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Abstract Heat shock proteins (hsps) have been studied in
numerous cancer types, but a clear view of their clinical
relevance in melanoma remains elusive. Therefore, the aim
of this study was to investigate the expression of hsps in
melanoma with respect to patient clinical parameters. Using
Western immunoblotting, hsps 90, 70, 60, 40 and 32 were
observed to be widely expressed in metastatic melanomas
(n031), while immunofluorescence demonstrated that in the
majority of samples these hsps, apart from hsp32, were
increased in expression in melanoma cells compared with
surrounding non-melanoma cells in situ (n08). Correlating
hsp expression with patient clinical parameters indicated
that greater hsp90 (P<0.02) and hsp40 (P<0.03) expression
correlated with advanced stage (stage III Vs stage IV), while
in the case of hsp40, this was additionally associated with
reduced patient survival (P<0.05). In contrast, higher hsp32
expression was associated with improved patient survival
(P<0.007). On the other hand, the expression of the other
hsps did not correlate with any obtainable patient clinical

parameters. This study provides further evidence for the
importance of hsps in melanoma and for their use as
therapeutic targets and biomarkers, but larger-scale
follow-up studies are required to confirm these results.
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Introduction

Hsps play fundamental roles in tumourigenesis and contrib-
ute to the biology of cancer through multiple diverse mech-
anisms (Calderwood et al. 2006). Hsps are abnormally
expressed in a range of cancer types, and their expression
has been shown to predict patient prognosis and therapeutic
response (Calderwood et al. 2006; Pick et al. 2007; Ciocca
et al. 1993). The importance of hsps in human cancers is
well established, and hsp inhibitors are currently under
clinical evaluation for the treatment of a variety of cancer
types (Clinical Trials for HSP 2012). Hsp expression has
been thoroughly characterised for a number of cancer types
(Ciocca and Calderwood 2005), although reports are lack-
ing, limited or have provided conflicting data for other types
of cancer (Pick et al. 2007; McCarthy et al. 2008). Inferring
the role of hsps based on previous studies is thus problem-
atic as their role and clinical relevance varies depending on
the cancer type (Ciocca and Calderwood 2005). The signif-
icance of hsp expression with respect to cancer is undefined
in many contexts and remains enigmatic to date.

It may well be that differences in the clinical relevance of
abnormal hsp expression are products of the diverse roles
that hsps perform. Hsps were originally thought to provide
protection from tumour-associated stressors and to chaper-
one oncoproteins responsible for tumour cell proliferation,
but they are now recognised to contribute to many of the
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characteristic features of cancer including sustained angio-
genesis and apoptosis evasion (Calderwood et al. 2006).
These well-recognised roles are shadowed by a second, less
well-characterised role of hsps as immunomodulators.
Modifying hsp expression results in biologically relevant
alteration of the immunogenicity of cells (Melcher et al.
1999; Wells et al. 1997, 1998). Furthermore, cell surface
hsps have been shown to act as targets for NK cells and T
cells, and hsps are involved in antigen presentation whereby
they can chaperone tumour antigens to APCs (Noessner et
al. 2002; Multhoff et al. 1997; Harada et al. 1998).
Moreover, the interplay between these two diverse roles may
vary across cancer types or within tumours of the same type.

Melanoma is one such cancer type for which conflicting
reports on the role of hsps exist. Melanoma is an invasive
cancer with poor survival rates once metastasis occurs
(Balch et al. 2001). The incidence of melanoma is increasing
in many countries, and consequently, it constitutes a signif-
icant burden on human health (WHO 2008; Lucas et al.
2006; Balch et al. 2001). The validation of hsps as thera-
peutic targets is of particular importance because hsp inhib-
itors are currently being evaluated in the treatment of
melanoma patients (STA-9090 in Metastatic Ocular
Melanoma 2011). Studies to date have demonstrated that
hsps play important roles in melanoma, but few clear rela-
tionships have been defined and conflicting data have been
reported (McCarthy et al. 2008; Missotten et al. 2003;
Faingold et al. 2008; Ricaniadis et al. 2001; Lazaris et al.
1995). This present study reports a preliminary assessment
of hsp expression in metastatic melanoma tumour tissue
with respect to patient clinical parameters.

Materials and methods

Sample acquisition and study population

Thirty-one fresh frozen tissue samples derived from metas-
tases from 30 melanoma patients for whom clinical data
were available (22 males and 8 females) were analysed by
Western immunoblotting (of the two metastases from the
same patient, only one was used in the evaluation of patient
clinical parameters). Eight of 30 patients were stage III with
the remainder stage IV. Mean patient age was 59 years,
ranging from 36 to 83. Survival since analysis (survival time
since removal of the metastasis that was examined in this
study) and survival since diagnosis (survival time since the
date of initial diagnosis) were available for all 30 patients
(mean survival since analysis was 15.0 months, range 3.0–
60.5 months; mean survival since diagnosis was
59.1 months, range 4.5–303 months). Twelve of 30 patients
(40 %) died during the reporting period. Additionally,
formalin-fixed paraffin-embedded skin metastases were

sought from eight stage III melanoma patients and were
used in immunofluorescence experiments. All patients were
treated at the University Medical Center Tübingen and gave
their written informed consent for storage and scientific
analysis of tissue samples. This study was approved by the
University of Tübingen Ethics Committee (approval number
140/2012BO2).

Extraction and isolation of cellular proteins from melanoma
tissue

Melanoma samples (stored at −70 °C) were partially thawed
and cut into small pieces. Cellular proteins were extracted
from samples in a buffer containing 9 M urea (Merck,
Darmstadt, Germany), 4 % (w/v) CHAPS detergent and
12.2 mM PMSF protease inhibitor (both from Sigma-
Aldrich, Munich, Germany). The tissues were homogenised
with a bladed electric tissue homogeniser until a solution of
smooth consistency was obtained. This solution was frozen
at −70 °C overnight. The following day the solutions were
thawed and sonicated before being re-frozen at −70 °C.
Solutions were subsequently thawed, centrifuged and the
protein layer removed. Protein fractions were centrifuged
until the extract was free of insoluble contaminants. All
steps were performed on ice or at 4 °C.

Melanoma tissue protein extract quantification

Roti nanoquant (Carl Roth, Karlsruhe, Germany) was used
according to manufacturer’s instructions to estimate the
protein concentration of melanoma tissue extracts. Samples
were tested in triplicate.

Western immunoblotting of melanoma tissue

Protein extracts were denatured with 5 μL of 1.66× sample
buffer (5× stock consisted of 50 % glycerol, 25 % 2-
mercaptoethanol (Merck), 20 % 1.5 M Tris–HCl pH 6.8
(Tris was sourced from Sigma-Aldrich and HCl from
Merck), 1 mL bromophenol blue (Sigma-Aldrich) solution,
all v/v and 10 % (w/v) sodium dodecyl sulphate (SDS;
Serva, Heidelberg, Germany)) and heated at 95 °C for
5 min and immediately chilled to minimise residual protease
activity. Based on the protein content of each sample, an
adjusted volume of each was loaded and subsequently sep-
arated on 10 % acrylamide SDS-PAGE gels (5 mL ddH2O,
2.5 mL acrylamide stock solution (37.5 % (w/v) acrylamide
and 2.5 % (w/v) bis-acrylamide) (Bio-Rad, Munich,
Germany), 2.5 mL Tris–HCl 1.5 M pH 8.8, 100 μL 10 %
SDS, 75 μL of 10 % ammonium persulphate solution
(Merck), all w/v and 7.5 μL TEMED (Sigma-Aldrich)) by
applying 200 V with migration buffer (3.0 g Tris, 14.4 g
glycine (Carl Roth), 1.0 g SDS, per litre) until the tracking
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dye had migrated to the bottom of the gel. Proteins were
transferred to nitrocellulose membranes (Amersham GE
Life Sciences, Munich, Germany) using a wet transfer meth-
od with 110 V for 1 h in a buffer containing 3.0 g Tris,
14.4 g glycine and 20 % (v/v) methanol (AnalaR
NORMAPUR (VWR International), Dublin, Ireland) per
litre (freshly prepared and chilled). Following this, mem-
branes were stained with Ponceau Red to ensure the proteins
were effectively transferred to membrane. Membranes were
then blocked with 5 % (w/v) skim milk powder (diluted in
Tris-buffered saline-Tween (TBS-Tween) (2.42 g Tris, 8.0 g
NaCl (Merck) and 1 mL Tween 20 (Bio-Rad) per litre,
pH 7.6) for 90 min at room temperature before being rinsed
in TBS-Tween. Primary antibody was diluted in TBS-Tween
and incubated with membrane overnight at 4 °C.
Membranes were rinsed and washed twice for 5 min with
TBS-Tween. Appropriate horseradish peroxidase (HRP)-
conjugated secondary antibody was incubated with the
membrane for 1 h at room temperature. Following this,
membranes were rinsed and washed twice for 5 min with
TBS-Tween. Proteins were visualised by applying substrate
for 1 min (0.022 % (w/v) luminol, 225 μM coumaric acid,
0.03 % (v/v) of 30 % hydrogen peroxide solution in 0.1 M
Tris–HCl, pH 8.5) before reactive zones were recorded
using Hyperfilm ECL (Amersham GE Life Sciences) (visu-
alisation performed in a dark room). Incubation and washing
steps were performed with gentle rocking. All expression
levels were normalised with respect to the level of the β-
actin house keeping protein. All experimentation and data
analysis were performed in a blinded fashion.

Immunofluorescence

Formalin-fixed paraffin-embedded melanoma tissue sec-
tions were pre-chilled and 5-μm-thick slices cut and
mounted on Silane-Prep slides (Sigma-Aldrich). Tissue sec-
tions were adhered to slides by incubation on a heating
element at 37 °C overnight. For immunostaining, tissue
sections were de-paraffinised and rehydrated by overnight
incubation at 60 °C followed by xylene (AnalaR
NORMAPUR) treatment for 15 min. Tissue sections were
subsequently rehydrated in three ethanol solutions (100, 96
and 70 % ethanol) (SAV Liquid Production, Flintsbach a.
Inn, Germany) for 5 min each and then rinsed and incubated
for 30 min in ddH2O. Following deparaffinisation and re-
hydration, antigens were retrieved with a 2-min incubation
in 10 mM citrate buffer (1.8 % (v/v) 0.1 M citric acid, 8.2 %
(v/v) 0.1 M sodium citrate, pH 6) (both from Merck) in a
pressurised cooking device. Tissue sections were gradually
cooled, washed for 3 min with washing buffer (8.0 g NaCl,
0.2 g KCl, 1.44 g Na2HPO4, 0.24 g KH2PO4 (all from
Merck) 0.25 mL Tween 20 and 0.5 mL 10 % BSA solution
(Serva) per litre) and blocked in 5 % (v/v) donkey serum

(Sigma-Aldrich) (diluted in washing buffer) for 30 min.
Primary antibody (diluted in washing buffer) was applied
to stained sections and incubated for 60 min in a humidify-
ing chamber. Washing buffer was applied to unstained sec-
tions during primary antibody incubation to prevent
dehydration. Following primary antibody incubation, slides
were rinsed and washed twice for 3 min before being incu-
bated with secondary antibody (diluted in washing buffer)
for 60 min in a dark humidifying chamber. Slides were
rinsed and washed twice in washing buffer before being
incubated with the 4′,6-diamidino-2-phenylindole (DAPI)
(Roche, Mannheim, Germany) nuclear stain (diluted
1:2,000 in washing buffer) for 15 min in a dark humidifying
chamber. Slides were then rinsed and washed twice for
3 min before the addition of fluorescence mounting medium
(Dako, Hamburg, Germany), topped with glass coverslip
(0.08–0.12 mm). Slides were kept in the dark at 4 °C and
visualised the following day. Stained tissue samples were
analysed on the Carl Zeiss Axio Observer.Z1 confocal fluo-
rescent microscope using Axiovision software. Exposure
times for each fluorescence channel were adjusted using a
tissue section stained with secondary antibodies in order to
set an appropriate level of background fluorescence. This
was performed for each tissue section. In order to quantify
the fluorescence staining observed by eye, a small number
of representative MelanA-positive and MelanA-negative
cells were analysed using Axiovision software in a mini-
mum of five locations in each tissue section. Secondary
antibodies did not react non-specifically. All primary anti-
bodies used in immunofluorescence experiments have been
demonstrated by the manufacturer to be suitable for use with
formalin-fixed paraffin-embedded tissue sections.

Antibodies used

Primary antibodies

Hsp90α/β goat polyclonal antiserum N-17, hsp70 goat
polyclonal K-20, hsp60 goat polyclonal N-20 (all from
Santa Cruz Biotechnology, Heidelberg, Germany), hsp40
rabbit polyclonal RB1770 (Abgent, San Diego, CA, USA),
hsp32 rabbit polyclonal (Enzo Life Sciences, Lörrach,
Germany), β-actin rabbit monoclonal (Cell Signaling
Technology, Danvers, MA, USA) and MelanA mouse
monoclonal clone A103 (Dako) were used as primary
antibodies.

Secondary antibodies

DyLight488-conjugated donkey ant i -goat IgG,
DyLight488-conjugated donkey anti-rabbit IgG, Cy3-
conjugated donkey anti-mouse IgG (all from Jackson
ImmunoResearch Laboratories, West Grove, PA, USA),
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HRP-conjugated polyclonal goat anti-mouse, HRP-
conjugated polyclonal rabbit anti-goat, HRP-conjugated
polyclonal swine anti-rabbit (all from Dako) were used
as secondary antibodies.

Statistical analysis

Age and time to first metastasis were dichotomised
based on the median value of the study population to
allow statistical evaluation. Trends across four grouping
variables were assessed with two-tailed chi-squared con-
tingency tests.

Differences between two groups were assessed with two-
tailed Mann–Whitney t tests.

Survival probabilities (survival since analysis (surviv-
al time since removal of the metastasis that was exam-
ined in this study) and survival since diagnosis (survival
time since the date of initial diagnosis)) were calculated
by the Kaplan–Meier method. Differences were analysed
by the log-rank test. The observation time was calculat-
ed from the date of the initial diagnosis or date of
surgery of the analysed metastases for the survival since
diagnosis or survival since analysis, respectively, and
the date of last follow-up or death. Only deaths due to
progressive melanoma were considered as events,
whereas others were censored.

All statistics were performed with Graphad Prism soft-
ware (GraphPad, San Diego, USA).

Results

Western immunoblotting of melanoma tissue

The expressions of hsp90 (HSPC), hsp70 (HSPA), hsp60
(HSPD), hsp40 (DNAJ) and hsp32 (a HSPB) were investi-
gated with Western immunoblotting in 31 tumour samples.
The vast majority of patient samples were observed to
express all hsps examined (Fig. 1). Samples 9 and 10 are
lymph node and ureter metastases from the same patient,
respectively, and it was noteworthy that these tumours were
observed to express similar levels of both hsps examined
(note that only one of these metastases was used for subse-
quent correlation with patient clinical parameters).

Among the tumours, a number of samples showed rela-
tive higher or lower hsp expression (Table 1). These differ-
ences in expression were investigated for association with a
range of patient clinical parameters (Tables 2 and 3). High
hsp90 (P<0.02, Table 2) and hsp40 (P<0.03, Table 3) ex-
pression correlated with advanced tumour stage (stage III to
stage IV). In contrast, the expression of the other hsps
was not associated with patient clinical parameters
(Online resource 1).

Melanoma patient survival analysis

Survival analysis according to Kaplan–Meier was per-
formed for the following endpoints: survival since analysis
(survival time since removal of the metastasis that was
examined in this study) and survival since diagnosis (sur-
vival time since the date of initial diagnosis). This analysis
suggested that higher hsp40 expression correlated with re-
duced patient survival since analysis (log-rank P<0.05,
Fig. 2), while hsp32 correlated with reduced survival since
diagnosis (log-rank P<0.007, Fig. 2). In contrast, the ex-
pression of the other hsps was not associated with patient
survival (Supplemantary data 2).

Fluorescence microscopy of melanoma tissue

Fluorescence microscopy was used to assess hsp expression
in melanoma tissue samples in order to visualise the distri-
bution of hsp expression among melanoma cells within
tumour tissue. Tissue sections from locoregional skin

Fig. 1 Heat shock protein expression in metastatic melanoma tissue.
Expression levels of hsps 90, 70, 60, 40 and 32 were assessed in 31
stage III/IV metastases using Western immunoblotting. Numbers indi-
cate patient sample number. Samples that could not be clearly visual-
ised on the Western immublot film were excluded
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metastases of eight patients were analysed for the expression
of hsp90, hsp70, hsp60 (n07), hsp40, hsp32 and the diag-
nostic melanoma marker, MelanA (Busam and Jungbluth
1999). In all patient tumours, positive staining for hsp90,
hsp70 and hsp60 was observed, while three patients were
negative for hsp40 and one negative for hsp32. Of these
hsps, hsp90 and hsp60 were observed to be the most highly
expressed, while hsp70, hsp40 and hsp32 were expressed at
relatively lower levels. Among positive samples, the major-
ity of melanoma cells were observed to express hsps. In
order to quantify these observations, average fluorescence
values were obtained and compared (Fig. 3). It was note-
worthy that hsp40 was expressed in the cell nucleus, where-
as the other hsps showed either weak or no nuclear staining.

Hsp expression was visually observed to be higher in the
MelanA+ cells compared with neighbouring MelanA− cells
in each individual tissue section. To quantify this difference,

the mean fluorescence of each hsp for a small number of
representative MelanA+ and MelanA− cells within the same
tissue region were compared (Fig. 4).

Hsps 90 and 60 showed the highest expression in
MelanA+ cells relative to MelanA− cells with between a
200–450 % and 300–900 % higher level of expression,
respectively. Hsp40 showed between 150 and 300 % higher
expression in MelanA+ cells. In the case of hsp70 and
hsp32, protein expression in MelanA+ cells was observed
to be between 100–600 % and 100–300 %, respectively, of
the expression level observed in MelanA− cells. It should be
noted that a few tumours did not show relative increased
expression of hsp70 or hsp32. Representative images for
each hsp are shown in Fig. 5.

Discussion

The results of this pilot study suggest that hsps are
widely expressed in melanoma tumours and that their
expression correlates with certain clinical parameters of
the patient. Using immunofluorescence to examine hsp
expression within tumour tissue showed that hsps were
expressed at higher levels in melanoma cells relative to

Table 1 Melanoma tumour categorisation according to hsp expression

hsp90
(n022)

hsp70
(n021)

hsp60
(n028)

hsp40
(n016)

hsp32
(n030)

High expression 12 4 22 9 22

Low expression 10 17 6 7 8

Western immunoblots of melanoma tumours probed with hsp anti-
bodies were categorised according to their relative level of hsp
expression

Table 2 Association between hsp90 expression and patient clinical
parameters

Clinical parameter Patients
with low
hsp90
tumours

Patients
with high
hsp90
tumours

P value

Sex (n022) Male 9 9 >0.35
Female 1 3

Ulceration (n011) Yes 2 4 >0.12
No 4 1

Breslow tumour
thickness (n013)

0–2 mm 4 3 >0.35
>2–4 mm 2 0

>4 mm 1 3

Stage (n022) III 4 0 <0.02
IV 6 12

Clark Level (n09) III 0 1 >0.15
IV 4 3

V 1 0

Metastasis location
(n022)

Lymph node 5 4 >0.40
Other 5 8

Metastasis location
(n022)

Skin 3 7 >0.15
Other 7 5

Histological sub-type
(n012)

SSM 5 2 >0.25
Other 2 3

Time to first
metastasis (n012)

≤22 months 4 2 >0.20
>22 months 2 4

Age (n022) ≤54 8 6 >0.12
>54 2 6

Table 3 Association between hsp40 expression and patient clinical
parameters

Clinical parameter Patients
with low
hsp40
tumours

Patients
with high
hsp40
tumours

P value

Sex (n016) Male 6 8 >0.80
Female 1 1

Ulceration (n09) Yes 0 3 >0.12
No 3 3

Breslow tumour
thickness (n010)

0–2 mm 3 2 >0.10
>2–4 mm 1 1

>4 mm 0 3

Stage (n016) III 3 0 <0.03
IV 4 9

Clark level (n07) III 1 0 >0.20
IV 2 4

Metastasis location
(n016)

Lymph node 2 2 >0.75
Other 5 7

Metastasis location
(n016)

Skin 4 5 >0.90
Other 3 4

Histological sub-type
(n09)

SSM 1 3 >0.60
Other 2 3

Time to first
metastasis (n011)

≤22 months 3 3 >0.70
>22 months 2 3

Age (n016) ≤54 5 6 >0.80
>54 2 3

Higher hsp90 and hsp40 expressions are associated with advanced
melanoma tumour stage. A range of patient clinical parameters were
investigated for relationships with hsp expression. Data for hsps 70, 60
and 32 appear in Online resource 1
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neighbouring non-melanoma cells. These observations
might have a number of important implications.

This study presents preliminary findings that hsp90 and
hsp40 expression levels may be associated with advanced
tumour stage and hsp40 expression levels with reduced
survival in metastatic melanoma patients (Tables 2 and 3;
Fig. 2). These relationships suggest that these hsps play a
role in the progression of metastatic melanoma and thus may
act as biomarkers of poor patient prognosis or as therapeutic
targets. These relationships may be due to the role that
hsp90 plays in stabilising multiple signalling pathways

0 10 20 30 40 50 60 70
55
60
65
70
75
80
85
90
95

100
105 Low hsp90

High hsp90

Survival since analysis (months)

P
er

ce
n

t 
su

rv
iv

al

0 100 200 300 400
0

10
20
30
40
50
60
70
80
90

100
110 Low hsp90

High hsp90

Survival since diagnosis (months)

P
er

ce
n

t 
su

rv
iv

al

P > 0.40 (n = 22) P > 0.90 (n = 22)

0 10 20 30 40 50
0

10
20
30
40
50
60
70
80
90

100
110

Low hsp40
High hsp40

Survival since analysis (months)

P
er

ce
n

t 
su

rv
iv

al

0 100 200 300 400
0

10
20
30
40
50
60
70
80
90

100
110 Low hsp40

High hsp40

Survival since diagnosis (months)

P
er

ce
n

t 
su

rv
iv

al

P < 0.05 (n = 16) P > 0.12 (n = 16)

Fig. 2 Hsp expression and patient survival. Hsp40 but not hsp90 was
associated with reduced patient survival since analysis, while hsp32
was associated with increased patient survival since diagnosis. Surviv-
al probabilities were calculated by the Kaplan–Meier method. Data for
the other hsps examined appear in Online resource 2
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Fig. 2 (continued)
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Fig. 3 Heat shock protein expression level in melanoma tumour
tissue. Formalin-fixed paraffin-embedded melanoma tissue sections
were stained for hsp expression using fluorescent antibodies and ana-
lysed using fluorescence microscopy. Differences in protein expression
were assessed with appropriate software quantification by obtaining
the mean fluorescence value of a small number of representative cells
in a minimum of five regions within the tissue section. Bars indicate
mean value for each group
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exploited by proliferating cancer cells (Neckers 2007).
Hsp40 is a recognised hsp90 co-chaperone (Whitesell and
Lindquist 2005) and thus may facilitate melanoma progres-
sion through a similar mechanism. These findings contribute
to the proposal of hsp90 and hsp40 as valid therapeutic
targets in the treatment of melanoma and to the understand-
ing of the biology of melanoma tumours.

Previous studies have suggested that higher hsp expres-
sion levels in melanoma cells is associated with increased
immunogenicity (Melcher et al. 1999; Wells et al. 1997,
1998). Therefore, if hsps are involved in activating the
immune system against melanoma tumours, higher hsp90
and hsp40 expression would not be expected to correlate
with markers of disease progression as observed in this
study, although the possibility of tumour-immune escape
cannot be excluded. Therefore, these data suggest that these
hsps are not involved in activating the immune system
against melanoma tumours; on the contrary, increased hsp
expression may even protect against tumour directed im-
mune system attack (Jäättelä et al. 1989).

Similar studies using melanoma tissue have previously
reported that hsp90 and hsp70 are expressed in a minority of
tumour cells and that hsp90 shows nuclear localisation
(Missotten et al. 2003; Westekemper et al. 2011), but the
results from the present study are not in accordance with
these earlier reports. Although a number of studies have
shown that the expressions of hsp70 and hsp90 are up-
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Fig. 4 Fluorescence microscopy of heat shock protein expression in
melanoma and non-melanoma cells within melanoma tumour tissue.
Formalin-fixed paraffin-embedded melanoma tissue sections were
stained for hsp expression with fluorescent antibodies and analysed
using fluorescence microscopy. Differences in hsp expression between
MelanA+ and MelanA− cells were quantified with appropriate soft-
ware, and the difference in expression level in the MelanA+ cells
compared with the MelanA− cells was expressed as a percentage. Bars
indicate mean value for each group

hsp90
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hsp40
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Fig. 5 Fluorescence microscopy of heat shock protein expression in
melanoma tumour tissue. Hsps 90, 70, 60, 40 and 32 were increased in
expression in MelanA+ cells relative to MelanA− cells. Formalin-fixed
paraffin-embedded melanoma tissue sections were stained for hsp
expression with fluorescent antibodies and analysed using fluorescence
microscopy. Representative images shown. Red MelanA (marker for
melanoma cells), green hsp (marker for hsp), blue DAPI DNA stain
(marker for cell nucleus), 20× magnification
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regulated in melanoma tissue relative to melanocytic naevi
or melanocytes (McCarthy et al. 2008; Becker et al. 2004;
Deichmann et al. 2004; Farkas et al. 2003), to the best of our
knowledge, this is the first report that the expressions of
hsp90, hsp70, hsp60 and hsp40 proteins are increased in
melanoma cells relative to neighbouring non-transformed
cells. Hsp32, the inducible form of the haeme oxygenase
enzyme, was observed to be widely expressed in melanoma
tissue as analysed by Western blotting, but MelanA+ cells
by comparison with MelanA− cells using immunofluores-
cence did not show significantly higher expression in the
majority of samples when compared with MelanA− cells
using immunofluorescence. This contrasts with a previous
study using immunohistochemistry which indicated that
hsp32 was up-regulated in prostate cancer tissue (Maines
and Abrahamsson 1996). However, because it was observed
to be widely expressed it could act as a pro-survival protein,
as it may in mastocytosis (Kondo et al. 2007). Up-regulation
of hsp32 expression has been shown to result in increased
proliferation of melanoma cell lines and, compared with
wild type cell lines, to significantly reduce survival time in
mice (Was et al. 2006). This evidence fits with the proposi-
tion of hsp32 as a tumour-promoting protein (Jozkowicz et
al. 2007). The potential role of hsp32 as a tumour growth
mediator may be facilitated through biochemical or immu-
nological mechanisms. For example, hsp32-specific CD8+
regulatory T cells have been identified in the blood and
tumour of melanoma patients. These T cells were demon-
strated to suppress the cytotoxic activity and proliferation of
other T cells, and to render target cells more resistant to T
cell lysis (Andersen et al. 2009), thereby potentially aiding
the growth of the tumour. Conversely, since a relationship
between higher hsp32 expression and improved survival
since diagnosis (P<0.007) (Fig. 2) and a possible trend
between higher hsp32 expression and improved survival
since analysis was observed (P00.17) (Fig. 2), this protein
may be associated with improved patient outcome. This
might occur through a biochemical mechanism whereby
hsp32 directly or indirectly affects the growth of tumour
cells. Although hsp32 up-regulation has been reported to
result in increased cell proliferation in melanoma (Was et al.
2006), the opposite has been demonstrated for other cancer
types (Jozkowicz et al. 2007). Studies performed to date on
the role of hsp32 in melanoma have not been extensive and
so it is unclear whether its effect on tumour cell proliferation
may vary across melanoma patient sub-groups. Thus, it is
not excluded that hsp32 plays a role in tumour suppression.
Alternatively, the potential role of hsp32 as a tumour sup-
pressor may be mediated through other mechanisms such as
the immune system. In renal carcinoma, an MHC-bound
peptide derived from hsp32 was preferentially expressed in
the tumour tissue compared with the healthy tissue of the
same patient. This peptide was demonstrated to stimulate

CD8+ T cells with cytolytic activity, lending support to the
notion that the immune system may be activated against
hsp32-expressing tumours (Flad et al. 2006). The roles that
these hsps play in cancer may thus vary depending on the
biological context, as previously demonstrated for other
cancer types (Ciocca and Calderwood 2005).

A number of relationships bordering on statistical signif-
icance with other patient parameters were observed in the
present study, but, in contrast to previous studies
(Kalogeraki et al. 2006; Ricaniadis et al. 2001; Lazaris et
al. 1995; McCarthy et al. 2008), hsp90 was not associated
with Breslow tumour thickness or Clark level and hsp70
expression was not associated with Clark level, patient
survival or stage of disease (Online resources 1 and 2). On
the other hand, in accordance with previous studies, hsp90
expression was not associated with patient age or gender,
tumour ulceration or patient survival, and hsp70 expression
did not relate to Breslow thickness or patient gender
(McCarthy et al. 2008; Kalogeraki et al. 2006). Although
hsp70 and hsp60 were widely expressed in melanoma
tumours, there was no obvious correlation with disease
progression or patient parameters. Discrepancies between
previous studies and the results presented here are possibly
related to differences in the patient sample groups or due to
differences between primary and metastatic melanomas or
may be due to the small sample sizes of this and of previous
studies. These inconsistencies and potential relationships
require more comprehensive larger-scale follow-up studies
in order to conclusively define the role of hsps in melanoma.
However, such attempts may be hampered by several fac-
tors. A potential limitation to studies of this type is that
tumours are a dynamic, evolving tissue mass (Hanahan
and Weinberg 2011). This is an important characteristic
when considering hsp expression determined experimental-
ly in biopsy tissue samples. The degree of hsp expression
observed in such tissue samples is representative of the
tumour at the time of excision only and does not take into
account the variation of hsp expression that may occur
throughout in vivo tumour development. Further, it is
known that hsps are regulated at the post-translational level
(Wandinger et al. 2008). Thus, the experimental quantifica-
tion of hsp levels may not be indicative of their biological
importance across different experimental samples due to the
potential for variation in the activity and functionality in-
duced post-translationally. These factors should be consid-
ered when evaluating data from studies using tumour tissue.

Hsp90 inhibiting drugs are under clinical assessment
for the treatment of cancer. It is noteworthy that the
present study indicated that melanoma cells express
higher levels of hsp90 relative to non-melanoma cells.
These observations therefore support the clinical use of
hsp90 inhibitors in the treatment of melanoma. Given
that hsps 70, 60 and 40 were also observed to be
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increased in expression in melanoma cells, these hsps
may make useful therapeutic targets in the treatment of
melanoma as well, although it should be noted that the
expressions of hsps 70 and 60 were not associated with
patient clinical parameters. These data further suggest
that the chaperoning activity of these hsps is under
greater demand in these cells. This is likely due to the
many roles that these proteins play in supporting cancer
progression, such as providing protection from tumour-
associated stressors and chaperoning overexpressed
oncoproteins. Indeed, the mutated B-Raf oncoprotein
V600E is dependent on hsp90 for stability in melanoma
(Grbovic et al. 2006). Nonetheless, in immunofluores-
cence experiments, a number of samples were observed
to be negative for hsps, suggesting that not all tumours
exploit the hsp molecular chaperone system. These hsp-
negative tumours may not have experienced such a
degree of tumour-associated stressors and/or may be
driven by a set of proteins that do not require the
assistance of the hsps investigated in this study. The
identity of the MelanA-negative cells is unknown, but
they may be tumour-associated fibroblasts that support
the growth of the tumour (Hanahan and Weinberg 2011;
Liao et al. 2009). Despite the widespread apparent in-
creased hsp expression in MelanA+ cells with respect to
neighbouring MelanA− cells, considerable variation was
observed both between individuals and between hsps in
any individual. Therefore, melanoma patient sub-groups
that do not exhibit up-regulated hsp expression or that
have reduced or a lack of hsp expression within their
tumours should be carefully screened and as they may
be unsuitable for treatment with hsp inhibiting drugs
due to the likelihood of low efficacy and the selection
of hsp-negative melanoma cells.

In agreement with previous studies, the current data
demonstrated that hsps play important roles in melanoma.
It is evident that larger-scale follow-up studies are required
to confirm these results and to provide definitive evidence of
the significance of hsp expression with respect to patient
clinical parameters. Furthermore, the results presented in
this study are indicative of a key role for hsps in melanoma
tumours as they were observed to be widely expressed and
were related to patient clinical parameters and point to the
putative clinical application of hsp inhibitors for the treat-
ment of cancer. Furthermore, these results indicate that hsp
inhibitors may not be an efficacious form of therapy in all
patients and that their use should be accompanied with prior
assessment of intra-tumoural levels of hsp expression.
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