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Abstract. Colorectal cancer (CRC) is one of the most
frequent malignant diseases in the world. Metastatic spread
of the cancer to the lymph nodes is a crucial factor for
progression and therapeutic management of the disease. We
analysed gene expression profiles of CRC patiens by lowdensity cancer-focused oligonucleotide microarrays to
identify new predictive markers of the extent of the disease
and for better understanding of CRC progression. Relative
expression levels of 440 genes known to be involved in
cancer biology were obtained by low-density oligonucleotide
microarrays from 20 tumor samples. Statistical analysis of
gene expression data identified 3 genes (HSP110, HYOU1
and TCTP) significantly up-regulated in primary tumors of
patients who developed lymph node metastasis. We have
shown, for the first time, that up-regulation HSP110 and
HYOU1 expression is associated with lymph node
involvement in CRC. We validated the differences in
HSP110 expression in an independent group of 30 patients of
all clinical stages by real-time PCR. We identified significant
up-regulation of HSP110 expression in colorectal tumors
compared to adjacent non-tumoral tissue (p<0.0003). We
observed significant differences of HSP110 gene expression
between metastatic and localized disease (p=0.031) and
negative trend of HSP110 gene expression and overall
survival of CRC patients. We suggest that HSP110 gene is a
promising molecular predictor in CRC.
Introduction
Colorectal cancer (CRC) is one of the most frequent
malignant diseases in the world. With the incidence rate ~78
per 100,000 people, the Czech Republic is a country with
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one of the highest incidence of CRC in the world and the
highest in Europe (1). The prognosis of these patients
depends largely on the extent of the disease and a possibility
of curative surgical intervention which is feasible only in
patients with disease limited to the primary tumor and
regional lymph nodes. Spread of the cancer to lymph nodes
has been considered a crucial factor for progression and
further therapeutic management of the disease. While in the
case of clinical stage I and IV, the prognostic significance of
the TNM classification is evident, for the group of patients
diagnosed at stages II (without dissemination to regional
lymph nodes) and III (with dissemination to lymph nodes)
the prognostic information of clinical stage is much lower.
The fact, that 30% of patients with clinical stage II of CRC
will progress within five years and only 45% of the patients
with clinical stage III will reach a 5-year survival, although
undergoing radical surgery, implies that recent staging of
CRC based on TNM classification is not optimal and failed
for a significant proportion of non-advanced CRC patients.
This situation is caused by two factors: firstly, understaging
of regional lymph node status for the reason of insufficient
number of resected and/or examined lymph nodes, secondly,
the TNM classification does not include biological characteristics and predictors of tumor behaviour. Multicentric studies
based on cancer registers, in which thousands of patients are
included, have proved that number of examined lymph nodes
has a significant impact on the prognosis, even if lymph
nodes were not infiltrated by tumor cells (2-7). For the
purposes of the TNM classification UICC (International
Union Against Cancer) has recommended that the histological examination of samples from regional lymphadenectomy should involve twelve or more regional lymph
nodes. It is acceptable, in case of a low number of examined
lymph nodes, to use pN0 for lymph node status classification. From this point of view, results of meta-analysis
focused on the number of examined lymph nodes are very
interesting. Approximately 20-30% of clinical samples are
not examined adequately according to the UICC data (2).
Clinical consequences of the pN understaging are more
important in respect to growing efficiency of colorectal
cancer treatment, which is mentioned usually in connection
with biological therapy expected soon also in the adjuvant
regimens.
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DNA microarray technology is currently the most
effective and widespread technique used for gene expression
studies. In recent years the number of studies related to this
technology exponentially increases and utilization of DNA
microarrays has markedly drifted from basic to clinical
research. However, comparability and reproducibility of
studies based on high-density DNA microarrays are notably
affected by their technological diversity, and recent findings
are not conclusive (8,9).
This study aimed to find individual up-/down-regulated
genes associated with progression and metastatic spread of
colorectal cancers to the regional lymph nodes using lowdensity oligonucleotide microarrays spotted with genes
known to be involved in cancer biology. We suppose that
focusing on particular biological pathways may be more
useful than genome-wide screening for our purposes and it
is not associated with the need of large sample sizes as it is
necessary for high-density microarrays (10). Molecular
characterization of patients with high risk of cancer progression using this more economical and productive
expression profiling method may improve our knowledge on
cancer progression and dissemination and may also assist
oncologists in treatment decision by selecting those patients
who will need adjuvant chemotherapy and in the case of
patients with rectal cancer may also amend indication for
neoadjuvant treatment.
Patients and methods
Study population and tissue samples preparation. After
informed consent was obtained, 50 patients (20 in the
training group, 30 in the validation group) who underwent
surgery at Masaryk Memorial Cancer Institute for the
manifestation of CRC were included in this study. Patients
indicated for preoperative radiation or/and chemotherapy or
patients with hereditary CRCs (FAP and HNPCC) or microsatellite instability, according to imunohistochemistry of
mismatch repair proteins MSH2, MLH1 and PMS2 (11),
were not involved. Gender, patient age, tumor localization,
histopathological grade and UICC (International Union
Against Cancer) stage were used as conventional clinicopathological parameters and are listed in Table I. Under
pathologist's supervision, 80 tissue samples were collected
from surgically resected tissues, 50 samples from colorectal
adenocarcinomas (total cell population was composed of at
least 80% of tumor cells) and 30 from adjacent non-tumor
mucosal tissues. Mesenteric and pericolous adipose tissue in
colorectal specimens was investigated for lymph nodes and
examined by serial sections for lymphatic metastases. Only
patients with sufficient number of examined lymph nodes
(>12) were included. Time from clamping of CRC arterial
supply to resection was controlled and tissue fixation
(RNAlater, Ambion, US) occurred within 15 min after
surgical extirpation. All samples were stored in liquid
nitrogen until RNA extraction.
RNA isolation. Samples were homogenized (Retch MM301)
in sterile conditions before total RNA isolation. Total RNA
isolation was performed with the RNeasy Isolation kit
(Qiagen, US) according to the manufacturer's instructions.

Table I. Patient and tumor characteristics of 50 patients with
colorectal cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variable
N

Training group
20

Validation group
30

–––––––––––––––––––––––––––––––––––––––––––––––––
Age
Mean
Range

70
40-85

63
45-84

Gender
Male
Female

12
8

16
14

Tumor location
Proximal
Distal

8
12

14
16

Differentiation
Well
Moderate
Poorly

7
9
4

6
16
8

0
10
10
0

5
13
7
5

UICC classification
Stage I
Stage II
Stage III
Stage IV

–––––––––––––––––––––––––––––––––––––––––––––––––

RNA concentration and purity were measured by UV spectrophotometry (A260:A280>2.0; A260:A230>1.8). RNA
integrity was checked using Agilent 2100 Bioanalyzer and
only non-degraded RNA characterized by RIN (RNA
Integrity Number) >7 with no DNA contamination signs was
processed (12).
Low-density oligonucleotide microarrays processing.
Relative expressions of 440 genes known to be involved in
cancer biology were obtained by use of low-density oligonucleotide microarrays (SuperArrays, Bethesda, MD, Cancer
Array-EHS-802) according to manufacturer's recommendations.
Total RNA (3 μg) from respective samples was used as a
template for one-round linear amplification and biotin-16UTP (Enzo Life Sciences, USA) labeling to produce biotinlabeled cRNA in sufficient amount using TrueLabelingAMP TM 2.0 (SuperArray, Bethesda). For purification of
biotin-labeled cRNA ArrayGrade cRNA cleanup kit
(SuperArray, Bethesda) was used. cRNA probes corresponding
to the mRNA population were then denatured, and
hybridization was carried out in GEAhyb hybridization
solution (SuperArray, Bethesda) for 20 h to nylon membranes spotted with gene-specific 60-mer oligonucleotide
fragments. Membranes were then washed in 2X SSC, 1%
SDS twice for 15 min each, followed by 0.1X SSC, 0.5X
SDS twice for 15 min each. Hybridized cRNA was detected
by binding of biotin to avidin-phosphatase conjugate and
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Figure 1. Example of two low-density oligonucleotide arrays with different expression of Hsp110 (in red circle). (A) Expression profile of patient with disease
disseminated to lymph nodes. (B) Expression profile of patient with localized disease.

chemiluminescence reaction with CDPstar (Tropix, Inc.,
Bedford, MA). For chemiluminescence image acquisition
16bit cooled CCD camera (Alpha Innotech, Ltd., USA) was
used with exposure time 7 min and the highest resolution and
no bining settings.
Image analysis, data normalization and statistics. Image
analysis, background substraction and data normalization
were carried out by web-based application GEArray
Expression Analysis Suite (SuperArray, Bethesda). A grid
was automatically set up for each image, and the alignment
to the array of spots was checked. The spots were quantified
by taking the mean of the intensities of their pixels. Background intensity for each spot was determined from the
background surrounding the spot by taking the mean of the
background area. Spot intensities were normalized to the
intensity of housekeeping gene-GAPDH. For statistical
analysis and visualization of normalized data TIGR
MultiExperiment viewer 4.0 (The Institute for Genomic
Research, USA) (13) and J-Express Pro 2.7 (MolMine AS,
The Netherlands) were used. For identification of expression
differences between two groups of patients Significance
Analysis of Microarrays (SAM) method (14) was used with
condition of at least two-fold difference of identified genes
between two groups. The SAM method was used for a study
with design ‘two class unpaired data’ and false discovery rate
(FDR) was declared Δ=0.75. Genes with the most significant
changes identified by both methods were validated by realtime PCR on an independent group of patients.

Figure 2. Gene expression of HSP110 in primary colorectal tumors and
paired non-tumoral colorectal tissue (Wilcoxon paired test; p<0.0003).

Reverse transcription and real-time PCR. cDNA was
obtained by reverse transcription (Thermocycler Tgradient,
Biometra, GE). Reaction mixture containing 1 μg of total
RNA, oligo d(T) primers (Generi Biotech, Czech Republic)
and ribonuclease-free water was prepared. The mixture was
incubated at 65˚C for 5 min, than cooled quickly on ice and
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Table II. Genes up-regulated in primary tumors of patients with metastatic spread to lymph nodes.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Accession
Symbol
Gene name
Previous report
Ratio N+/N0
RatioN+/N0 PCRb
a
Number
microarrays
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NM_214530
HSP110
Heat shock protein 110
36, 37
2.4
2.1
NM_006389

HYOU1

NM_112537

TCTP

Hypoxia up-regulated 1

31

2.2

1.05

Translationally controlled
30
2.05
1.2
tumor protein
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
N+, median expression of particular gene in patients with lymph nodes involvement - UICC stage III; N0, median expression of particular
gene in patients with localized disease - UICC stage II); ain respect to the results from the training group of patients and microarray analysis;
bin respect to the results from the validation group of patients and real-time PCR analysis.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Gene expression of HSP110 in primary colorectal tumors of
localized and metastatic disease in the validation group of patients (MannWhitney test; p=0.031).

following components were added: 5X Reaction Buffer
(Fermentas, USA), Ribonuclease Inhibitor (Fermentas),
dNTP mix (Fermentas), Revert Aid™ M-MuLV H- Reverse
Transcriptase (Fermentas) and ribonuclease-free water to 20 μl
final volume. The mixture was incubated for 120 min at
42˚C; the reaction was stoped by heating the mixture at 95˙C
for 5 min and chilled on ice.
The real-time PCR was performed using Applied Biosystems 7000 Sequence Detection System according to
manufacturer's recommendations. PCR reaction mixture
included 4 μl RT product, 1X TaqMan Universal PCR
Master mix and 1.25 μl of primers and probe mix of the
TaqMan expression assay (HSP110-Hs00971475_m1,
HYOU1-Hs00197328_m1, TCTP-Hs02621289_g1; Applied
Biosystems, USA). Reactions were incubated in 96-well
optical plate at 95˚C for 10 min, followed by 40 cycles of
95˚C for 15 sec and 60˚C for 10 min. The Ct data were determined using default threshold settings. Samples were run in
molecular biology of cancer.

Figure 4. Kaplan-Meier survival curves illustrating overall survival of CRC
patients in the validation group on the basis of the HSP110 gene expression
(long-rank p=0.1457).

Data analysis. Normalization is an essential step for the
accurate quantification of mRNA levels and the process
commonly used is the normalization of target gene according
to the endogenous standard, such as housekeeping gene.
Expression data in our study were normalized according to
the expression of GAPDH (Catalog No. 402869; Applied
Biosystems). Statistical differences between clinicopathologic parameters and mRNA levels were evaluated
using non-parametric tests, Mann-Whitney U-test between
two independent groups and Wilcoxon test between paired
samples. The long-rank test was used to measure the difference in Kaplan-Meier curves. P<0.05 were considered to be
significant. All calculations were performed with the
software Statistica version 6.0 (StatSoft Inc., USA).
Results
Identification of genes associated with lymph node
metastasis. Low-density oligonucleotide microarrays were
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Table III. HSP110 gene expression in patients with localized (UICC stage I, II) and metastatic (UICC stage III, IV) colorectal
cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene
Disease
N
Median
Min
Max
Mann-Whitney test
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Hsp110
Localized
18
0.1741
0.0814
0.3536
p=0.031
Metastatic
12
0.3487
0.1719
20.104
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HSP110 gene expression levels are normalized.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

used for the expression detection of 440 genes potentially
involved in molecular biology of cancer. Relative gene
expression levels of these 440 genes were obtained from 20
primary colon cancer samples of patients included in the
training group of patients with no prior chemotherapy or
radiotherapy. Examples of two oligonucleotide microarrays
are shown in Fig. 1, indicating identified changes in expression
of HSP110. Mean of the empty spot signals were used for
background correction and intensity of GAPDH spot was
applied for data normalization because its expression was the
most stable from the panel of housekeeping genes localized
on the microarray on the studied group of patients. Positive
signal intensities (>10% of median value) were detected in
>40% of spots on the microarrays for twenty tumor samples
and ranged from 41 to 75%. Data analysis based on the SAM
(Significance Analysis of Microarrays) method identified 3
genes (HSP110, HYOU1 and TCTP) with significant and at
least 2-fold up-regulation in primary tumors of patients with
metastatic spread to regional lymph nodes (see Table II).
Interestingly, we did not observe significant changes in
expression of several genes recently discovered to be
associated with higher risk of lymph node metastasis such as
VEGFA, p53, p21, MDM2 and KRAS.
Validation of the experiment and statistics. To examine the
reliability of our microarray data, gene expressions of
HSP110, HYOU1 and TCTP were further validated by more
precise real-time PCR on the validating group of patients (see
Table I). Comparison of the results between microarrays
(training group of patients) and real-time PCR (validating
group of patients) are shown in Table II. Only changes in the
expression of HSP110 observed on the microarrays were
verified by real-time PCR on the independent group of
patients. HSP110 gene was chosen for further studies. In the
validating group of patients also non-tumoral adjacent tissues
were analyzed. Up-regulation of the HSP110 gene in tumors
in comparison to adjacent non-tumoral mucosa was statistically
significant (p<0.0003; see Fig. 2). For the fist time, we
observed significant differences of HSP110 gene expression
between metastatic and localized disease (p=0.031, see
Table III) and negative trend of HSP110 gene expression
levels and overall survival of colorectal cancer patients (see
Fig. 4).
Discussion
The benefit of adjuvant chemotherapy for colorectal cancer
(CRC) seems to be limited to patients with UICC clinical

stage III, where the cancer has metastasized to lymph nodes
at the time of diagnosis. On the other hand, usage of the
TNM classification for determining the patients who need
adjuvant chemotherapy is not optimal and failed for the
significant proportion of not-advanced CRC patients,
especially because of understaging of regional lymph node
status, as well as TNM classification does not include
biological characteristics and predictors of tumor behaviour
(2-7).
Gene expression profiling with DNA microarrays has
shown molecular changes that can determine carcinogenesis
and cancer progression and ultimately the prognosis of a
variety of tumors (15). In case of colorectal cancer, DNA
microarrays were used in more than seventy studies during
the last six years. These studies show efficiency of this
technology to distinguish tumor from normal colonic tissue
and classify tumors according to their anatomic localization
(16,17) and microsatellite status (17,18). Subsequent reports
demonstrate abilities of gene expression profiles to determine molecular signature of metastatic disease in primary
tumors (20,21) and predict therapy response and disease
prognosis (22-25). A primary objective of this study was to
identify differentially expressed genes in colorectal cancer, to
search for specific gene-expression patterns associated with
colorectal cancer progression, especially with metastatic
spread to the regional lymph nodes. Scarce data exist focused
on gene expression changes in CRC patients with lymph
nodes metastases (26-29) with a little or null overlap between
groups of identified genes in the independent studies with
analogous design. The cause of this discouraging fact lies in
the technological variability of DNA microarrays platforms,
mainly in the algorithms used for designing probes by
different manufacturers.
In the current study, we identified 3 genes (HSP110,
HYOU1, TCTP) with significant, at least 2-fold upregulation, in the group of patients with cancer metastasizing
to the lymph nodes in comparison to patients with localized
disease by use of the low-density oligonucleotide
microarrays. Up-regulation of HSP110 and HYOU1 gene
expression in the CRC with lymph node involvement are
shown for the first time. TCTP was found to be induced by
mitogenic stimulation and it is thought to play an important
role in cell growth. In the colon cancer cells high TCTP
mRNA expression was related to the rapid cell growth and,
therefore, a high potential of tumorigenesis (30). Heat
shock protein 110 (HSP110) and hypoxia up-regulated 1
(HYOU1/Orp150) are highly conserved molecular
chaperones with the function in mediating protein folding,
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assembly and transport under conditions of various cellular
stressors such as hypoxia. Many malignant solid tumors as
well as CRC contain significant fractions of hypoxic cells as
a consequence of inadequate vascularization. The presence of
hypoxic cells in solid tumors has long been considered a
problem in cancer treatment. Hypoxic tumor cells have been
shown to be more resistant to radiotherapy and many
conventional chemotherapeutic agents than their normoxic
counterparts. Moreover, HYOU1 is directly involved in the
induction of vascular endothelial growth factor (VEGF) and
consequently in the tumor neoangiogenesis (31,32), which is
very important especially in regard to introduction of targeted
biological therapy to clinical routine.
In the validation phase of our study only changes in
HSP110 gene expression identified by microarray analysis
were proved on the independent group of patients by
quantitative real-time PCR (see Table II). HSP110 is a part of
the large multiprotein complex with the most common heat
shock protein HSP70. HSP70 and HSP90 are important
regulators of the cellular proliferation, effective antiapoptotic factors and are involved in the cancer biology (3234). Interestingly, we have not identified significant changes
in expression of HSP70 or HSP90 between studied groups of
patients by microarrays analysis. Molecular action of
HSP110 role in cancer cells is not yet fully understood.
However, Hosaka et al used sucessfully small interfering
RNA (siRNA)-mediated supression of HSP110 protein
expression for in vitro apoptosis induction in HCT116 colon
cancer cells (35). This siRNA-induced apoptosis was
mediated through caspases, but not through the p53 tumor
suppressor pathway, even though the HSP110 protein was
bound to wild-type p53 protein in HCT116 cells. These
findings suggest that the constitutive overexpression of
HSP110 in cancer cells is involved in malignant transformation
by protecting tumor cells from apoptosis (35). HSP110
protein is overexpressed in various human tumors, including
colon cancer cells but not colorectal adenomas, thus
suggesting that overexpression of HSP110 is a late event in
colorectal adenoma-carcinoma sequence (36). In this study,
higher levels of HSP110 gene expression were associated
with metastatic disease in comparison to those in tumors of
patients with localized disease. Our data are in agreement
with results of Hwang et al, who observed higher frequency
of HSP110 protein positivity in colorectal adenocarcinomas
of advanced clinical stages (37).We observed significant upregulation of HSP110 gene expression in tumors compared to
paired adjacent non-tumoral tissue (see Fig. 2) and negative
trend of HSP110 mRNA levels with overall survival (see Fig.
4) of colorectal cancer patients.
In conclusion, as a result of the gene expression profile
analysis by use of SAM method, we indentified 3 genes
(HSP110, HYOU1 and TCTP) with significant and at least
2-fold up-regulation in primary colorectal tumors of patients
with metastasis to regional lymph nodes. Expression changes
of HSP110 gene were succesfully validated by real-time PCR
on the independent group of patients and for the first time
associated with metastatic CRC disease and negatively correlated to the worse overall survival of colorectal cancer patients.
According to our results, supported by data published by others,
we suggest that HSP110 gene is a promising molecular

predictor in CRC. Its association with common clinicopathological data may help in the diagnosis of the lymph node
metastatic involvement, identifying more aggressive tumors
and in predicting the clinical outcome, thus, might help
clinical oncologists in designing or selecting more aggressive
therapies for subgroups of patients with colorectal cancer.
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