmic staining intensity grading
(0, no staining; 1, weak; 2, moderate; 3, strong) and determined
the percent areas of positive tumor cells for analysis. The study
considered positive expression to be present when more than
50% of tumor cells showed moderate or strong staining inten-
sity.

In addition, the immunohistochemical staining of p53 and
Ki-67 showed a nuclear staining pattern. The nuclear staining
intensity (0, no staining; 1, weak; 2, moderate; 3, strong) and
the percent areas of positive tumor cell nuclei were also graded.
The study considered the staining to be positive when more
than 10% of tumor cells showed moderate or strong staining
intensity.

Statistical analysis

All statistical analyses were performed using SPSS ver. 12
(SPSS Inc., Chicago, IL, USA). The Kaplan-Meier plots and the
log-rank test were used to analyze patient survival. Correlations
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between protein expression and the clinicopathological charac-
teristics were analyzed using Pearson’s chi-square (x?) and lin-
ear-by-linear association tests. Finally, the Cox proportional
hazard model was used for the multivariate analysis. In all of
the statistical analyses, a p<0.05 was considered to be statisti-
cally significant.

RESULTS

Expression of HSP70, p53, and Ki-67 in gastric
adenocarcinoma

The results indicated that for patients with non-neoplastic
gastric mucosa, 6 (13%) out of 45 samples showed cytoplasmic
expression of HSP70. Eighteen (40%) of the non-neoplastic

HSP70 in Gastric Adenocarcinoma © 221

samples showed weak HSP70 staining, although strong stain-
ing was not observed in non-neoplastic tissue. The study deter-
mined that for the cases of gastric adenocarcinoma, 155 (34%)
of the samples indicated cytoplasmic expression of HSP70. In
addition, from these HSP70 positive samples, the percentages of
EGC and advanced gastric cancer (AGC) were determined to be
85 (46%) patients and 70 (26%) patients, respectively (Fig. 1).
Immunohistochemical p53 expression was not observed in
patients with non-neoplastic gastric mucosa. The analysis show-
ed that only a small percentage of scattered cells (< 10%) showed
weak to moderate nuclear staining of p53 in non-neoplastic
samples. In the gastric adenocarcinoma patients, p53 positivity
was observed in 163 (36%) samples, which included 59 EGC
(32%) and 104 AGC (38%) samples. The research indicated

Fig. 1. Microscopic images of immunohistochemical staining. Heat shock protein 70 (A-C), Ki-67 (D-F), and p53 (G-I). Left panels are from

non-neoplastic gastric mucosa (A, D, G), middle panels are negative expression samples from gastric adenocarcinoma (B, E, H), and right
panels are positive expression samples from gastric adenocarcinoma (C, F, I).
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that Ki-67 positivity was observed in 63 (38%) of the total gas-
tric adenocarcinoma samples, which included a total of 100

(54%) EGC and 65 (24%) AGC cases.

HSP70 expression and clinicopathologic characteristic
correlations

HSP70 expression was found to be significantly associated
with lower histologic grade (p=0.007), intestinal type Lauren
classification (p<0.001), lower pathologic T category (p<0.001),
lower pathologic N category (p<0.001), and lower TNM stage
(p<0.001). No significant correlation between sex, age, lym-
phatic invasion, p53 and Ki-67 expression and HSP70 expres-
sion was observed (p>0.05) in this study. The expression of p53
was associated with the pT category (p=0.014) and the pN

category (p=0.042). In addition, negative Ki-67 expression was
also found to be associated with the pT category (p<0.001) and
the pN category (p<0.001).

The gastric adenocarcinomas were divided into two sub-groups,
EGC and AGC, and the analysis investigated the correlation
between HSP70 expression and clinicopathologic characteris-
tics. The study determined that EGC was significantly associat-
ed with positive expression of HSP70 (p<0.001). For the AGC
subgroup, HSP70 expression was determined to have correla-
tions between male (p=0.007) and higher histologic grades
(p=0.046), intestinal type Lauren classification (p=0.001), and
Ki-67 expression (p=0.002). Negative Ki-67 expression was
the only clinicopathologic characteristic that was directly corre-
lated with HSP70 expression in the EGC subgroup (Table 1).

Table 1. Correlations between HSP70 expression and clinicopathologic characteristics

All gastric carcinoma (EGC and AGC) EGC AGC
Clinicopathologic characteristic No. of HSP70 No. of HSP70 No. of HSP70
patients Posive ~ p-value  Patients Posiive ~ p-value  Patients Positve ~ p-value
Total 458 155 (34) 184 85 (46) 274 70 (26)
Sex Male 311 113 (36) 0.101 123 56 (46) 0.797 188 57 (30) 0.007
Female 147 42 (29) 61 29 (48) 86 13 (15)
Age (yr) <60 214 79 (37) 0.193 86 44 (51) 0.206 128 35(27) 0.523
>60 244 76 (31) 98 41 (42) 146 35 (24)
Histologic grade WD 74 26 (35) 0.007 56 24 (43) 0.538 18 2 (1) 0.046
MD 165 74 (45) 83 39 (47) 82 35 (43)
PD 219 55 (25) 45 22 (49) 174 33(19)
Lauren classification  Intestinal 239 100 (42)  <0.001 139 63 (45) 0.677 100 37 (37) 0.001
Diffuse 219 55 (25) 45 22 (49) 174 33(19)
pT category? pTH 184 85(46) <0.001 184 85 (46) NA NA NA NA
pT2 62 19 (31) NA NA 62 19 (31)
pT3 63 11(17) NA NA 63 11(17)
pT4 149 40 (27) NA NA 149 40 (27)
Mucosal or submuco- LP NA NA NA 62 29 (47) 0.540 NA NA NA
salinvasion depth MM NA NA 23 6 (26) NA NA
(EGC onlyp° SM1 NA NA 31 14 (45) NA NA
SM2 NA NA 29 20 (69) NA NA
SM3 NA NA 39 16 (41) NA NA
pN category? pNO 242 98 (40)  <0.001 165 77 (47) 0.534 77 21(27) 0.270
pNT 52 20 (38) 10 5 (50) 42 15 (36)
pN2 51 11(22) 6 2 (33) 45 9 (20)
pN3 113 26 (23) 3 1(33) 110 25 (23)
TNM stage? | 208 91(44)  <0.001 175 82 (47) 0.429 33 9(27) 0.343
Il 89 28 (31) 9 3(33) 80 25 (31)
Il 147 32(22) 0 0(0) 147 32 (22)
\Y 14 4 (29) 0 0(0) 14 4 (29)
Lymphatic invasion Present 150 45 (30) 0.225 23 11 (48 0.867 127 34 (27) 0.666
Absent 308 110 (36) 161 74 (46) 147 36 (24)
p53 Positive 163 59 (36) 0.429 59 30 (51) 0.385 104 29 (28) 0.488
Negative 295 96 (33) 125 55 (44) 170 64 (24)
Ki-67 Positive 165 63 (38) 0.141 100 37 (37) 0.006 65 26 (40) 0.002
Negative 293 92 (31) 84 48 (58) 209 44 (21)

Values are presented as number (%).

HSP70, heat shock protein 70; EGC, early gastric cancer; AGC, advanced gastric cancer; NA, not applicable; WD, well differentiated; MD, moderately differ-
entiated; PD, poorly differentiated; LP, lamina propria; MM, muscularis mucosa; SM, submucosa.
3AJCC Cancer Staging Manual, 7th edition; °Japanese Classification of Gastric Carcinoma, 2nd edition.
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Patient survival analysis

In all cases including the EGC and AGC subgroups, poor pa-
tient prognoses were associated with old age (p=0.016), higher
histologic grade (p=0.001), diffuse type Lauren classification
(p<0.001), higher pathologic T category (p<0.001), higher
pathologic N category (p<0.001), the presence of lymphatic
invasion (p<0.001), p53 expression (p=0.022), and negative
expression of Ki-67 (p<0.001). The study did not find a corre-
lation between HSP70 expression and the rate of patient sur-
vival (p=0.327).

The survival analysis of the EGC subgroup revealed that lym-
ph node metastasis (p=0.021), HSP70 expression (p=0.009),
and negative Ki-67 expression (p=0.042) were parameters that
correlated with poor patient survival (Fig. 2). Sex (p=0.108),
age (p=0.070), histologic grade (p=0.743), Lauren classifica-
tion (p=0.707), depth of invasion (p=0.099), lymphatic inva-
sion (p=0.477), and p53 expression (p=0.179) were not found

HSP70 in total gastric adenocarcinoma

HSP70 in early gastric carcinoma

HSP70 in Gastric Adenocarcinoma e 223

to be associated with patient survival.

The analysis of the AGC subgroup survival revealed that old
age (p=0.042), higher pathologic T category (p<0.001), high-
er pathologic N category (p<0.001), and the presence of lym-
phatic invasion (p<0.001) were all associated with poor surviv-
al rates. The study did not identify any significant correlation
between HSP70 expression (p = 0.923), p53 expression (p=0.151),
sex (p=0.517), histologic grade (p=0.726), Lauren classifica-
tion (p=0.474), Ki-67 expression (p=0.190), and patient sur-

vival.

Multivariate analysis

Multivariate analysis was performed with data from the EGC
subgroup. The analysis considered parameters that included
lymph node metastasis, depth of invasion, histologic grade, Ki-
67 expression and HSP70 expression. The multivariate analysis
indicated that HSP70 expression was an independent predictor

HSP70 in advanced gastric carcinoma
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Fig. 2. Analysis of gastric adenocarcinoma patient survival. Kaplan-Meier plots with heat shock protein 70 (HSP70) expression data in all
cases of gastric adenocarcinoma including the early and advanced gastric carcinoma subgroups (A), early gastric carcinoma (B), and ad-
vanced gastric carcinoma (C). Lower graphs show Kaplan-Meier plots of Ki-67 expression in all gastric adenocarcinoma cases (D), early gas-
tric carcinoma (E), and advanced gastric carcinoma (F). p-values obtained from log-rank tests are shown in each graph.

http://dx.doi.org/10.4132/KoreanJPathol.2013.47.3.219

http://www.koreanjpathol.org



224 e« KangY, et al.

Table 2. Multivariate analysis of early gastric cancer

Variable Parameter p-value Hazard ratio 95% Cl
Lymph node metastasis Present vs absent 0.003 10.162 2.185-47.265
Invasion depth Submucosa vs mucosa 0.015 6.051 1.413-25.918
Histologic grade PD vs WD and MD 0.179 0.313 0.058-1.702
HSP70 expresssion Present vs absent 0.024 11.497 1.388-95.233
Ki-67 expression Present vs absent 0.039 0.178 0.034-0.917

Cl, confidence interval; PD, poorly differentiated; WD, well differentiated; MD, moderately differentiated; HSP70, heat shock protein 70.

of shorter survival (p=0.024). Other factors that contributed to
survival included lymph node metastasis (p=0.003), submucosal
invasion (p=0.015), and negative expression of Ki-67 (p=0.039)
(Table 2).

DISCUSSION

HSP70 is a highly conserved protein that is overexpressed in
many types of malignancies."" HSP70 is an important protein
because of its involvement in diverse roles in carcinogenesis and
numerous studies have reported the value of identifying HSP70
expression in the diagnosis, prognosis, and prediction of many
cancers.'”' >392 Several studies have investigated the role of
HSP70 in gastric adenocarcinomas, although direct correlations
between HSP70 expression and clinicopathologic factors and
the prognostic implications have not previously been determin-
ed'l4—l6,21

We examined HSP70 expression in gastric adenocarcinomas
and analyzed the correlation between expression, clinicopatho-
logic factors and patient survival. The study determined that
some aspects of HSP70 expression including negative correla-
tion with pT category and pN category, and no correlation with
lymphatic invasion were discordant with previously published
data. However, some of the results were concordant with previ-
ous studies, including a positive correlation with differentiated
type and intestinal type of Lauren classification, no correlation
with p53 expression and patient survival rates."*"°

In addition, some previous studies that have addressed HSP70
expression in malignant tumors of other organs reported that
HSP70 expression is increased in malignancies, especially in
early stage tumors, but that HSP70 expression does not increase
with tumor progression.”**** Based on these reports, we hy-
pothesized that an increase of HSP70 expression could be found
in early stages of gastric carcinogenesis and that the clinical im-
plications of the increased expression could be limited to the
EGC stage. Therefore, we divided patient samples into two
subgroups, EGC and AGC, and analyzed the HSP70 expression
in both of these subgroups. The study determined that HSP70

http://www.koreanjpathol.org

expression was more frequently observed in EGC and was cor-
related with poor patient survival in the EGC subgroup. No
significant correlation between HSP70 expression and patient
survival were determined for the AGC subgroup. These results
suggest that HSP70 expression in gastric adenocarcinoma may
be associated with carcinogenesis and the early stages of tumor
progression.

The study did not observe any association between low pT
category, low pN category and HSP70 expression in the EGC
and AGC subgroup analyses. This result indicates that there
was no direct correlation between HSP70 expression and tumor
progression or lymph node metastasis. However, the analysis
indicated that HSP70 expression increases in early stages of
gastric adenocarcinoma, but its role in gastric carcinogenesis
does not promote tumor invasion or lymph node metastasis.

Several previous studies suggested that the role of HSP70 in
malignant neoplasm is related to p53 function, but this study
did not identify any correlation between HSP70 and p53 ex-
pression.”* Additionally, another study that examined the
roles of HSP70 and p53 expression in gastric cancer was con-
cordant with our data.' The results indicated that in cases of
gastric adenocarcinoma, the role of HSP70 does not appear to
act through interaction with p53.

The survival analysis indicated that negative expression of
Ki-67 was correlated with poor patient survival in the cases
gastric adenocarcinoma and in the EGC subgroup. Negative
Ki-67 expression was found to be correlated with the pT and
pN stages in all adenocarcinoma cases and with HSP70 expres-
sion in the EGC subgroup. Furthermore, HSP70 expression
and negative Ki-67 expression were determined to be indepen-
dent poor prognostic markers of EGC. Currently, there are con-
flicting reports about the correlation between the Ki-67 index
and poor prognostic factors such as invasion depth and lymph
node metastasis. A previous study reported an association be-
tween negative expression of Ki-67 and tumor invasion depth
% Another EGC study also reported
that Ki-67 was expressed in mucosal cancer, and was more com-

in gastric adenocarcinoma.
monly expressed than in submucosal cancer, although the find-
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ings in this study were not determined to be statistically signif-
icant.”” These conflicting results that address the expression of
Ki-67 in gastric adenocarcinoma may be due to intratumoral
heterogeneity of Ki-67 expression. Therefore, in order to avoid
random tissue selection effect in tumors that showed heteroge-
neous Ki-67 expression, we selected tumor portions from inva-
sive borders which were used to represent the depth of tumor
invasion.

Additional studies have reported that HSP70 expression is
correlated with differentiated tumor type and low proliferation
of tumor cells.“'* Because HSPs could be pre-differentiation
markers which are induced during tumor differentiation, which
occurs with a decrease in cell proliferation, the role of HSPs in
carcinogenesis may be correlated with tumor differentiation and
low proliferative activity of tumor cells.?"**° In this study, we
also observed that HSP70 expression is correlated with tumor
differentiation and negative Ki-67 expression. In addition, the
expression of HSP70 in gastric adenocarcinoma may be corre-
lated with proliferative activity and tumor cell differentiation
in the early stage of gastric adenocarcinoma which may contrib-
ute to the prognostic impact of HSP70 in early gastric adeno-
carcinoma.

The exact mechanism of HSP70 in carcinogenesis and tumor
progression has not yet been determined. However, research has
indicated that HSP70 expression is essential to tumor cell sur-
vival and its ability to avoid apoptosis, which reflects the diverse
roles of HSP70 expression in tumorigenesis, tumor progression
and tumor treatment.*!' The overexpression of HSP70 is often
reported in malignancies such as gastric adenocarcinomas.”7%
The results of this experiment suggest that HSP70 is especially
overexpressed in the early stage of gastric adenocarcinoma and
that the expression is inversely correlated with poor differentia-
tion or diffuse types of tumor cells. In addition, especially in
EGC cases, HSP70 expression is an independent poor prognos-
tic marker that, along with negative Ki-67 expression, may be
correlated with low tumor cell proliferation and tumor cell dif-
ferentiation. Additional studies are essential to examine and de-
termine the precise role of HSP70 in gastric adenocarcinoma.
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