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Abstract

A role of heat shock protein 27 (HSP27) as a potential biomarker has been reported in various tumour entities, but comprehensive studies
in pancreatic cancer are lacking. Applying tissue microarray (TMA) analysis, we correlated HSP27 protein expression status with clinico-
pathologic parameters in pancreatic ductal adenocarcinoma specimens from 86 patients. Complementary, we established HSP27 overex-
pression and RNA-interference models to assess the impact of HSP27 on chemo- and radiosensitivity directly in pancreatic cancer cells. In
the TMA study, HSP27 expression was found in 49% of tumour samples. Applying univariate analyses, a significant correlation was found
between HSP27 expression and survival. In the multivariate Cox-regression model, HSP27 expression emerged as an independent prog-
nostic factor. HSP27 expression also correlated inversely with nuclear p53 accumulation, indicating either protein interactions between
HSP27 and p53 or TP53 mutation-dependent HSP27-regulation in pancreatic cancer. In the sensitivity studies, HSP27 overexpression ren-
dered HSP27 low-expressing PL5 pancreatic cancer cells more susceptible towards treatment with gemcitabine. Vice versa, HSP27 protein
depletion in HSP27 high-expressing AsPC-1 cells caused increased gemcitabine resistance. Importantly, HSP27 expression was inducible
in pancreatic cancer cell lines as well as primary cells. Taken together, our study suggests a role for HSP27 as a prognostic and predictive
marker in pancreatic cancer. Assessment of HSP27 expression could thus facilitate the identification of specific patient subpopulations that
might benefit from individualized treatment options. Additional studies need to clarify whether modulation of HSP27 expression could rep-
resent an attractive concept to support the incorporation of hyperthermia in clinical treatment protocols for pancreatic cancer.
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Introduction

Pancreatic cancer is one of the most aggressive types of cancer,
being the fourth leading cause of cancer-related deaths in the

United States with an overall 5-year survival rate of less than 5%
and a median survival of about 6 months [1, 2]. The poor prognosis
has remained basically unchanged over the last decades despite
advances in surgical, chemo- and radiotherapy [3]. Major con-
tributing factors are the lack of early symptoms and the absence
of reliable screening methods, leading to a late presentation of the
disease and resulting in an advanced tumour stage and metas-
tases in the majority of patients at the time of diagnosis [2].
Analyses of tissue microarrays (TMA), generated from surgical
pancreatic cancer specimens, facilitate the comprehensive 
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correlation of protein expression levels with clinicopathologic vari-
ables and represent a valuable tool for the identification of novel
biomarkers for the disease [4].

HSP27 belongs to the family of heat shock proteins, a diverse
group of highly conserved proteins, which are classified into five
subgroups according to their molecular size [5], and which mainly
act as molecular chaperones in cells exposed to different stresses,
including heat shock, consecutively counteracting the formation of
misfolded proteins and allowing correct protein refolding [6, 7]. In
addition to these functions, HSP27 has been implicated in protea-
some-mediated protein degradation as well as the regulation of
apoptotic pathways [8].

Although HSP27 activity appears to be regulated mainly at 
the transcriptional level, HSP27 can also be post-translationally
modified through rapid phosphorylation at three serine residues
(15, 78 and 82) [9]. These phosphorylation events have been impli-
cated in a wide variety of cellular processes, including especially
the structural organization of HSP27 through oligomerization, but
also survival, proliferation, apoptosis and cell differentiation.
However, the exact functions of the different phosphorylated
forms of Hsp27 remain insufficiently understood [10].

Expression of HSP27 is strongly induced by heat shock as well
as various other physical and chemical stress stimuli, including
irradiation, oxidative stress and diverse chemotherapeutics [5, 8].
In addition, HSP27 expression varies during development and dif-
ferentiation in some tissues [8, 11]. Finally, HSP27 is constitu-
tively expressed in the cytoplasm of many normal and malignant
cell types in the absence of stress, with wide variations in regard
to the basal level of expression among different tissues [5, 12].

In malignancy, the expression levels of HSP27 have been shown
to be elevated in a wide spectrum of human cancers. Consecutively,
potential diagnostic, prognostic, predictive or treatment implications
of HSP27 overexpression have been investigated in multiple cancer
types. These studies, comprehensively reviewed in Ref. [13], in sum-
mary suggest that HSP27 could represent a valuable prognostic bio-
marker in specific cancer types and predict the individual patient’s
response to certain chemotherapeutics, whereas its applicability as a
diagnostic marker appears to be limited [13]. Notably, while much
work has been devoted to the role of heat shock proteins including
HSP27 during pancreatic inflammation, i.e. during the course of
acute pancreatitis [14–16], only little and partly conflicting informa-
tion is available on the significance of HSP27 expression in pancre-
atic malignancy. For example, protein expression profiling of nine
patient samples showed a significantly higher HSP27 expression in
normal pancreatic tissue as compared to pancreatic cancer in one
study [17], whereas another study applying protein expression pro-
filing and immunohistochemistry in nine samples showed that
HSP27 expression was up-regulated in micro-dissected pancreatic
cancer tissue as compared to normal pancreatic tissue [18].
Furthermore, HSP27 has been proposed as a potential serum marker
for pancreatic cancer [18], but might not discriminate between
chronic pancreatitis and pancreatic carcinoma, as serum HSP27 lev-
els are elevated in both pancreatitis and pancreatic cancer [19].
Finally, proteomic studies support a role for HSP27 in modulating
chemoresistance towards gemcitabine in pancreatic cancer [20–22].

The aim of our study was to comprehensively evaluate the sig-
nificance of HSP27 expression in regard to its potential relevance
as a diagnostic, prognostic or predictive marker in pancreatic
cancer. In regard to a potential role for HSP27 as a diagnostic or
prognostic marker, TMA analysis of 86 surgical pancreatic 
adenocarcinoma specimens was performed and HSP27 status
correlated with multiple clinicopathologic parameters. In regard
to a potential role for HSP27 as a predictive marker for therapeutic
response, a well-controlled HSP27 overexpression model 
was generated in PL5 pancreatic cancer cells and consecutively,
the influence of HSP27 expression on the radio- and chemother-
apeutic response assessed. Complementary, RNA-interference
methodology was used to validate the data obtained from the
overexpression model.

Material and methods

Case identification, selection and patients’ 
follow-up

Eighty-nine consecutive patients (n � 89), with histologically confirmed
well, moderately or poorly differentiated pancreatic ductal adenocarci-
noma, who underwent surgery for pancreatic cancer (Whipple procedure,
distal pancreatectomy, or total pancreatectomy) at the Department of
Surgery at the Ludwig-Maximilians-University of Munich between January
31, 2003 and June 14, 2007, were chosen for TMA construction. None of
these patients received neoadjuvant chemotherapy or irradiation. Patients
who died from immediate postoperative complications (n � 3) were
excluded. All patients selected for our study (n � 86) had a complete fol-
low-up either until death (n � 67) or until their most recent contact (n �

19) on July 1, 2009. The shortest follow-up after surgery for patients still
alive as of July 1, 2009 was 24.5 months, with a 2-year survival rate of
40% (34 of 86 patients). The longest follow-up for patients still alive was
68 months. The median patient age at the time of surgery was 65 years
(range 32–81). All clinicopathologic data were collected from the database
of the Munich Cancer Registry and the original patients’ charts.

TMA construction

Paraffin-embedded archived tissue material of tumour and surrounding
normal pancreatic tissue was used for TMA construction. TMAs were
prepared as published before [23]. In brief, the area of interest to be
sampled was identified and marked on haematoxylin-eosin stained tissue
slides. From the corresponding paraffin block (donor block), tissue core
biopsies (each 0.6 mm in diameter) were taken out and then arrayed in a
recipient TMA block using a manual arrayer (Beecher Instruments, Sun
Prairie, WI, USA).

Each case was represented by three core biopsies from different parts
of the pancreatic carcinoma and two core biopsies from corresponding
normal pancreatic tissue to exclude artefacts due to heterogeneous antigen
expression and to allow comparisons between normal exocrine pancreatic
tissue and tumour tissue. Immunohistochemistry was performed on 2 �m
sections of the TMA.
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Histology and immunohistochemistry

Histological diagnosis of pancreatic adenocarcinoma and the tumour grad-
ing were blindly confirmed for each case by two pathologists (GA and TK).
Immunohistochemistry was performed using an anti-pHSP27 rabbit mon-
oclonal antibody (1:250; Epitomics, Burlingame, CA, USA), and an anti-
HSP27 mouse monoclonal antibody (1:50; Zytomed Systems, Berlin,
Germany), or an anti-p53 mouse monoclonal antibody (1:80; Dako,
Hamburg, Germany), respectively, together with Vectastain Elite ABC Kits
(Vector Laboratories, Burlingame, CA, USA), applying varying detection
and antigen retrieval methods. Incubation time for the primary antibodies
was 60 min. Pre-treatment was performed using either citrate for 30 min.
(HSP27) or TRS for 30 min. (pHSP27). Slides were counterstained with
haematoxylin. Omission of the primary antibody was used as negative con-
trol. Substitution of the primary antibody by non-immunogenic
immunoglobulin of the same class was used as isotype control.

Evaluation of HSP27 and p53 labelling

The immunohistochemical scoring of pancreatic cancer tissue samples for
pHSP27, HSP27 and p53 was performed by two pathologists (GA and TK)
in blinded fashion without knowledge of the corresponding clinical data.
High interobserver agreement was confirmed using Cohen’s Kappa coeffi-
cient (� � 0.91, P � 0.001). In case of interobserver differences, consen-
sus was achieved through simultaneous reassessment of the respective
specimen by both pathologists. For evaluation of immunohistochemical
staining intensity of cytoplasmic HSP27 and pHSP27 a three-graded sys-
tem was applied (negative, weakly positive, strongly positive). Samples
were defined as positive when at least 5% of the tumour cells displayed
HSP27 staining. Similarly, a two-graded system was applied to evaluate
nuclear p53 accumulation, with no or minimal staining defined as negative,
and moderate to strong staining defined as positive.

KRAS mutation analysis

The sequences of codons 12 and 13 of the KRAS oncogene were analysed
using pyrosequencing. Isolated DNA from three punches of TMA tissue
served as PCR template [24]. PCR was performed using HotStar DNA-poly-
merase (Qiagen, Hilden, Germany) and published primer sequences [25].
Subsequently, PCR products were sequenced applying the primer TGTG-
GTAGTTGGAGCT together with Pyro-Gold reagents (Qiagen) on a Q24
pyrosequencing device (Qiagen) with the injection list GNTGRCGTAGGCAA.

Statistical models

Overall survival in months was defined as the interval from the date of sur-
gery to death or to the most recent contact (for censored events) as of July
1, 2009. Categorical data were compared by chi-square or Fisher’s exact
tests, continuous data were compared by t-test. Overall median survival
times were estimated using the Kaplan–Meier method. The log-rank test
was used to test for homogeneity of the survival curves. Univariate and
multivariate Cox proportional hazards models were used to assess the
effects of variables on overall survival. Multivariate models were built by
using backward elimination for variable selection relied on the likelihood
ratio test. Follow-up maturity was validated by assessment of follow-up
curves for the living patients to ensure comparable follow-up times of sur-

vival curves between the respective independent groups [26]. Statistical
analyses were performed using Statistical Package for Sciences software
(SPSS Inc., Chicago, IL, USA). Two-sided P values of less than 0.05 were
considered statistically significant.

Cell lines and culture conditions

Cell lines PL5 and PL11 were kindly provided by S.E. Kern (Johns Hopkins
University, Baltimore, MD, USA). All other cell lines used were purchased from
the European Collection of Cell Cultures (Sigma-Aldrich, Munich, Germany) or
the American Type Culture Collection (LGC Standards, Wesel, Germany),
respectively. Primary human pancreatic cancer cells PPC-0039 were derived
and propagated in our laboratory from a surgical specimen of pancreatic 
adenocarcinoma. Cells were grown in DMEM supplemented with 10% foetal
calf serum, L-glutamine and penicillin/streptomycin (PAA, Coelbe, Germany).

Generation of PL5 cell clones stably overexpressing
different HSP27 protein variants

PL5 cells were transfected with vector pcDNA3.1 (conferring neomycin
resistance), which contained the complete coding sequence of either of three
different HSP27 constructs under control of the human HSP27 promoter.
The HSP27 constructs consisted either of wild-type human HSP27 (hu) or
mutants with the serines 15, 78 and 82 substituted to alanines (3A) or aspar-
tic acids (3D). The mutant 3A represents a non-phosphorylatable kinase-
dead form of HSP27 while 3D imitates a permanently phosphorylated form
through insertion of the three negatively charged residues [27, 28]. For the
generation of a control cell line, PL5 cells were transfected with unaltered
vector pcDNA3.1 (empty vector, EV). After transfection, the cells were main-
tained in DMEM containing 0.4 mg/ml G-418 (Roth, Karlsruhe, Germany).
After 4 weeks of selection, single G-418-resistant cell clones were seeded
and grown in 96-well plates, and consecutively screened by immunoblotting
for high expression of HSP27 as compared to parental PL5 cells. The clones
with the highest expression of HSP27 hu, 3A and 3D and control cells were
labelled correspondingly (PL5/hu16, hu18, hu20, PL5/3A, PL5/3D and
PL5/EV) and used for colony formation and cell proliferation assays.

siRNA-mediated depletion of HSP27 protein

AsPc1 cells at 40–60% confluence were transfected using Oligofectamine
(Invitrogen) and siRNA directed against HSP27 (sense: GGACGAGCAUG-
GCUACAUCTT, antisense: GAUGUAGCCAUGCUCGUCCTT; Qiagen) at a final
concentration of 100 nM. The transfection proceeded for 4 hrs before
adding serum-containing medium. HSP27 protein depletion was quantified
by immunoblotting at 48, 72, 96, 120, 144, 168 and 192 hrs after transfec-
tion. Gemcitabine was added to the cells at the time point of maximal
HSP27 down-regulation (120–144 hrs), which was separately confirmed
for each experiment.

Immunoblotting

Cells were lysed and protein extracts boiled and loaded on 10% polyacry-
lamide gels. After electrophoresis, proteins were transferred to PVDF
membranes, which were blocked for 1 hr in TBS-0.1% Tween20/2% 
milk before the primary antibody was applied overnight at 4�C (1:1000;
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anti-HSP27 SPA-800 or SPA-803 or anti-phospho-Ser78 HSP27 SPA-523,
all Stressgen/Enzo, Lörrach, Germany). Anti-ß-ACTIN antibody (1:10000,
AC-15; Sigma-Aldrich) served as loading control. The membranes were
washed and stained with either anti-mouse or anti-rabbit HRP-conjugated
antibody (1:10.000; GE Healthcare, Freiburg, Germany). Enhanced chemo-
luminescence was elicited using SuperSignal West Pico chemo-lumines-
cence substrate (Thermo Scientific, Schwerte, Germany) according to the
manufacturer’s instructions.

Cell proliferation assays

All assays were performed over a broad range of concentrations covering
100% to 0% survival. A total of 1000–1500 cells/well were plated in 96-
well plates, allowed to adhere, and treated. Following incubation for 6 days,
the cells were washed, lysed in 100 �l H2O, and 0.5% Picogreen
(Molecular Probes, Invitrogen, Karlsruhe, Germany) was added.
Fluorescence was measured (Cytofluor Series 4000, Applied Biosystems,
Darmstadt, Germany) and growth inhibition calculated as compared to the
untreated control samples. At least three independent experiments were
performed per agent, with each data point reflecting triplicate wells. Error
bars represent standard error of the mean (SEM) from three experiments.
Prior to each set of experiments, HSP27 expression was quantitated in all
utilized cell lines by immunoblotting.

Colony formation assays

Cells were plated in 6-well plates, allowed to adhere, and exposed to ioniz-
ing cesium-137 �-radiation (IR). Each sample consisted of two different cell
concentrations, each performed in duplicate (amount of cells plated was 20
and 100 cells at 0 Gy, 100 and 300 cells at 2 Gy, 2000 and 5000 cells at 4
Gy, 5000 and 15,000 cells at 6 Gy, 50,000 and 100,000 cells at 8 Gy). Cells
were subsequently incubated for 12 days, fixed, and stained (PBS/10% for-

malin, 1:500 crystal violet). All macroscopically visible colonies were
counted. Three to four experiments were performed per sample.

Heat shock in pancreatic cancer cells

Cells were plated in flasks, allowed to adhere and propagated until ~80%
confluent. Consecutively, heat shock was carried out for 1 hr at 39�C or 41�C
using a water bath, followed by an incubation step for 3 hrs at 37�C. Cells
incubated at identical conditions without heat shock were used as controls.

Results

Immunohistochemical TMA analysis of HSP27 
in 86 pancreatic ductal adenocarcinoma 
and corresponding normal tissues

Expression of HSP27 and phosphorylated HSP27 (pHSP27) was
assessed immunohistochemically in tissue specimens from 86
pancreatic cancer patients. HSP27 and pHSP27 staining was pre-
dominantly observed in the cytoplasm of malignant and normal
(ductal epithelium and acinar) cells, while membranous staining
was observed only sporadically. Nuclear staining was not
detected. Cytoplasmic HSP27 and pHSP27 expression was
defined as positive when at least 5% of cells displayed HSP27
staining and consecutively classified into three categories on the
basis of staining intensity, i.e. negative, weakly positive or strongly
positive, respectively (Fig. 1). Of the analysed 86 pancreatic ductal
adenocarcinomas, approximately half (49%) were HSP27-positive,

Fig. 1. Immunohistochemical staining of HSP27 in pancreatic cancer. Representative microscopic pictures of pancreatic ductal adenocarcinomas consid-
ered negative (A and B), weakly positive (C and D) or strongly positive (E and F).
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whereas 51% were HSP27-negative. Of the corresponding 86 nor-
mal pancreatic tissues, 71% were HSP27-positive, whereas 29%
were HSP27-negative. Regarding pHSP27, approximately half of
the pancreatic cancer tissues (48%) were pHSP27-positive,
whereas 52% were pHSP27-negative. Of the corresponding 86
normal pancreatic tissues, 66% were pHSP27 positive, whereas
34% were pHSP27-negative. A strong correlation was observed
between HSP27 and pHSP27 expression both in normal (P 	

0.001) and tumour tissue (P � 0.001) (Table 1). Furthermore, sig-
nificantly less tumour samples than normal tissue samples stained
positive for HSP27 or pHSP27, respectively (McNemar’s chi-
square test for HSP27 P � 0.003, for pHSP27 P � 0.009).

Correlations between HSP27 expression status
and clinicopathologic features

The clinicopathologic characteristics assessed in our study popula-
tion are listed (Table 2). No associations were observed between
HSP27 expression status in tumours and either age, gender, tumour
size, tumour differentiation, TNM classification or margin status,
respectively. In contrast, the 2-year survival rate was significantly
higher for patients with HSP27-positive tumours (52%) than for
patients with HSP27-negative tumours (27%) (P � 0.017). In addi-
tion, a strong inverse correlation was observed between HSP27
expression and nuclear p53 accumulation in tumours (P � 0.001),
while there was only a weak correlation between KRAS mutation sta-
tus and HSP27 expression (P � 0.030). Regarding pHSP27 expres-
sion in tumours, no significant associations were observed for any of
the above parameters (data not shown).

Univariate analyses of overall survival for HSP27
expression status and other clinicopathologic 
features

Postoperative overall survival was correlated to HSP27 expression
in tumours as well as clinicopathologic parameters in univariate
analyses applying the Cox proportional hazards model and

Kaplan–Meier survival curves. Follow-up maturity was calculated
for all assessed groups and no significant differences were
observed. Data were censored for 19 patients that were still alive
at the latest follow-up as of July 1, 2009. In the univariate Cox
models, we found no significant correlation between survival and
either gender, age, tumour differentiation, margin status or
nuclear p53 accumulation. In contrast, a significant correlation
was observed between survival and HSP27 expression in tumours
[negative versus positive staining hazard ratio (HR) 0.51, P �

0.006], as well as between survival and KRAS mutation status
(wild-type versus mutant HR 1.78, P � 0.026), lymph node status
(N0 versus N1 HR 1.87, P � 0.014), metastasis status (M0 ver-
sus M1 HR 2.65, P � 0.006) and tumour size (median, �3.5 cm
versus 
3.5cm HR 2.11, P � 0.004), respectively. Subgroup
analyses showed that patients with tumours having strong HSP27
staining had a significant better outcome than those with HSP27-
negative tumours (HR 0.48, P � 0.018), whereas data comparing
patients with tumours having weak HSP27 staining versus those
with no staining reached borderline statistical significance (HR
0.53, P � 0.050) (Table 3). Kaplan–Meier curves of survival are
shown for absolute (positive versus negative) HSP27 expression
(Fig. 2A) as well as for relative (staining intensity) HSP27 expres-
sion (Fig. 2B). Survival was also correlated to pHSP27 expression
in tumours, but in contrast to HSP27, no significant associations
were observed (data not shown).

Multivariate analyses of overall survival 
for HSP27 expression status and selected 
clinicopathologic features

In order to establish whether HSP27 expression was an independ-
ent prognostic factor for postoperative overall survival, we per-
formed multivariate analyses using the Cox proportional hazards
model adjusting HSP27 expression status with age, gender, differ-
entiation, size, number of positive nodes and margin status 
(Table 4). In these analyses, HSP27 expression (both absolute and
relative) emerged as an independent marker for survival. Of note,
HSP27 expression remained an independent survival marker after
applying backward elimination (negative versus positive staining
HR 0.47, P � 0.002, weak versus no staining HR 0.53, P � 0.046,
strong versus no staining HR 0.42, P � 0.006). In addition to
HSP27 expression, tumour size and number of positive lymph
nodes were prognostic factors for survival independent of
patient’s age, gender, tumour differentiation and margin status. In
contrast, KRAS mutation status correlated with survival only in the
univariate but not in the multivariate analyses (wild-type versus
mutant HR � 1.45, P � 0.230).

Overall survival according to HSP27 expression 
in patients treated with gemcitabine

In our study, the majority of patients (70 of 86, 81%) received
adjuvant therapy including gemcitabine, either as monotherapy 

Table 1 Summary of HSP27 staining and pHSP27 staining

No. Negative Weak Strong
Negative/positive
(%)

HSP27

Tumour tissue 86 44 20 22 51/49

Normal tissue 86 25 36 25 29/71

pHSP27

Tumour tissue 86 45 21 20 52/48

Normal tissue 86 29 31 26 34/66
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Table 2 Association between HSP27 expression and clinicopathologic features

Feature No./Avg. HSP27 status P

No expression (n � 44) Expression (n � 42)

Mean age at the time of surgery (year) 65.7 � 9.3 65.1 � 9.9 (32.2–81.9) 66.4 � 8.7 (44.9–78.9) 0.667

Gender

Female 44 26 18 0.132

Male 42 18 24

Tumour differentiation

Well and moderate 28 14 14 0.881

Poor 58 30 28

Tumour pathologic stage

T1 2 1 1 0.892

T2 9 4 5

T3 72 38 34

T4 3 1 2

Mean tumour size (cm) 3.66 � 1.27 3.56 � 1.33 (0.9–8.0) 3.76 � 1.21 (1.5–7.0) 0.483

Lymph node status

N0 37 17 20 0.400

N1 49 27 22

Mean n of positive nodes, N0/N1 1.79 � 2.90 1.80 � 2.46 (0–19) 1.79 � 3.34 (0–12) 0.988

Metastasis status

M0 75 37 38 0.522

M1 11 7 4

Margin status

Negative 44 22 22

Positive 42 22 20 0.825

Postoperative radiotherapy

No 35 19 16

Yes 51 25 26 0.631

Postoperative chemotherapy

No 13 8 5

Yes 73 36 37 0.417

Nuclear p53 accumulation*

Negative 52 20 32

Positive 30 24 6 �0.001

KRAS status*

Wild-type 36 14 22

Mutant 46 29 17 0.030

2-year survival rate (%)† 40 27.3 52.4 0.017

*4/86 samples were not informative in regard to p53 or KRAS status, respectively (results from n � 82 are shown). †The shortest follow-up was
24.5 months for patients still alive as of July 1, 2009.
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Table 3 Univariate analyses of survival for HSP27 expression and clinicopathologic features

HR: hazard ratio; CI: confidence interval. *Median survival time in months from date of surgery to death or to most recent contact. †4/86 samples
were not informative in regard to p53 or KRAS status, respectively (results from n � 82 are shown).

Variables No. Survival* HR (95% CI) P

HSP27 expression

Negative 44 13.5 1.00

Positive 42 25.9 0.51 (0.31–0.83) 0.006

HSP27 staining intensity

Negative 44 13.5 1.00

Weak 20 20.0 0.53 (0.28–1.00) 0.050

Strong 22 28.4 0.48 (0.26–0.88) 0.018

Median age (year)

	65 40 19.3 1.00

�65 46 16.6 1.01 (0.62–1.64) 0.975

Gender

Female 44 13.1 1.00

Male 42 19.6 0.72 (0.441.17) 0.183

Tumour differentiation

Well to moderate 28 28.7 1.00

Poor 58 14.9 1.29 (0.772.17) 0.339

Median tumour size (cm)

�3.5 34 28.4 1.00


3.5 52 13.1 2.11 (1.263.52) 0.004

Lymph node status

N0 37 28.6 1.00

N1 49 13.4 1.87 (1.133.07) 0.014

Metastasis status

M0 75 19.9 1.00

M1 11 10.2 2.65 (1.325.33) 0.006

Margin status

Negative 44 19.3 1.00

Positive 42 16.1 1.19 (0.731.92) 0.486

Nuclear p53 accumulation†

Negative 52 17.1 1.00

Positive 30 16.1 1.16 (0.691.93) 0.562

KRAS status†

Wild-type 36 25.9 1.00

Mutant 46 13.6 1.78 (1.072.96) 0.026
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Fig. 2. Kaplan–Meier plots of overall survival for HSP27 expression of all
patients and of the gemcitabine-treated patient subpopulation. (A) Patients
whose tumours showed expression of HSP27 had a longer median overall
survival than those whose tumour did not (P � 0.005, median survival
13.5 versus 25.9 months). (B) Patients whose tumours showed weak or
strong HSP27 staining intensity had a longer median overall survival than
patients whose tumours showed no expression (P � 0.021, median sur-
vival 13.5 versus 20.0 versus 28.4 months). (C) Gemcitabine-treated
patients whose tumours showed expression of HSP27 had a longer median
overall survival than those whose tumours did not (P � 0.030, median sur-
vival 16.4 versus 28.1 months).

Variables No. HR (95% CI) P

HSP27 expression

Adjusted for all

HSP27 expression

Negative 44 1.00

Positive 42 0.49 (0.280.84) 0.010

Age (year)

Continuous 86 1.01 (0.981.04) 0.454

Gender

Female 44 1.00

Male 42 0.94 (0.541.62) 0.816

Tumour differentiation

Well to moderate 28 1.00

Poor 58 1.29 (0.752.24) 0.362

Tumour size [cm]

Continuous 86 1.61 (1.301.99) �0.001

Number of positive nodes

Continuous 86 1.13 (1.021.25) 0.016

Margin status

Negative 44 1.00

Positive 42 0.87 (0.521.44) 0.867

Backward elimination

HSP27 expression

Negative 44 1.00

Positive 42 0.47 (0.290.77) 0.002

Tumour size (cm)

Continuous 86 1.57 (1.291.91) �0.001

Number of positive nodes

Continuous 86 1.13 (1.021.24) 0.013

HSP27 staining intensity*

Adjusted for all

HSP27 staining intensity

Negative 44 1.00

Weak 20 0.56 (0.281.09) 0.088

Strong 22 0.44 (0.230.84) 0.013

Table 4 Multivariate analyses of survival for HSP27 expression and
staining intensity

Continued
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(n � 17) or in combination with radiotherapy (n � 13) and/or
other agents (n � 40), including 5-fluorouracil, oxaliplatin and cis-
platin. In this gemcitabine-treated subpopulation, patients with
HSP27 expression had a significant longer survival as compared
to those without HSP27 expression in both univariate (negative
versus positive staining HR 0.55, P � 0.033) and multivariate
analyses using backward elimination (negative versus positive
staining HR 0.46, P � 0.006) (Table 5 and Fig. 2C). Consistent
with our analyses of the total patient population, HSP27 expres-
sion in patients of the gemcitabine-treated subgroup was not
associated with other clinicopathologic features (data not shown).
Vice versa, HSP27 expression had no significant influence on sur-
vival in the complementary subgroup of 16 patients not having
received gemcitabine (negative versus positive staining HR �

1.91, P � 0.297).

HSP27 expression patterns in pancreatic cancer
cell lines

HSP27 expression patterns were assessed in ten established pan-
creatic cancer cell lines using immunoblotting and immunofluores-
cence. HSP27 was constitutively expressed at varying degrees in
all cell lines, with six lines displaying a strong expression (AsPC-1,
BxPC3, MIA Paca-2, Capan-1, Capan-2, PANC-1) and four lines dis-
playing a comparatively weaker expression (CFPAC-1, PL11, PL5
and Su.86.86). The phosphorylated form of HSP27 (pHSP27) was

constitutively expressed only in Capan-1 and Capan-2 cells, while
all other cell lines did not show constitutive HSP27 phosphoryla-
tion (Fig. 3A). As expected, HSP27 expression was restricted
mainly to the cytoplasm in all tested cell lines (Fig. 3B).

Heat shock-inducible HSP27 expression 
in pancreatic cancer cell lines and primary cells

We next tested whether HSP27 was inducible upon heat shock in
pancreatic cancer cells. Therefore, two cell lines displaying low
constitutive HSP27 expression (PL5, PL11) as well as early-pas-
sage, patient-derived primary pancreatic cancer cells (PPC-0039)
were assessed. Heat shock-inducible expression of HSP27 was
demonstrated at varying degrees in all samples (Fig. 3C).

Influence of HSP27 protein overexpression 
on chemosensitivity in pancreatic cancer cells

To investigate potential influences of HSP27 or pHSP27 expres-
sion on chemo- and radiosensitivity in pancreatic cancer cells, we
first established an isogenic (p-)HSP27-overexpression model,
using a pancreatic cancer cell line displaying low constitutive
HSP27 expression: PL5 cells were stably transfected with either
the complete coding sequence of unmodified human HSP27 (hu),
or a constitutive pseudo-phosphorylated variant with all three 

Table 4 Continued

*Only variables that were significant in multivariate analyses are
shown.

Variables No. HR (95% CI) P

Tumour size (cm)

Continuous 86 1.62 (1.312.01) �0.001

Number of positive nodes

Continuous 86 1.13 (1.021.25) 0.020

Backward elimination

HSP27 staining intensity

Negative 44 1.00

Weak 20 0.53 (0.280.99) 0.046

Strong 22 0.42 (0.230.78) 0.006

Tumour size (cm)

Continuous 86 1.58 (1.291.92) �0.001

Number of positive nodes

Continuous 86 1.12 (1.021.24) 0.017

Table 5 Uni-/multivariate analyses for HSP27 expression 
in gemcitabine-treated patients

*Only data for HSP27 are shown. †Adjusted for age, gender, tumour dif-
ferentiation, tumour size, number of positive nodes and margin status.

Variables No. HR (95% CI) P

Univariate analyses*

HSP27 expression

Negative 34 1.00

Positive 36 0.55 (0.32–0.95) 0.033

Multivariate analyses*

Adjusted for all†

HSP27 expression

Negative 34 1.00

Positive 36 0.49 (0.27–0.90) 0.021

Backward elimination

HSP27 expression

Negative 34 1.00

Positive 36 0.46 (0.27–0.79) 0.006
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serine residues (15, 78, 82) changed to aspartic acid, or a non-
phosphorylatable kinase-dead variant with all serine residues
changed to alanine. Single-cell diluted PL5 clones stably overex-
pressing these HSP27 isoforms upon transfection were identi-
fied by immunoblotting (Fig. 4A) and subsequently used for sen-
sitivity studies. Stably HSP27-transfected PL5 clones did not
significantly differ from parental control cells in survival upon
treatment with gamma-irradiation (Fig. 4B). Likewise, no rele-
vant proliferation differences were observed upon treatment with
cisplatin, paclitaxel or 5-fluorouracil (5-FU). In contrast, HSP27-
overexpressing PL5 clones were significantly more sensitive to
gemcitabine than parental control cells (Fig. 4C). Increased gem-
citabine sensitivity was observed in all HSP27-overexpressing
PL5 clones (hu16, 3A, 3D), indicating that this effect was attrib-
utable to the total amount of HSP27 protein, but independent of
HSP27 phosphorylation status. Artefacts due to clonal variability
or variability among the non-clonal parental cell population were
excluded by using an empty vector-transfected PL5 cell clone
(PL5/ev), which displayed gemcitabine sensitivity comparable to
that of parental cells and by using multiple HSP27-overexpressing
cell clones, which all displayed increased gemcitabine sensitivity
(Fig. 4D and data not shown). In addition, HSP27-transfected PL5
cell clones, which in the absence of continuous neomycin selec-
tion lost HSP27 overexpression during passaging (PL5/3D-lost),
also lost the increased sensitivity towards gemcitabine (Fig. 4E),
further supporting that HSP27 expression but not clonal variabil-
ity was responsible for the increased gemcitabine sensitivity in
the utilized clones.

Influence of HSP27 protein depletion 
on chemosensitivity in pancreatic cancer cells

We additionally used RNA-interference in a pancreatic cancer cell
line exhibiting constitutively high HSP27 expression to validate the
experiments applying HSP27 overexpression and to exclude cell
line-specific or methodology-dependent artefacts. Gemcitabine
sensitivity was assessed upon siRNA-mediated HSP27 down-reg-
ulation in AsPC-1 cells. HSP27 protein depletion efficiency was
validated by immunoblotting 48–192 hrs after siRNA transfection
and the time points of maximal HSP27 down-regulation were used
for gemcitabine treatment. A significantly decreased sensitivity of
HSP27 siRNA-treated AsPC-1 cells, expressing virtually no
detectable HSP27 protein at 120–144 hrs after siRNA transfection
as compared to HSP27-expressing untreated or control-trans-
fected cells, was observed upon treatment with gemcitabine at
120–144 hrs (Fig. 4F).

Discussion

In this study, we correlated HSP27 expression status with a vari-
ety of clinicopathologic parameters in a large number of surgical
pancreatic cancer specimens in an effort to determine the signifi-
cance of HSP27 as a diagnostic or prognostic biomarker in pan-
creatic cancer. Complementary, we evaluated the impact of HSP27

Fig. 3. HSP27 expression patterns and heat-shock inducible HSP27 expression in pancreatic cancer cells. (A) Immunoblotting to assess constitutive
HSP27 and phospho-HSP27 expression in 10 pancreatic cancer cell lines. �-ACTIN served as loading control. (B) Immunofluorescence to assess spatial
HSP27 expression patterns in 5 pancreatic cancer cell lines. (C) Immunoblotting to assess inducible HSP27 expression upon heat shock (39�C and 41�C)
in two established pancreatic cancer cell lines (PL5, PL11) and patient-derived short-term passaged primary pancreatic cancer cells (PPC-0039). �-ACTIN
served as loading control.
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Fig. 4. Impact of HSP27 expression 
levels on radio- and chemosensitivity 
in pancreatic cancer cells. (A)
Immunoblotting to confirm exogenous
HSP27 overexpression in selected PL5
cell clones upon stable transfection with
three different HSP27 constructs, i.e.
wild-type human HSP27 (labelled
PL5/hu16), or a HSP27 mutant form hav-
ing three serine residues changed to ala-
nine (labelled PL5/3A), or a HSP27
mutant form having three serine residues
changed to aspartic acid (labelled
PL5/3D) prior to the set of experiments
shown in (B) and (C). �-ACTIN served as
loading control. (B) Colony formation
assays to assess radiosensitivity of
parental PL5 cells as compared to the
HSP27-overexpressing cell clones
PL5/hu16, PL5/3A, PL5/3D upon treat-
ment with �-irradiation (0–8 Gy). Error
bars represent SEM of three independent
experiments. (C) Cell proliferation assays
to assess chemosensitivity of parental
PL5 cells as compared to the HSP27-
overexpressing cell clones PL5/hu16,
PL5/3A, PL5/3D upon treatment with the
indicated chemotherapeutic agents. Error
bars represent SEM of at least three inde-
pendent experiments. (D) Gemcitabine
sensitivity of parental (PL5) and empty
vector-transfected (PL5/ev) control PL5
cells as compared to two different
HSP27-overexpressing PL5/hu cell
clones (hu16, hu18) to exclude artefacts
due to clonal variability. Error bars repre-
sent SEM of three independent experi-
ments. Corresponding HSP27 expres-
sion of the utilized cell clones as
assessed by immunoblotting directly
prior to the set of experiments is pro-
vided. (E) Gemcitabine sensitivity of
parental and empty-vector transfected
control PL5 cells as compared to HSP27
overexpressing PL5/3A cells and PL5/3D
cells that lost HSP27 overexpression 
during cell culture in the absence of 
continuous selection (PL5/3D-lost).
Corresponding HSP27 expression as
assessed by immunoblotting directly
prior to the set of experiments is pro-
vided. (F) Gemcitabine sensitivity of
untreated and control-transfected 
AsPC-1 cells as compared to HSP27-
siRNA-transfected AsPC-1 cells. Error
bars represent SEM of four independent
experiments. HSP27 expression upon
siRNA treatment from one representative
experiment is provided.
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on radio- and chemotherapy in HSP27-overexpression and RNA-
interference models to determine its significance as a predictive
marker for therapeutic response.

Only about half of the pancreatic cancer specimens expressed
detectable amounts of HSP27 in our study. A general overexpres-
sion of HSP27 in pancreatic cancer, which has previously been
indicated in a small series of nine tissue samples [18], could thus
not be confirmed in our study [18]. On the contrary, HSP27
expression was even more prevalent in normal cells (ductal
epithelium and acinar cells) than in malignant cells. Consequently,
our data suggest that HSP27 detection cannot serve as an
immunohistochemical diagnostic tumour marker in pancreatic
cancer, a conclusion, which also applies to most other tumour
entities [13].

When correlating HSP27 expression status with clinicopatho-
logic parameters, we found no significant association of HSP27
expression status with age, gender, tumour size, tumour differen-
tiation, TNM classification or margin status, respectively. In con-
trast, patients whose tumours exhibited HSP27 expression
demonstrated a significantly longer postoperative overall survival
than patients with HSP27 non-expressing tumours. More specifi-
cally, survival correlated with the staining intensity for HSP27,
with patients, whose tumours exhibited strong staining having the
longest median survival. After adjusting for age, gender, tumour
differentiation, tumour size, number of positive nodes and margin
status in subsequent multivariate analyses and consecutive step-
wise backward elimination, HSP27 expression emerged as an
independent prognostic factor for overall survival in pancreatic
cancer. Other parameters affecting survival to a similar extent in
regard to comparable hazard ratios were expectedly lymph node
status, metastasis status and tumour size, whereas gender, age,
tumour differentiation and margin status had no discernible influ-
ence. Tumour size was the most significant clinicopathologic fac-
tor deductible from our univariate survival analyses. Taken
together, these data well reflect many of the typical clinical fea-
tures of pancreatic adenocarcinoma and illustrate the representa-
tiveness of our TMA [29].

Since HSP27 expression levels might be related to the genetic
changes that occur during pancreatic carcinogenesis [13] and
since KRAS as well as TP53 are both frequently genetically
mutated in pancreatic cancer [30–32], we additionally analysed
KRAS mutation status and p53 expression in our cohort.
Immunohistochemical accumulation of nuclear p53 expression
was chosen as a surrogate marker for TP53 mutations due to its
feasibility on TMA tissues at the expense of a slightly decreased
sensitivity (30–50% versus 50–75% detection rate) [33]. While
only a weak association was found between KRAS mutation status
and HSP27 expression (P � 0.030), a strong inverse correlation
was observed between nuclear p53 accumulation and HSP27
expression (P � 0.001). This phenomenon might be attributable
to several molecular mechanisms that have previously been
described for HSP27 and p53 in other tumour entities. On the one
hand, TP53 mutation status might have a direct influence on
inducible HSP27 expression. Consistent with this hypothesis and
our results, it has been shown that exogenous expression of only

wild-type but not mutant p53 induced HSP27 expression in
prostate cancer cells [34]. Likewise, it has been reported that sev-
eral HSP promoters, including the HSP27 promoter, include con-
sensus sequence motifs for p53 binding [35, 36] and that the
induction of other small HSPs is regulated by p53-dependent
mechanisms [35]. On the other hand, HSP27 expression could
vice versa modulate p53 expression in pancreatic cancer cells.
This hypothesis is corroborated by studies in breast and colon
cancer cells, which show that HSP27 accelerated proteasomal
degradation of p53 and consistently, that HSP27 overexpression
caused p53 depletion, while HSP27 down-regulation stabilized
p53, even in the absence of genotoxic stress [36, 37]. However, it
should be noted that HSP27 overexpression appears not to corre-
late with p53 status in several other tumour types (comprehen-
sively reviewed in Ref. [13]), and the strong correlation between
HSP27 expression and nuclear p53 accumulation in pancreatic
cancer cells observed in our study might therefore constitute a tis-
sue-specific phenomenon. Regarding potential correlations
between survival and KRAS or p53 status, respectively, in our
cohort, an association was found only for KRAS but not for p53.
This is consistent with previous studies on the roles of KRAS and
p53 as prognostic markers in pancreatic cancer [38] and impor-
tantly, excludes p53 status as a confounding variable for the
observed correlation between HSP27 expression and survival in
our study. Likewise, only HSP27 expression but not KRAS status
was confirmed as an independent marker for survival in the mul-
tivariate analyses.

Expression levels of HSP27 appear to be elevated in a wide
spectrum of human cancers, and accordingly, HSP27 expression
and correlation studies have been performed in a plethora of can-
cer entities other than pancreatic cancer [13], in summary sug-
gesting that HSP27 could on the one hand represent a prognostic
biomarker in specific cancer types and on the other hand even pre-
dict the individual patient’s response to certain chemotherapeu-
tics, while its applicability as a diagnostic marker appears to be
rather limited.

Regarding the role of HSP27 as a prognostic marker, different
conclusions were reached depending on the tumour type under
investigation. For example, HSP27 expression has been associ-
ated with poor prognosis in osteosarcoma [39], hepatocellular
carcinoma [40] and prostate cancer [41, 42], whereas HSP27
expression has been associated with good prognosis in endome-
trial adenocarcinoma [43], oesophageal squamous cell carcinoma
[44] and malignant fibrous histiocytoma [45]. In contrast, HSP27
expression has been reported to have no effect on prognosis in
head and neck squamous cell carcinoma [46], bladder cancer [47]
or renal cell carcinoma [48]. Data are inconclusive in oral squa-
mous cell carcinoma [49–52], gastric cancer [53–55] and ovarian
cancer [56–61]. Studies in pancreatic cancer were still lacking.
Our study now suggests that HSP27 expression strongly corre-
lates with good prognosis in pancreatic cancer, both complement-
ing and adding a new aspect to the prior literature. Taken together,
HSP27 expression might serve as a useful prognostic marker in
certain but not all cancer types. Furthermore, the implications of
HSP27 expression on prognosis appear to be highly variable
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depending on the tumour entity under investigation, suggesting
that the influence of HSP27 expression could be highly dependent
on the unique molecular context of each tumour type [13], e.g.
tumour milieu, genetic and epigenetic changes, mutation signa-
ture, and protein expression profiles (e.g. receptor status).

In addition to its role as a prognostic marker, HSP27 may also
predict the response towards radio- and/or chemotherapy in cer-
tain tumours of individual patients [7, 13], including bladder can-
cer [62], breast cancer [63, 64], oesophageal cancer [65, 66],
ovarian cancer [56, 59] and prostate cancer [67]. However, stud-
ies exist that report no predictive value of HSP27 in other as well
as in some of the above mentioned tumour types [45, 68–73].
Studies investigating the role of HSP27 as predictive marker for
chemosensitivity in large numbers of pancreatic cancers are lack-
ing. However, indirect evidence for an influence of HSP27 on
chemosensitivity, especially towards treatment with gemcitabine,
came from three recent studies: Proteomic analyses found
increased HSP27 expression and HSP27 phosphorylation in the
gemcitabine-resistant pancreatic cancer cell line KLM1-R when
compared to gemcitabine-sensitive KLM1 control cells [20, 22].
Additionally, interferon-� induced HSP27 down-regulation and
concomitantly increased cytotoxicity upon treatment with gemc-
itabine [21]. In our TMA study, 81% of the patients (70 of 86)
received adjuvant therapy including gemcitabine, either alone or in
combination with radiotherapy and/or other chemotherapeutic
agents, prompting us to investigate whether this particular sub-
group of gemcitabine-treated patients also had a significantly dif-
ferent outcome dependent on HSP27 expression. We found that
HSP27 remained an independent prognostic marker in this sub-
population, indicating that the better survival of patients with
HSP27-positive tumours might partly be attributable to a better
response towards gemcitabine. Vice versa, HSP27 expression
would be expected not to influence survival in patients not having
received gemcitabine. Even though this was confirmed in our
study, this specific subgroup consisting of 16 patients might have
been too small to allow significant conclusions. Therefore, future
studies are required specifically investigating HSP27 as prognos-
tic marker in a large cohort of patients stratified for adjuvant treat-
ment with gemcitabine.

To further clarify the discrepancy between our hypothesis, sug-
gesting increased gemcitabine sensitivity in HSP27-expressing
pancreatic cancers, and the above mentioned studies, suggesting
increased gemcitabine resistance in HSP27-expressing pancreatic
cancers, we additionally validated our hypothesis in vitro applying
HSP27 overexpression and RNA-interference models in pancreatic
cancer cell lines. Consistent with our hypothesis, HSP27 low-
expressing PL5 pancreatic cancer cells, engineered to stably over-
express exogenous HSP27, were distinctly more sensitive towards
treatment with gemcitabine than control PL5 cells, but not
towards other common chemotherapeutics or radiation. Of note,
gemcitabine sensitivity was increased independent of HSP27
phosphorylation status, excluding HSP27 phosphorylation as a
major mechanism for HSP27-dependent modulation of gemc-
itabine sensitivity. Potential artefacts of the overexpression exper-
iments due to clonal variability were excluded using multiple PL5

cell clones, including clones that lost HSP27 overexpression dur-
ing passaging in the absence of continuous antibiotic selection.
Vice versa, HSP27 high-expressing AsPC-1 pancreatic cancer
cells exhibited a significantly increased resistance towards gemc-
itabine upon siRNA-mediated HSP27 protein depletion, addition-
ally substantiating our results from the PL5 overexpression model
and further excluding cell line-specific phenomena or artefacts due
to clonal variability. Nevertheless, future studies, expanding these
models to a large panel of pancreatic cell lines, are desirable to
validate a further generalizability of our data.

Our hypothesis of increased gemcitabine sensitivity in HSP27
overexpressing pancreatic cancers has already been indirectly
anticipated by preclinical and clinical studies. A recent in vitro
study using the pancreatic cancer cell lines AsPC-1 and MIAPaCa-2
demonstrated increased cytotoxicity when gemcitabine was 
combined with heat treatment [74]. As a potential mechanism, the
levels of heat-inducible HSP70 were shown to be increased in
these lines upon heat treatment. We now demonstrate that heat
treatment increases also HSP27 expression in pancreatic cancer
cell lines as well as short-term cultivated primary pancreatic 
cancer cells, indicating HSP27 as a potential contributing factor
for heat shock-induced gemcitabine sensitivity. Similar evidence
came from two recent clinical studies. Ohguri et al. demonstrated
that progression-free and overall survival was significantly better
in patients with locally advanced pancreatic cancer when regional
hyperthermia was added to radiochemotherapy with gemcitabine
[75]. Furthermore, Tschoep et al. showed that regional hyperther-
mia combined with gemcitabine and cisplatin as a second line
treatment exhibited significant antitumour activity even in patients
with gemcitabine-refractory pancreatic cancer [76].

Given the similar function and regulation of many heat shock
proteins in cancer cells, it has to be considered whether the
observed association between HSP27 and survival could partly be
attributable to similar expression patterns of HSP27 and other
HSPs in our TMA study. This might be especially true for HSP70,
as HSP70 and HSP27 share high similarities in regard to their
function and regulation [8], and both are elevated in a wide spec-
trum of human cancers [77]. However, despite an association
between HSP27 and HSP70 expression in some tumours [69, 78],
overexpression of HSP70 appears to occur more uniformly than
overexpression of HSP27 in pancreatic cancer, with robust over-
expression of HSP70 having been demonstrated on both the RNA
and protein level in the vast majority of pancreatic cancer speci-
mens as well as pancreatic cancer cell lines [79–81]. Analogous to
the partly conflicting literature on the predictive ability and thera-
peutic implications of HSP27 expression in pancreatic cancer, the
role of HSP70 also remains controversial in this tumour type. On
the one hand, as has similarly been demonstrated for HSP27 in
our study, expression of HSP70 in pancreatic cancer was reported
to represent an independent prognostic factor for better survival in
a small study assessing a cohort of 36 patients [81] and hyper-
thermia along with concomitant HSP70 induction has been shown
to enhance the cytotoxicity of gemcitabine in pancreatic cancer
cell lines [74]. On the other hand however, there exists consider-
able experimental-mechanistic evidence that HSP70 plays in fact a
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rather deleterious role in pancreatic cancer. In accordance with its
tumour-specific overexpression mediating resistance to apoptotic
cell death [82], inhibition of HSP70 expression through pharma-
cological approaches or RNA-interference has been demonstrated
to cause caspase-dependent apoptotic cell death in pancreatic
cancer cells in vitro and in vivo [79, 83] mediated by attenuation
of cytosolic calcium and lysosome stabilization [84]. Taken
together, despite HSP70 overexpression correlating with a better
prognosis in pancreatic cancer patients [81], inhibition of HSP70
might paradoxically represent a highly promising therapeutic
strategy in these tumours [82].

In conclusion, HSP27 expression significantly correlated with
better patient survival in pancreatic cancer in our TMA study, sug-
gesting that HSP27 could serve as a prognostic marker in this
tumour type. Furthermore, exogenous overexpression of HSP27
in pancreatic cancer cells conferred increased sensitivity to gemc-
itabine, whereas depletion of HSP27 protein conferred increased
resistance, indicating that HSP27 might serve as a predictive
marker for therapeutic response in pancreatic cancer patients, and
potentially explaining the impact of HSP27 expression on better
survival in gemcitabine-treated patients in our study. Prospective
studies comprising larger patient numbers and chemotherapy-
stratified subpopulations are required to validate our data and to
clarify the potential association between HSP27 expression and
chemotherapeutic response, especially in regard to gemcitabine
and p53 status. As HSP27 is inducible upon heat shock in pancre-
atic cancer cells, these studies could finally entail direct clinical
implications, for example the incorporation of hyperthermia in
clinical treatment protocols for pancreatic cancer, a rationale
already supported by recent clinical trials [75, 76].
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