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Original Article 
Cytoplasmic HSP90α expression is associated with  
perineural invasion in pancreatic cancer 
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Abstract: Pancreatic cancer (PC) is an aggressive and devastating disease with a dismal prognosis. The study aimed 
to investigate the role of HSP90α and PDIA3 in patients with PC. Immunohistochemistry was performed on tissue 
microarrays containing 186 pairs of PC and normal pancreatic tissues to assess the expression levels of HSP90α 
and PDIA3. The expression levels of cytoplasmic HSP90α (P = 0.032) and PDIA3 (P = 0.043) in PCs were signifi-
cantly higher than those in normal pancreas tissues, but nuclear HSP90α showed lower expression in PC tissues 
(P = 0.002). In addition, cytoplasmic expression of HSP90α and PDIA3 was significantly associated with perineural 
invasion (PNI) (P = 0.004) and sex (P = 0.014), respectively. These results indicate that cytoplasmic HSP90α may 
serve as a biomarker for PNI in PCs.
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Introduction 

Pancreatic cancer (PC) is an aggressive and 
devastating disease with a dismal prognosis. It 
is predicted that approximately 46,420 new PC 
cases and 39,590 deaths from PC will occur in 
the United States in 2014 [1]. With the combi-
nation of earlier diagnosis and improvements 
in cancer treatment, survival rates for some 
types of cancer have been increasing during 
the last few decades. However, PC remains one 
of cancers that have shown little improvement 
in survival over the past 30 years. Moreover, PC 
is less sensitive to chemotherapy [2]. The 
majority of PC are not diagnosed until its late 
stages due to lack of early detection tests and 
recognizable symptoms or signs for patients 
with localized PC. Therefore, identification of 
novel biomarkers, which can target tumors’ 
occurrence, development and metastasis, is 
the key to preventing and curing of PC.

Heat shock proteins (HSP), highly conserved 
proteins, act as molecular chaperones for cel-

lular proteins and are essential for normal cell 
viability and growth. HSPs are up-regulated in a 
wide range of tumors [3]. Mammalian HSPs 
have been classified mainly in four families 
according to their molecular weight: HSP90, 
HSP70, HSP60 and small HSPs (15-30 kDa). 
There are two HSP90 isoforms, HSP90α and 
HSP90β, encoded by the HSP90ΑA1 and 
HSP90ΑB1 genes, respectively [4]. HSP90 is an 
important therapeutic target for cancer treat-
ment since its clients include oncoproteins with 
important functions in the development and 
progression of cancer, indicated that inhibition 
of Hsp90 may represent an attractive therapeu-
tic strategy for cancer [5-7]. However, the use of 
HSP90 as a biomarker of pancreatic cancer has 
not been reported.

Protein disulfide isomerase (PDI) is a protein of 
the endoplasmic reticulum where it assists 
redox protein-folding involving oxidation and 
multiple intramolecular thiol-disulfide exchang-
es [8]. As a member of the PDI family and of the 
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thioredoxin (Trx) superfamily, protein disulfide-
isomerase A3 precursor (PDIA3) is associated 
with many diseases including colon cancer, 
ovarian cancer and von Willebrand’s disease 
[9-11]. Moreover, lack of PDIA3 expression also 
correlates with increased tumor invasion and 
advanced stage of gastric cancer and has 
therefore been proposed to be a negative prog-
nostic biomarker [12].

Our previous study has shown that both 
HSP90ΑA1 and PDIA3 are differentially 
expressed in PC tissues [13]. Therefore, in the 
present study, we investigated the expression 
levels of HSP90α and PDIA3 in 169 PC tissues, 
and examined the relationship between the 
expression of HSP90α and PDIA3 and clinical 
features of PC patients.

Materials and methods

Patients

Tumor tissue samples were collected from 186 
patients who underwent cancer surgical resec-
tion, and the samples were stored at the 
Biobank Center in National Engineering Center 
for Biochip at Shanghai. All patients were histo-
logically diagnosed with PC. The degree of peri-
neural invasion (PNI) was classified into four 
grades [14]: Ne0-no perineural invasion; Ne1-
neurium invasion; Ne2-perineural space inva-
sion; Ne3-nerve bundle invasion. Written 
informed consent was obtained from all 
patients, and the protocol was approved by the 
Ethical Committee of National Engineering 
Center for Biochip at Shanghai.

Tissue microarray construction (TMA)

PC tissue microarrays were constructed using 
tissue cores from formalin-fixed, paraffin-
embedded specimens as previously described 
[15]. Representative cancer regions and para-
cancerous nonmalignant pancreatic specimens 
were selected by pathologists from each tissue 
block, and a single 0.6 mm core was taken 
from every donor block. Microarray blocks were 
constructed using an automated tissue arrayer 
(Beecher Instruments, Sun Prarie, WI). Five-
micron sections were cut from the array blocks. 
In all cases, cores were also from taken normal 
adjacent pancreas for use as internal controls. 
Sections were then stained with H&E to confirm 
the presence of tumor within each core.

Immunohistochemistry and scoring

The IHC staining was performed using TMA 
slides that were deparaffinized in xylene, rehy-
drated through a graded alcohol series, washed 
with Tris-buffered saline, and processed using 
a streptavidin-biotin-peroxidase complex meth-
od. For antigen retrieval, TMA slides were boiled 
by a pressure cooker in 10 mM sodium citrate 
buffer (pH 6) for 10 min. After quenching of 
endogenous peroxidase activity and blocking of 
nonspecific binding, HSP90α and PDIA3 anti-
bodies were added at a special dilution, 1:8000 
and 1:200 respectively, and then slides were 
incubated with primary antibody overnight in a 
humid chamber at 4°C. The corresponding sec-
ondary biotinylated rabbit antibody was used at 
a special dilution for 30 minutes at room tem-
perature. After further washing with Tris-
buffered saline, sections were incubated with 
StrepAB Complex/horseradish peroxidase 
(1:100, DAKO) for 30 minutes at room tempera-
ture. Chromogenic immunolocalization was 
performed using 0.05% 3,3-diaminobenzidine 
tetrahydrochloride. Slides were counterstained 
with diluted hematoxylin before dehydration 
and mounting. Other cores containing pancre-
atic cancer served as positive controls for those 
genes expression. Normal serum was used in 
the place of primary antibody as a negative 
control.

The slides stained by IHC were assessed by two 
pathologists who were blinded to clinical infor-
mation. The staining intensity of cancer cells 
was scored as [16]: 0, negative; 1, weak; 2, 
moderate; 3, strong staining. For statistical 
evaluation, tumors were scored as 0, non-stain-
ing; 1, 1-20%; 2, 21-75%; 3, 76-100% positive 
cells. The total histological score, which was 
the result of multiplication of intensity and per-
centage scores, was utilized to determine the 
result. The total histological score < 4 indicated 
as a low level of expression, whereas a total 
histological score ≥ 4 denotes a high level of 
expression [17]. In cases of disagreement, a 
consensus was reached by joint review.

Statistical analysis

All statistical analyses were performed using 
SPSS v20.0 software (SPSS, Inc., Chicago, IL). 
The difference in the expression levels of 
HSP90α and PDIA3 between PC and adjacent 
normal tissues was analyzed using Mann-
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Whitney test. All patients were divided into two 
groups, high and low expression, according to 
the median expression levels of HSP90α and 
PDIA3, respectively. The relationships between 
the expression levels of HSP90α and PDIA3, 
and clinicopathological parameters of patients 
were analyzed using the Chi-square test. 
Spearman test was applied to evaluate correla-
tion between HSP90α cytoplasmic expression 
and PDIA3 cytoplasmic expression. Statistical 
significance was determined by a two-tailed 
with P value < 0.05.

Results

Clinicopathological characteristic of PC pa-
tients

The characteristics of PC patients enrolled in 
this study were summarized in Table 1. Among 

186 PC patients, 117 are male (61.8%) and 71 
are females (38.2%). The median age was 61 
year (range 30-86 years). The most frequent 
location of PC was in the head (136 cases, 
73.1%) followed by the body or tail (48 cases, 
25.8%) of the pancreas. One hundred and thir-
ty-five (71%) are highly or moderately differenti-
ated, and 32 (17.2%) were poorly differentiated. 
The tumor size ranged from 1 cm to 14 cm, with 
the median size of 5.27 cm as the median. One 
hundred and thirty four (72%) had no regional 
lymph node metastasis (LNM), whereas 34 
(18.3%) had regional lymph node metastasis. 
PNI was observed in 99 cases (53.2%).

Expression of HSP90α and PDIA3 in PC and 
normal pancreas tissues

HSP90α was localized to the cytoplasm and 
the nucleus of both PC and pancreas cells, but 
PDIA3 staining was mainly localized to the cyto-
plasm and nuclear PDIA3 expression was rela-
tively rare (Figure 1). PC showed higher expres-
sion of cytoplasmic HSP90α (P = 0.032) and 
PDIA3 (P = 0.043) than normal pancreas tis-
sues, but nuclear HSP90α showed a lower 
expression in PC tissues (P = 0.002). One hun-
dred and twenty-three (66.1%) PCs showed 
strong positive cytoplasmic staining for 
HSP90α, whereas only 49 (26.3%) PCs showed 
strong positive nuclear staining for HSP90α. 
Strong cytoplasmic expression of PDIA3 was 
observed in 66.7% (124/186) of PCs. Furth- 
ermore, cytoplasmic HSP90α expression was 
significantly correlated with cytoplasmic PDIA3 
expression (Spearman correlation coefficient 
of 0.337, P < 0.001).

Relationships between the expression of 
HSP90α and PDIA3 and clinicopathological 
features of PC patients

In order to investigate the relationships bet- 
ween expression of HSP90α and PDIA3 and 
clinicopathological features of PC, the following 
information of each patient was chosen: sex, 
age, tumor location, tumor size, LNM, PNI and 
histologic grade. Cytoplasmic PDIA3 expres-
sion was significantly associated with sex (P = 
0.016), while cytoplasmic HSP90α expression 
was significantly associated with PNI (P = 
0.004). No other significant difference was 
observed between expression of HSP90α and 
PDIA3 and clinicopathological features (Table 
2).

Table 1. Clinicopathological characteristic of 
PC patients
Characteristics No. %
Age (year)
     Median 61
     range 30-86
Sex
     female 71 38.2
     male 115 61.8
Location
     head 136 73.1
     body/rear 48 25.8
     unknown 2 1.1
Histologic grade
     1 19 10.2
     2 113 60.8
     3 32 17.2
     unknown 22 11.8
Tumor size (cm)
     median 5.27
     range 1-14
LNM
     positive 34 18.3
     negative 134 72
     unknown 18 9.7
PNI
     Ne0 87 46.8
     Ne1 79 42.5
     Ne2 16 8.6
     Ne3 4 2.2
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Discussion

HSP90 overexpression has been observed in a 
wide range of human cancers including gastric, 
breast, endometrial, ovarian, colon, lung and 
prostate cancers [18-21]. Inhibition of HSP90 
leads to the degradation and inactivation of 
many HSP90 client proteins, including several 
oncogenic proteins [22]. Recently, HSP90 
inhibitors, such as geldanamycin derivatives, 
have shown promising antitumor activity in pre-
clinical studies and are currently undergoing 
clinical trials for the treatment of several can-
cers, including breast [23, 24], lung [24], pan-
creatic [25] and prostate cancers [26]. In case 
of PC, 17-allylamino-17-demethoxygeldanamy-
cin (17-AAG) suppresses growth and induces 
apoptosis in human PC cells through inhibition 
of multiple kinases [27]. Ogata et al. [28] 
reported that a higher level of HSP90 expres-
sion was shown in poorly differentiated PCs 
than in well to moderately PCs and HSP90α 

was upregulated in PCs. In the present study, 
we also found that the expression level of 
HSP90α was increased in PCs, suggesting 
oncogenic function of HSP90α in the carcino-
genesis pancreatic cancer.

PNI is defined as the presence of cancer cells 
along nerves and/or within the epineurial, peri-
neurial, and endoneurial spaces of the neuro-
nal sheath [14]. Because of the special anato-
my structure, PC patients has high incidence of 
PNI. PNI is thought to be an indicator of aggres-
sive tumour behavior and has been shown to 
correlate with poor prognosis of PC patients 
[29]. Previous studies have proved this process 
involves many different signaling pathways and 
many signaling molecules from these pathways 
between the cancer cells and peripheral nerves 
[14, 30]. HSP90 is a molecular chaperone that 
aids protein folding and quality control for a 
large number of client proteins [31]. Cancer cell 
metabolism and signal transduction pathways 

Figure 1. Immunohistochemical staining of HSP90α and PDIA3 in PC and normal pancreas tissues. A: The expres-
sion of HSP90α in pancreatic tissues. B: The expression of HSP90α in PCs. C: The expression of PDIA3 in pancreatic 
tissues. D: The expression of PDIA3 in PCs. All images were taken at 200× magnification.
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are activated by HSP90 and the stability of vari-
ous oncogenic factors is almost entirely depen-
dent on HSP90 binding [32]. HSP90α promotes 
colorectal cancer cell migration and invasion by 
inducing TCF12 expression to down-regulate 
E-cadherin [33]. In this study, we also found 
that the level of HSP90α was higher in PNI posi-
tive PCs compared with non-PNI PCs. These 
findings indicate that upregulation of HSP90α 
is linked to invasiveness in PC and provide sup-
port for the potential use of HSP90 inhibitors 
as an adjunctive therapeutic agent in the treat-
ment of invasive PC.

In conclusion, we found that HSP90α and 
PDIA3 were up-regulated in PCs and cytoplas-
mic HSP90α expression was associated with 
PNI. Cytoplasmic HSP90α may serve as a bio-
marker for PNI in PCs. However, further studies 
are required to elucidate the mechanism under-
lying invasion in PC.
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Table 2. Relationships between expression of HSP90α and PDIA3 and clinicopathological features of 
PC patients

Clinical features
Cytoplasmic HSP90α expression Nuclear HSP90α expression Cytoplasmic PDIA3 expression

High Low
P value

High Low P 
value

High Low
P value

N (%) N (%) N (%) N (%) N (%) N (%)
Age (years)
     ≤ 60 57 (46.3) 26 (41.9) 0.570 19 (38.8) 64 (47.1) 0.318 56 (45.5) 27 (43.5) 0.798
     > 60 66 (53.7) 36 (58.1) 30 (61.2) 72 (52.9) 67 (54.5) 35 (56.5)
Sex
     male 74 (60.2) 41 (65.1) 0.427 29 (59.2) 86 (62.8) 0.657 69 (55.6) 46 (74.2) 0.016
     female 49 (39.8) 22 (34.9) 20 (40.8) 51 (37.2) 55 (44.4) 16 (25.8)
Location
     Head 92 (76.0) 44 (69.8) 0.364 35 (74.5) 101 (73.7) 0.920 88 (72.1) 48 (77.4) 0.440
     Body/rear 29 (24.0) 19 (30.2) 12 (25.5) 36 (26.3) 34 (27.9) 14 (22.6)
Histologic grade
     1 13 (11.8) 6 (11.1) 0.976 3 (7.0) 16 (13.2) 0.335 11 (10.2) 8 (14.3) 0.589
     2 76 (69.1) 37 (68.5) 29 (67.4) 84 (69.4) 74 (68.5) 39 (69.6)
     3 21 (19.1) 11 (20.4) 11 (25.6) 21 (17.4) 23 (21.3) 9 (16.1)
Tumor size (cm)
     ≤ 4 47 (42.7) 19 (42.2) 0.954 18 (46.2) 48 (41.4) 0.602 48 (47.5) 18 (33.3) 0.125
     > 4 63 (57.3) 26 (57.8) 21 (53.8) 68 (58.6) 53 (52.5) 36 (66.7)
LNM
     Positive 20 (17.5) 14 (25.9) 0.207 8 (16.7) 26 (21.7) 0.466 26 (23.0) 8 (14.5) 0.226
     Negative 94 (82.5) 40 (74.1) 40 (83.3) 94 (78.3) 87 (77.0) 47 (85.5)
PNI
     Ne0 55 (44.7) 32 (50.8) 0.004 20 (40.8) 67 (48.9) 0.756 55 (44.4) 32 (51.6) 0.338
     Ne1 61 (49.6) 18 (28.6) 24 (49.0) 55 (40.1) 58 (46.8) 21 (33.9)
     Ne2 6 (4.9) 10 (15.8) 4 (8.2) 12 (8.8) 9 (7.3) 7 (11.3)
     Ne3 1 (0.8) 3 (4.8) 1 (2.0) 3 (2.2) 2 (1.6) 2 (3.2)
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