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Purpose: Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin or basement-membrane-40 (BM-
40), is a member of a family of matricellular proteins, whose functions are to modulate cell-matrix interactions, growth and
angiogenesis in colorectal cancer. In this study, the expression of SPARC was evaluated and its correlations with clinico-
pathological parameters were investigated.

Methods: The researchers analyzed the expression patterns of SPARC by using immunohistochemistry in 332 cases of
colorectal cancer of tissue microarray. The clinicopathological characteristics were defined by using the TNM criteria of
the Union for International Cancer Control. Clinicopathological factors such as age, sex, histologic type of the tumor,
pathologic tumor stage, TNM stage, and lymphovascular invasion were evaluated according to the SPARC expression.
Results: The hazard ratios expressing SPARC in tumor cells, in the stroma, and in both tumor cells and the stroma were
2.10 (P = 0.036), 3.27 (P = 0.003) and 2.12 (P = 0.038), respectively. Patient survival was decreased in patient expressing
SPARC in the stroma, and this result showed statistical significance (P = 0.016).

Conclusion: These findings suggest that SPARC expression in a tumor and in the stroma correlates with disease progres-
sion and may be used as a prognostic marker for colorectal cancer.
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INTRODUCTION

Colorectal cancer, a kind of malignant tumor, has been increasing
in Korea due to westernized eating habits, so more diversified re-
search on tumor generation and advancement is needed. The
growth and development of a cancer is influenced a lot by its sur-
rounding environment. Secreted protein acidic and rich in cyste-
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ine (SPARGC, also called osteonectin or basement-membrane-40
[BM-40]) is one of the matricellular protein groups that play the
role of inducing interaction between and cell function in cells and
substrates [1]. This protein gene is located at chromosome 5q31-
33, and the human SPARC is composed of 10 exons. The struc-
tures of this gene in organisms from drosophila to higher animals
are very similar. The cancer-related action mechanism of SPARC
varies depending on the tumor type, and SPARC is known to be
more severely expressed in the stroma around the tumor than in
the tumor cell. SPARC has been reported to appear in breast can-
cer, melanoma, glioblastoma, ovarian cancer, pancreatic cancer,
acute myelogenous leukemia, and colorectal cancer [2-10].

Over the past few years, most of the cancer research has been
focused on the genetic change in the process of conversion into
malignant cells. However, because the cancer cells that proliferate
after cancer occurrence have various genetic properties, these can-
cer cells develop slowly while cross talking with other cancer cells
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and surrounding cells. Cancer cells call on stromal cells in their
neighborhoods, which are related with blood vessels and blood-
vessel formation, to make their development advantageous and to
facilitate metastasis, as well [11]. Thus, the stroma around cancer
cells does not simply support those cancer cells but also actively
assists cancer-cell growth, differentiation, and movement. SPARC
interacts with extracellular matrix components such as collagens,
laminin, fibronectin, and vitronectin and becomes involved in
their metastasis [12, 13]. SPARC, as a material expressed in cancer
cells and in the tissue cells around the cancer cells, is known to be
related to the occurrence of various cancers. However, the research
on SPARC expression in cases of colorectal cancer is very rare,
though this cancer is on the increase in Korea. Therefore, this re-
search used the immunohistochemical method to investigate the
tissue microarray (TMA) SPARC expression for 332 colorectal
cancer cases and determined if the result could be used as a prog-
nosis prediction factor.

METHODS

Materials

We collected the tissues of 332 patients who underwent surgery
for a colorectal carcinoma at Soonchunhyang University Cheonan
Hospital over the decade from January 2000 to December 2010
and for whom paraffin blocks had been well preserved. We inves-
tigated gender, age, and radiologic inspection record on the basis
of personal medical records, reviewed the tissue slides again for
histological diagnoses, and determined the tumor pT and pN stag-
ing on the basis of the American Joint Committee on Cancer tu-
mor staging policy.

Methods

For the fabrication of the TMAs, we reviewed the patients’ tissue
slides, collected two 2-mm cores from each paraffin block, and
embedded them in a recipient block to plant 30 tissues per block.
We then cut the TMA block into 4- to 5- pm-thick pieces, stripped
them of paraffin by using xylene 3 times for 5 minutes each time,
and then treated them in ethanol of 100%, 95%, 90%, 70%, 50%
and in distilled water for 3 minutes each until they became hy-
drous. For antigen retrieval, we put them in a 0.01-M sodium-ci-
trate buffer (pH 6.0), heated them in a microwave oven for 15 min-
utes, and cooled them for 30 minutes at room temperature. Then,
we cleaned the tissue with phosphate-buftered saline (PBS, pH 7.4)
solution, treated it with 0.3% hydrogen peroxide in methanol for
15 minutes at room temperature to suppress intrinsic peroxidase
activity in the tissue, and finally cleaned it with distilled water. We
washed the section with PBS, reacted it with goat sera for 30 min-
utes to block unspecific antigens, and removed the remaining so-
lution. The primary antibody, SPARC mouse monoclonal anti-
body (Proteintech Group Inc., Chicago, IL, USA), was diluted to
1:100 and finally reacted at room temperature for 2 hours. Then,
we flushed the section with PBS 3 times for 5 minutes each time
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and reacted it with primary antibody enhancer (Biovision, Milpi-
tas, CA, USA, USA) at room temperature for 30 minutes. There-
after, we repeated the flushing with PBS 3 times for 5 minutes each
time, reacted it with polymer (Biovision) at room temperature for
30 minutes, and repeated the flushing with PBS 3 times for 5 min-
utes each time.

We used diaminobenzidine for color formation, used Mayer’s
hematoxylin for light contrast staining, used graded ethanol for
dehydration, used xylene for transparency, used balsam for seal-
ing, and used an optical microscope for observation. For immu-
nohistochemical staining, we graded the cytoplasmic stain inten-
sity as 0 to 3 (0, unstained; 1, mild staining; 2, moderate staining;
and 3, severe staining) and classified the range as 1, 2, and 3 (1,
less than 10%; 2, from 10% to 50%; and 3, from 50% to 100%). If
the sum of the intensity and the range exceeded 4, it was read as
positive, and we conducted a statistical processing. We applied the
same rule to the stromal cell; i.e., we graded the stain intensity as 0
to 3 (0, unstained; 1, mild staining; 2, moderate staining; and 3,
severe staining) and classified the range as 1, 2, and 3 (1, less than
10%; 2, from 10% to 50%; and 3, from 50% to 100%). If the sum
of the intensity and the range exceeded 4, it was read as positive,
and we conducted a statistical processing.

Statistical analysis of data

We conducted the statistical validation in three groups: In the first
group, SPARC was expressed in tumors, in the second, SPARC
was expressed both in the tumor cell and the stroma, and in the
third, SPARC was expressed in the stroma. For the interrelation
between SPARC expression and the clinical and pathological vari-
ables, we used the X? test and the Student t test. For the variation
in survival according to SPARC expression, we used Kaplan-Meier
survival curves, and for the influence of the clinical and patholog-
ical variables on the survival, we used the Cox proportional haz-
ards model. For all statistical analyses, we used the SPSS ver. 14.0
(SPSS Inc., Chicago, IL, USA), and for all validations, we used the
2-sided test, with P < 0.05 being considered as statistically mean-
ingful.

RESULTS

The SPARC expression rates at the tumor, the stroma, and the tu-
mor and stroma were 28% (93/332), 46% (154/332), and 22% (73/
332) respectively. No SPARC expression was observed in normal
cells or their surrounding stromae. The SPARC expression in the
stroma was much stronger than that in the tumor cells. The endo-
thelial cells of the blood vessels and stromal fibroblasts around the
tumor expressed SPARC strongly. The SPARC expressed as a glan-
dular secreting-type expression, being conglomerated in the glan-
dular lumen (Fig. 1).

According to the Cox proportional hazard regression analysis,
the mortality risk was increased 2.10 times (95% confidence in-
terval, 1.05 to 4.19; P = 0.036) when the tumor expressed SPARC.
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Fig. 1. (A) Secreted protein acidic and rich in cysteine (SPARC) is expressed mainly in the peritumor stroma (SPARC IHC, peroxidase, DAB).
Mild expressions of SPARC in the tumor cells are noted while normal cells do not express SPARC. (B) SPARC is expressed strongly in the peri-
tumor stroma. The tumor cells show moderate SPARC expression (SPARC IHC, peroxidase, DAB). (C) SPARC is expressed strongly in the
peritumor stroma (SPARC IHC, peroxidase, DAB). The tumor cell expresses SPARC as a secretory component in the lumen. (D) SPARC is ex-
pressed neither in the stroma nor in the tumor (SPARC IHC, peroxidase, DAB).

Table 1. Cox regression analysis of the colorectal cancer with SPARC
expression in tumor and clinicopathologic factors

Table 2. Cox regression analysis of the colorectal cancer with SPARC
expression in stroma with clinicopathologic factors

Clinicopathologic factor Hazard ratio (95% Cl)  P-value Clinicopathologic factor Hazard ratio (95% Cl)  P-value
Age 1.01 (0.98-1.03) 0.709 Age 1.00 (0.97-1.02) 0.800
Sex (O=male, 1=female) 0.71 (0.36-1.40) 0.326 Sex (0=male, 1=female) 0.61(0.31-1.22) 0.165
pT stage (O=below 2, 1=over 3) 2.67 (0.32-22.62) 0.368 pT stage (O=below 2, 1=over 3) 3.28 (0.37-28.77) 0.283
pN stage (0=0, 1=1,2) 1.82 (0.92-3.59) 0.083 pN stage (0=0, 1=1,2) 2.23 (1.11-4.48) 0.024
Vascular invasion 0.72 (0.23-2.30) 0.584 Vascular invasion 0.76 (0.25-2.37) 0.637
Lymphatic invasion 3.11(1.19-8.11) 0.020 Lymphatic invasion 2.65 (0.96-7.28) 0.056
SPARC expression in tumor (0= -, 1=+)  2.10 (1.05-4.19) 0.036 SPARC expression (in stroma) (0= -, 1=+)  3.27 (1.49-7.17) 0.003

SPARC, secreted protein acidic and rich in cysteine; Cl, confidence interval.
In addition, in cases of lymphatic invasion, the mortality risk was

increased by 3.11 times (95% confidence interval, 1.19 to 8.11) in
comparison with cases without lymphatic invasion, indicating that
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SPARC, secreted protein acidic and rich in cysteine; Cl, confidence interval.
the mortality risk was raised significantly (P = 0.020) (Table 1).

According to the regression analysis, the mortality risk when the
stromal cell expressed SPARC was significantly higher than the
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mortality risk when it did not by 3.27 times (95% confidence in-
terval, 1.49 to 7.17; P = 0.003) (Table 2). Also, in cases with lym-
phatic metastasis, the mortality risk increased by 2.23 times (95%
confidence interval, 1.11 to 4.46), indicating a significantly in-
creased mortality risk (P = 0.024) (Table 2).

According to the Cox proportional hazard regression analysis in

Table 3. Cox regression analysis of the colorectal cancer with SPARC
expression both in tumor and in stroma and clinicopathologic factors

Clinicopathologic factor Hazard ratio (95% Cl) P-value
Age 1.00 (0.98-1.03) 0.755
Sex (O=male, 1=female) 0.35(0.31-1.38) 0.304
pT stage (O=below 2, 1=over 3) 2.94 (0.34-25.13) 0.324
pN stage (0=0, 1=1,2) 1.90 (0.97-3.73) 0.062
Vascular invasion 0.77 (0.23-2.56) 0.667
Lymphatic invasion 2.79 (1.04-7.48) 0.042
SPARC expression in tumor and stroma 2.12 (1.04-4.29) 0.038

SPARC, secreted protein acidic and rich in cysteine; Cl, confidence interval.
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which we restricted the effects of age, gender, pT stage, pN stage,
vascular invasion, lymphatic invasion, and differentiation, the mor-
tality risk when SPARC was expressed both at tumors and stromal
cells was significantly higher than the mortality risk when it was
not by 2.12 times (95% confidence interval, 1.04 to 4.29) (P =
0.038). In addition, in cases with lymphatic invasion, the mortal-
ity risk was increased by 2.79 times (95% confidence interval, 1.01
to 7.48) in comparison with the cases without lymphatic invasion,
indicating that the mortality risk was significantly increased (P =
0.042) (Table 3).

When we investigated the relation between SPARC expression
and cumulative survival rate on the basis of the log-rank test re-
sult, we found no statistically significant difference in the cumula-
tive survival rates whether SPARC was expressed in the tumor or
not (P = 0.064) (Fig. 2A). This phenomenon was also applicable
to cases in which SPARC was expressed in both the tumors and
the stromal cells simultaneously (P = 0.058) (Fig. 2B). However, a
statistically significant difference in cumulative survivals was found
when SPARC was expressed in stromal cells (P = 0.016) (Fig. 2C).
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Fig. 2. (A) Survival curves from the time of diagnosis for colorectal
cancer patients according to secreted protein acidic and rich in cys-
teine (SPARC) expression in the tumor (P = 0.064, log-rank test). (B)
Survival curves from the time of diagnosis for colorectal cancer pa-
tients according to SPARC expression in the stroma (P = 0.016, log-
rank test). (C) Survival curves from the time of diagnosis for colorec-
tal cancer patients according to SPARC expression in both the tumor
and the stroma (P = 0.058, log-rank test).
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DISCUSSION

SPARC is a matricellular protein that plays an important role in
the interaction between cells and substrates. This protein is a bone-
specific phosphoprotein bonded to a collagen fibril and hydroxy-
apatite, and it was discovered by Termine et al. [14] in 1981. There-
after, the same protein, which is secreted from blood-vessel stro-
mal cells, was known as albumin-binding glycoprotein [15]. Until
now, 6 kinds of proteins similar to SPARC have been identified,
including testican-1, -2, -3, SPARC-like 1 (or hevin, Mast9), and
SPARC-related modular calcium binding-1, -2. The size of SPARC
is 32 kDa, and although it consists of 303 amino acids, it is finally
composed of 286 amino acids because the first 17 amino acids are
missing. Because it is known to be expressed in bones and in blood-
vessel stromal cells, it is expressed in a mass in notochord, somite,
and gemmule bone during generation and is protein structures
are maintained during evolution. Thus, it is known to play an im-
portant role in the physiological mechanism to maintain life phe-
nomena [16, 17]. Through genetic expression profiling of various
malignant tumors, SPARC is known to be associated not only with
malignant tumor development but also with poor prognosis. In
particular, the melanoma expressing SPARC is related to an epithe-
lial mesenchymal transition (EMT) to weaken the bond between
the melanoma cell and the other cells due to the reduction of E-
cadherin, thus reducing conjugation and converting the melanoma
cell into a phenotype with a mesenchymal fibroblast aspect. There-
fore, these cells are known to intensify cell invasion [18, 19].

Research on SPARC expression in cases of colorectal cancer in
Korea was conducted for the first time by Yang et al. [10] in 2007.
According to that research, the SPARC promoter methylation re-
duced the expression in most colorectal cancer cells, and its ex-
pression was useful for obtaining a prognosis. They also reported
that SPARC was even expressed in normal colon tissue. However,
according to that research, SPARC protein expression was found
in the colorectal cancer cell lines HCT116, LoVo, SW480, HT29,
and Colo205, but not in the Caco-2 cell line and not in normal
cell lines like CCD-841-CoTr. Besides, SPARC expression was not
found in most normal colorectal mucosal cells. It may be assumed
that such a difference might have been caused by the different an-
tibodies used.

The expression of SPARC in tumor tissues appeared weaker than
that in the stromal cells surrounding the tumors. The stromal cell
around the tumor is known to have interrelation with epithelial
cells to help tumor generation. SPARC is strongly expressed not
only in tumor cells but also in the surrounding stromal cells, in
which case the prognosis is known to be poor because tumor in-
filtration and metastasis are promoted [20, 21]. According to that
research, SPARC was more strongly expressed in the stromal cells
around the tumor cells but not in the stromal cells around normal
mucous epithelia. In addition, it was expressed mildly in most tu-
mor cells and strongly in the stromal cells around the tumor tissue,
so it has not been proven the tumor cell provokes SPARC expres-
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sion in the surrounding stromal cells or that the surrounding stro-
mal cells express SPARC to help the tumor cells to have invasive
potentiality. Therefore, we need further research on this issue.

The EMT is an essential process in the formation of intermediate
germ layer tissues like muscles and frames, in which at the time of
normal gemmule growth, the epithelial cell loses its polarity, but
has the epithelial-mesenchymal phenotype, causing the epithelial
cell to transition to an epithelial-mesenchymal cell. This phenom-
enon can be easily observed in the process in which malignant
cells are converted into a phenotype by infiltration into surround-
ing tissues and metastasis [22]. During tumor EMT, some
changes, including reductions of inter-cell conjugation materials
(E-N cadherin switching) and of epithelial cell indicators (cyto-
keratins), increases of the mesenchymal indicator vimentin, fibro-
blast-shape movability, and invasion-phenotype acquisition, occur.
What is interesting is that the melanoma cell that expresses SPARC
induces the EMT-related transcription factor snail expression [23].
In addition, deterioration of SPARC expression reduces N-cad-
herin bonding with the cell membrane and water-soluble N-cad-
herin, as well [18]. In short, SPARC converts E-cadherin into N-
cadherin to weaken cellular coupling and promotes malignant tu-
mor infiltration and metastasis. On the other hand, when SPARC
is reduced, N-cadherin is converted into E-cadherin, intensifying
the cellular coupling. Such a function of SPARC is quite obvious
when we look into melanoma cells. In other malignant tumors
except melanomas, the SPARC expression is related to tumor de-
velopment. In metaplastic breast cancer, among breast cancers,
whose development is very fast, EMT-related protein expression,
including SPARC expression, is increased [2].

Under this research, as SPARC was expressed strongly not only
in the tumor cell but also in its surrounding stromal cell, for sta-
tistical validation, we evaluated the clinicopathologic factors and
placed the expressions in three groups: expressions in the tumor,
in the stromal cells, and in both the tumor and the stromal cell si-
multaneously. This is the first study of the interrelation of the clin-
icopathologic factors with colorectal cancer by classifying SPARC
expression into three groups: expression in the tumor, in the stro-
mal cell, and in both the tumor and the stromal cell simultane-
ously. However, nothing was noteworthy, except the sexual differ-
ence, regarding the interrelation between the clinicopathologic
factors and SPARC expression when SPARC expression was ob-
served in the tumor cells. However, regarding the relation with sur-
vival on the basis of the Cox regression analysis, SPARC expres-
sion appeared to have a relation to survival; in particular, lymphatic
invasion was revealed to affect survival.

Regarding SPARC expression in the tumor, E-cadherin reduc-
tion in melanoma cells is assumed to intensify invasion as well as
lymphatic invasion. However, Yang et al’s research result [10] that
the tumor SPARC expression reduced cancer metastasis and pro-
longed the survival period contradicts this research result. Some
reports said the SPARC expression was effective for cancer occur-
rence suppression while others said it contributed not only to can-
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cer occurrence but also to promotion of cancer development at
the same time, so further research should be conducted on this
subject. In case when SPARC is expressed in stromal cells, SPARC
expression in the stromal cell, rather than SPARC expression in
tumor cells, is assumed to be related to tumor-cell infiltration.
When we consider that SPARC is an EMT-related material, SPARC
expression in tumor stromal cells indicates that it is closely related
to tumor cell invasion. According to the Cox regression analysis,
SPARC expression in stromal cells is related to increased mortal-
ity risk (P = 0.003), and the factor affecting survival was pN (P =
0.024). Because SPARC tumor expression in stromal cells promotes
cancer metastasis, it is assumed to be related to pN. When SPARC
expression appeared in both tumor cells and stromal cells simul-
taneously, SPARC expression was found to intensify cancer cell
invasion. According to the Cox regression analysis, SPARC expres-
sion at tumors and stromal cells was related to increased mortality
rate (P = 0.038). Lymphatic invasion (P = 0.042) also appeared to
be related to it, and SPARC expression was closely related to the
EMT, causing frequent lymphatic invasion. According to this re-
search on the basis of SPARC expression, colorectal-carcinoma
SPARC expression affected the survival rate, whether is the expres-
sion was in a tumor cell or in a stromal cell.

The recent tumor research is focused on tumor cell infiltration
and metastasis caused by interactions with stromal cells in the
neighborhood of tumor cells. Malignant tumors with fast devel-
opment are related to SPARC expression, so some trials are being
conducted to determine treatment by using SPARC expression.
Tumor cell growth has been reported to be fundamentally blocked
when melanoma SPARC expression at the time of melanoma in-
jection into nude mice was appressed [24]. In another report, the
growth of tumor cells injected in nude mice was suppressed when
SPARC expression was decreased by applying adenovirus and
nonviral plasmid vector to tumor cells [18, 25]. In addition, tumor
cell movement and infiltration were suppressed by applying anti-
sense RNA in cases of breast cancer to suppress SPARC expres-
sion [26]. As shown above, much research is being conducted to
study the cancer treatment method by using cancer progress sup-
pression and setting SPARC expression to the treatment target. As
malignant tumor SPARC expression is emerging as the target for
early detection, prognosis prediction, and treatment, relevant re-
search should follow.

In conclusion, tumor or stromal cell SPARC expression in pa-
tients with a colorectal carcinoma was closely related with colorec-
tal cancer prognosis. Therefore, SPARC expression in a colorectal
carcinoma is expected to be useful as a prognostic factor.
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