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Abstract

Background The expression of Heat Shock Proteins (HSPs)
is increased in various cancers and has been shown to
correlate with biological tumor behaviour. This study aimed
to investigate the impact of HSP70, HSP60 and HSP27
expression in colon cancer.

Material and methods HSP expression was determined by
immunohistochemistry on a tissue microarray with 355 pri-
mary resected colon carcinomas of all stages. Expression
patterns were correlated with pathologic features (UICC
pTNM category, tumor grading) and survival.

Results Expression of HSP27, HSP60 and HSP70 ranged
from negative to high. There was no correlation between
HSP27, HSP60 and HSP70 expression among each other
and with UICC pT category, presence of lymph node or distant
metastases or tumor grading. High HSP70 expression was
associated with worse overall survival (p<0.001) and was an
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independent prognostic factor (p=0.004) in multivariate
analysis including the pathological parameters mentioned
above. For patients without lymph node or distant metas-
tases (UICC stages I/II) and with complete tumor excision,
HSP70 expression was the only independent prognostic
factor for survival (p=0.001) and superior to UICC pT
category. In left sided UICC stage I/Il carcinomas, high
HSP27 expression also had adverse prognostic impact and
was an independent prognostic factor (p=0.016) besides
HSP70 (p=0.002).

Conclusion High HSP70 and HSP27 expression is associated
with worse clinical outcome in colon cancer. Determination of
tumoral HSP70 and HSP27 may be used as additional bio-
marker for risk stratification especially for UICC stage I/I
patients.
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1 Introduction

With over 1 million new cases diagnosed per year, colo-
rectal cancer is one of the most common malignancies
[1]. Although screening programs and improvement in
therapy have resulted in decreasing death rates in most
developed countries, in cancer death statistics colorectal
cancer still shows in second place for women and third
place for men [2]. The therapeutic concepts for colon and
rectal cancer mainly are based upon the disease stage
ranging from surgery alone for early stage carcinomas
to multimodal treatment in advanced stages [3]. The
UICC staging [4] represents the most widely used cate-
gorization system which bases on clinico-pathological
properties, such as tumour size, lymphatic node and
organ metastasis. However, there are considerable differ-
ences in patients’ outcome even within one single stage.
For those cases conventional staging systems fail to
predict the prognosis of the patients [5].

In the last years knowledge about the molecular genetics
of colorectal cancer has increased significantly. Identifica-
tion of molecules which may serve as prognostic and pre-
dictive biomarkers would greatly help to avoid toxic side
effects and unnecessary costs caused by a better selection of
patients for individualized therapeutic approaches in addi-
tion or instead of the currently used stage based stratification
process [6]. Furthermore design of specific drugs against
those molecules may help to develop targeted therapeutic
approaches.

Heat Shock Proteins (HSPs) are highly conserved pro-
teins, which occur in all types of cells, prokaryotic as well as
eukaryotic. They belong to the group of molecular chaper-
ones, whose function is to promote the correct folding of
newly translated or denatured proteins. Heat Shock Proteins
are sorted into groups according to their molecular weight in
kDa. They are also often described as stress proteins,
because they are induced by different kinds of patho-
physiological stresses, as well as heat shock, and help
the cell maintaining its integrity by refolding damaged
proteins. In addition, they play an important role in the
regulation of apoptosis [7]. It has been suggested, that
the expression of Heat Shock Proteins is increased in
various cancers. Given their function, it seems likely,
that HSPs may influence tumour growth, differentiation
and resistance to radio- and chemotherapy and thereby
patient§ survival [8—11]. The aim of this study was to
evaluate the expression of HSP27, HSP60, HSP70 and
phosphorylated HSP27 (pHSP27%¢'' pHSP275¢7%
pHSP27%¢™8%) in colon carcinomas and to analyse its
influence on patients’ survival, as well as its association
with a variety of pathological parameters including
UICC pTNM classification and tumor grading.
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2 Materials and methods
2.1 Patients and tissues

Formalin fixed, paraffin embedded archival cancer tissues
from 355 patients with colon carcinoma who underwent
surgery between 1993 and 2005 at the Klinikum Rechts
der Isar of the Technische Universitidt Miinchen (Germany)
were investigated. All patients had a primary resection with-
out neoadjuvant radio- or chemotherapy. All patients gave
informed consent for the use of additional molecular analy-
sis at the time of operation. The use of archival tissue for
molecular analysis was approved by the local ethical com-
mission (No. 2136/08).

2.2 Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed
and paraffin-embedded (FFPE) tissue. For preparation of
tissue microarrays (TMA) representative tumour sections
were marked and a core needle biopsy specimen of
0.6 mm diameter was retrieved and placed in a recipient
wax block by using a manual arrayer (Beecher Instruments;
Sun Prairie, Wisconsin, USA).

The paraffin blocks were freshly cut (3 um). After dewax-
ation and rehydration, heat-induced antigen retrieval using
10 mM citrate buffer, pH 6, was performed. Subsequent to
H,0, blocking using 3 % H,0O, in aqua dest., as well as avidin
biotin blocking ( Avidin/Biotin blocking kit, Vector Labora-
tories, Inc., Burlingame, CA, USA), the sections were incu-
bated with antibodies for HSP70 (mouse monoclonal;
prediluted; dilution 1:1; Abcam, Cambridge, UK), HSP60
(rabbit polyclonal; dilution 1:2000; Abcam, Cambridge,
UK), HSP27 (mouse monoclonal; dilution 1:250; Cell
Signaling Technology, Inc., Boston, MA, USA), pHSP
27578 (rabbit polyclonal; dilution 1:500; Cell Signaling,
Inc., Boston, MA, USA), pHSP 2752 (rabbit polyclonal;
dilution 1:100; Cell Signaling, Inc., Boston, MA, USA) or
pHSP 275" (rabbit polyclonal; dilution 1:500; Abcam
Cambridge, UK), followed by secondary biotinylated anti-
body. Immunodetection was performed with the Dako
REAL™ Detection system Peroxidase/ DAB+kit (DAKO,
Glostrup, DK). Appropriate positive and negative controls
were included in each reaction.

Expression of HSPs (Fig. 1) was almost entirely cytoplas-
mic, so that only cytoplasmic staining was evaluated to deter-
mine HSP expression. This was assessed based on the
intensity of immunostaining and the percentage of stained
tumor cells. The intensity was scored as 0 (no immunostain-
ing), 1 (weak immunostaining), 2 (moderate immunostaining)
or 3 (strong immunostaining). The percentage of nuclear
positive tumour cells was scored as 0 (none), 1 (<10 %), 2
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Fig. 1 Examples of
immunohistochemical stainings
for HSP27 and HSP70 in colon
carcinomas (magnification
x200). a low HSP27 expression
(immunoreactivity score IRS=
0), b moderate HSP27
expression (IRS=2), ¢ high
HSP27 expression (IRS=9); d
low HSP70 expression (IRS=
0), b moderate HSP70
expression (IRS=3), ¢ high
HSP70 expression (IRS=8)
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(10-50 %), 3 (51-80 %) or 4 (>80 %). Multiplication of the
scores for intensity and percentage resulted in a staining index
(immunoreactivity score; IRS) ranging from 0 to 12. The
distributions of the IRS for all HSPs are given as electronic
supplemental material (supplement 1). In a second step we
searched for optimal thresholds for a classification of HSP
expression. This was done by analysing the median, the
terciles and the quartiles as cut off in order to achieve groups
of equal size. Next, all these divisions were correlated with
survival. The distribution into terciles (i.e. three groups of
comparable sizes) was shown to reveal the most significant
prognostic information with respect to overall survival
(data not shown). Accordant to this, the expression of HSPs
was then divided into low—moderate—high: For HSP 27
staining index of 0 was defined as low, of 1-2 as moderate
and 3-12 as high (Fig. 1A-C). Concerning phosphorylated
HSP for pHSP?’5'* staining index of 0 was defined as low,
1-2 as moderate and 3—12 as high. For pHSP27%""® and
pHSP?7582 only two groups were built: 0 as staining neg-
ative and 1 as staining positive. For HSP70, a staining index
of 0—1 was defined as low, a staining index of 2-3 as
moderate, of 4-12 as high (Fig. 1D-F). For HSP 60 expres-
sion staining index of 0—4 was defined as low, of 6 as
moderate and of 8—12 as high.

To ensure the reliability of the staining results obtained
from TMAs we compared HSP70, HSP60 and HSP27
immunohistochemical stainings of whole tumor sections
with corresponding TMA cores. For that purpose, a test-
TMA was constructed from 28 gastrointestinal tumors
(4 esophageal squamous cell carcinomas, 4 esophageal
adenocarcinomas, 10 gastric carcinomas and 10 colon
carcinomas) which contained 3 cores of each tumor for
comparison of the staining results of the three TMA cores
with each other. Moreover, evaluation of HSP expression

Wf lcf

<
g

‘mh

- e
jE -
\
¥

8.8 2

23
)4

a8
[} »

%A

i
s

z
o8

was performed by at least two independent observers (KB,
JSH, ED, RL) and discrepancies were discussed on a
multihead microscope to gain a final consent.

2.3 Statistical analysis

IBM SPSS 19.0 Statistics statistical software (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
Associations between immunohistochemical expression
patterns and pathological features were given in crosstabs
and were evaluated with X? test. Correlations between
staining results were determined by Spearman’s correla-
tion analysis. Differences between the test-tissue micro-
arrays were analyzed using the Friedman test. Survival
analysis was performed using Kaplan-Meier estimates,
log rank tests and Cox’s proportional hazards regression
analysis. All tests were 2-sided, and the significance level
was set at 5 %.

3 Results
3.1 Patients and pathologic findings

Two hundred of the patients were male (56 %), 155
female (44 %). The mean age was 65+12 years (median:
66, range: 25 to 91). For the purpose of this study, all
tumors were reclassified according to the current UICC
TNM-classification [4]. Twenty one tumors were ad-
judged as pTl (5.9 %), 62 as pT2 (17.5 %), 193 as
pT3 (54.4 %) and 79 as pT4 (22.3 %). Lymph node
metastases (pNlabc-pN2ab) were present in 140 (39.4 %)
and organ metastases in 56 patients (15.8 %). 292
patients (82.3 %) had left sided carcinomas, 63 patients
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(17.7 %) had right sided carcinomas. Tumor grading was
Gl (well differentiated) in 3 cases (0.8 %), G2 (moder-
ately differentiated) in 230 cases (64.8 %) and G3-G4
(poorly differentiated) in 122 cases (34.3 %) (Table 1).
Mean overall survival of all patients was 65+37.7 months.
Mean follow up time for surviving patients was 87+
27.6 months.

3.2 HSP expression in colon carcinomas

There was no significant difference in the staining
results between the three TMA cores of the test-TMA
for all HSPs investigated. Demonstrating homogenous
staining patterns, the large TMA of colon carcinoma
samples could be analysed for HSP27 and pHSP27
(pHSP275"> | pHSP27%¢""® pHSP27%°™8%) HSP60 and
HSP70. For HSP70 353 cases were evaluable: 96
(27.2 %) showed low, 116 (32.9 %) moderate and 141
(39.9 %) high staining intensity (Table 2) 351 cases
were evaluable for HSP60: 108 (30.8 %) with low, 24
(6.8 %) with moderate and 219 (62.4 %) with high
staining intensity (Table 3). 350 cases were analysed
for HSP27 expression: 169 (48.3 %) showed low, 103
(29.4 %) moderate and 78 (22.3 %) high staining inten-
sity (Table 4). For pHSP275""® 351 cases were evalu-
able, 135 (38.5 %) showed low, 111 (31.6 %) moderate
and 105 (29.9 %) high staining intensity. For
pHSP275"® and pHSP275®? 350 cases and 342 cases,
respectively could be analysed. Only 4 (1.1 %) were
staining positive for pHSP27%¢7® and 32 (9.4 %) for
pHSP275™2 There was no significant correlation be-
tween HSP70, HSP60 and HSP27 expression. In con-
trast, significant correlations could be observed between
HSP27 and pHSP27s (p<0.001 each).

Table 1 Pathologic characteristics

n %
UICC pT category pT1 21 5.9
pT2 62 17.5
pT3 193 54.4
pT4 79 223
lymph node metastases absent 215 60.6
present 140 39.4
distant metastases absent 299 84.2
present 56 15.8
grading Gl 3 0.8
G2 230 64.8
G3 118 332
G4 4 1.1
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Table 2 HSP70 expression in colon carcinomas and pathologic parameters

HSP70 expression

low moderate high total  p-value (x?)

pT Category
pT1 4 5 11 20 0.162
pT2 19 26 17 62
pT3-4 73 85 113 271
Total 96 116 141 353

Lymph node

metastases

Absent 59 77 77 213 0.175
Present 37 39 63 139
Total 96 116 140 352

Distant

metastases

Absent 81 103 114 298 0.217
Present 15 13 27 55
Total 96 116 141 353

Grading
G1-2 57 82 94 233 0.218
G3-4 39 34 47 120
Total 96 116 141 353

3.3 Association between clinicopathological parameters
and HSP expression

HSP27, HSP60 and HSP 70 expression was neither associ-
ated with tumor category (UICC pT category), nor presence
of lymph node metastases or distant metastases (Tables 2, 3
and 4). In contrast, low HSP275°""® expression was associ-
ated with absence of lymph node metastases (»p=0.048) and
low HSP 27582 expression was associated with the absence
of distant metastases (p=0.005). Moreover, low HSP 27582
expression was associated with better tumor differentiation
grade (p=0.039) (data not shown).

3.4 Association between patient survival and HSP
expression

In univariate analysis, the factors UICC pT category, pres-
ence of lymph node or distant metastases at the time of
surgery, resection status, tumor differentiation (grading)
and HSP70 expression were associated with patients’ over-
all survival (p<0.001 each, Fig. 2A). High HSP27 expres-
sion was also associated with poor prognosis. This did not
reach statistical significance (p=0.185, Fig. 2B) for the
whole cohort, but in the group of patients with left sided
carcinomas (p=0.023). In multivariate analysis, the factors
higher pT category (p=0.019), presence of lymph node
metastases (p<0.001) or distant metastases (p=0.008), in-
complete tumor resection (»p=0.019) and high HSP70
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Table 3 HSP60 expression in colon carcinomas and pathologic
parameters

HSP60 expression

low moderate high total  p-value (x?)

pT Category
pT1 9 3 8 20 0.234
pT2 20 3 39 62
pT3-+4 79 18 172 269
Total 108 24 219 351
Lymph node
metastases
Absent 63 13 136 212 0.686
Present 44 11 83 139
Total 107 24 219 351
Distant
metastases
Absent 86 23 187 296 0.111
Present 22 1 32 55
Total 108 24 219 351
Grading
Gl1-2 64 16 151 231 0.220
G3-4 44 8 68 120
Total 108 24 219 351

Table 4 HSP27 Expression in colon carcinomas and pathologic
parameters

HSP27 Expression

low moderate high total p-value (x?)
UICC pT
Category
pT1 10 4 6 20 0.157
pT2 38 13 11 62
pT3—4 121 86 61 268
Total 169 103 78 350
Lymph node
metastases
Absent 103 63 47 213 0.987
Present 65 40 31 136
Total 168 103 78 349
Distant
metastases
Absent 141 89 66 296 0.805
Present 28 14 12 54
Total 169 103 78 350
Grading
G1-2 115 69 47 231 0.471
G3-+4 54 34 31 119
Total 169 103 78 350

expression (p=0.007) were independent adverse prognostic
factors for overall survival (Table 5A). Tumor localisation
per se had no impact on patients’ prognosis (p=0.314). In
left sided carcinomas (7=282), high HSP27 expression also
was an adverse independent prognostic factor, in addition to
high HSP70 expression (p=0.008), pT category (p=0.019),
lymph node metastases (p<0.001) and distant metastases
(»=0.019) (Table 5B). Subgroup analysis of UICC stage I/
IT patients (n=210) revealed HSP70 expression as the only
independent prognostic factor besides resection status
(»<0.001 and p<0.007, respectively; Fig. 2C, Table 5C),
which was superior to the depth of tumor invasion (UICC
pT category; p=0.632). This was also the case when regard-
ing left sided UICC stage I/Il carcinomas only. In this
particular group of patients (n=175), high HSP27 expres-
sion also had adverse prognostic impact (Fig. 2D) and was
independent prognostic factor (p=0.013) besides HSP70
(p=0.002; Table 5D).

We furthermore investigated whether the fact that the
patients of our collection have been operated and treated
during a long time period between 1993 and 2005 might
introduce a certain bias for survival analysis. We addition-
ally performed separate survival analysis for the cases from
2001 to 2005 (i.e. older than 5 years, n=217) and 1993—
2000 (i.e. older than 10 years; n=138). In the first group,
HSP70 maintained its prognostic significance (p=0.001), in
the latter, however, the survival curves came closer when
regarding the long term survival. For this specific subgroup,
this had a negative impact on total significance (p=0.25).
However, when analyzing UICC stage I/Il tumors only, in
both groups there was a significant correlation between
HSP70 expression and survival (p=0.003 and p=0.049,
respectively). For HSP27, where the most important find-
ings were obtained in the group of left sided, non-
metastasized tumors, there were similar findings. However,
the difference in the 1993-2000 group was nearly signifi-
cant (p=0.082), and in the 2001-2005 group it was clearly
significant. (p=0.016). The survival curves of this analysis
are given as supplemental material (supplement 2).

4 Discussion

We present a study about the expression of the heat shock
proteins HSP27, HSP60 and HSP70 in a large collection of
patients with primary resected colon carcinomas and the
correlation of the expression patterns with pathologic fea-
tures and patient survival. Increased expression of heat
shock proteins has been reported to occur in many human
malignancies and to show association with biological tumor
behavior [8—10]. For colon and colorectal carcinomas there
are scare data about the association between HSP60 expres-
sion and the presence of lymph node metastases in a small
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Fig. 2 HSP70 and HSP27 expression in colon carcinomas and overall survival. a HSP70 expression in all patients, b HSP27 expression in all
patients, ¢ HSP70 expression in UICC stage I/II carcinoma patients, d HSP27 expression in left sided UICC stage I/II carcinoma patients

study [12]. Data about HSP70 expression in human cancer
tissue exist in a slightly more extent: HSP70 expression has
been reported to be elevated in colon cancer in several,
albeit small studies, indicating an association of high
HSP70 expression with aggressive tumor behavior
[13—15]. Interestingly, externalization of HSP70 onto the
cell membrane has been proven to be tumor specific in
colon cancer cells and appears to correlate with patient
prognosis [16]. In another study, high serum HSP70 levels
were associated with poor clinical outcome of colon cancer
patients [17]. However, the neoplastic origin of soluble
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HSP70 has not been proven yet and systemic mechanisms
like the immunoresponse of the host towards cancer cells
may cause increased HSP70 levels in non-neoplastic cells as
well.

In our study, high expression of HSP27 was observed in
22 % of the cases, high HSP60 expression of HSP60 was
observed in 62 % of the cases and high tumoral HSP70 could
be detected in 40 %. We also investigated phosphorylation of
HSP27 which could be observed for pHSP275"> in over
60 % of the cases with 30 % showing high staining intensity.
For pHSP275°7® and pHSP275°®? only small subsets of cases
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Table 5 Multivariate analysis

95.0 % CI for Exp(B)

Factor Exp(B) min max p-value
A Total patient cohort (n=353)
pT category 1.355 1.051 1.745 0.019
pN category 1.791 1.428 2.245 <0.001
p/cM category 2.303 1.24 4.276 0.008
Resection Status 1.428 1.06 1.924 0.019
Tumor Grading 1.29 0.927 1.796 0.131
HSP70 expression 1.59 1.135 2.226 0.007
HSP27 expression 1.344 0.918 1.968 0.128
B left sided carcinomas

(n=282)
pT category 1.396 1.057 1.843 0.019
pN category 1.77 1.391 2.253 <0.001
p/cM category 2.282 1.146 4.544 0.019
Resection Status 1.381 0.982 1.942 0.064
Tumor Grading 1.27 0.887 1.819 0.191
HSP70 expression 1.632 1.134 2.349 0.008
HSP27 expression 1.624 1.085 243 0.018
C UICC Stage I/l

carcinomas (n=210)
pT category 1.084 0.78 1.505 0.632
Resection Status 1.653 1.15 2.375 0.007
Tumor Grading 1.053 0.605 1.833 0.855
HSP70 expression 2.503 1.487 4213 0.001
HSP27 expression 1.765 0.998 3.121 0.051
D UICC Stage Il left

sided carcinomas

n=175)
pT category 1.193 0.837 1.702 0.329
Resection Status 1.487 0.984 2.246 0.06
Tumor Grading 0.986 0.539 1.803 0.964
HSP70 expression 2.475 1.411 4.341 0.002
HSP27 expression 2.165 1.18 3.971 0.013

showed immunoreactivity. We could not demonstrate signifi-
cant associations between clinicopathologic features like
UICC pT or pN category and HSP27, HSP 60 or HSP70
expression, only an association between the presence of
lymph node and distant metastases and the phosphorylation
of HSP27, indicating an influence of aggressive tumor behav-
iour on phosphorylation of stress proteins. Therefore we were
not able to reproduce some findings of others in our large
cohort of colon cancer patients. However, and most impor-
tantly, we were able to demonstrate the prognostic value of
high HSP70 expression, which was associated with worse
clinical outcome of the patients. HSP70 expression was
shown to be an independent prognostic factor in the whole
patient cohort and even more in the group of UICC stage I/II

patients. According to current therapeutic concepts this
group of patients usually is treated by surgery alone, while
in stage III tumors surgical resection followed by adjuvant
chemotherapy is the currently recommended treatment. In
stage II disease, however, the role of adjuvant CTX
remains controversial due to its limited efficacy but potentially
adverse effects on the other hand. However, it is recognized
that up to 30 % of stage II patients will experience recurrence
after resection. Clinical staging alone seems to have limita-
tions as the only determinant of treatment strategies [18-20].
Many morphologic or molecular biomarkers have been inves-
tigated, but unfortunately, at present none of them have been
proven to provide sufficient prognostic information which
would allow to serve for risk stratification in these patients
[5, 6]. In this context we consider the association of high
tumoral HSP70 expression with bad clinical outcome as a
promising observation that allows to identify prognostic bio-
markers for colon cancer; in particular, as this findings were
apparent especially in the subgroup analysis of patients with-
out lymph node or distant metastases (i.e. UICC stages I/IT),
where HSP70 expression was independent prognostic factor
for survival and superior to UICC pT category. Patients of this
subgroup with high tumoral HSP70 levels may be candidates
for adjuvant treatment (e.g. chemotherapy, or targeted thera-
pies, see below) because of their increased risk for disease
related death.

Interestingly, we also could demonstrate a significant
association between high HSP27 expression and poor prog-
nosis. However, this phenomenon could only be found in
the cohort of patients with left sided carcinomas. Tweedle at
al. report that overexpression of HSP27 was associated with
poor survival in rectal cancer [21], which is in line with our
findings. This interesting finding may be explained by the
different genetic molecular background of right sided vs. left
sided colon cancer with microsatellite instability and CpG
island methylator phenotypes on the one hand and chromo-
somal instability on the other hand [22, 23], and the closer
genetic similarity of left sided colon cancer to rectal cancer.
In contrast to HSP70, the biological effects of HSP27 may
therefore differ depending from the interaction with the
genes involved in carcinogenesis. Nevertheless, our findings
could also confirm the impact of HSP27 on tumor behavior
in colon and rectal cancer.

We determined the expression of HSPs by immunohisto-
chemistry, which showed a cytoplasmic staining for all
HSPs and which could be characterized by using a semi-
quantitative immunoreactivity score. We did not observe a
specific membranous staining which could be indicative for
a externalisation of HSP70 as it has been described by
Pfister et al. [16]. However, our findings support the obser-
vation that cytoplasmic HSP levels have impact on patients
prognosis, and tumor cell specific HSP expression can
visualised by immunostaining.
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If applied carefully, immunohistochemistry is a very sim-
ple and useful tool which provides valuable information
about protein expression. On the other hand, however, one
has to consider, that estimation of the intensity of immuno-
reactivity is error-prone with respect to reproducibility and
representativeness—especially when applied on a tissue
microarray (TMA). We tried to face these problems by a)
using a semiquantitative scoring, which provides more
detailed information as compared to simple estimation
of staining intensity, b) by evaluation of at least two
independent observers and gaining final diagnosis on a
multihead microscope in case of divergency, c) assess-
ment of the representativeness of TMA cores by comparison
with whole slides in a test array. The latter also was done in
order to investigate intratumoral heterogeneity of HSP
expression, which may be the source of a technical bias.
We did not observe significant intratumoral heterogeneity
in the test-array, so that we consider our TMA approach
as appropriate. Finally, we chose the thresholds for the
determination of the expression levels after careful analysis
of raw data (i.e. immunoreactive scores) with respect to a
plausible distribution and their prognostic relevance.

A second potential limitation of our study is the fact that
our collection generated from cases which have been operated
and treated between 1993 and 2005. This might introduce a
certain bias for survival analysis. In order to investigate this
influence we additionally performed separate survival analy-
sis for early and late cases. There were only some dis-
crepancies for HSP70 when comparing early cases with
late cases, i.e. closeness of the survival curves in the long
time follow up, but the main results of the study with
regard to the clinical relevance of HSP70 and HSP27 as a
prognostic biomarker retained their significance. Further-
more, these results also suggest that the main prognostic
impact of HSP70 or HSP27 expression may be within the
first 5 years after surgery. However, this is the period
when early relapse of disease occurs and may be eventually
fatal—in contrast to longer follow up times when also comor-
bidities may influence survival.

High expression of HSPs in tumors also may influence
their responsiveness towards targeted anti-HSP therapies
or conventional antitumoral therapies like chemotherapy
and radiation [10]. We have demonstrated that high
HSP27 expression was associated with better tumor
response to neoadjuvant chemotherapy in esophageal
adenocarcinomas [24]. In cell line experiments, upregu-
lation of HSP27 and downregulation of HSP60 and 70
was observed in colon cancer cell lines after SFU treat-
ment [25], and high pretreatment HSP27 expression was
associated with 5FU resistance [26]. Choi et al. report a
correlation of high HSP27 expression and decreased sensitiv-
ity to irinotecan of colon cancer cells, which was also con-
firmed by tissue based analysis of cancer specimens of a small
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patient cohort [27]. Notwithstanding, there is still a lack of a
comprehensive investigation about the role of HSPs
concerning response to conventional adjuvant or neoadjuvant
treatment in colon and rectal cancer, respectively.

In the last years, novel therapeutic agents which
direct to the inhibition of heat shock proteins have been
developed and have already been emerged as powerful
anti-tumoral agents in preclinical settings [28, 29]. The
most investigated drugs are Geldamycin (17-AAG) and
radiciol which act as an inhibitor of HSP90. These
substances have been demonstrated to have antitumoral
effects alone, and dependent from or interacting with
other molecules like HER2 and EGFR [29-31]. Clinical
studies of HSP90 inhibitors alone and in combination
with other chemotherapeutic drugs are underway. For
HSP70 it would be desirable to overcome the bad
prognostic impact of elevated HSP tumoral levels which
are associated with an anti-apoptotic effect by inhibition
of the molecule. Anti-HSP70 like substances like quer-
cetin and triplotide have been developed and caused
inhibition of tumor growth in pancreatic and colon
cancer cells in vitro [32-34]. Similar experiments have
been conducted concerning HSP27 inhibition [28].
However, this approach has emerged to be challenging
due to the structural complexity of this molecule [29]
including the frequently observed phosphorylation state
which also could be observed in our study. Therefore,
although representing a promising approach, the applica-
tion of HSP27 inhibitors, as well as of HSP70 inhibitors—
alone or as combination with other anticancer drugs—has not
reached preclinical levels yet.

In summary, we detected the expression of HSP27,
HSP60 and HSP70 in a significant subset of colon car-
cinomas. High HSP27 and HSP70 expression could be
demonstrated to be associated with worse clinical out-
come, which was particularly the case when regarding
left sided, non-metastasized carcinomas only. Therefore,
determination of tumoral HSP27 and HSP70 may be
used as additional biomarker for risk stratification or
therapeutic decisions (e.g. adjuvant chemotherapy) in co-
lon cancer patients especially in UICC stage I/II patients.
Our findings warrant validation of the impact of HSP 27
and HSP70 expression in an independent collective of
colon carcinomas. Moreover, a potential role of HSP27
or HSP70 expression concerning response to convention-
al chemotherapy and/or HSP targeted therapies may also
be the target of future investigations.
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