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Abstract. During colorectal carcinogenesis, a spectrum of
lesions is formed with different malignant potentials and occa-
sionally with ambiguous morphologic features. To identify
novel biomarkers, we previously performed a bioinformatics
study todetectdifferentially expressed genes between colorectal
adenoma (CRA) and colorectal carcinoma (CRC). The present
study validated the diagnostic and prognostic significance of
6 components of the extracellular matrix (ECM) that were
identified in the previous bioinformatics analysis [decorin
(DCN), erythropoietin-producing hepatoma receptor A4
(EPHAA4), fibronectin 1 (FNI), secreted protein acidic and
cysteine rich (SPARC), spondin 2 (SPON2) and secreted
phosphoprotein 1 (SPP1)], by analyzing their gene and protein
expression levels in all samples. A total of 60 formalin-fixed
paraffin-embedded biopsy samples were included in the present
study, from 40 patients with CRA, malignant polyps and CRC
with and without lymph node metastases. The expression of
the ECM-related genes was evaluated on the mRNA level
using reverse transcription-quantitative PCR (RT-qPCR) and
on the protein level using immunohistochemistry. RT-qPCR
results revealed differential expression among the groups for
all genes, except for EPHA4. Their expression proportionally
increased with the level of malignancy. Among them, SPARC,
SPON2 and SPP1 were differentially expressed between
CRA and malignant polyps. Immunohistochemistry analysis
revealed two patterns: Positive staining of SPON2 and SPP1
in epithelial cells of healthy mucosa and dysplastic glands of
CRA and CRC, and positive staining of DCN and SPARC in
the lamina propria in healthy mucosa and stroma of CRA and
CRC. The intensity of staining increased with the severity
of lesions. The present results suggested that ECM-related
proteins may have an important role in the development of
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CRC, with a possible diagnostic use for differentiation among
various lesions, such as between CRA and malignant polyps.
However, no significant potential was detected for these genes
to predict lymph node metastases in CRC.

Introduction

Colorectal carcinoma (CRC) arises as a result of genetic and
epigenetic changes in epithelial cells (1-3). Upon its develop-
ment, a spectrum of lesions are formed, from colorectal
adenoma (CRA) to CRC, with different malignant potential
and behavior (3). Since the introduction of colon cancer
screening programs, a large number of early lesions have been
discovered and removed, including adenomas with epithelial
misplacement (pseudoinvasion) and malignant polyps (early
carcinomas) (4-6). Despite well-defined morphological
features of adenomas with epithelial misplacement and malig-
nant polyps (7), there is a significant number of problematic
cases of precancerous lesions with ambiguous features, leading
to different diagnostic opinions among pathologists (5).
Biomarkers distinguishing among various lesions in colorectal
carcinogenesis could therefore help to make the correct diag-
nosis in ambiguous cases, thus enabling the optimal treatment
to be selected (8,9).

In a previous study from our group, the most prominent
gene candidates were examined in order to distinguish CRA
from CRC using bioinformatics analysis (9). Using a public
genomics data repository (Gene Expression Omnibus), several
projects were identified with gene expression profiles of normal,
adenoma and carcinoma colonic samples, obtained from
microarray experiments. Applying in silico methods, 16 differ-
entially expressed genes were detected between CRA and CRC
and 10 differentially expressed genes were detected among
healthy colon mucosa, CRA and CRC. Functional analysis of
these differentially expressed genes indicated that at least 9 of
them were associated with the extracellular matrix (ECM).

The ECM is assembled from diverse biochemical molecules
ranging from proteins to polysaccharides (10,11), including
proteoglycans and glycoproteins, with unique physical and
biochemical properties. The ECM offers structural support to
organs (12) and participates in crucial cell processes, including
proliferation, differentiation, adhesion, migration and apop-
tosis (10). Notably, the ECM also participates in many cellular
functions representing the hallmarks of cancer. This overlap
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suggests that the biochemical and biophysical properties of
ECM should be considered when examining tumour behav-
iour and therapeutic interventions (13).

Only 3 out of the 9 genes that were differentially expressed
between healthy colon mucosa, CRA and CRC, encode for
collagens, namely collagen type XII al chain, collagen type II
al chain and collagen type III al chain. The remaining 6
genes [decorin (DCN), erythropoietin-producing hepatoma
receptor A4 (EPHA4), fibronectin 1 (FN1), secreted protein
acidic and cysteine rich (SPARC), spondin 2 (SPON2) and
secreted phosphoprotein 1 (SPP1)], have enzymatic activi-
ties. Structural proteins, such as these three collagens, are
known to participate in biomechanical signaling, but do not
have an enzymatic role in tumour progression (14). Changes
in collagen expression and ratio enable tumour progression,
possible due to alterations in the enzymatic activity of ECM
proteins, such as DCN, EPH4, FN1, SPARC, SPON2 and SPP1.
The aim of the present study was to examine the diagnostic
and prognostic potential of these 6 ECM-related components
with enzymatic activity in colorectal carcinogenesis. All 6
genes were identified as being differentially expressed in
our previous bioinformatics analysis comparing CRA and
CRC (9). All of these 6 components of ECM have been already
associated with CRC (15-38). However, there are limited data
about how the expression levels of mRNAs of these genes and
their related proteins change from healthy mucosa and CRA
to malignant polyps and CRC, including the development of
metastases. The few published studies have mainly focused on
either protein and/or mRNAs levels (18-22). On the basis of
the literature and our previous bioinformatics analysis (9), it
was hypothesized that the expression of these 6 ECM-related
genes may be different, on both mRNA and protein levels, in
healthy mucosa and CRA in comparison to malignant polyps
and CRC (diagnostic potential), as well as between CRC with
and without lymph node metastases (prognostic potential).

Materials and methods

Patients and tissue selection. The present study included
biopsy samples from 40 patients divided into four groups
on the basis of the biopsy diagnosis: CRA, malignant polyp,
CRC without lymph node metastases (CRC NO), or CRC with
lymph node metastases (CRC N+). The gender and age of the
patients, and the location of the lesions for each group, are
listed in Table I. Only cases with clear biopsy diagnoses were
included. In the CRA group, there were 4 tubular adenomas
with high grade dysplasia, 4 tubulovillous adenomas with
high grade dysplasia and 2 tubulovillous adenomas with
low grade dysplasia. The malignant polyps group consisted
of 5 tubulovillous adenomas, 3 tubular adenomas, 1 villous
adenoma and 1 tubular adenoma, all with high grade dysplasia
and with malignant transformation, evidenced by invasion
of the dysplastic glands in the submucosa (pT1 stage). The
TNM stages of the CRC NO group were T2NOMO, T3NOMO
and T4aNOMO in 2, 6 and 2 patients, respectively. The TNM
stages of the CRC N+ group were T3N1Mx, T4aNIMx and
T4aN2Mx in 5, 2 and 3 patients, respectively.

As a control group, healthy colon mucosa from surgical
margins from 20 patients with CRC NO and CRC N+ was
included.
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All tissue samples were fixed for 24 h in 10% buffered
formalin prior to the paraffin embedding. After fixation and
embedding, tissues were cut into 3-4 ym sections and stained
with hematoxylin and eosin for routine histopathological
examination. For the purposes of the present retrospective
study, representative paraffin blocks were retrieved from the
archives of the Institute of Pathology, Faculty of Medicine,
University of Ljubljana (tissues originally collected from
December 2013 to October 2018).

Isolation of RNA from formalin-fixed paraffin-embedded
(FFPE) tissue

Isolation from tissue sections. Four 10 um-thick FFPE sections
were cut from the archival paraffin blocks for the isolation of
total RNA. Total RNA extraction was performed using the
AllPrep DNA/RNA FFPE kit (Qiagen GmbH), according to
the manufacturer's instructions. Apart from the deparaffiniza-
tion solution (hexadecane; Sigma-Aldrich; Merck KGaA) and
the ethanol (Merck KGaA), all the reagents were from Qiagen
GmbH. The RNA concentration and quality was evaluated using
a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific,
Inc.). The A260/A230 nm intensity ratio was >1.0 and the A260/
A280 ratio was >1.8. Reverse transcription and amplifica-
tion using SYBR Green technology of the housekeeping gene
GAPDH (95 bp) was performed as quality control. Reverse
transcription was performed as described below. Each qPCR
reaction contained 1 u1 10X GAPDH primers (QuantiTect primer
assay Hs_GAPDH_1_S; cat. no. QT00079247; Qiagen GmbH),
5 ul iTaq Universal SYBR Green (Bio-Rad Laboratories, Inc.)
and 4 pul of cDNA. Thermocycling conditions were as follows:
2 min at 50°C, 2 min at 95°C, and 45 cycles of 15 sec at 94°C,
30 sec at 55°C and 1 min at 72°C. This approach is similar to the
approach that we use for FusionPlex Sarcoma, a next-generation
sequencing panel, which includes the PreSeq RNA QC assay (39)
after reverse transcription. These quality control assays basically
use primers that amplify a universally expressed transcript (in
the present study, GAPDH) to quantify the amount of amplifiable
RNA of sufficient length in a sample. The presence of lower Cqs
in the results is strongly indicative of successful cDNA prepa-
ration and predicts successful sequencing. All of the samples
that were included in the present study passed amplification of
GAPDH using SYBR Green (initial quality control) and those
that did not amplify were not included in the study (the number
of samples initially isolated was >2-fold the number of samples
that passed quality control and were subsequently included in the
final manuscript). Finally, for the selected genes, TagMan probes
(Thermo Fisher Scientific, Inc.) were designed to amplify and
detect PCR products <84 bp long (Table SI).

Isolation from tissue cores. Tissue cores from the tumor
center and the invasive front were punched from FFPE tissue
blocks using a 600 ym needle. Three punches were used for
each isolation. Total RNA extraction was performed using the
MagMax FFPE DNA/RNA Ultra kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's instructions, with one modification: Protease digestion
was performed overnight with mixing for 15 sec at 300 rpm
every 4 min instead of 1 h. Apart from the deparaffiniza-
tion solution (xylene; Sigma-Aldrich; Merck KGaA) and the
ethanol (Merck KGaA), all the reagents were from Applied
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Table I. Summary of clinical data including location of the lesions.

Colorectal adenoma Malignant polyp CRC NO CRC N+

Number of patients 10 10 10 10
Male : female 10:0 6:4 3:7 7:4
Age 50-83 56-72 48-84 58-90
(mean + SD) (65£11) (65+5) (73+12) (77£11)
Tumour location

Ascending colon 1 0 1 1

Descending colon 0 1 0 1

Right hemicolon 0 0 2 2

Rectum or rectosigmoid colon 2 3 2 4

Sigmoid colon 6 6 4 1

Splenic flexure 1 0 1 1

CRC, colorectal carcinoma; NO, no lymph node metastases; N+, with lymph node metastases.

Biosystems (Thermo Fisher Scientific, Inc). RNA quantity was
assessed on a NanoDrop 1000 (Thermo Fisher Scientific, Inc.)
by measuring the absorbance at A260.

Reverse transcription-quantitative PCR (RT-qgPCR). Reverse
transcription, preamplification and qPCR were performed to
measure the expression levels of genes. The extracted total
RNA was reverse transcribed using the OneTaq-PCR kit (New
England Biolabs, Inc.) according to manufacturer's instruc-
tions. Each reverse transcription reaction contained 60 ng of
extracted total RNA, 6 uM random primers mix, 5 ul 2X reac-
tion mix and 1 ul 10X enzyme mix. First, RNA and random
primers were mixed and incubated for 5 min at 70°C, then the
reaction and enzyme mix was added and incubated for 5 min
at 25°C, 60 min at 42°C and 4 min at 80°C.

Following cDNA synthesis, a preamplification procedure
was performed using TagMan PreAmp mastermix (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Each reaction
contained 5 ul cDNA, 5 ul of 0.2X TagMan Gene Expression
Assays (Table SI) and 10 ul 2X TagMan PreAmp Mastermix.
TagMan Gene Expression Assays were pooled, followed by
dilution to 0.2X using Tris-EDTA buffer solution, pH 8.0
(Sigma-Aldrich; Merck KGaA). The thermocycling conditions
were as follows: 10 min at 95°C and 10 cycles of 15 sec at 95°C
and 4 min at 60°C.

Prior to qPCR, to calculate the efficiency of qPCR reactions,
pools of each group were created by mixing RNA samples.
RNA pools were reverse transcribed and preamplified, as afore-
mentioned. Then, the preamplified cDNA was diluted in four
steps, ranging from 5-fold dilution to 5,000-fold or 625-fold and
gPCR was performed as described below. All gPCR reactions
were conducted on a Rotor-Gene Q system (Qiagen GmbH), and
each sample was run in triplicate. The thermocycling conditions
were as follows: 2 min at 50°C, 10 min at 95°C, and 40 cycles of
15 sec at 95°C and 1 min at 60°C.

gPCR was performed using TagMan technology with
FastStart Essential DNA Probe Master (Roche Diagnostics).
Each preamplification reaction (20 pl) was diluted with ddH,O

to a final volume 100 ul (5X). Each qPCR reaction contained
4.5 ul of diluted preamplification mixture, 5 ul of 2X FastStart
Essential DNA Probe Master (Roche Diagnostics) and 0.5 ul of
TagMan Gene Expression Assay. The TagMan Gene Expression
assays used in the present study are listed in Table SI. Importin 8
(IPO8) and B2 microglobulin (B2M) were used as reference
genes. All gPCR reactions were conducted on a Rotor-Gene Q
system (Qiagen GmbH), and each sample was run in duplicate.
The thermocycling conditions were as follows: 2 min at 50°C,
10 min at 95°C and 40 cycles of 15 sec at 95°C and 1 min at 60°C.

Immunohistochemistry. For immunohistochemistry analysis,
commercially available antibodies against SPP1, SPARC,
SPON2 and DCN were used. Detailed information about the
antibodies is presented in Table II. Sections of 4 ym thickness
were cut from paraffin blocks, deparaffinized, and processed
for automated antigen retrieval and staining with the antibodies
in an automatic immunostainer (Ventana BenchMark; Roche
Diagnostics). Sections were treated with biotinylated secondary
antibody (8 min at 37°C), followed by incubation with peroxi-
dase-conjugated streptavidin (both part of the UltraVIEW DAB
Detection kit; Roche Diagnostics). Visualization of the immu-
noreaction was established with 3,3'-diaminobenzidine. The
sections were then counterstained with haematoxylin.

Statistical analysis. To calculate relative gene expression, Cq
values were corrected according to Latham (40). To obtain
ACq, the geometric mean of Cq values of the reference genes
(IPO8 and B2M) was deducted from the gene of interest
(DCN, EPH4, FN1, SPARC, SPON2 and SPP1). Differences
in expression in the paired tissue samples of tumour and adja-
cent healthy mucosa from the CRC NO group were analyzed
for significance with the Wilcoxon signed rank test. For all
other comparisons of ACqs between different groups of
samples (healthy mucosa, CRA, malignant polyp, CRC NO
and CRC N+), ANOVA was used with two different post-hoc
tests, Bonferroni and Hochberg's GT2 (41). Additionally,
the Spearman's Rank correlation coefficient (9) was used to
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Table II. Detailed information for the antibodies used in the present study.
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Temperature and duration of
incubation with primary antibody

Catalogue

Targeting
protein

number Antigen retrieval

Manufacturer

Host species  Target species Dilution

Type

24 min at 37°C

Cell conditioning solution 1
(Ventana BenchMark)

MAS-17180

Monoclonal Mouse Human 1:300 Invitrogen; Thermo

SPP1

Fisher Scientific, Inc.
Invitrogen; Thermo

32 min at 37°C

Cell conditioning solution 1
(Ventana BenchMark)

PA5-59087

1:20

Rabbit Human

Polyclonal

SPON2

Fisher Scientific, Inc.

24 min at 37°C

Cell conditioning solution 1
(Ventana BenchMark)

LS-B4312-50 No pretreatment

33-5500

Monoclonal Mouse Human 1:400 Invitrogen; Thermo

SPARC

Fisher Scientific, Inc.

12 min at 37°C

Monoclonal Mouse Human 1:1,000  LifeSpan BioSciences, Inc.

DCN

SPP1, secreted phosphoprotein 1; SPON2, spondin 2; SPARC, secreted protein acidic and cysteine rich; DCN, decorin.

calculate the statistical significance of association between the
expression of analyzed genes (ACq values) and various lesions
(CRA, malignant polyp CRC NO and CRC N+). All the statis-
tical analyses were performed using SPSS analytical software
version 24 (IBM Corp.), with a cut-off of P<0.05.

Results

Expression of DCN, EPHA4, FNI, SPARC, SPON2 and SPPI
in CRA and malignant polyp groups compared with healthy
mucosa control. The majority of genes tested in the present
study were downregulated in CRA compared with healthy
mucosa: DCN (16.1-fold, P<0.001), FN1 (8.1-fold, P=0.022),
SPARC (2.6-fold, not significant), SPON2 (2.7-fold, not signifi-
cant) and SPP1 (21.1-fold, P=0.006), whereas EPHA4 was
slightly upregulated but not statistically significant. Results are
summarized in Fig. 1 and Table III.

DCN was significantly downregulated in the malignant
polyp group compared with healthy mucosa (4.1-fold, P=0.031;
Fig. 1). FN1 and SPP1 also appeared downregulated in malig-
nant polyps compared with healthy mucosa, however these
changes were not significant. The other three genes exhibited
a trend towards upregulation in malignant polyps, albeit not
significant. Results are summarized in Fig. 1 and Table III.

Expression of DCN, EPHA4, FNI, SPARC, SPON2 and SPPI
in CRC N+ and CRC NO groups compared with healthy colon
mucosa control. Expression of genes in CRC NO compared
with healthy colon mucosa exhibited a significant upregula-
tion of the levels of SPARC (12.17-fold, P<0.001) and SPON2
(5.65-fold, P<0.001). DCN, EPHA4 and SPP1 expression
levels were slightly upregulated and FN1 was downregulated,
however these changes were not significant. Results are
summarized in Fig. 1 and Table III.

Expression of DCN, EPHA4, SPARC, SPON2 and SPP1
showed similar patterns in the CRC N+ and CRC NO groups,
both compared to their corresponding healthy mucosa.
Statistical significance was reached for SPARC (17.3-fold,
P<0.001), SPON2 (12.17-fold, P<0.0017) and SPP1 (20.65-fold,
P<0.001) expression levels. In contrast to CRC NO, FN1 was
upregulated (5.5-fold) in CRC N+ when compared with healthy
mucosa, although this change was not statistically significant.
Results are summarized in Fig. 1 and Table II1.

Expressionof DCN, EPHA4,FNI1,SPARC,SPON2 and SPPI in
CRA compared with the malignant polyp, CRC N+ or CRC NO
groups. Statistically significant difference between the CRA
and malignant polyp groups was observed for the SPON2 and
SPARC genes. In addition, statistically significant difference
between the CRA and the CRC NO and CRC N+ groups was
observed for all genes tested, except for EPHA4. Results are
summarized in Table III.

Expression of most of the genes gradually increased with the
level of malignancy, from CRA to malignant polyps and to CRC.
Accordingly, the results demonstrated a statistically significant
association between the various lesions (CRA, malignant polyp,
CRC NO, CRC N+) and the expression levels of DCN, EPHA4,
FN1, SPARC, SPON2 and SPP1 (p=0.660, P<0.001; 0=-0.259,
P=0.039; 0=0.495, P<0.001; 0=0.531, P<0.001; 0=0.505,
P<0.001; and 0=0.677, P<0.001, respectively).
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Table III. Genes with statistically significant differential expression between two groups.
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CRA Malignant polyp CRC NO CRC N+
Groups (n=10) (n=10) (n=10) (n=10)
Healthy mucosa (n=20) DCN (P<0.001) DCN (P=0.031) SPON2 (P<0.001) SPON2 (P<0.001)
FN1 (P=0.022) SPARC (P<0.001) SPARC (P<0.001)
SPP1 (P=0.006) SPP1 (P<0.001)
CRA (n=10) - SPON2 (P=0.028) DCN (P<0.001) DCN (P<0.001)
SPARC (P=0.018) FN1 (P=0.041) FN1 (P<0.001)
SPON2 (P<0.001) SPON2 (P<0.001)
SPARC (P<0.001) SPARC (P<0.001)

SPP1 (P<0.001) SPP1 (P<0.001)

CRA, colorectal adenoma; CRC, colorectal carcinoma; NO, no lymph node metastases; N+, with lymph node metastases.
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Figure 1. Expression of DCN, EPHA4, FN1, SPARC, SPON2 and SPP1
in adenoma, malignant polyp, CRC NO and CRC N+ groups. Expression
is plotted as fold change relative to healthy colon mucosa tissue control.
“P<0.05, “P<0.01 and ""P<0.001 vs. healthy mucosa; *P<0.05 and **P<0.001
vs. adenoma. DCN, decorin; EPHA4, erythropoietin-producing hepatoma
receptor A4; FN1, fibronectin 1; SPARC, secreted protein acidic and cysteine
rich; SPON2, spondin 2; SPP1, secreted phosphoprotein 1; CRC, colorectal
carcinoma; NO, no lymph node metastases; N+, with lymph node metastases.

Expression of DCN, EPHA4, FNI, SPARC, SPON2 and
SPPI in CRC N+ compared with CRC NO group. Expression
of DCN was slightly upregulated in CRC NO compared with
CRC N+. The difference in DCN expression between CRC NO
and CRC N+ was statistically significant (P=0.025). There
was no significant change in the expression levels of EPHA4,
FNI1, SPARC, SPON2 and SPP1 between the CRC NO and
CRC N+ groups. The expression levels of EPHA4 were upregu-
lated compared with healthy mucosa, but the same in CRC NO
and CRC N+. FNI expression was slightly downregulated in
CRC NO and upregulated in CRC N+, compared with healthy
mucosa. The expression of SPP1, SPON2, and SPARC was
upregulated both in CRC NO and CRC N+ compared with
healthy mucosa, and expression of these genes was slightly but
not significantly higher in CRC N+ than in CRC NO. The P-value
of the difference of the SPP1 levels between the CRC NO and
CRC N+ groups was just above the cut-off (P=0.083).

Expression of DCN, EPHA4, FNI, SPARC, SPON2 and SPPI
in the central parts of carcinoma and at the invasive front.
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Figure 2. Expression of DCN, EPH4, FN1, SPARC, SPON2 and SPP1 at
the invasive front compared with the tumour centre in the CRC NO and
CRC N+ groups. Expression is plotted as fold change relative to the tumor
tissue center. DCN, decorin; EPHAA4, erythropoietin-producing hepatoma
receptor A4; FN1, fibronectin 1; SPARC, secreted protein acidic and cysteine
rich; SPON2, spondin 2; SPP1, secreted phosphoprotein 1; CRC, colorectal
carcinoma; NO, no lymph node metastases; N+, with lymph node metastases.

Expression of DCN, FN1 and SPARC was upregulated at the
invasive front of the tumour compared with the central parts in
the CRC N+ group, whereas in the CRC NO group, expression
at the invasive front was similar to the central parts (Fig. 2). The
expression levels of SPON2 and SPP1 were downregulated at
the invasive front compared with the central parts and similar
in both CRC NO and CRC N+ (Fig. 2). The highest difference
in expression levels was observed in the case of the EPHA4
gene; however, there was no statistically significant difference,
even though its expression was downregulated in CRC NO and
upregulated in CRC N+ at the invasive front compared with
the central parts of the tumour (Fig. 2).

Immunohistochemistry. Expression of most of the genes
tested in the present study appeared increased with the level
of malignancy, from CRA to malignant polyps and to CRC.
Therefore, immunohistochemistry was performed for the
DCN, SPARC, SPON2 and SPP1 proteins, since these four
genes exhibited statistically significant differences in expres-
sion using RT-qPCR between CRC NO and its corresponding
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Figure 3. Immunohistochemical analysis of DCN, SPARC, SPP1 and SPON2 expression in healthy colon mucosa, CRA and CRC. SPP1 and SPON2 exhibited
positive staining in epithelial cells in healthy mucosa, in dysplastic glands, in CRA and CRC, with the most intense staining being in CRC. DCN staining
was positive in the lamina propria in healthy mucosa and in the stroma in CRA and CRC, with the most intense staining being in CRC. SPARC staining was
negative in healthy mucosa, very faint in CRA and strong in the stroma in CRC with submucosal invasion. DCN, decorin; SPARC, secreted protein acidic and
cysteine rich; SPP1, secreted phosphoprotein 1; SPON2, spondin 2; CRA, colorectal adenoma; CRC, colorectal carcinoma.

healthy mucosa (DCN, 4.22-fold, P=0.028; SPARC, 12.17-fold,
P=0.007, SPON2, 5.65-fold, P=0.017; and SPP1, 5.24-fold,
P=0.036; Fig. 1).

Immunohistochemistry analysis for the investigated
proteins revealed two patterns. One pattern was observed
for the SPON2 and SPPI1 protein expression: Positive
staining was evident in the epithelial cells of the healthy

colon mucosa and in dysplastic glands, both in CRA and
CRC tissues, and the intensity of staining progressively
increased with the severity of the lesions, being the most
intense in CRC (Fig. 3).

The other pattern was observed for the DCN and SPARC
protein expression: Positive staining was evident in the lamina
propria in healthy mucosa and in the stroma of CRA and CRC
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(Fig. 3). In this pattern, too, the intensity of staining increased
with the severity of the lesions, being most intense in CRC
(Fig. 3).

Discussion

Based on a previous bioinformatics analysis, six ECM-related
genes were identified to be differentially expressed among
healthy colon mucosa, CRA and CRC. The present study
performed a validation analysis of these six genes and
confirmed significant differences in the expression of three
genes, namely SPON2, SPARC and SPP1. These were down-
regulated in healthy mucosa and CRA, and upregulated in
CRC. In addition, immunohistochemistry analysis of the
related proteins showed patterns that were consistent with the
gene expression analysis.

The highest differences in expression among healthy
mucosa, CRA and CRC were observed for SPP1: It was down-
regulated in CRA, but upregulated in CRC, with a gradual
increase in its expression from malignant polyp to CRC; the
differences among the 3 groups were statistically significant.
However, the significance of the difference in expression
between CRC with and CRC without lymph node metastases
was just above the cut-off P-value, and no significant differ-
ence was observed between central parts of the tumour and
the invasive front. These results suggested an important role
of SPP1 in the development of CRC, but not in the progression
of CRC. SPP1 is an extracellular protein involved in biominer-
alization, tissue and bone remodelling, cell-mediated immune
response and wound healing (42,43). Previous studies have also
suggested that SPP1 has an important role in the development
of multiple types of cancer, including CRC, breast, prostate,
lung, ovarian and liver cancer (42). For CRC, few studies have
been reported on analysis of SPP1 expression using qPCR and
immunohistochemistry. However, in contrast to the present
findings, upregulation of SPP1 has been reported in CRA and
CRC in previous studies (17,18). The present immunohisto-
chemical analysis revealed cytoplasmic expression of SPP1 in
epithelial cells in healthy colon mucosa, CRA and CRC, and
also in some mesenchymal stromal cells and immune cells.
The extent and intensity of staining tended to increase from
healthy colon mucosa to CRA and CRC, similarly to previous
studies (15-19).

Significant differences were also observed for SPARC: It
was slightly downregulated in CRA but upregulated in CRC,
with a gradual increase in its expression from malignant polyp
to CRC, with statistically significant differences among all
three groups. However, there was no significant difference
between CRC with and CRC without lymph node metastases.
These results indicate a specific role of SPARC in reorganiza-
tion of ECM in the progression of CRA to CRC. The present
results are similar to the results showed by Galamb er al (18),
but not quite consistent with another study (35), which showed
a slight upregulation in CRA in comparison to healthy tissue,
whereas the present results showed a slight downregulation.
A previous immunohistochemical analysis (37) reported that
SPARC expression was higher in CRC of all stages; however,
a statistically significant difference was observed between
CRC stage I compared with stages II, III or IV. Liu et al (21)
showed that the staining of SPARC was greater in CRA and
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CRC without lymph node metastases, whereas the expression
of SPARC was still high but to a lesser extent in CRC with
lymph node metastases compared to CRC without lymph
node metastases. Previously published studies indicate that
expression of SPARC in CRC might also be regulated by
methylation (44.,45), leading to various expression patterns.
The SPARC protein, also referred to as osteonectin, is also
known to have different expression patterns in various types of
cancer, with expression being high in breast cancer, melanoma
and glioblastoma, but low in acute myeloid leukaemia, ovarian
and pancreatic cancer (46). It also participates in tissue remod-
elling, wound repair, cell migration and angiogenesis (46,47).

SPON?2 exhibited similar expression patterns to those of
SPARC. The SPON2 gene encodes for the protein spondin 2, a
secretory extracellular protein, that participates in the immune
response as a microbial pattern-recognition protein (26). It
has been reported that SPON2 is upregulated in several types
of cancer, such as lung adenocarcinoma (48), hepatocellular
carcinoma (49) and gastric carcinoma (50). A previous study
showed that the SPON2 mRNA expression levels are higher
in CRC compared with the adjacent healthy mucosa (26).
Another study also demonstrated positive SPON2 staining in
epithelial cells in CRC (26). The present results are consistent
with these previous studies. Furthermore, the present results
demonstrated that the expression levels of SPON2 increased
with the level of malignancy. Similarly, the differences in
expression of SPON2 between the CRC stages examined in
the present study were all statistically significant, except
between CRC with and CRC without lymph node metastases,
indicating that SPON2 may participate in the reorganization of
ECM from CRA to CRC.

The fourth gene, DCN, encodes for the protein decorin,
a member of the small leucine-rich proteoglycans. DCN is a
structural component of the ECM, but it also participates in
cellular processes, such as proliferation, migration and differ-
entiation (51). The present study demonstrated downregulation
of DCN in CRA and malignant polyps but upregulation in
CRC, with statistical differences among all groups except
between CRA and malignant polyp. Furthermore, among the
investigated genes only DCN showed significantly different
expression between CRC without lymph node metastases
and CRC with lymph node metastases, being higher in CRC
without lymph node metastases than in CRC with lymph
node metastases. Consistently, DCN has been reported to be
negatively correlated with the progression of CRC (20,51,52).
With its diverse functions, DCN may have an important role
in the development of CRA, progression of CRA to CRC and
migration of tumour cells to the regional lymph nodes, forming
nodal metastases.

The next gene, FN1, is a widely expressed glycoprotein
of the ECM that participates in cell adhesion, migration and
differentiation (23,53). It has been demonstrated that FN1
expression is upregulated in CRC (53) and that its immuno-
histochemical staining is stronger in CRC than in healthy
colon mucosa (23); however, no data has been currently avail-
able regarding FN1 expression in CRA. In the present study,
the results demonstrated downregulation of FN1 in CRA
and malignant polyp compared with CRC, regardless of the
presence of lymph node metastases, suggesting its role in
the development of CRC. There was, however, no difference



1546

between CRC without lymph node metastases and CRC with
lymph node metastases.

Analysis of EPHA4 expression showed no significant differ-
ences among the four tissue groups; its expression remained
fairly constant during the different stages of CRC development.
EPHAA4 is a transmembrane receptor tyrosine kinase that is
attached to the membrane either by glycosylphosphatidylino-
sitol linkage or a transmembrane sequence (54). Its activation
affects pathways involved in the regulation of adhesion, migra-
tion and invasiveness (55). Previous studies of EPHA4 in CRC
are consistent with the present results. Expression levels of
EPHA4 were similar in CRC compared with healthy colon
mucosa. There were no significant differences between the
expression of EPHA4 in CRC without lymph node metastases
and CRC with lymph node metastases (29).

Comparison between the central parts of CRC tissues and
the invasive front revealed an upregulation for four out of the
six genes at the invasive front, namely for the genes DCN,
EPHAA4, FN1 and SPARC, particularly in CRC with lymph
node metastases. This observation indicates that ECM-related
genes may have a role in the progression of CRC.

The present study has several limitations. The first one is
related to the fact that the current study was performed on FFPE
tissue. Although nucleic acids from FFPE tissues are difficult
to analyse, a great advantage of FFPE tissue is that all samples
have been first evaluated by pathologists, enabling appropriate
diagnosis. RNA fragmentation in FFPE tissue samples has a
size endpoint of ~80 nt and formalin modifications are partially
reversed during isolation (56,57). Recent publications described
that analysis of mRNAs from FFPE is reliable when performed
appropriately (58,59). In the present study, only the samples that
successfully passed initial quality control were further anal-
ysed, thus limiting the number of included samples. The second
limitation is related to the different stages of CRC. The number
of samples was too small to draw any definite conclusions
regarding the correlations between stage and the expression of
the investigated genes and proteins. Furthermore, the current
study did not investigate the causes of deregulation for these six
ECM genes which may be based on DNA, such as methylation,
mutation and copy number alteration.

In conclusion, the present study suggested that at least
three out of six ECM-related genes, identified by a previous
bioinformatics analysis, exhibited significant differences in
expression among healthy colon mucosa, CRA and CRC.
These results provided further evidence that ECM-related
genes and proteins may have an important role in the devel-
opment of CRC, and identified a possible diagnostic use for
these genes in differentiating among various lesions, such
as between CRA and malignant polyp. However, the results
showed limited potential of these genes to predict lymph node
metastases in CRC.
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