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Abstract

Background: Syndecan-1 (SDCI) is reported to modulate several key processes of tumor-
igenesis and has variable expression in many cancers. To date, the cause of altered expression has
not been elucidated. In this study, we compared SDC1 expression with various clinicopathological
parameters and molecular markers to evaluate its clinical significance in colorectal carcinoma.

Methods: We screened for SDCI1 expression using immunohistochemistry in 230 surgical
specimens of primary colorectal carcinoma from patients consecutively treated between 2008 and
2011 at Seoul St. Mary’s Hospital, The Catholic University of Korea. The relationship between
SDCI expression and various clinicopathological parameters and molecular markers was analyzed.

Results: The tumors were principally located in the left colon (71.3%) and rectum (33.5%). There
were 216 (93.9%) adenocarcinomas, 10 (4.3%) mucinous adenocarcinomas, and 4 other tumors.
Most of the carcinomas were pT3 (68.3%) and pT4 (22.2%). There was regional lymph node
metastasis in 140 patients. SDC1 expression was identified in the cancer cells of 212 (96.8%) colon
cancer cases. Of the SDCl-positive cases, 131 showed predominantly membranous immuno-
positivity, and 81 showed a predominantly cytoplasmic staining pattern. Mixed membranous and
cytoplasmic staining was observed in 154 cases. In 93 cases, stromal SDCI reactivity was noted.
Epithelial SDC1 immunopositivity was significantly associated with tumor size (p = 0.016) and
epidermal growth factor receptor expression (p = 0.006). However, it was not significantly cor-
related with lymph node metastasis, distant metastasis, lymphatic or vascular invasion, or KRAS
mutation. In addition, stromal SDC1 immunopositivity was significantly associated with the male
sex (p = 0.018).

Conclusions: The expression profile of SDCI may be of clinical value in colorectal cancer and
may help in identifying aggressive forms of colorectal carcinoma. Further studies are needed in
order to better understand the role of SDCI in the progression and invasiveness of colorectal
carcinoma.
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Introduction

Syndecans are type 1 transmembrane proteo- membrane domain, and a short cytoplasmic domain.
glycans and have 3 major domains: an extracellular ~ Syndecan-1 (SDC1) is 1 of 4 cell surface heparan sul-
domain containing heparan sulfate chains, a trans-  fate proteoglycans that are predominantly expressed

http://www.medsci.org



Int. J. Med. Sci. 2015, Vol. 12

93

by epithelial cells and plasma cells in adult tissues.
Syndecans are involved in the regulation of cell-cell
and cell-extracellular matrix (ECM) adhesion and cell
migration; they mediate these processes in normal
tissues through the binding of heparan sulfate chains
to ECM molecules and other effectors, including
growth factors, cytokines, proteinases, and proteinase
inhibitors [1-3]. SDC1 can influence tumorigenesis by
regulating the molecular mediators of tumor cell sur-
vival, proliferation, angiogenesis, and metastasis [1].
SDC1 expression is dysregulated in a number of can-
cers, including head and neck, ovarian, breast, and
colorectal carcinomas [4-8].

The KRAS oncogene, a member of the ras family
of oncogenes, is located at the chromosomal locus
12p12 and encodes a 21 kD protein (p2lras) that is
important in many guanosine triphosphate-coupled
receptor tyrosine kinase signaling cascades, which
modulate cellular proliferation and differentiation [9,
10]. KRAS mutations have been implicated in the de-
velopment of diverse human malignancies and have
been reported in pancreatic, ovarian, endometrial,
biliary tract, lung, and colorectal cancers [11]. In col-
orectal cancer specimens, it has been reported that
approximately 30-50% of cases harbor constitutive
K-ras activation mutations, which principally occur in
codons 12 and 13 [10, 12, 13]. Recently, KRAS muta-
tions have been identified as being an important pre-
dictive marker for resistance to anti-epidermal growth
factor receptor (EGFR) targeted therapy. Several
studies have indicated that only colorectal cancers
with wild-type K-ras expression respond to an-
ti-EGFR treatments such as cetuximab and pani-
tumumab [14-16].

In the present study, we evaluated the clinical
implication of epithelial, cytoplasmic, and stromal
SDC1 expression in colorectal cancer using immuno-
histochemistry. In addition, we analyzed the rela-
tionship between KRAS gene mutations and SDCl1
expression.

Materials and methods

Selection of patients and tumor samples

A total of 230 patients (140 men and 90 women)
with colorectal cancer who had undergone radical
surgery at Seoul St. Mary’s Hospital, The Catholic
University of Korea between 2008 and 2011 were en-
rolled into this study. Clinicopathological parameters
were reviewed retrospectively from the participants’
medical records and pathology reports at our medical
institution. The patients ranged between 32 and 93
(mean, 62.3) years of age. The mean tumor size was
4.85 cm (range, 0.7-17.0). Written informed consent
was obtained from all patients. Patient consent and

specimen collection were conducted in accordance
with protocols approved by the Institutional Review
Board of the Catholic University of Korea
(KC13SISI10649).

Tissue microarray (TMA) construction and
immunohistochemistry

After reviewing glass slides from the 230 cases of
colorectal cancer, TMAs were constructed from par-
affin-embedded blocks with a Manual Tissue Arrayer
(Beecher Instruments, Sun Prairie, W1, USA) with a
2.0-mm tip. The TMAs were sectioned at a thickness
of 4 pm. Sections from the TMA blocks were trans-
ferred to Probe On Plus slides (Fisher Scientific,
Pittsburgh, PA, USA) and baked for 2 hours in a dry
oven at 56°C (Agilent Technologies, Santa Clara, CA,
USA). The sections were deparaffinized in xylene 3
times and rehydrated through 100%, 90%, 80%, and
70% ethanol in Tris-buffered saline (pH 7.4). The tis-
sues were then boiled in 10 mM sodium citrate buffer
(pH 6.0) using a microwave oven for 20 min. After
treating the tissues with 3% HxO; in phos-
phate-buffered saline, the tissues were incubated with
the diluted (1:50) anti-SDC1 mouse monoclonal anti-
body, B-A38 (Abcam, Cambridge, UK), at 4°C over-
night. Having incubated the tissue with diluted
(1:100) biotinylated anti-mouse antibody (Abnova,
Walnut, CA, USA) for 1 h at room temperature, the
sighal ~was amplified wusing diluted Ex-
trAvidin-peroxidase (1:50; Sigma-Aldrich, St. Louis,
MO, USA) for 1 h at room temperature. The liquid
3,3'-diaminobenzidine + Substrate Chromogen system
(Dako, Glostrup, Denmark) was used for visualiza-
tion. Membranous or cytoplasmic staining in cancer
cells was deemed a positive result. The immunoreac-
tivity of SDC1 was scored by adding the staining in-
tensity (0, no stain; 1, weak; 2, moderate; 3, strong) to
the points assigned based on the percentage of stained
tumor cells present (0, no stain; 1, 1-25%; 2, 26-50%; 3,
> 50%) for both membranous and cytoplasmic stain-
ing patterns. For the statistical analysis, we combined
the membranous and cytoplasmic staining scores.
Positivity for EGFR expression was defined as > 10%
of tumor cells with any membrane staining above the
background level. Cytoplasmic staining alone, with-
out associated membrane staining, was considered
negative, as in our previous study [17]. The immuno-
histochemical staining was independently scored by 2
pathologists.

KRAS mutation test

To prepare tissue samples, a hematoxylin and
eosin-stained slide prepared from a colorectal cancer
specimen was marked with a pen to indicate a tu-
mor-rich area. The formalin-fixed, paraffin-embedded
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tissue blocks were then sectioned at a thickness of 10
pm. In a subset of samples, tumor cells were scraped
from glass slides with a scalpel under a dissecting
microscope for DNA extraction. For deparaffiniza-
tion, the scraped sections were incubated at room
temperature in several volumes of xylene for 6 to 12 h.
For DNA extraction, deparaffinized tissue was di-
gested with proteinase K (Qiagen, Inc., Valencia, CA)
overnight at 37°C. DNA was then isolated from the
incubation mixture using a QIAcube robotic work-
station (Qiagen Inc., Valencia, CA) extraction proto-
col. DNA yields were quantified using a Nanodrop
spectrophotometer ND-1000 (Thermo Fisher Scientific
Inc., Waltham, MA). The purified DNA samples were
then tested using direct sequencing methods.

Direct sequencing

Approximately 60 ng of genomic DNA prepared
from formalin-fixed, paraffin-embedded tissue
specimens was amplified using 10 pM each of the
KRAS forward and reverse primers (forward: RASO1
5-AAGGCCTGCTGAAAATGAC-3" and reverse:
RASA2 5-TGGTCCTGCACCAGTAATATG-3") and
Taq polymerase PCR master mix (Promega Corpora-
tion, Madison, WI) in a 25 pL reaction mixture. PCR
was performed on an ABI 9700 thermocycler with 20
cycles using a touchdown protocol (starting annealing
temperature of 65°C, decreased 0.5°C per cycle) and
15 cycles with a 55°C annealing temperature. The re-
sultant PCR products were purified using the QI-
Aquick PCR Purification Kit (Qiagen Inc., Valencia,
CA) and the appropriate protocol on the QIAcube
robotic workstation. The purified PCR products were
sequenced in forward and reverse directions using an
ABI 3730 automated sequencer (Applied Biosystems,
Inc., Foster City, CA). Each chromatogram was visu-
ally inspected for any abnormalities, with particular
attention being given to codons 12 and 13.

Statistical analysis

The chi-square or Fisher’s exact test was used to
assess the association between SDC1 expression and
various clinicopathological parameters. A p-value
<0.05 was considered statistically significant. Data
were analyzed using the SPSS statistical software
version 21.0 (IBM, Armonk, NY) for Windows.

Results

The tumors were located in the right colon (in-
cluding transverse colon) in 28.3% (65/230) of pa-
tients, in the left colon in 71.3% (164/230) of patients,
and in the rectum in 33.5% (77/230) of patients. In one
case, there was no information regarding the tumor
site. SDC1 immunoreactivity was not significantly

correlated with tumor location (p = 0.735). There were
216 (93.9%) adenocarcinomas, 10 (4.3%) mucinous
adenocarcinomas, and 4 other tumors. There were 8
cases (3.5%) of well-differentiated carcinoma, 197
cases (85.7%) of moderately differentiated carcinoma,
and 13 cases (5.7%) of poorly differentiated carcino-
ma. In 12 cases, the tumor differentiation status was
unavailable. Regarding the primary tumor stage, 2
(0.8%) cases were pT1, 14 (6.1%) were pT2, 157 (68.3%)
were pT3, and 51 (22.2%) were pT4. Tumor stage was
not available for 6 cases. Regional lymph node me-
tastasis was noted in 140 cases (60.9%).

In the normal colonic mucosa, SDC1 is expressed
at the basolateral membrane of the crypt epithelium
and in the plasma cells of the lamina propria (Fig. 1A).
In the colon cancer specimens, SDC1 staining results
were available in 219 cases. Of these, positive SDC1
immunoreactivity was identified in the cancer cells of
212 cases (96.8%) of colon cancer. Of the
SDC1-positive cases, 131 predominantly showed
membranous immunopositivity, and 81 cases showed
a predominantly cytoplasmic staining pattern. Exclu-
sively cytoplasmic or membranous staining was ob-
served in 28 and 30 cases, respectively. There were 154
cases, which showed a mixed membranous and cyto-
plasmic staining pattern (Fig. 1B-1E). In 93 cases,
stromal SDC1 reactivity was noted (Fig. 1F). Epithelial
SDC1 immunopositivity was significantly associated
with an advanced primary tumor (T stage; p = 0.016)
and EGFR immunohistochemical positivity (p =
0.006). In contrast, SDC1 expression was not signifi-
cantly correlated with lymph node metastasis, dis-
tance metastasis, lymphatic or vascular invasion, or
KRAS mutation states. Stromal SDC1 immunoposi-
tivity was significantly associated with the male sex (p
= 0.018) and marginally associated with distant me-
tastasis (p = 0.072). These findings are summarized in
Tables 1 and 2. In addition, in the epithelial SDC1
immunopositivity cases, we evaluated which expres-
sion patterns, namely membranous or cytoplasmic,
were significantly associated with various clinico-
pathological or molecular parameters. Membranous
SDC1 immunopositivity, including a predominant
and exclusive expression pattern, was significantly
associated with advanced primary tumors (p = 0.001)
and EGFR immunohistochemical positivity (p =
0.016). Moreover, membranous SDC1 immunoreac-
tivity was significantly associated with stromal SDC1
immunohistochemical positivity (p = 0.021). In con-
trast, membranous or cytoplasmic SDC1 expression
was not significantly correlated with other clinico-
pathological parameters or the KRAS mutation state
(Table 3).

http://www.medsci.org



Int. J. Med. Sci. 2015, Vol. 12 95

A

Fig. 1. Representative syndecan-1 (SDC1) immunohistochemical staining in (A) normal colonic mucosa (% 200) and colorectal carcinoma with (B) only
membranous staining (x 400), (C) predominantly membranous staining (x 400), (D) only cytoplasmic staining (x 400), and (E) predominantly cytoplasmic
staining (% 400) staining patterns. (F) A case showing SDCI immunopositivity in the stromal spindle cell component of tumor nests (% 200).
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Table 1. The relationship between syndecan-1 (SDCI1) expression and the clinicopathological parameters of patients with colorectal

carcinomas

Parameter eSDC1 (n = 2197) p-value sSDC1 (n = 230) p-value
Positiveb Negative Positive Negative

Sex 0.131 0.018*

Male 42 94 48 92

Female 20 63 45 45

Age 0.596 0.192

<55 years 14 42 20 40

> 55 years 48 115 73 97

Tumor stagec 0.016* 0.427

T1-2 6 11 6 11

T3-4 55 143 86 121

Nodal stage 0.561 0.867

NO 24 60 37 53

N1-2 38 97 56 84

Metastasis 0.428 0.072

MO 58 144 89 122

M1 4 13 4 15

Lymphatic invasion 0.143 0.918

Absent 24 54 34 51

Present 38 103 59 86

Vascular invasion 0.650 0.754

Absent 56 142 83 124

Present 6 15 10 13

Perineural invasion 0.513 0.707

Absent 42 111 63 96

Present 20 46 30 41

Differentiationd 0.505 0.986

Well-to-moderate 57 139 83 122

Poor 1 11 5 8

e SDC1, epithelial syndecan-1 immunohistochemical staining; sSDC1, stromal syndecan-1 immunohistochemical staining

* Statistically significant

11 cases were excluded from the statistical evaluation due to insufficient tumor components in the tissue core or the detachment of tissue sections during or after the staining

process.

bIn the statistical analysis, a membranous plus cytoplasmic staining score >8 was considered positive, and a score of 0-8 was considered negative.

Data regarding tumor stage were unavailable for 6 cases.
dData on carcinoma differentiation.

Table 2. Relationship between SDCI1 expression and epidermal
growth factor receptor expression, and KRAS mutation status

Table 3. Relationship between SDCI1 expression pattern and
epidermal growth factor receptor expression, and KRAS mutation
status

Marker eSDCI1 (n =219) p-value sSDCI (n = 230) p-value
Positive  Negative Positive  Negative

KRAS 0.293 0.328
Positive 22 70 42 53

Negative 40 87 51 84

EGFR 0.006* 0.245
Positive 51 111 71 95

Negative 11 46 22 42

eSDC1, epithelial syndecan-1 immunohistochemical staining; sSDC1, stromal
syndecan-1 immunohistochemical staining; EGFR, epidermal growth factor recep-
tor.

* Statistically significant

Discussion

The present study demonstrates that SDC1 ex-
pression in cancer cells is significantly correlated with
tumor aggressiveness. However, in previous studies
of colorectal cancer, loss of epithelial SDC1 expression
has been shown to be associated with an advanced

Parameter peSDC1 (n = 2122) p-value
Cytoplasmic Membranous

KRAS 0.532

Positive 36 53

Negative 45 78

EGFR 0.016*

Positive 59 100

Negative 22 31

peSDCI, positive epithelial syndecan-1 immunohistochemical staining.

* Statistically significant

aQut of 230 cases in total, 11 cases were excluded from the statistical evaluation due
to insufficient tumor components in the tissue core or the detachment of tissue
sections during or after the staining process, while 7 cases were excluded due to a
negative staining result.

clinical stage and poor patient prognosis [4, 5]. Several
theories have been proposed to account for the ob-
served association between reduced epithelial SDC1
expression and tumor progression. Cell surface SDC1
is thought to enhance cell-ECM cohesion and restrict
cell migration. Thus, the loss of epithelial SDC1 in-
creases the migratory capacity of tumor cells [1]. In
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addition, release of the SDC1 ectodomain from the cell
surface could play an important role. The extracellular
domain of SDC1 can bind to diverse signaling pro-
teins and growth factors, such as the transforming
growth factor and fibroblast growth factor, which can
affect tumor progression. Thus, shedding of the ec-
todomain could disrupt SDCl-signaling protein
linkage, releasing the growth factors, which would
serve to promote the proliferation of cancer cells [1,
18]. Furthermore, epithelial-to-mesenchymal transi-
tion, in which invasive cancer cells change from an
epithelial to a less-differentiated mesenchymal phe-
notype, is a key process in tumor progression. An
absence of SDC1 epithelial expression is a hallmark of
epithelial-to-mesenchymal transition. Thus, the loss of
epithelial SDCI1 is associated with a biologically more
aggressive phenotype and a worse clinical outcome
[4, 19, 20].

However, unlike the present study, previous
reports on SDC1 expression in colorectal carcinoma
have only examined membranous and stromal stain-
ing in carcinoma cells when assessing immunohisto-
chemical staining results as positive or negative [4, 5].
In this study, we assessed SDC1 expression in ab-
normal tumor cell locations; we scored the cytoplas-
mic as well as membranous expression of SDC1, as
previously reported [6]. Using this scoring scheme,
we found that SDC1 immunopositivity was associated
with a poor prognosis, which is consistent with the
results of our previous study [6]. This may partly ex-
plain the differences between our results and those of
previous studies. In the present study, we showed
that the normal membranous pattern of SDC1 ex-
pression is disrupted in tumor cells, and increased
amounts of SDC1 were identified in the cytoplasm of
tumor cells in 81 cases. This translocation of SDC1
from the cell membrane to the cytoplasm of the tumor
cells is anticipated to result in a low level of functional
SDC1 on the cell surface. This may result in the tumor
cells having fewer ECM interactions, and thus allow
them to move more freely, leading to invasion and
distant metastasis. Considering these findings, it is
likely that increased cytoplasmic expression of SDC1
may result in a decrease in effective SDC1 protein on
the cell surface or conceal decreased SDC1 expression
on the cell surface, when cytoplasmic and membra-
nous expressions are interpreted to be equivalent.
Thus, high levels of SDC1 expression do not neces-
sarily equate with a significant amount of functional
SDC1 protein. In addition, we show that among epi-
thelial SDC1 immunopositivity cases, membranous
rather than cytoplasmic SDC1 immunopositivity was
significantly associated with advanced primary tu-
mors and EGFR immunohistochemical positivity.
Teng et al. suggested that membrane-bound and sol-

uble forms of SDC1 may play unique roles at different
stages of cancer progression [1]. Furthermore, in cer-
tain malignancies such as gallbladder and thyroid
cancer, SDC1 expression has been reported to be as-
sociated with unfavorable prognosis [21, 22]. Taking
these facts together, different SDC1 expression in di-
verse cancer types suggests that the role of SDC1 can
be affected by the underlying cancer type, which may
explain the discrepancies in SDC1 expression and
prognosis in different cancers. In addition, to the best
of our knowledge, there has been no report about
mutations in highly conserved regions of SDC1 (i.e.,
transmembrane and cytoplasmic domains). Thus, it is
thought that distinct SDC1 expression may not be
derived from SDC1 mutation. Further studies are re-
quired to understand the effect of altered cytoplasmic
and membranous SDC1 expression on tumorigenesis.

In 40.4% (93/230) of the specimens, stromal
staining for SDC1 was observed. This proportion is
slightly lower than that in a previous study by Lundin
et al., in which stromal SDC1 immunoreactivity was
noted in 58% of the specimens [5]. In the study con-
ducted by Lundin et al., no statistically significant
association between stromal SDC1 immunoreactivity
and various clinicopathological parameters was iden-
tified [5]. However, in the present study, stromal
SDC1 immunoreactivity was significantly associated
with the male sex (p = 0.018) and marginally associ-
ated with distant metastasis (p = 0.072). To the best of
our knowledge, there is no report of statistically sig-
nificant association between stromal SDC1 expression
and sex in various types of cancer. The reasons for the
increase in stromal SDC1 expression in male patients
with colorectal cancer are not readily evident. Further
larger and more long-term studies should clarify this
role. Meanwhile, it is unclear whether stromal SDC1
protein originates from ectodomain shedding from
the tumor cell membrane or from within the stromal
tissue itself [23]. The tumor microenvironment pro-
vides a compatible niche for the growth and progres-
sion of tumor cells, and stromal SDC1 may influence
the tumor  microenvironment by  altering
ECM-cytoskeleton linkage in the vicinity of the tumor
[1]. It has recently been shown that the amount of
stromal SDC1 protein can be increased by epitheli-
al-mesenchymal interaction and is related to tumor
progression and/or metastasis in several cancers [19,
24]. Ito et al. suggested that stromal SDC1 is secreted
by cancer cells and entrapped by stroma cells, but
when excessive SDC1 is produced from cancer cells,
the remainder may still be deposited in cancer cells
after shedding, which leads to some stimulation re-
lated to cancer progression [21].

In addition, we reveal that stromal SDC1 im-
munoreactivity is significantly associated with mem-
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branous SDC1 expression, which is significantly cor-
related with advanced primary tumors and EGFR
immunohistochemical positivity. At present, it is dif-
ficult to elicit how stromal and epithelial SDC1 ex-
pressions are related. Further studies with different
datasets are required to validate the statistical and
prognostic significance of stromal SDC1 immunore-
activity.

Our study indicated that SDC1 expression was
not significantly correlated with KRAS mutation sta-
tus. Until recently, few studies have investigated the
relationship between SDC1 expression and KRAS
mutation states. Vuoriluoto et al. demonstrated that
activating KRAS mutations are correlated with the
increased expression of a2Pl integrin, membrane
type-1 matrix metalloproteinase (MT1-MMP), and
SDC1 [25]. Several studies have indicated that
MT1-MMP and a2f1 integrin are important regula-
tors of tumor cell invasion into the collagen matrix [1,
26, 27]. Vuoriluoto et al. showed that strong SDC1
expression was inversely correlated with MT1-MMP
expression; upon decreased SDC1 expression,
MT1-MMP-dependent single-cell invasion into the
collagen matrix occurred [25]. Vuoriluoto et al. also
demonstrated that KRAS mutation is important for
a2l integrin and MT1-MMP-dependent invasion
into collagen [25]. In line with these findings, low
SDC1 expression was shown to be correlated with a
worse prognosis in patients with colorectal cancers [4,
5]. However, previous studies have reported that high
levels of SDC1 are linked to a poor prognosis in sev-
eral cancer types [6, 20, 28]. Vuoriluoto et al. sug-
gested that this discrepancy might stem from different
biological properties between membrane-bound and
soluble-shed ectodomain forms of SDC1, and these 2
forms may not be distinguished by immunohisto-
chemical staining [25]. They also suggested that the
SDC1 ectodomain alone might function as an invasion
enhancer, whereas the membrane-bound full-length
receptor may be able to exert MT1-MMP inhibitory
signaling by previously unknown mechanisms. The
reason that the association between SDC1 staining
and colorectal carcinoma aggressiveness in our study
cohort is opposite to the relationship identified in
other studies requires further clarification.

We also examined the relationship between
SDC1 and EGFR, a widely used prognostic factor for
colorectal carcinoma. There was a significant associa-
tion between SDC1 immunostaining on tumor cells
and increased EGFR staining. Few studies have eval-
uated the association between SDC1 and EGFR. Shah
et al. found that immunopositivity for SDC1 and
EGFR were both significantly correlated with a fa-
vorable prognosis for patients with non-small cell
lung carcinoma [29]. However, they did not investi-

gate the relationship between these biological mark-
ers. Gialeli et al. demonstrated that panitumumab, a
selective inhibitor of EGF-induced EGFR activation,
can prevent the expression of matrix effectors, such as
MT1-MMP and syndecan-4, resulting in a synergistic
effect with therapeutic strategies [30]. Although the
molecular events underlying the interactions between
SDC1 and EGFR remain to be elucidated, it can be
inferred that these 2 markers are related [30].

In conclusion, we have shown that epithelial
SDC1 immunopositivity is significantly correlated
with primary tumor stage and EGFR immunohisto-
chemical reactivity. In addition, stromal SDC1 im-
munopositivity was significantly associated with
male sex and marginally associated with distant me-
tastasis. These findings may help to identify aggres-
sive forms of colorectal carcinoma. The association
between SDC1 protein expression and the outcome in
patients with colorectal cancer may elucidate the role
of SDC1 in the progression and invasiveness of colo-
rectal carcinoma, which could lead to the develop-
ment of novel therapeutic agents.
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