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Abstract

The proteoglycan syndecan-1 and the
endoglucuronidases heparanase-1 and
heparanase-2 are involved in molecular path-
ways that deregulate cell adhesion during car-
cinogenesis. Few studies have examined the
expression of syndecan-1, heparanase-1 and
mainly heparanase-2 proteins in non-neoplas-
tic and neoplastic human colorectal adenoma
tissues. The aim of this study was to analyze
the correlation among the heparanase iso-
forms and the syndecan-1 proteins through
immunohistochemical expression in the tis-
sue of colorectal adenomas. Primary anti-
human polyclonal anti-HPSE and anti-HPSE2
antibodies and primary anti-human monoclon-
al anti-SDC1 antibody were used in the
immunohistochemical study. The expressions
of heparanase-1 and heparanase-2 proteins
were determined in tissue samples from 65
colorectal adenomas; the expression of synde-
can-1 protein was obtained from 39 (60%)
patients. The histological type of adenoma was
tubular in 44 (67.7%) patients and tubular-vil-
lous in 21 (32.3%); there were no villous ade-
nomas. The polyps were <1.0 cm in size in 54
(83.1%) patients and ≥1.0 cm in 11 (16.9%).
The images were quantified by digital counter
with a computer program for this purpose. The
expression index represented the relationship
between the intensity expression and the per-
centage of positively stained cells. The results
showed that the average of heparanase-1,
heparanase-2 and syndecan-1 expression
index was 73.29 o.u./µm², 93.34 o.u./µm², and
55.29 o.u./µm², respectively. The correlation
between the heparanase-1 and syndecan-1
expression index was positive (R=0.034) and
significant (P=0.035). There was a negative
(R= -0.384) and significant (P=0.016) correla-
tion between the expression index of
heparanase-1 and heparanase-2. A negative
(R= -0.421) and significant (P=0.008) correla-
tion between the expression index of
heparanase-2 and syndecan-1 was found. We
concluded that in colorectal adenomas, the

heparanase-1 does not participate in synde-
can-1 degradation; the heparanase-2 does not
stimulate syndecan-1 degradation by the
action of heparanase-1, and the heparanase-2
may be involved in the modulation of the
heparanase-1 activity.

Introduction

Patients with colorectal adenomas exhibit a
threefold-increased risk of developing colorec-
tal cancer, a risk that is even greater among
patients who are older than 60 years and/or
those presenting with multiple colorectal ade-
nomas.1 

Although every adenoma has the capacity
for malignant evolution, most adenomas can
stabilize their growth, and few develop inva-
sive cancer. The potential for malignant evolu-
tion is in fact correlated with adenoma size,
growth pattern, and grade of dysplasia.2,3 

The adenoma-carcinoma sequence of the
large bowel is a worthy model of tumor pro-
gression according to which the accumulation
of genetic alterations in the neoplastic clone
leads to the rise of tumoral subpopulations
with selection and clonal expansion of those
variants with phenotypic and growth advan-
tages.4,5 Histologically, adenomas with low- and
high-grade dysplasia are intermediate steps,
and carcinoma infiltrating the intestinal wall
at various levels is the end point of the
sequence.6,7 Genes upregulated in adenoma
relative to normal tissue, which maintained
increased expression in colorectal carcinoma
and adenoma, would encode proteins suitable
as putative targets for immunoprevention.4,5,8

The identification of early and easily
detectable tumor markers that might con-
tribute to the knowledge of colorectal carcino-
genesis and the biological mechanisms
required for preinvasive adenoma to progress
to carcinoma, are highly relevant subjects.4,5

The process of proliferation and tumor inva-
sion depends, among other factors, on changes
in the extracellular matrix (ECM) represented
by the loss of cell-cell interaction, ECM degra-
dation by tumor cells through activation of
enzymes associated with neoplastic invasion
that disorganize and fragment the stromal ele-
ments and their own ECM, and the synthesis of
ECM components by metastatic tumor cells.9-11

Heparan sulfate (HS) proteoglycans are
important constituents of the cell membrane
and they act as co-receptors for cellular signal-
ing.12,13 Cell surface HS proteoglycans are reg-
ulators of the migratory, mitogenic, secretory
and inflammatory activities of the cell. The HS
proteoglycans bind to the soluble heparin-
binding growth factors and present them to
their respective signaling receptors.10,14 The

development of a tumor in the large bowel is
often associated with loss of normal epithelial
adhesion and altered patterns of expression of
cell adhesion molecules.15

Syndecan-1 (SDC1) is a member of the syn-
decan family that comprises a transmembrane
HS proteoglycan. Syndecan-1 has important
biological functions at the surface of epithelial
cells,11,14 and is essential for cell-cell and cell-
matrix interactions. SDC1 is encoded by the
gene SDC1 located in chromosome 2p24.1.
This molecule acts as an extracellular matrix
receptor and is involved in many cellular func-
tions, including cell binding, cell signaling,
and cytoskeletal organization through cell-cell
adhesion and cell-matrix adhesion.16 In adult
human tissues, SDC1 is predominantly
expressed in epithelial cells and plasma cells.
Syndecan-1 is involved in molecular pathways
that are deregulated during carcinogenesis
and are related to cell proliferation, tumor
adhesion, apoptosis, angiogenesis, tumor
invasion, and metastasis.17,18

Heparanase is an endoglucuronidase that
cleaves HS chains of proteoglycans at specific
intrachain sites in the extracellular matrix and
play an important role in the extravasation of
blood-borne tumor cells and inflammatory
leukocytes.19,20 Upon degradation, heparanase
releases growth factors and cytokines that
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stimulate cell proliferation and chemotaxis.21,22

Heparanase activity plays a decisive role in cell
dissemination associated with cancer metasta-
sis, and in many malignancies, the high
expression and activity of heparanase corre-
late with an aggressive tumor phenotype.21,23-24

There are two isoforms of heparanase. The
human gene heparanase (HPSE) encoding
heparanase-1 isoform (HPSE) maps to chro-
mosome 4q21.23.23 HPSE dismantles the
subendothelial basal membrane and facilitates
the blood-borne metastasis of tumor cells by
the cleavage of the heparan sulfate chains
from proteoglycans. Furthermore, HPSE
induces angiogenesis and promotes the vascu-
larization of tumors.10,21 HPSE is involved in
the degradation of HS in both the cell-surface,
and ECM in non-neoplastic and neoplastic tis-
sues.12,20 The gene HPSE2 encoding
heparanase-2 isoform (HPSE2) maps to
human chromosome 10q24.2.25 The HPSE2 is
an intracellular protein associated with the cell
membrane and can be found in the brain,
small intestine, prostate, mammary gland,
testis, and uterus.26-28 The HPSE2 isoform has
no enzymatic activity and appears to play a role
in regulating HPSE activity.12,20 HPSE2 is over-
expressed in colorectal carcinoma tissues
compared with non-neoplastic tissues, and
this phenomenon could be possibly related to
SDC1 shedding even though HPSE2 does not
present enzymatic activity.20,25 Few studies
have examined the expression of SDC1, HPSE
and mainly HPSE2 in non-neoplastic and neo-
plastic colorectal adenoma tissues.7,13,15,29

The aim of this study was to study the
immunohistochemical expression of SDC1,
HPSE and HPSE2 proteins in colorectal adeno-
mas tissue samples.

Materials and Methods

All procedures performed in studies involv-
ing human participants were in accordance
with the ethical standards of the institutional
and/or national research committee and with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.
This work is an observational, longitudinal,

and retrospective study on patients who under-
went colorectal adenoma resection between
2012 and 2013.
The expressions of HPSE and HPSE2 were

determined in tissue samples from 65 colorec-
tal adenomas obtained from 65 patients.
Thirty-eight (58.5%) were men and 27 (41.5%)
were women. The average age was 62.1±11.1
years (29-88 years). The polyps were located in
the colon in 59 (90.8%) cases and in the rec-

tum in 6 (9.2%). The average size of the polyps
was 0.7±0.3 cm (0.3 to 1.8 cm). The polyps
were <1.0 cm in size in 54 (83.1%) patients
and ≥1.0 cm in 11 (16.9%). The histological
type of adenoma was tubular in 44 (67.7%)
patients and tubular-villous in 21 (32.3%).
There were no villous adenomas. The degree
of atypia observed was mild in 43 (66.1%),
moderate in 17 (26.2%) and severe in 5 (7.7%)
adenomas. In 39 (60%) patients, the level of

SDC1 protein was also obtained in colorectal
adenoma tissue.

Samples containing specimens of colorectal
adenomas obtained by endoscopic polypectomy
were fixed in 10% buffered formalin, routinely
processed, and paraffin embedded. The paraf-
fin blocks were cut 3-mm thick, and slides
were prepared for immunohistochemical study
according to protocol used in our laboratory
and previously described.30 Briefly, endoge-
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Figure 1. A) Expression index (EI) of anti-heparanase-1 (HPSE), anti-heparanase-2
(HPSE2), and anti-syndecan-1 (SDC1) antibodies in colorectal adenomas; the values
obtained represent the mean of assays performed in triplicate and are expressed in
o.u./µm². B) Photomicrography of the immunoreactivity of the antibodies cited
(Immunohistochemistry, 200X).

Figure 2. Relationship between the expression index of heparanase-1 (HPSE) and synde-
can-1 (SDC1). The values were obtained as described in Methods and represent the
expression assays performed in triplicate index (values expressed in o.u./µm²).
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nous peroxidase activity was blocked by incu-
bating the sections in a methanol bath con-
taining 3% hydrogen peroxide for 20 min, fol-
lowed by a washing in distilled water. The sec-
tions were initially submitted to heat-induced
epitope retrieval using citrate buffer (pH 9.0)
in an uncovered pressure cooker (Eterna®;
Nigro, Araraquara, SP, Brazil). Blocking of
endogenous peroxidase was obtained with 3%
H2O2 (10 vol.), with 3 washes of 10-min each.
The slides were again washed in distilled run-
ning water and then in phosphate-buffered
saline (10 mM; pH 7.4) for 5 min.
Subsequently, the primary antibody was
applied and the slides were incubated
overnight at 8°C.
Primary anti-human polyclonal anti-HPSE

(HPA1 H-80) and anti-HPSE2 (HPA2 C-17)
antibodies purified in goat (Santa Cruz
Biotechnology®, Santa Cruz, CA, USA) were
used at a dilution of 1:100. Primary anti-
human monoclonal anti-SDC1 (anti-CD138)
purified in mouse (AbD Serotec®, Bio-Rad
Company Co., Oxford, UK) was used at a dilu-
tion of 1:50. Immunohistochemical staining
was performed using the biotinylated second-
ary antibody obtained from the avidin-biotin-
peroxidase complex (LSAB + System-HRP,
Dako North America, Inc., Carpinteria, CA,
USA). As a positive control, a histological sec-
tion of a bronchopulmonary carcinoid tumor
was used. A similar histological section with-
out the primary antibody reaction was used as
a negative control.
Slide analysis was conducted with an optical

microscope (Eclipse TS100 Light, Nikon
Corporation ®, Tokyo, Japan). For each slide,
an average of 15 pictures of 640 x 480 pixels
were obtained with 400x magnification by a
camera (model 4300, Nikon Coolpix Digital,
Nikon Corporation ®, Tokyo, Japan). The
images were quantified by digital counter with
a computer program for this purpose according
to the protocol used in our laboratory.30 The
staining intensity was quantified by corre-
sponding to the intensity expression (ItE) in
HPSE, HPSE2, and SDC1; the percentage of
positively stained cells (PI); and the expres-
sion index (EI) comprising the relationship
between PI and ItE. The digital expression
indices of HPSE, HPSE2 and SDC1 were
expressed in optic units per square microme-
ter (o.u./µm²).
The images were quantified by digital soft-

ware counter (ImageLab 2000™, Softium
Informática, São Paulo, SP, Brazil), adjusted to
a micrometer scale. This program was used to
quantify the intensity of staining correspon-
ding to the expression of the analyzed marker
index (ITE), the percentage of positively
stained cells (PI) and expression index (IE)
comprising the relationship between the PI
and the ITE. The methodology used to deter-

mine the digital expression index of each
marker of the present study was previously
determined by our group.30 Briefly, for each
adenoma, about 500 of colonic mucosa cells
observed in the photographs were counted by
the digital counter and classified by the
observer as positive (marked) or negative
(unmarked) cells. Subsequently, using the
same images, the calibration program was
conducted to micrometer range, then the size

of the area configuration that had the meas-
ured density. Then, it was performed to deter-
mine the 12 areas of stained cells (three quad-
rant of the image) and an automatic calcula-
tion of the optical density of areas was
obtained. Finally, the obtained RGB (Red,
Green, and Blue) average per area was
expressed in o.u./µm². The same steps were
followed to calculate the optical density of the
white background (no tissue area) of each his-

                                                                                                        Original Paper

Figure 3. Relationship between the expression index of heparanase-1 (HPSE) and
heparanase-2 (HPSE2). The values were obtained as described in Methods and represent
the expression assays performed in triplicate index (values expressed in o.u./µm²).

Figure 4. Relationship between the expression index of heparanase-2 (HPSE2) and syn-
decan-1 (SDC1). The values were obtained as described in Methods and represent the
expression assays performed in triplicate index (values expressed in o.u./µm²).
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tological slide (background control reaction).
The Kolmogorov-Smirnov test was used to

verify the data’s normal distribution.
Statistical associations between the protein
levels of HPSE, HPSE2, and SDC1 were deter-
mined using Mann-Whitney’s test, Chi-square
(�2), and Fisher’s exact test for frequency and
proportion comparisons. To measure the asso-
ciation between protein levels of HPSE,
HPSE2, and SDC1 as ordinal variables, the
Spearman correlation coefficient (R) was
used. The statistical significance level was set
at 5% (P<0.05), and the data were analyzed
using the SPSS® software (Statistical
Package for Social Sciences; SPSS, Chicago,
IL, USA), version 17.0.

Results

In 65 cases of colonic adenomas labeled we
utilized anti- HPSE and anti- HPSE2 anti-anti-
bodies; in 39 of these cases it was also used
anti- SDC1 antibody. The average EI of HPSE,
HPSE2 and SDC1 was 73.29 o.u./µm², 93.34
o.u./µm², and 55.29 o.u./µm², respectively
(Figure 1). 
Immunohistochemical evaluation demon-

strated that HPSE is mainly distributed in
epithelial cells of the dysplastic glands and in
the extracellular matrix, while HPSE2 present-
ed a higher expression in the adenoma tissue
compared to the HPSE. Furthermore, SDC1, a
major heparan sulfate proteoglycan that is
mainly localized at the cell surface, can be
detected in the lamina propria, suggesting the
action of HPSE and shedding of this proteogly-
can. The correlation between the immunohis-
tochemical level of HPSE and SDC1 was posi-
tive (R=0.034) and significant (P=0.035)
(Figure 2). There was a negative (R=-0.384)
and significant (P=0.016) correlation between
the EI of HPSE and HPSE2 (Figure 3). A nega-
tive (R= -0.421) and significant (P=0.008) cor-
relation between the EI of HPSE2 and SDC1
was found (Figure 4).
As a corollary of the results obtained in this

study, it was observed also that no significant
differences were observed between the expres-
sions of HPSE, HSPE2 and SDC1, and the clin-
icopathological parameters (age and gender of
patients, and degree of atypia, histological
type, size and location of adenoma) of the col-
orectal adenomas.

Discussion

The heparanase acts as a master regulator
of the aggressive tumor phenotype in part by
enhancing expression of proteins known to

drive tumor progression like VEGF, MMP-9 and
hepatocyte growth factor (HGF).9,13,18,31,32 HPSE
is the unique and specific functional endogly-
cosidase capable of cleaving HS chains in
mammalian cells.10,16 Oligosaccharides gener-
ated by HPSE enhance angiogenesis and
inflammation process.13,20,33 SDC1 expression
by tumor cells or the lack thereof has been
associated with poor prognosis in several types
of cancer, including colorectal cancer.15 Data
have been reported showing that HPSE regu-
lates SDC1 and promotes its shedding from the
cell surface.14,34 Therefore, degradation of cell
surface heparan sulfate chains of the SDC1 by
HPSE increased the levels of SDC1 secretion to
the lamina propria which seem to be impor-
tant event in the carcinogenesis. Thus, it is
evident why this enzyme may be an effective
and attractive drug target.32,35 Several HPSE
inhibitors have been developed, and some of
them have undergone clinical trials showing
efficacy against tumors.32

In the present study, the positive immuno-
histochemical expression of HPSE, HPSE2,
and SDC1 proteins advocates that both iso-
forms of HPSE and SDC1 may possibly have
some role in the neoplastic conversion of the
colorectal adenoma. This explanation can also
be suggested by the finding of increased
immunohistochemical expression of the iso-
form HPSE2 and SDC1 in colorectal cancers as
compared to non-neoplastic colorectal tissue.12

The results of our study indicated that in col-
orectal adenomas, HPSE immunohistochemi-
cal expression is increased, which was also
observed in colorectal carcinoma.15,29

There was a decrease in the SDC1 immuno-
histochemical expression directly proportional
to the increase of HPSE, suggesting that HPSE
enzyme is active in colorectal adenomas.
Moreover, the present data corroborate with
the literature results, which demonstrated that
in the malignant tumors, including colorectal
carcinoma, authors observed that increasing
HPSE was directly related to the decrease of
SDC1 immunohistochemical expression.12,34

Friedmann et al.29 related that the HPSE gene
and protein were expressed already at the
stage of colonic adenoma, but were practically
not detected in the adjacent non-neoplastic
colon epithelium. Gradually increasing expres-
sion of HPSE gene was evident as the cells pro-
gressed from severe dysplasia through well-
differentiated to poorly differentiated colon
carcinoma.
Our results suggest that HPSE2 isoform

could modulate the HPSE activity. The negative
correlation observed in colorectal adenomas
between HPSE and HPSE2 immunohistochem-
ical expressions may indicate that HPSE2 neg-
atively modulates HPSE; i.e., increasing levels
of HPSE2 are possibly involved with the
decreased activity of HPSE, contributing to the

increase in the SDC1 immunostaining in the
colorectal tissue. It is also possible that in ade-
nomas, the HPSE exists in the form of a proen-
zyme or in a less active state compared with
what occurs in carcinomas. Thus, this process
may explain the negative relationship found
between the SDC1 and HPSE2 in colorectal
adenomas.
The tumor cell expression of HPSE regulates

both the level and the location of SDC1 within
the tumor microenvironment by enhancing the
shedding of this molecule from the tumor cell
surface.16,36 This regulation requires the pres-
ence of active enzyme, because mutated forms
of HPSE lacking HS-degrading activity failed to
influence SDC1 immunohistochemical expres-
sion. Removal of HS from the cell surface
using bacterial heparitinase dramatically
accelerated SDC1 shedding, suggesting that
the effects of HPSE on SDC1 expression by
tumor cells may be due, at least in part, to
enzymatic removal or reduction in the size of
HS chains.34

In this study, the positive correlation
between the HPSE isoform and the SDC1 in
colorectal adenomas suggests that HPSE iso-
form is involved in the SDC1 degradation,
resulting in a decreased expression of SDC1
from cellular compartment and increased
secretion of this molecule to the plasma. The
inverse correlation between HPSE and HPSE2
indicates that the HPSE2 isoform probably has
a regulatory function in HPSE activity.
Preclinical and clinical studies have demon-
strated that therapies targeting the
HPSE/SDC1 axis hold promise for blocking the
aggressive behavior of cancer.16,35 SDC1 plays a
crucial role in carcinogenesis and is an attrac-
tive target for anticancer treatment with HPSE
inhibitors and immunotherapy with anti-SDC1
antibodies.17,36

In conclusion, the heparanase-1 isoform in
colorectal adenomas participate in syndecan-1
degradation and shedding; isoform of
heparanase-2 may be involved in the modula-
tion of the heparanase-1 activity. Taken togeth-
er, these findings indicate the possible role of
heparanases in the early events in colorectal
carcinogenesis.
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