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Abstract. Secreted protein, acidic and rich in cysteine
(SPARC) is a matricellular protein that modulates cell
adhesion and growth. The aim of this study was to assess
the prevalence of SPARC mRNA and protein expression in
esophageal squamous cell carcinoma (ESCC) and to investigate
the role of SPARC in proliferation and metastasis of ESCC.
The differential expression of SPARC between esophageal
squamous cell carcinoma and its corresponding normal eso-
phageal mucosa was analyzed by semi-quantitative reverse
transcription-polymerase chain reaction (RT-PCR), immuno-
histochemistry, as well as Western blotting. The expression
of SPARC in ESCC was significantly higher than that in the
corresponding normal esophageal mucosa as shown by semi-
quantitative RT-PCR, immunohistochemistry and Western
blotting. Meanwhile, SPARC protein was also significantly
up-regulated in ESCC compared with the corresponding
normal esophageal mucosa. SPARC protein was located in
the cytoplasm and nuclei of ESCC cells. The results of
Western blotting showed that out of 18 paired samples,
SPARC was up-regulated in 13 cases, no significant differences
were found for the other 5 cases. These findings revealed that
SPARC was up-regulated in ESCC and was closely associated
with ESCC metastasis. This study provides new insights into
nuclei location of SPARC.

Correspondence to: Professor Zhihua Liu, National Laboratory of
Molecular Oncology, Cancer Institute, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing 100021, P.R.
China

E-mail: liuzh@pubem.cicams.ac.cn

Abbreviations: SPARC, secreted protein, acidic and rich in cysteine;
ESCC, esophageal squamous cell carcinoma; NSCLC, non-small
cell lung cancer; ECM, extracellular matrix; RT-PCR, reverse
transcription-polymerase chain reaction; FN, fibronectin; MMP-2,
matrix metalloproteinase-2

Key words: secreted protein, acidic and rich in cysteine, esophageal
squamous cell carcinoma, gene expression

Introduction

Esophageal squamous cell carcinoma (ESCC) is the pre-
dominant histological subtype of esophageal cancer and is
characterized by a high mortality rate and regional variation
in incidence in China. As ESCC is usually diagnosed at a
relatively late stage, treatment options are limited and the
5-year survival rate remains low.

Our previous work as well as the work from other groups
showed obvious up-regulation of SPARC in human esophageal
squamous cell carcinoma using cDNA microarray and other
technologies. Our cDNA microarray results demonstrated a
3.78-fold increase in SPARC mRNA expression in human
ESCC tissues (1). SPARC, also termed osteonectin or
BM40, is a secreted glycoprotein that interacts with extra-
cellular matrix (ECM) proteins to promote adhesion of cells
from the matrix, thereby inducing a biological state
conductive to cell migration. SPARC is also thought to play
an important role in tissue remodeling, angiogenesis,
embryonic development and tumorigenesis. SPARC was
reported to be overexpressed in a variety of human
malignancies, including glioma (2), melanoma (3), thyroid
(4), stomach (5), bladder (6), breast (7), colon and rectum
(8), prostate (9), hepatoma (10), kidney (11), and esophagus
(12). However, SPARC was repressed in malignancies such
as pancreas (13), ovary (14) and NSCLC (15,16). Although
overexpression of SPARC was observed in ESCC by two
different groups, no details in mRNA level and the localization
in the cells or tissues have been reported (12,17). The aim of
this study was to examine the expression and the localization
of SPARC in ESCC and further demonstrate the relationship
between the levels of SPARC and the clinical outcome.

SPARC is a multifunctional matricellular glycoprotein.
In vitro, SPARC has antiangiogenic properties, including the
ability to inhibit the proliferation and migration of endo-
thelial cells stimulated by bFGF and VEGF. Previously, it
was demonstrated that platelet-derived SPARC also inhibits
angiogenesis and impairs the growth of neuroblastoma
tumors in vivo. SPARC may regulate tumor growth by
inhibiting angiogenesis, inducing tumor cell apoptosis and
mediating changes in the deposition and organization of the
tumor microenvironment (18). Croix et al (19), showed that
SPARC is expressed in the tumor endothelium. SPARC and


https://www.spandidos-publications.com/10.3892/ijmm.17.6.1027
https://www.spandidos-publications.com/10.3892/ijmm.17.6.1027

1028

Table I. Clinical features of the ESCC cases and the quantity
for each test.

Tissue diagnosis RT-PCR IHC  Western blot
Lymph node metastasis
Absent 13 21 12
Present 11 15 6
Differentiation
Well 7 12 9
Moderate 12 17 6
Poor 5 7 3

other extracellular matrix molecules, thrombospondins-1 and
-2, fibronectin, nidogens 1 and 2, and collagen types VIII,
XV, and XVIII, are also differentially expressed by endo-
thelium, varying with the endothelium type and/or pathophysio-
logical state (20). SPARC expression does not significantly
affect fibronectin-induced cell-spreading, but enhances
fibronectin-induced stress fiber formation, and cell-mediated
partial unfolding of fibronectin molecules, an essential process
in fibronectin matrix assembly (21). SPARC was found to be
independent of thrombospondin-1 expression (22). The motif of
SPARC responsible for anti-spreading activity was dependent
on the coordination of Ca’* by a Glu residue at the Z position
of EF-hand 2 and provide insights into how adhesive forces
are balanced within the extracellular matrix of urothelial cells
(23), matrix metalloproteinase-2 (MMP-2) and SPARC, the
two major factors may be influenced in the ECM remodeling
occurring with tumor invasion (24). These data further confirm
the function of SPARC in extracellular matrix organization
and identify a novel mechanism by which SPARC regulates
extracellular matrix assembly. Although further study on
SPARC in ESCC is necessary, these results will help us better
understand the process of esophageal tumorigenesis and
provide additional markers for the diagnosis and treatment of
this disease.

Materials and methods

Patients and sample collection. Seventy-eight esophageal
squamous cell carcinoma and paired normal mucosa specimens
were obtained from patients who underwent surgery at Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College and The First Affiliate Hospital of
Anhui Medical College, China. We selected patients who
had not been treated with radiotherapy or chemotherapy
before surgery. The patients included 51 males and 27
females. Twenty-eight tumors were well differentiated, 35
were moderately differentiated, and 15 were poorly differ-
entiated squamous cell carcinoma. The cases were classified
into two groups: a non-metastatic group (n=46, 13 for RT-PCR,
21 for IHC, 12 for Western blot) and a metastatic group (n=32,
11 for RT-PCR, 15 for IHC, 6 for Western blot) (Table I).
Specimens were obtained from the tumor edge, avoiding the
necrotic center, immediately after resection. Corresponding
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normal mucosa specimens at least 5 cm distant from the
tumor edge were also obtained by sharply dissecting the
mucosa from the muscularis propria. Fresh samples were
immediately frozen into liquid nitrogen and stored at -80°C
until processing. The samples used for immunohistochemistry
analysis were fixed in 4% polyformaldehyde and completely
embedded in paraffin.

Cell lines. Human EC9706 esophageal squamous cell
carcinoma (ESCC) cell line was established and maintained
in our laboratory (25), the human esophageal squamous cell
carcinoma (ESCC) cell lines KYSE30, KYSE150, KYSE410,
KYSE450, and KYSES510 (26) were generous gifts from Dr
Y. Shimada (First Department of Surgery, Faculty of Medicine,
Kyoto University, Japan). All the cell lines were grown in
RPMI-1640 medium supplemented with 10% FBS, 100 pg/ml
streptomycin and 100 g g/ml penicillin (pH 7.2-7.4) in a
humidified incubator containing 5% CO, at 37°C.

RT-PCR. Total RNA was extracted using mRNA purification
kit (Amersham Pharmacia, Inc., Piscataway, NJ, USA) from
both cancerous and normal esophageal tissues. Total RNA
(5 ng) was converted to cDNA using SuperScript II reverse
transcriptase (Invitrogen, Carlsbad, CA, USA). Briefly, total
RNA was denatured at 65°C for 5 min in the presence of 0.5 yg
oligo dT and 1 mM dNTPs. After chilling on ice for at least
1 min, RT was allowed to proceed at 25°C for 5 min in the
presence of 1X first-strand buffer, 5 mM DTT and 40 units
of RNase inhibitor. The reaction was then allowed to proceed
at 50°C for another 60 min. The reaction was terminated by
heat inactivation at 70°C for 10 min. RT-PCR was performed
in a 25 ul reaction mixture containing 50 mM forward and
reverse primers and 1 ul cDNA. The reaction was performed
with preliminary denaturation for 5 min at 94°C to activate
Taq DNA polymerase, followed by 27 cycles of denaturation
at 94°C for 30 sec, and extension at 58°C for 30 sec. Primers
(Bio-Asia, Shanghai, China) were synthesized for the following
sequences: forward 5'-TTGCCTGAGGCTGTAACTGA-3";
reverse 5'-GGGAGGGTGAAGAAAAGGAG-3'. The relative
expression of genes was determined using RT-PCR with B-actin
as an internal control.

Immunohistochemistry of SPARC. Paraffin sections from ESCC
patients were treated by incubation with mouse monoclonal
SPARC antibody (Wolwo Biotech Co., Shanghai, China)
overnight at 4°C in a humid chamber, at the dilution of 1:100.
For negative controls, the primary antibody was replaced by
non-immune serum. Immunostaining was done by the avidin-
biotin-peroxidase method. After immunostaining, the sections
were imaged at magnification x200 by two pathologists who
were blind to the clinical characteristics; three high-power
fields were examined for each section. Cytoplasmic or nucleus
patches of brown color were scored as SPARC positive.
Comparisons were made between the intensity of the staining
of the carcinoma cells and normal superficial epithelium on
the same slide. The negative group consisted of cancer
cells with no detectable (-) or only trace staining of SPARC
immunoreactivity (+). The positive group consisted of cancer
cells with low (1+), moderate (2+) or high levels (3+) of
SPARC immunoreactivity.
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Figure 1. RT-PCR analysis showed the up-regulation of SPARC in ESCC paired tissues, B-actin served as an internal control. M, DNA marker; N, normal

esophageal epithelium; T, esophageal squamous cell carcinoma.

Table II. Association between SPARC gene expression and
pathological parameters by RT-PCR.

Tissue T/N T/N = T/N Correlation
diagnosis >3 1-3 <1 R (P)
Lymph node
metastasis -0.470 (0.021)
Absent 8 4 1
Present 11 0 0
Differentiation -0.113 (0.598)
Well 5 1 1
Moderate 10 2 0
Poor 4 1 0

T, ESCC tissue specimen; N, normal mucosa; T/N >3, the cases of
significant differences; T/N = 1-3 and T/N <1, the cases of no
significant differences.

Western blot analysis. Total protein was extracted from 18
esophageal squamous cell carcinoma and the corresponding
normal esophageal mucosa specimens by radio-immuno-
protein assay (RIPA) buffer. The same aliquots (30 pg) of
total protein were applied to 12% acrylamide gradient gels
and analyzed. The proteins were electroblotted onto a poly-
vinylidene difluoride membrane (Bio-Rad, Seattle, WA, USA)
and SPARC was detected by using mouse monoclonal antibody
against SPARC (Wolwo Biotech Co.) at a dilution of 1:1000.

Statistical analysis. The Chi-square test was used for between-
group comparisons. The relationship between the results of
two different examinations was analyzed by Spearman's
correlation test. P-value <0.05 was considered to be statistically
significant using a two-tailed test. Statistical analyses were
carried out with SPSS data analysis program version 11.0
(SPSS Inc., Chicago, IL, USA).

Results

SPARC expression at mRNA level in ESCC. RT-PCR analysis
showed the differential expression of SPARC in 24 pairs of
esophageal squamous cell carcinoma tissue samples and the
matched normal tissue samples. The gene expression of

SPARC in ESCC by RT-PCR was higher than that in the cor-
responding normal esophageal mucosa. The expression of
SPARC was increased in 19 pairs of ESCC samples (79%),
whereas no changes were observed in 5 cases of ESCC samples
compared with their normal counterparts (Fig. 1). There is no
relationship between SPARC expression and the histological
differentiation of ESCC, however, the correlation does exist
between the SPARC expression and the lymph node metastasis
(Table II).

Overexpression of SPARC protein in ESCC tissues demon-
strated by immunostaining. We examined the immunohisto-
chemical staining patterns for SPARC in matched pairs of
histologically normal esophageal mucosa and tumorous tissue
specimens. The expression level of SPARC was significantly
higher in tumorous tissues as compared with the normal
epithelium. We observed up-regulated expression of SPARC
in 30 out of 36 carcinomas (83%), and no obvious changes in
6 cases. As shown in Fig. 2, the immunostaining was most
marked in cancer cells, and weak staining was observed in
the stroma cells or fibroblasts in ESCC tissues (B). Normal
esophageal epithelium cells did not show staining (Fig. 2A),
only a trace of immunoreactivity was distinguished in the
adjacent non-cancerous mucosa (Fig. 2A). Among the 36
patients studied by immunohistochemistry, the intensity of
immunostaining in tumor tissue was determined as negative (-)
in 6 (16%), 1+ in 6 (17%), 2+ in 19 (53%), and 3+ in 5 patients
(14%). Immunostaining in normal esophageal epithelium
cells was absent in 35 cases and + in 1 case. The SPARC
expression levels in tumor tissue, as determined by
immunohistochemistry, was comparable to RT-PCR. We then
performed statistical analysis with respect to the correlation
between the protein expression and histopathologic
parameters. The association between SPARC expression and
histopathologic differentiation was not statistically significant.
However, higher expression of SPARC was significantly
associated with lymph node metastasis (P<0.001) (Table III).
The current finding are contrary to previous studies that
SPARC immunolocated in the cytoplasm, whereas no
reaction in the nuclei. The strong expression of SPARC was
noted in the cytoplasm and nuclei of the tumor nest. SPARC
is located only in cytoplasma in most cases (Fig. 2D), but the
expression of 4 cases is in the nuclei and cytoplasma (Fig.
2C). In addition, SPARC is usually expressed only in
carcinoma cells, not in adjacent fibroblasts in the center
section of carcinoma tissue specimens, whereras its
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Figure 2. Immunohistochemical expression of SPARC protein in normal and ESCC tissues. (A) Trace immunostaining of SPARC in normal esophageal mucosa
(original magnification, x100). (B) Strong SPARC staining in ESCC tissues (original magnification, x100). (C) Strong expression of SPARC in some cases is in
nuclei and cytoplasma (original magnification, x400). (D) SPARC is located only in cytoplasma in most cases (original magnification, x400).

Table III. Association between SPARC expression and pathological parameters by IHC.

SPARC positive cases (%)

Tissue diagnosis - 1+ 2+ 3+ Correlation R (P)
Lymph node metastasis 0.591 (0.000)
Absent 6 (28) 5(24) 10 (48) 0
Present 0 1(7) 9 (60) 5(33)
Differentiation 0.099 (0.565)
Well 217 2(17) 7 (58) 1(8)
Moderate 3(18) 3(18) 9 (53) 2(11)
Poor 1(14) 1(14) 3(43) 2 (29)

immunostaining was recognized in the stromal fibroblasts of
invasive margin as well as in carcinoma cells. Trace immuno-
staining of SPARC was recognized in normal esophageal
mucosa and submucosa samples including stromal cells.

SPARC protein was up-regulated in esophageal cancer tissues
as detected by Western blot analysis. In the Western blot
analysis, all carcinoma tissue specimens showed a band at
43 kilodalton (kDa), which indicated SPARC expression,
whereas normal tissue specimens showed weak reaction.
The results of Western blotting revealed that the expression
of SPARC protein was significantly up-regulated in ESCC
compared with the corresponding normal esophageal mucosa
in 13 cases (P<0.05), no significant differences in 5 cases
(Fig. 3). Furthermore, SPARC was different in 7 esophageal
squamous cell carcinoma cell lines (Fig. 3). KYSE150,

KYSE410 and KYSES510 showed higher expression, whereas
KYSE510, KYSE450, COLO-680N and EC9706 showed
low expression.

Discussion

The function of SPARC in the pathogenesis and behavior of
human cancer is complex. SPARC increases the production
of collagenase, stromelysin, gelatinase, fibronectin and laminin
in fibroblasts (27). SPARC produced by melanoma cells
modulates the antitumor activity of polymorphonuclear leuko-
cytes (28). It functions as a counteradhesive protein, modifying
cell shape through the dissociation of focal adhesion, and
modulates cell-matrix interactions by binding to the extra-
cellular matrix (ECM) (29). Increased synthesis of SPARC in
submucosal fibroblasts has been reported in experimental
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Figure 3. The expression pattern of SPARC in ESCC paired tissues and human
esophageal cancer cell lines with Western blot analysis. SPARC protein was
up-regulated in esophageal cancer tissue (T) compared to the matched almost
normal tissues (N). B-actin, internal control.

studies during the early steps of chemical carcinogenesis (30).
Analysis of the SPARC transcript using RT-PCR has shown
an up-regulation of SPARC mRNA by the fatty acid. Gamma
linolenic acid (GLA) reduced cell-matrix adhesion in these
cancer cells. It is concluded that GLA is a regulator of SPARC
secretion and expression in cancer cells. GLA reduces the
secretion of SPARC into surrounding environment, which
may contribute to the reduction of cancer cell adhesion to the
extracellular matrix and cell motility (31).

SPARC protein is suppressed in mature human tissues.
Unlike fetal colon, normal adult colon does not express
SPARC, whereas re-expression occurs in the stroma of
colonic carcinomas (32). Similarly, SPARC is undetectable
in normal and benign stomach tissues, whereas substantial
amount of mRNA and protein are detected in the stroma of
gastric carcinomas (33). In the present study, we used SPARC
antibody, to investigate the expression patterns of SPARC in
normal esophagus and ESCC. In normal esophagus, SPARC
was confined to showing a rather weak expression, whereas a
strong reactivity was noted in the esophageal squamous cell
carcinoma. The findings were in accordance with other studies
showing a lack of SPARC expression in normal liver, colon,
stomach and kidneys. Although an extensive study on SPARC
in normal tissues is not available, it seems that expression of
this protein may persist in some mature human tissues, such
as ovarian and prostate epithelium, chondrocytes, and placental
trophoblasts (9,14-16).

The major finding of the present study demonstrated a
close association between SPARC overexpression and tumori-
genesis of ESCC. A similar analysis of higher SPARC
expression in tumor tissues has been reported in other
malignancies (6,8,11,12). Increased levels of SPARC were
associated with lymph node metastasis in colorectal and
esophageal cancers, liver metastasis in colorectal cancer and
bone metastasis in prostate cancers (8,9,12), but different
from another report, where SPARC stained only the cyto-
plasma in ESCC tissues (12). Here we observed the expression
of SPARC in cytoplasma as well as the nuclei.
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The current finding contrasted to previous studies that
SPARC located in the cytoplasm, whereas no reaction in the
nuclei was observed (12,34). The strong expression of
SPARC was noted in the cytoplasm and nuclei of the tumor
nest. Nuclear patterns of SPARC expression have also been
reported in embryonic chick cells (35). In that study, the
detection of SPARC in the interphase nuclei of embryonic
chicken cells in vivo was reported. Immunocytochemical
analysis of embryonic chicken cells in vitro likewise showed
the presence of SPARC in the nucleus. Furthermore, elution
of soluble proteins and DNA from these cells indicated that
SPARC might be a component of the nuclear matrix.
Subsequently cultured bovine aortic endothelial cells were
examined, which initially appeared to express SPARC only
in the cytoplasm. However, after elution of soluble proteins
and chromatin, SPARC in the nuclear matrix of these cells
was detected. A strong reactivity has been noted in the
cytoplasm and nuclei of the bronchial cartilage and stromal
fibroblasts (16). These observations provide new information
on SPARC, generally recognized as a secreted glycoprotein
that mediates interactions between cells and components of
the extracellular matrix. The evidence presented in this study
indicates that SPARC might subserve analogous functions in
the nuclear matrix.

It has been demonstrated that SPARC is critical for tumor
invasion, angiogenesis, and tumorigenesis. SPARC and
matrix metalloproteinase-2 (MMP-2) occur through shared
transcriptional regulation (AP-2, Sp1), SPARC induced
transforming growth factor-61, which could transcriptionally
activate MMP-2 and type I collagen (34). Briggs et al (7)
showed that overexpression of the c-Jun proto-oncogene
increased motility and invasion of MCF-7 with transcriptional
up-regulation of SPARC. It was also showed that SPARC
abrogation using anti-sense oligonucleotides inhibited c-Jun-
activated MCF-7 motility and invasion, whereas the SPARC
gene did not show increased motility and invasion in MCF-7.
These finding indicated that SPARC is required but not
sufficient for tumor invasion. It was concluded that higher
expression of SPARC was significantly associated with
lymph node metastasis (P<0.05).

In the current study, high SPARC expression was found
to correlate significantly with lymph node metastasis. Similar
result was reported in rectal carcinoma. SPARC expression was
not associated with the histological differentiation. Originally,
SPARC was found as a gene augmented in endothelial cells
during angiogenesis. Years later, its expression was confirmed
in tumor endothelium. It has been demonstrated that SPARC
was related to angiogenesis-related gene expression such as
thrombospondin-1, MMP-2 and tumor growth factor-8. In
ESCC, angiogenic activity correlated with lymph node
metastasis, which suggested that SPARC expression affects
lymph node metastasis through angiogenesis.

SPARC is a powerful independent prognostic marker for
short disease-free interval and poor overall survival of head
and neck cancer patients (36). The up-regulation of SPARC
mRNA expression is an early event in the development and
progression of Barrett's esophagus and Barrett's-associated
adenocarcinoma (37). Modulation of SPARC expression
affects colorectal cancer sensitivity to radiation and
chemotherapy. SPARC-based gene or protein therapy may
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ameliorate the emergence of resistant clones and eradicate
existing refractory clones and offers a novel approach for
cancer treatment (38). SPARC plays a crucial role in tumor
development in breast cancer and as such has a significant
bearing on patient prognosis and long-term survival (39).

Our study shows that SPARC might have potential
diagnostic, prognostic and biological value in tumor
assessment. However, the mechanism of its regulation
remains unknown, further investigations are still needed to
verify the involvement and the molecular mechanism of
SPARC in ESCC development. Further investigations will be
required to verify the involvement of SPARC in ESCC and
to further elucidate the molecular mechanisms of ESCC
development.
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