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Abstract: Purpose: To detect the expression and prognostic clinical significance of heat-shock protein gp96 (HSP
gp96) in gallbladder cancer. Methods: Immunohistochemistry was used to detect and compare the rate of HSP
gp96 expression in 107 samples of gallbladder cancer, 70 of gallbladder adenoma and 67 of chronic cholecystitis.
The association of clinicopathological factors and patients’ survival were calculated by univariate and multivariate
(Cox proportional hazard regression method) analysis. Results: The expression positive rate of HSP gp96 was 90.7%
(97/107) in gallbladder cancer, 71.4% (50/70) in gallbladder adenoma and 47.76% (32/67) in chronic cholecystitis
respectively. The positive rate of HSP gp96 in gallbladder cancer tissues was significantly higher than that in gall-
bladder adenoma and chronic cholecystitis tissues (P < 0.01). Multivariate and Cox regression analysis showed that
positive of HSP gp96 (P = 0.026) expression was an independent poor prognostic predictor in gallbladder cancer.

Conclusions: HSP gp96-positive expression is closely correlated with poor survival in gallbladder cancer.
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Introduction

Gallbladder cancer is a rare gastrointestinal
malignancy, but it is the most common malig-
nant tumor of the biliary tract worldwide [1, 2].
More than 85% of gallbladder cancers belong
to adenocarcinomas, often well or moderately
differentiated, and the rest approximately 15%
are squamous, adenosquamous or undifferen-
tiated carcinoma. This tumor is traditionally
regarded as a highly lethal disease with an
overall 5-year survival of less than 5% [3]. To
date, surgery is the only potentially curative
modality for patients with gallbladder cancer.
However, more than 75% gallbladder cancer
patients are diagnosed as the disease when it
is beyond the limits of resection [1]. Overall
median survival for advanced stage gallbladder
cancer is 2-5 months [4]. A better understand-
ing of pathogenesis and clinicopathological
characteristics of gallbladder cancer may pro-
vide insights for prognosis and treatment
improvement for this deadly disease.

Heat-shock proteins (HSPs) are a family of high-
ly conserved proteins and grouped together

according to sequence homology and molecu-
lar size. Recent guidelines according to their
molecular size, HSPs have been classified into
9 distinct families-HSPH (HSP110), HSPC
(HSP90), HSPA (HSP70), DNAJ (HSP40), HSPB
(small HSPs), the chaperoninfamilies HSPD
(HSP60), HSPE (HSP10) and CCT (TriC) as well
as chaperonin-like genes (MKKS, BBS) [5],
Heat-shock protein gp96, also called glucose
regulated protein 94 (GRP94), is a member of
the HSP9OO family of stress proteins. Gp96 has
a close relationship with antitumor immunity
and its immunological properties have been
described [6, 7]. In addition, it acts as a molec-
ular chaperone and forms a complex with tumor
antigens before the antigen-presenting cells
incorporate the antigen [8-10]. A gp96-antigen
complex is then incorporated into dendritic
cells via the CD91 surface molecule, which is
also known as gp96 receptor [11-13]. A number
of animal studies documented that gp96 puri-
fied from tumors was able to initiate efficient
tumor-specific CTL responses and protective
immunity. Moreover, gp96 worked in both pro-
phylactic and therapeutic protocols [6, 7,
14-19]. Therefore, gp96 is a key molecule in
antitumor immunity.
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Nowadays, it is fever to study tumor immunity
function of HSP gp96, but there is no study on
gp96 in gallbladder cancer. Up to now, the rela-
tionship between gp96 expression and clinico-
pathological and prognostic significance in gall-
bladder cancer was still unknown. It is nece-
ssary to make a deep research. In the present
study, we examined the expression frequency
of HSP gp96 in 107 specimens of gallbladder
cancer, 70 of gallbladder adenoma and 67 of
chronic cholecystitis by means of immunohisto-
chemistry, with attempt to better understand
the relationship between HSP gp96 expression
and prognostic clinical significance in gallblad-
der cancer.

Patients and methods
Patients

Dates from all the patients who were diagnosed
as gallbladder adenocarcinoma, gallbladder
adenoma or chronic cholecystitis after the sur-
gery in the First, Second, Third and Fourth
Affiliated Hospital of Harbin Medical University
from January 2012 to January 2014 were retro-
spectively reviewed of the 107 cases with gall-
bladder cancer, 38 was male (35.5%) and 69
was female (64.5%). Age of patients ranged
from 37 to 84 years old with an average 61.02
= 10.03. The pathological types of these cases
were all adenocarcinoma, including of 32 cases
(29.9%) well-differentiated adenocarcinoma,
40 cases (37.4%) of moderately-differentiated
adenocarcinoma and 35 cases (32.7%) of poor-
ly-differentiated adenocarcinoma. There were
58 cases (54.2%) with regional lymph node
metastasis and 48 (44.9%) with gallbladder
cancer complicated with gallstones. Tumors
staging was performed according to the patho-
logical tumor, node, metastasis (pTNM) classifi-
cation based on the American Joint Committee
on Cancer staging manual (AJCC, 7™ edition)
[20]. They were classified as T, (n = 6, 5.61%),
T, (n=35,32.71%), T, (n = 35, 32.71%) and T,
(n = 31, 28.97%). All the patients underwent a
radical surgery. A total of 70 patients’ gallblad-
der adenoma tissues with no acute inflamma-
tion and another 67 patients’ chronic cholecys-
titis specimens were also studied as control, in
which there were no severe clinical symptoms.
All these specimens were fixed by 4% formalde-
hyde, followed by conventional paraffin-embed-
ded sectioning, this work had discussed and
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Immunohistochemical staining

The sections (2 to 4 um) of formalin-fixed, par-
affin-embedded surgical specimens were
transferred to glass slides and used for immu-
nohistochemical staining. Paraffin was removed
from the sections; next, antigen retrieval was
performed with high pressure and high temper-
ature by citric acid then cooled at room tem-
perature at least for 40 min. After washing,
samples were treated for internal peroxidase
blocking with methanol with 3% hydrogen per-
oxide in room temperature for 30 min, followed
by 5-min washing three times. The primary anti-
human gp96 monoclonal antibody (ab54244,
Abcam, prediluted, USA) was applied to the sec-
tions at 4°C overnight followed by washing.
Thereafter, the sections were incubated with
second antibody (rat antibody) at room temper-
ature for 20 min followed by washing. Next, sec-
tions were treated with counterstained with
hematoxylin. Thereafter, samples were dehy-
drated in ascending concentrations of ethanol,
and coverslips were mounted. Samples were
observed by two independent, blinded patholo-
gists and immunohistochemical scores were
performed using a semiquantitative grading
system as previous studies [21]. Sections with
no labeling or with < 5% labeled cells were
scored as O, and sections were scored as 1
with labeling of 5-30% of cells, as 2 with 31-70%
of cells and as 3 with > 71% of cells. The stain-
ing intensity was scored similarly with O used
for negative staining, 1 for weakly positive, 2 for
moderately positive and 3 for strongly positive.
The scores for moderately positive tumor cells
and for the staining intensity were added to
generate an immunoreactive score for each
specimen. The product of the quantity scores
was calculated such that a final score 0-2 indi-
cated negative and 3-6 score indicated
positive.

Statistical analysis

Associations in 2 x 2 tables were evaluated
with Fisher’'s exact test and other tables were
compared by the x? test. Comparison of the
means between groups was performed by x2
test. All survival time was defined as the period
from the operation day to death or the last fol-
low-up. Multivariate analyses were applied by
the Cox proportional hazard regression analy-
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Figure 1. Positive expression of gp96 in gallbladder cancer (A), gallbladder adenoma (B) and chronic cholecystitis
(C) (original magnification IHC x200).

Table 1. Expression of HSP gp96 with clinicopatho-
logic parameters in gallbladder adenocarcinoma and

Results

adenoma Expression of gp96 in gallbladder adeno-
NO.of HSP gp96- carcinoma
Group s P
cases positive (%) . . L
- Immunohistochemical examination was
Gallbladder adenocarcinoma L
used to analyze gp96 expression in 107
Overall 107 97(90.7) gallbladder adenocarcinoma specimens,
Age (vears) 70 gallbladder adenoma specimens, 67
<61 54  46(85.19) 0.0930 chronic cholecystitis specimens and each
261 53  51(96.23) was categorized as positive or negative.
Sex The positive samples in each group were
Male 38 33(86.84) 0.3218 shown in Figure 1. The positive rate in
Female 69  64(92.75) gallbladder cancer, gallbladder adenoma
Differentiated and chronic cholecystitis were 90.7%
Well 32 27(84.38) 01953 (97/107), 71.4% (50/70) and 47.8%
Moderately 40 36(90.00) (32/67) -respectlvely and they had obvi-
Poorly 35 34(97.14) ously difference among these three
) groups (P < 0.0001). In the groups of gall-
Lymph node metastasis bladder cancer, the gp96-positive rate
Positive 58  57(98.28) 0.0051 was evaluated according to several clini-
Negative 49 40 (81.63) copathologic parameters, which was
Tumor depth shown in Table 1. The gp96-positive rates
T, 6 4 (66.67) 0.0096 have statistical significance in terms of
T, 35 29(82.86) tumor depth (T, T,, T,, T,) and lymph node
T, 35  33(94.29) metastasis. No statistical significance
T, 31 31 (100) was seen in the age, sex, gallstone and
Gallstone the degree of tumor differentiation.
Yes 48 44(91.67) 1.000 Univariate analysis for gp96 expression
No 59 53(89.83) in several clinicopathologic parameters
Gallbladder adenoma
Overall 70  50(71.43) Several clinicopathologic parameters
Chronic cholecystitis were calculated and the differences were
Overall 67 18(26.87) evaluated by univariate analysis, as

sis to evaluate the correlation between survival
time and multiple variables. All tests were two
sided and the significance level was set at P <
0.05. SAS version 13.0 software was used for
statistical analysis.
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shown in Table 1. Tumor depth and lymph
node metastasis were statistically signifi-
cant prognostic factors that were related to
expression of gp96. On the other hand, age,
sex, degree of differentiation and gallstone
were not statistically significant with gp96
expression.
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Multivariate analysis for survival

Cox proportional regression analysis of the sev-
eral factors and the survival curves were shown
in Figure 2. The results showed that positive
expression of gp96, positive metastasis of
lymph node, poor differentiated tumor and
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Figure 2. The survival rate was calculated by
the Kaplan-Meier method according to gp96
(A), gender (B), lymph node metastasis (C), gall
stone (D), degree of differentiation (E), T stage
(F), age (G), the statistically significant prognos-
tic factors was gp96 (A), lymph node metastasis
(C), degree of differentiation (E), T stage (F).

deeper invasion of tumor were the factors for
poor prognosis after surgery. But age, gender,
gallstone were not. The factor of gallbladder
stone did not meet the conditions of multivari-
ate analysis and was regarded as a stratifica-
tion variable. The other factors were evaluated
by multivariate analysis and the results indicat-
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Table 2. Multivariate analysis for survival

Factors DF Parameter SE Chi-Square HR 95% Cl of HR P
age 1 -0.0190 0.0133 2.0631 0.9810 0.9560-1.0070 0.1509
gp96 1 -0.9356 0.3937 5.6481 0.3920 0.1810-0.8490 0.0175*
gender 1 0.4377 0.2528 2.9981 1.5490 0.9440-2.5430 0.0834
Degree of differentiation 1 -0.7273 0.1837 15.6803 0.4830 0.3370-0.6930 <.0001*
Lymph node metastasis 1 0.6984 0.2847 6.0170 2.0100 1.1510-3.5130 0.0142*
T stage 1 0.7452 0.1760 17.9208 2.1070  1.4920-2.9750 <.0001*

*Statistically significant.

ed that gp96 positive was an independent risk
factor for poor survival (hazard ratio 0.3920; P
= 0.0175; Table 2).

Discussion

HSPs are a family of highly conserved proteins
and grouped together according to sequence
homology and molecular size, which was widely
existed in prokaryotes and eukaryotes, Ritossa
in 1962 first discovered in drosophila salivary
gland chromosome [22]. Recent guidelines pro-
posed their classification into 9 distinct fami-
lies [5]. And they are constitutively expressed in
mammalian cells, but can be strongly induced
under stressful conditions such as elevated
temperatures, deprivation of nutrients, heavy
metals, toxins, oxidants, bacterial or viral infec-
tions and therefore are also known as stress
proteins. They constitute a system with essen-
tial housekeeping functions for proper folding,
translocation, repair and degradation of pro-
teins. And the heat shock protein Gp96 is a
member of the family of HSP9O0, which through
variety of pathways involved in cell growth and
breeding [23], for example, the cell signal trans-
duction, cell cycle regulation, etc. So far, the
cytosolic Hsp70 and the endoplasmic reticulum
(ER) resident HSP gp96 have been in the focus
for immunization against malignancies. This
was the first report HSP gp96 positive expres-
sion for gallbladder cancer and it was signifi-
cantly correlated with gallbladder carcinoma.
Similar results were obtained by E. Pick Y [24]
in breast cancer, T. Shimamura [25] in lung can-
cer and Slotta-Huspenina Jin Adenocarcinomas
of the Esophagus [26], and so on. Some
researchers have indicated that gp96 played
an important role in antitumor immunity [27].
Although the exact anti-tumor action of HSP
gp96 inhibitors remains largely unknown, but
we know that it formed the gp96-antigen com-
plex and this complex was incorporated by den-
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dritic (DC) cells, and gp96 isolated from tumor
cells has a binding affinity for the inhibitors
between 20 and 200 times higher than does
HSP gp96 isolated from normal cells. DC cells
would be unable to incorporate the tumor anti-
gen and elicit the cytotoxic T lymphocytes in the
absence of gp96 expression [28, 29]. These
findings indicated that the gp96 expression
correlated with tumor development or antitu-
mor immunity and it should have an influence
on patient prognosis. In this study, almost all
the gallbladder cancer patients (90.7%), most
gallbladder adenoma patients (71.4%) and
fewer chronic cholecystitis patients (47.7%)
were positive of gp96 expression. In other
words, HSP gp96 expression gradually
increased in chronic cholecystitis, gallbladder
adenoma and gallbladder adenocarcinoma.
This phenomenon may be caused by self-regu-
lation of the body in order to cope with the
abnormal proliferation of tumor cell, therefore
upregulation of the HSP gp96 expression in
tumor. This research implies that HSPgp96
plays a important role on the pathogenesis and
development in human gallbladder cancer and
there is hope in its application in identifying the
degree of malignancy of cancer and utilization
as a target for tumor immunity.

HSP gp96 has the capacity to elicit an immuno-
reaction to cancers and can be an activator of
antitumor activity [30]. And the administration
of gp96 could suppress tumor growth and
enhance the antitumor effects [31]. Some stud-
ies have indicated that gp96 ought to be ana-
lyzed as a possible cancer vaccine [32-34].
Therefore, in gallbladder cancer, HSP gp96
expression is significant to elicit an effective
immunoresponse to cancer cells. In this study,
gp96 positive expression correlated closely
with the poor prognosis. In our data, the gp96
positive rate was 98.28% (57/58) in lymph
node metastasis positive patients, but it was
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81.63% (40/49) in lymph node metastasis neg-
ative patients and there were statistically sig-
nificance (P < 0.05). In other words, patients
with gp96- positive had more opportunities to
induce lymph nodes metastasis. This result
indicated that gp96 expression could promote
lymph node metastasis to some extent and
than induce poor prognosis. HSP gp96 expres-
sion could weaken the antitumor effects and
may be an available biomarker for prognosis of
gallbladder cancer. Some study identified some
other biomarkers-such as CD24, CDX2, and
hepatocyte antigen. They are biomarker and
maybe indicate the prognosis but they do not
have immunological significance [35, 36].
Gp96 could be a predictable marker for the
prognosis and had potential immunoreactivity
for patients with gallbladder cancer. Gp96 has
many features and functions that remain to be
revealed [38, 39]. Therefore, further research
is necessary. These efforts may improve the
outcome of the patients with this fatal gallblad-
der cancer in the near future, but gallbladder
cancer incidence rate is low, fewer patients
underwent radical operation and radical opera-
tion without strict norms lead to this research
have some limitations. In our study, there were
107 patients who were diagnosed as gallblad-
der adenocarcinoma enrolled in our group and
it is necessary to collect more patients to be
studied.

In conclusion, this study indicated that HSP
gp96 played an important role in the pathogen-
esis and development in human gallbladder
cancer. It also confirmed that positive of HSP
gp96 expression was an independent poor
prognostic predictor in gallbladder cancer.
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