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Background: SPARC (secreted protein acidic and rich in cysteine), also known as osteo-
nectin, BM-40, and 43 K protein, is a matricellular protein associated with various tumor 
progressions. The aim of this research was to investigate the prognostic value of SPARC in 
endometrial carcinoma (EC) and its function in cancer cell invasion and metastasis.
Methods: From both mRNA and protein levels, SPARC expression in normal endometrial 
tissue and EC tissue, normal endometrial cells and 4 EC cell lines (KLE, HEC-1A, HEC-1B, 
Ishikawa) were evaluated by immunohistochemistry (IHC) or immunocytochemistry (ICC), 
quantitative real-time PCR (qRT-PCR) and Western blotting. RNA interference mediated by 
lentivirus was performed to get the stable SPARC down-expressing cells. The functional 
analysis techniques in vitro and in vivo were used to detect the effects of SPARC knockdown 
on EC cell proliferation, apoptosis, invasion and metastasis.
Results: The expressions of SPARC in EC tissues and cells were much lower than those in 
normal endometrial cells and tissues; meanwhile, its low expression was closely related to 
the malignant clinicopathological characteristics of EC. SPARC knockdown could inhibit 
apoptosis, promote the process of EMT and improve the proliferation and invasion capacities 
of EC cells in vitro and in vivo.
Conclusion: The low expression of SPARC was detected in EC tissues and cells, which was 
positively correlated with the poor prognosis of EC patients. SPARC acted as a tumor 
suppressor gene that hindered EC progression, which proposed a new therapeutic strategy 
for EC treatment.
Keywords: SPARC, endometrial cancer, invasion, metastasis, EMT

Introduction
Endometrial carcinoma (EC) is an epithelial malignancy occurring in the endo-
metrium and is one of the most common gynecologic malignancies that seriously 
threatens women’s health.1 In 2018, 63,230 new cases and 11,350 deaths from 
EC were projected to occur in the United States. Among all female malignant 
tumors, the incidence of EC ranks 4th, and the mortality rate ranks 6th.2 EC is 
more common in postmenopausal women, although approximately 14% of 
‘patients are premenopausal women, and approximately 4% are less than 40 
years old.3 Numerous studies have shown that hypertension, diabetes, and obe-
sity are high-risk factors for EC. Due to the increasing incidence of chronic 
diseases, the population at high risk of EC is continually expanding, and the 
overall incidence rate of EC is increasing.4 At present, treatment for EC is 
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mainly based on surgery, radiotherapy, chemotherapy, 
and other comprehensive treatments, although the prog-
nosis of patients with EC at an advanced stage with 
recurrence or metastasis is still very poor.5 Metastasis 
of regional or distant lymph nodes is a major prognostic 
determinant of EC.6 Therefore, it is necessary to actively 
study the invasion and metastasis mechanisms of EC and 
uncover its biological characteristics, so as to explore 
new comprehensive treatment strategies for improving 
the patient prognosis.

Secreted protein acidic and rich in cysteine (SPARC) 
was originally described and purified as a non-collagen 
component by Temine et al in 1981.7 SPARC, also known 
as osteonectin, BM-40, and 43 K protein, is a calcium- 
binding protein of the extracellular matrix non-collagen 
glycoproteins. Subsequent studies have shown that 
SPARC is widely distributed in humans, especially in 
tissues during development and reconstruction. The phy-
siological functions of SPARC involve multiple aspects of 
tissue differentiation and embryonic development, cell 
adhesion and migration, and regulation of the cell cycle.8 

Abnormal expression of SPARC has been found in many 
malignant solid tumors and is associated with tumorigen-
esis and progression, invasion and metastasis, and clinical 
stage and prognosis of patients.9,10

While the relationship between SPARC and different 
malignancies has been demonstrated, there have been few 
studies on its relationship with EC, and the conclusions are 
contradictory. In this study, using lentivirus transfection 
and cell functional assays in vitro and in vivo, we system-
atically elucidated the effects of SPARC on EC progres-
sion and its role in cell proliferation, invasion, and 
metastasis at the cellular level.

Materials and Methods
Tumor Tissues Samples
With written informed consent, 75 normal endometrial 
tissues and 245 EC tissues were collected from the 
Second Hospital of Jilin University between 2005 and 
2017. All EC patients were diagnosed according to the 
revised International Federation of Gynecology and 
Obstetrics (FIGO) staging system, with the following 
FIGO stages: stages I and II, 144 cases; and stages III 
and IV, 101 cases. No patient received any preoperative 
radiotherapy or chemotherapy. This study was approved 
by the Institutional Medical Ethics Committee of Jilin 
University, and all approaches were based on relevant 

guidelines and regulations. Written informed consent was 
obtained from all patients involved in this study.

Analysis of the Oncomine Public 
Databases
Oncomine array datasets (www.oncomine.org) are large 
tumor gene chip databases, containing 65 gene chip data 
sets, 4,700 chips, and expression data for 480 million 
genes, which can be used to perform differential analysis 
of gene expression, identify the clinical relevance of gene 
expression, and perform multi-gene co-expression 
analysis.11,12 The advantage of Oncomine analysis is 
that, in addition to data, it also provides some simple and 
easy-to-operate analytical tools, such as differential 
expression analysis, co-expression analysis and so on. 
Moreover, it integrates some of the TCGA and GEO 
data. Oncomine analysis is more suitable for comparative 
studies, and detailed information on standardized techni-
ques and statistical calculations is provided on the online 
platform. In this study, the Oncomine comprehensive 
assay was used to compare the differential expression of 
SPARC between endometrial carcinoma and normal endo-
metrial tissue.

Culture and Identification of Normal 
Endometrial Cells
Normal endometrial tissues were collected during hyster-
ectomy in patients with hysteromyoma or polyps in the 
Gynecology and Obstetrics department of the Second 
Hospital of Jilin University. Tissue obtained from the 
operation was washed using phosphate-buffered saline 
(PBS), cut into small pieces, immersed in 5 mL of 
0.25% trypsin supplemented with 0.25 mg/mL collagenase 
type I (Sigma-Aldrich, St. Louis, MO, USA) at a ratio of 
1:1, and incubated at 37 °C on a rotating platform for 1 h, 
to promote cell isolation and primary cell growth.11 Then, 
the digested tissue was washed using PBS, suspended in 
Dulbecco’s Modified Eagle’s Medium (DMEM)/F12 
(Gibco BRL, Rockville, MD, USA) containing 10% fetal 
bovine serum (FBS; Australian origin) and 1% antibiotics 
(100 µg/mL streptomycin, 100 U/mL penicillin; Millipore, 
USA), transferred to a cell culture flask, and cultured at 
37 °C with 5% CO2. The primary cell isolation process 
does not change the expression of cell-specific proteins, 
and the cultures can be examined for specific protein 
markers. Normal endometrial cells can be identified by 
morphological and immunocytochemical methods. 
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Epithelial cells are polygonal, closely arranged, and vor-
tex-like, and their nucleus is larger and obvious. Stromal 
cells are spindle-shaped, show stretched and flat growth, 
and their nucleus is not obvious. Keratin is found in 
glandular epithelial cells, and vimentin is present in stro-
mal cells.13

Culture of EC Cell Lines
Four types of EC cells, KLE, HEC-1A, HEC-1B, and 
Ishikawa, were purchased from the Shanghai Institute of 
Science, Academia Sinica. All cells were cultured in 
DMEM/F12 supplemented with 10% FBS and 1% anti-
biotics at 37 °C and 5% CO2. The medium was changed 
daily, and cell growth was observed under an inverted 
microscope. When cell density reached 80%, cells were 
trypsinized and subcultured.

Detection of SPARC Expression in 
Endometrial Tissue and Cells by 
Immunohistochemistry and 
Immunocytochemistry
For immunohistochemistry (IHC), paraffin-embedded 
tissue sections were successively baked, dewaxed, PBS- 
soaked, submitted for antigen-retrieval, and goat serum- 
blocked. Thereafter, cells were incubated with primary 
anti-human SPARC antibody (ab225716; Abcam) at 4 ° 
C overnight. The next day, goat anti-rabbit biotin- 
conjugated secondary antibody was added and incubated 
for 30 min at 37 °C. After washing using PBS, a drop of 
DAB chromogenic solution was added on top of sec-
tions. Brown particles in the tissue were observed in real 
time under a microscope, and the reaction was termi-
nated immediately using tap water. After hematoxylin 
re-dyeing, 1% alcohol hydrochloride differentiation, gra-
dient ethanol dehydration, and neutral gum sealing, the 
staining results were observed and photographed under 
an electron microscope. The appearance of brown gran-
ules in the cytoplasm was considered a positive result. 
A semi-quantitative scoring system was used to deter-
mine the staining results.14 The total expression score 
was equal to the staining intensity score plus the per-
centage score of positive cells. The staining intensity 
was divided into four categories: totally negative, 0 
points; weakly positive (pale yellow, slightly higher 
than the background),1 point; positive (brown-yellow, 
significantly higher than the background), 2 points; and 
strong positive (dark brown), 3 points. The percentage 

of positive cells was divided into five categories: 0 
points (0%), 1 point (1%–25%), 2 points (26%–50%), 
3 points (51%–75%), and 4 points (76%–100%). A total 
score of 0–3 indicated low expression and 4–7 indicated 
high expression. For immunocytochemistry (ICC), cells 
in the logarithmic growth phase were suspended, inocu-
lated in small culture dishes covered with coverslips, 
and cultured at 37 °C and 5% CO2 for 24 h. After 
washing using PBS, all coverslips with adhered cells 
were gathered and fixed using 95% ethanol for 30 
min, and the remaining IHC procedure steps were fol-
lowed. For outcome determination, five random views of 
each coverslip were selected and examined for positive 
cell ratio and positive staining intensity, using the same 
judgment criteria as for IHC. Each experiment was 
performed in triplicate.

Quantitative Real-Time PCR Detection of 
SPARC mRNA Expression in Normal 
Endometrial and EC Cells
Logarithmic growth cells were collected. Total RNA was 
extracted using TRIzol reagent (TaKaRa Biotechnology, 
China) and diluted to 500 ng/µL, of which 2 µL was 
reverse-transcribed to cDNA (PrimeScript RT reagent Kit 
with gDNA Eraser; TaKaRa). The total amount of reaction 
solution was 20 μL, including 10 µL Power SYBR Green 
PCR master mix (TaKaRa), 0.4 µL each of upstream and 
downstream primers, 2 µL cDNA template, and 7.2 µL 
DNase/RNase-Free Water (Sigma-Aldrich). PCR was per-
formed using the LightCycler 480 System (Applied 
Biosystems Inc.; Thermo Fisher Scientific, Inc. Inc). The 
specific upstream and downstream primers were designed 
and synthesized by TaKaRa. The primer sequences are 
shown in Table 1. The relative gene expression was ana-
lyzed by the 2-ΔΔCt method.15 Each experiment was 
performed in triplicate.

Western Blotting Detection of SPARC 
Protein Expression in Normal 
Endometrial and EC Cells
Logarithmic growth cells were collected and lysed on 
ice for 30 min in radio-immunoprecipitation assay 
(RIPA) buffer supplemented with 1 mM phenylmethyl-
sulfonyl fluoride (PMSF). Protein was extracted by low- 
temperature centrifugation at 12,000 rpm/min and the 
concentration was determined with the bicinchoninic 
acid (BCA) Protein Assay Kit (Solarbio, China). 
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Protein samples (40 μg per lane) were separated by 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis (SDS-PAGE), transferred to polyvinylidene difluor-
ide (PVDF) membranes, and blocked with 5% bovine 
serum albumin (BSA) for 1 h at room temperature. 
After washing using Tris-buffered saline with Tween 
20 (TBST), membranes were incubated with primary 
antibodies at a working dilution of 1:1000, at 4 °C 
overnight. The next day, the membranes were washed 
using TBST and incubated with a secondary antibody 
for 1 h at room temperature. Thereafter, immunoblots 
were developed using enhanced chemiluminescence 
(ECL, Thermo Fisher Scientific, Inc.). After automatic 
exposure, the gray values of the bands were analyzed to 
determine protein levels. Each experiment was per-
formed in triplicate.

RNA Interference Mediated by Lentivirus
The LV-SPARC-RNAi vector and LV-negative-RNAi vec-
tor were designed and provided by GeneChem Inc. 
(Shanghai, China). Exogenous SPARC-forced knockdown 
in Ishikawa and HEC-1B cells was accomplished by trans-
fection with the LV-SPARC-RNAi vector to obtain 
Ishikawa-shRNA cells and HEC-1B-shRNA cells. The 
target sequence for SPARC was 5ʹ-AACAAGACC 
TTCGACTCTTCC-3ʹ; the negative control sequence was 
5ʹ-TTCTCCGAACGTGTCACGT-3ʹ. According to the 
manufacturer’s protocol, logarithmic growth cells were 
collected, inoculated into a 24-well plate, and cultured at 
37 °C and 5% CO2 for 24 h. For accurate judgment of the 
best infection conditions as well as multiplicity of infec-
tion (MOI) values, the LV-negative-RNAi vector was used 
for pre-experimentation. The MOI values were set to 10, 
50, and 100 for the pre-experiment, and the final MOI 
value was determined to be 100. The amount of virus 
required was calculated according to the formula: MOI = 
(viral titer×volume of virus)/cell number. The transfection 
mixtures of lentivirus particles and infection enhancers 
were added into the wells, and cells were maintained in 
a 37 °C and 5% CO2 incubator for 12 h. In order to avoid 
viral cytotoxicity, 12 h after lentiviral transfection, the 
transfection mixture was replaced with fresh complete 
medium. Cell culture medium was changed daily for 3 
days. After 72 h of incubation, transfected cells showing 
green fluorescence were observed under a fluorescence 
microscope, and transfection effects were determined by 
qRT-PCR, Western blotting, and ICC.

Detection of Apoptosis by Flow 
Cytometry
Cells were collected and washed using PBS, as required by 
the PE Annexin V Apoptosis Detection Kit I (BD 
Pharmingen™). Cells in the control and experimental 
groups were resuspended in 1× buffer, and the suspension 
was filtered and added to a special glass tube containing 
5 μL 7-AAD and 5 μL PE fluorochrome. The number of 
cells in each tube was guaranteed to be more than 1×104 

cells, which were mixed slightly and stained at room 
temperature for 15 min. The apoptosis rate of 10,000 
cells was measured by flow cytometry, and the total apop-
tosis rate of each group was the sum of the early (Q4) and 
late (Q2) apoptosis rates. Each experiment was performed 
in triplicate.

Table 1 The Sequence of Primer in RT-qPCR

Primer Name Specific Sequences

SPARC F:5ʹ-ACATAAGCCCAGTTCATCACCA-3ʹ 
R:5ʹ-ACAACCGATTCACCAACTCCA-3’

CDH1 F:5ʹ-GGATTGCAAATTCCTGCCATTC-3ʹ 
R:5ʹ-AACGTTGTCCCGGGTGTCA-3’

CDH2 F:5ʹ-CGAATGGATGAAAGACCCATCC-3ʹ 
R:5ʹ-GCCACTGCCTTCATAGTCAAACACT-3’

VIM F:5ʹ-AACCTGGCCGAGGACATCA-3ʹ 
R:5ʹ-TCAAGGTCAAGACGTGCCAGA-3’

SNAIL F:5ʹ-GCTCCCTCTTCCTCTCCATACC-3ʹ 
R: 5ʹ-AAGTCCTGTGGGGCTGATGT-3’

SLUG F: 5ʹ-GAAGCATTTCAACGCCTCCAA-3ʹ 
R: 5ʹ-GTTGTGGTATGACAGGCATGGAGTA-3’

TWIST F: 5ʹ-CAGCTACGCCTTCTCGGTCT-3ʹ 
R: 5ʹ-CTGTCCATTTTCTCCTTCTCTGG-3’

ACTB F: 5ʹ-TGGCACCCAGCACAATGAA-3ʹ 
R: 5ʹ-CTAAGTCATAGTCCGCCTAGAAGCA-3’

TGF-β F: 5ʹ-GGTCACCCGCGTGCTAATG-3ʹ 
R: 5ʹ-CAGAAGTTGGCATGGTAGCC-3’

MMP2 F: 5ʹ-CTCATCGCAGATGCCTGGAA-3ʹ 
R: 5ʹ-TTCAGGTAATAGGCACCCTTGAAGA-3’

MMP9 F: 5ʹ-ACGCACGACGTCTTCCAGTA-3ʹ 
R: 5ʹ-CCACCTGGTTCAACTCACTCC-3’

MMP3 F: 5ʹ-CTGGGCCAGGGATTAATGGAG-3ʹ 
R: 5ʹ-CAATTTCATGAGCAGCAACGAGA-3’

MMP13 F: 5ʹ-TCCTGGGCCAAATTATGGAG-3ʹ 
R: 5ʹ-GGGTCCTTGGAGTGGTCAAGA-3’
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Growth Curve Test to Detect Changes in 
Cell Proliferation Ability Before and After 
Transfection
After trypsin digestion and centrifugation, logarithmic 
growth cells were collected and counted, then seeded on 
a 24-well plate, maintaining the number of cells in each 
well at 1 × 104 cells. Three duplicate wells were used for 
each cell type. From the next day, cells were trypsinized 
daily, and the average number of cells per day was calcu-
lated from the three duplicate wells, per week. The culture 
time was displayed on the horizontal axis, and the number 
of cells obtained from daily statistics was displayed on the 
longitudinal axis to draw the growth curve. Each experi-
ment was performed in triplicate.

Plate Cloning Formation Test to Detect 
Changes in Cell Cloning Capacity Before 
and After Transfection
Logarithmic growth cells were digested using trypsin and 
centrifuged at low speed (1,000 rpm). After cell counting, 
cells were seeded on a 6-well plate, and the number of cells 
per well was consistent at 500. Cells were blown to distribute 
them evenly, and they were incubated at 37 °C and 5% CO2 

for 10 days. The culture medium was changed every 3–4 
days. Ten days later, after washing using PBS, cells were 
fixed with 4% paraformaldehyde for 20 min, and then com-
pletely covered and stained using hematoxylin for 10 min. 
After removing the hematoxylin dye, the 6-well plate was 
gently rinsed under slow-running tap water to avoid remov-
ing stained cells. The number and size of stained cell clones 
were observed under an inverted microscope to determine 
their formation ability. All data were expressed as mean±SE. 
Each experiment was performed in triplicate.

Transwell Invasion and Migration Test to 
Detect Changes in Cell Invasion and 
Migration Ability Before and After 
Transfection
For the invasion test, Matrigel matrix glue (BD 
Biosciences, Bedford, MA, USA) was diluted with serum- 
free medium (dilution ratio 1:7), 50 μL of which was used 
to evenly cover the upper chamber filter membrane of the 
Transwell plate, taking care not to produce bubbles, and 
this was incubated at 37 °C for 2 h until the Matrigel glue 
had solidified thoroughly. Thereafter, 200 μL cell suspen-
sion was added to the upper chamber (approximately 2 × 

105 cells). NIH3T3 cells (mouse embryonic fibroblasts) 
were cultured in a serum-free medium for 24 h. The med-
ium was aspirated and filtered, and 600 μL was added to 
the lower chamber as chemokine treatment. The Transwell 
chamber was removed after culturing at 37 °C and 5% 
CO2 for 24 h. The upper layer of the filter membrane was 
carefully removed, including non-invaded cells and the 
residual Matrigel, and then fixed using 95% ethanol for 
30 min and stained with crystal violet for 10 min. Five 
random visual fields were selected and examined using an 
inverted microscope (BX63F; Olympus, Japan), and the 
invaded and dyed cells were counted to determine their 
invasion ability. For the migration test, except for the 
absence of Matrigel matrix glue, the other operation 
steps were completely consistent with the invasion test. 
All data were expressed as mean±SE. Each experiment 
was performed in triplicate.

Establishment of an in vivo Xenograft 
Tumor in Nude Mice
BALB/C-nu/nu nude mice were purchased from the 
National Resource Center for Rodent Laboratory Animal 
of China, kept in an SPF sterile experimental environment, 
and regularly fed sterile water and sterilized feed. They 
were randomly divided into four groups, with five mice in 
each group. Cell suspensions of Ishikawa-shRNA, 
Ishikawa control, HEC-1B-shRNA, and HEC-1B control 
groups, and 1 × 107 cells were subcutaneously injected 
into the neck and back of nude mice.16,17 Formation and 
changes in tumor were observed regularly, and the length 
and width of each animal tumor were measured weekly. 
After calculating the volume according to the formula: 
length × width2 × 0.5, the growth curve of tumor forma-
tion was constructed with time as the horizontal coordinate 
and tumor volume as the vertical coordinate. The animal 
experiments were approved by the Institutional Animal 
Care and Use Committee of Jilin University. All mouse 
experimental procedures were performed in accordance 
with the Regulations for the Administration of Affairs 
Concerning Experimental Animals approved by the State 
Council of the People’s Republic of China. The study was 
carried out in accordance with the principles of the 
Declaration of Helsinki.

Statistical Analysis
All experimental data were analyzed using Statistical 
Package for the Social Sciences (SPSS) software version 
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24.0 0 (SPSS Inc., Chicago, IL, USA). P < 0.05 (two-sided) 
was considered statistically significant. Measurement data 
were expressed as “mean ± SE” and analyzed using a t-test 
(two groups) and one-way ANOVA (three and more groups; 
between-group tests used SNK or Dunnett’s test). IHC data 
were expressed in n (%) and analyzed by the Χ2 test or 
Fisher’s exact test. Survival analysis was performed using 
the Kaplan–Meier statistical method.

Results
SPARC Expression in Human Normal 
Endometrial and EC Tissues
The results of the IHC experiments were as follows. The 
high expression of SPARC in normal endometrial tissue was 
89.3%, significantly higher than that in cancer tissues (P < 
0.05), as shown in Figure 1 and Table 2. In EC tissue, 
clinicopathological features, such as differentiation grade, 
tumor stage, and lymph node metastasis, had a strong impact 
on the high expression of SPARC (Table 3). The analysis 
showed that the high expression percentage of SPARC in 
well-differentiated EC tissue (29.8%) was significantly 
higher than that in poorly differentiated EC tissue (9.6%, 
P < 0.05). High expression levels of SPARC decreased with 
an increase in tumor stage, in which the I and II stages were 
27.8%, and the III and IV stages were 10.0%, P < 0.05. 
Lymph node metastasis increased the possibility of lower 
expression of SPARC. The high expression rates of SPARC 
in EC tissues without and with lymph node metastasis were 
25.9% and 10.3%, respectively (P < 0.05). Our research 
used the Oncomine database to compare the differential 
expression of SPARC between endometrial carcinoma and 
normal endometrial tissue. Based on the analysis of 
Oncomine datasets, we found that SPARC copy number in 
the normal endometrium (25) was 1.019 times higher than 
that in endometrial endometrioid adenocarcinoma (291), and 
1.056 times higher than that in endometrial serous adeno-
carcinoma (50) (P < 0.05), as shown in Figure 1G. Overall 
survival was estimated using the Kaplan–Meier statistical 
method to assess the relationship between SPARC expres-
sion and the prognosis of EC patients. According to SPARC 
high or low expression, EC patients were divided into two 
groups: 195 patients with low SPARC expression (green 
line) and 50 patients with high SPARC expression (blue 
line). The results showed that the survival time of patients 
in the SPARC high expression group was longer than that in 
the SPARC low expression group, and the high expression 

of SPARC indicated a good prognosis for EC patients 
(Figure 2A).

SPARC Expressions in Normal 
Endometrial Cells and EC Cell Lines
For the primary culture of normal endometrial cells, we 
found that the endometrial epithelial cells were spirally 
arranged and grew in clusters (Figure 2B), and the 
stromal cells were fusiform and more parallel (Figure 
2C). Cytokeratin staining of epithelial cells was positive 
(Figure 2D), and vimentin staining of stromal cells was 
also positive (Figure 2E). Isolation of normal endome-
trial cells was confirmed by morphological observation 
and ICC identification. The results of Western blotting 
showed that the expression of SPARC in normal endo-
metrial cells was significantly higher than that in four 
cancer cell lines, Ishikawa, HEC-1B, HEC-1A, and KLE 
(Figure 3A). The ICC results further confirmed that the 
expression of SPARC decreased with an increase in cell 
invasion and proliferation abilities. The KLE cell line 
had a strong ability to invade and proliferate, but weak 
SPARC expression, while the invasion and proliferation 
abilities of Ishikawa cells were weak, but SPARC 
expression was strong (Figure 3B).18 At the mRNA 
level, qRT-PCR results were consistent with the results 
of ICC and Western blotting (Figure 3C). From the 
above experimental results, we found that the expression 
of SPARC in normal endometrial tissues and cells was 
significantly higher than that in EC tissues and cell 
lines. With the increase in tumor cell malignancy, the 
expression of SPARC decreased. SPARC expression was 
negatively correlated with tumor cell invasion and pro-
liferation ability. This study further used RNAi to 
reduce the expression of SPARC and observe the 
changes in cell invasion and proliferation ability before 
and after transfection.

Validation of Lentivirus-Mediated SPARC 
RNAi Transfection Efficiency
The human endometrial cancer cell lines, Ishikawa, 
HEC-1B, HEC-1A, and KLE, had different invasiveness 
and SPARC expression levels. Ishikawa and HEC-1B 
cells showed weak invasiveness and strong SPARC 
expression, while HEC-1A and KLE showed strong 
invasiveness and weak SPARC expression. Therefore, 
we selected Ishikawa and HEC-1B cells with higher 
SPARC expression to perform RNAi experiments. 
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Figure 1 Expressions of SPARC in in human endometrial tissues and analysis of the public databases. SPARC expressions of (A) proliferative stage of normal human 
endometrium, (B) secretory phase of normal human endometrium, (C and D) well-differentiated endometrial carcinoma, (E and F) poorly differentiated endometrial 
carcinoma were measured by IHC. (Magnification×200). (G) In TCGA Endometrium Statistics of Oncomine, SPARC copy number in normal endometrium (25) was 1.019 
times higher than that in endometrial endometrioid adenocarcinoma (291), and 1.056 times higher than that in endometrial serous adenocarcinoma (50) (P<0.05).
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Using lentivirus-mediated RNAi, the expression of 
SPARC in Ishikawa and HEC-1B cells was knocked 
down, and the transfection efficiency was verified by 
Western blotting (Figure 4A), qRT-PCR (Figure 4B), 
and ICC (Figure 4C). All three results showed that 
SPARC expression in SPARC shRNA-transfected 
Ishikawa and HEC-1B cells was successfully decreased, 
and there was no significant difference between the 
negative control group and the non-transfected group, 
which suggested high efficiency in RNAi experiments 
and that stable SPARC knockdown cell lines were 
obtained.

Changes in Cell Proliferation and Cloning 
Ability Before and After Transfection
Growth curve results showed (Figure 5A) that after RNAi- 
silencing SPARC expression, the proliferation rate of 

SPARC shRNA-transfected Ishikawa and HEC-1B cells 
was greatly enhanced. For plate cloning formation test, the 
clone number formed by SPARC shRNA-transfected 
Ishikawa and HEC-1B cells was significantly higher than 
in the negative control group and non-transfected group, 
and there was no significant difference between the negative 
control group and the non-transfected group (Figure 5B). 
The images of the clone formation test showed that, regard-
less of the number or size of clones, SPARC knockdown 
groups had obvious advantages over the negative control 
group (Figure 5C). Overall, SPARC knockdown clearly 
promoted cell growth, proliferation, and cloning ability.

Changes in Cell Apoptosis Ability Before 
and After Transfection
The total apoptosis rates of SPARC shRNA-transfected 
and control shRNA-transfected cells in the Ishikawa 

Table 2 Expression of SPARC in Normal Endometrial Tissue and Carcinoma Tissue

Tissue Type N SPARC Low 
(-/+) 
n (%)

SPARC High 
(++/+++) 
n (%)

Χ2 P

Normal 75 8 10.7 67 89.3 117.612 0.000

Carcinoma 245 195 79.6 50 20.4

Table 3 Relationship Between the Expression of SPARC and Clinicopathological Features of Endometrial Cancer Patients

Clinicopathological Features N SPARC Low 
(-/+)

SPARC High 
(++/+++)

Χ2 P

n (%) n (%)

Age 0.942 0.332
≤65 56 42 75.0 14 25.0

>65 189 153 81.0 36 19.0

Pathological type 0.658 0.720

Endometrioid 191 150 78.5 41 21.5

Serous 38 32 84.2 6 15.8
Clear-cell 16 13 81.3 3 18.7

Cell differentiation 15.194 0.000
Well 131 92 70.2 39 29.8

Poorly 114 103 90.4 11 9.6

FIGO stage 11.680 0.001

Stages I and II 144 104 72.2 40 27.8
Stages III and IV 101 91 90.0 10 10.0

Nodal status 8.411 0.004
Positive 87 78 89.7 9 10.3

Negative 158 117 74.1 41 25.9
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Figure 2 Kaplan–Meier analysis and acquisition of endometrial epithelial cells and stromal cells. (A) A total of 245 patients of endometrial carcinoma were included in the 
cohort. Patients with low SPARC expression (green line, n = 195) had a poor prognosis in contrast with those with high SPARC expression (blue line, n = 50) (P<0.05), and 
the high expression of SPARC indicated good prognosis in endometrial carcinoma patients. (B) The normal endometrial epithelial cells were spirally arranged and grow in 
clusters, and the morphology confirmed that the cells were epithelial sources. (C) The normal stromal cells were fusiform and more parallel, and morphologically confirming 
the interstitial origin. (D) The cytokeratin staining of epithelial cells was positive, showing the cell epithelial origin by ICC identification. (E) The vimentin staining of stromal 
cells was also positive, indicating the cell interstitial origin by ICC identification (Magnification×200).
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Figure 3 Expression of SPARC in normal endometrial cells and 4 endometrial carcinoma cell lines. (A) The protein expressions of SPARC in normal endometrial cells and 4 
endometrial carcinoma cell lines (Ishikawa, HEC-1B, HEC-1A and KLE) were measured by Western blotting (cropped blot). (B) The protein expressions of SPARC in normal 
endometrial cells and 4 endometrial carcinoma cell lines (Ishikawa, HEC-1B, HEC-1A and KLE) were measured by ICC staining. (Magnification×200) (C) The mRNA 
expressions of SPARC in normal endometrial cells and 4 endometrial carcinoma cell lines (Ishikawa, HEC-1B, HEC-1A and KLE) were measured by qRT-PCR. *P < 0.05.
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group were 16.3% (Q2: 12.7%, Q4: 3.6%) and 27.6% (Q2: 
20.0%, Q4: 7.6%), respectively (Figure 6A). Similarly, the 
total apoptosis rates of SPARC shRNA-transfected and 

control shRNA-transfected cells in HEC-1B group were 
19.4% (Q2: 14.1%, Q4: 5.3%) and 27.4% (Q2: 20.7%, Q4: 
6.7%), respectively (Figure 6B). The apoptosis rate of 

Figure 4 Verification of the transfection efficiencies after lentivirus-mediated RNAi in endometrial carcinoma cell lines Ishikawa and HEC-1B.(A) The protein expressions of 
SPARC in SPARC shRNA transfected, negative control shRNA transfected and non-transfected Ishikawa and HEC-1B cells were measured by Western blotting (cropped 
blot). (B) The mRNA expressions of SPARC in SPARC shRNA transfected, negative control shRNA transfected and non-transfected Ishikawa and HEC-1B cells were 
measured by qRT-PCR. (C) The protein expressions of SPARC in SPARC shRNA transfected, negative control shRNA transfected and non-transfected Ishikawa and HEC-1B 
cells were measured by ICC staining. (Magnification×200). *P < 0.05.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
11559

Dovepress                                                                                                                                                            Wang et al

http://www.dovepress.com
http://www.dovepress.com


Figure 5 Effects of SPARC knockdown on endometrial carcinoma cell proliferation, clonogenicity, migration and invasive activities in vitro. (A) By growth curves, SPARC shRNA- 
transfected Ishikawa and HEC-1B cells showed faster growth than negative control shRNA transfected and non-transfected Ishikawa and HEC-1B cells. SPARC down-regulation 
significantly promoted the proliferation of endometrial carcinoma cells. (B) The colony numbers formed by SPARC shRNA-transfected Ishikawa and HEC-1B cells were much more than 
those formed by the negative control shRNA transfected and non-transfected Ishikawa and HEC-1B cells. (C) Images of colonies formed by SPARC shRNA transfected and negative 
control shRNA-transfected Ishikawa and HEC-1B cells as examined by plate clone formation assay, which indicated that SPARC knockdown distinctly increased the colony-forming 
capacities of endometrial carcinoma cells. (D) Images of cell migration assay performed in SPARC shRNA transfected and negative control shRNA-transfected Ishikawa and HEC-1B cells 
as examined by Boyden chambers without Matrigel, which revealed that SPARC knockdown promoted the migrating abilities of endometrial carcinoma cells. (E) Images of cell invasion 
assay performed in SPARC shRNA transfected and negative control shRNA-transfected Ishikawa and HEC-1B cells as examined by Boyden chambers coated with Matrigel, which 
demonstrated that SPARC down-regulation promoted invasion abilities of endometrial carcinoma cells. (F) With the down-regulation of SPARC, more cells migrated through the PVPF 
membrane or invaded through the Matrigel in the SPARC shRNA-transfected group than that in the control group. SPARC down-regulation promoted invasion and migration abilities of 
endometrial carcinoma cells. (Magnification×200). *P < 0.05.
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SPARC shRNA-transfected cells was significantly inhib-
ited after reducing the expression of SPARC in Ishikawa 
and HEC-1B cells (Figure 6C). SPARC expression was 

related to the apoptotic ability of EC cells, and SPARC 
knockdown inhibited the apoptosis of Ishikawa and HEC- 
1B cells.

Figure 6 Effects of SPRAC down-regulation on cell apoptosis. Cell apoptosis was detected using flow cytometry, Q1: cell debris, Q2: late apoptotic cells, Q3: 
normal growing cells, Q4: early apoptotic cells. (A) The total apoptosis rates of SPARC shRNA transfected and control shRNA-transfected cells in Ishikawa group 
were 16.3% (Q2:12.7%, Q4:3.6%) and 27.6% (Q2:20.0%, Q4:7.6%), separately. (B) The total apoptosis rates of SPARC shRNA transfected and control shRNA- 
transfected cells in HEC-1B group were 19.4% (Q2:14.1%, Q4:5.3%) and 27.4% (Q2:20.7%, Q4:6.7%), separately. (C) The apoptosis rate of SPARC shRNA- 
transfected cells was significantly inhibited after reducing the expression of SPARC in Ishikawa and HEC-1B cells. *P< 0.05.
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Changes in Cell Invasion and Migration 
Capacity Before and After Transfection
The Transwell invasion test examined the ability of cells to 
invade the Matrigel matrix glue coating microporous 
membranes, and the Transwell migration test examined 
the ability of cells to move through the microporous 
membranes. After RNAi-silencing SPARC expression, 
the invasion abilities of the SPARC knockdown groups 
were greatly improved, with more cells invading through 
the Matrigel coating membranes (Figure 5D). At the same, 
the migration abilities of SPARC knockdown groups were 
also obviously increased with more cells migrating 
through the membranes (Figure 5E). The average migrat-
ing and invading cell numbers of SPARC shRNA- 
transfected Ishikawa and HEC-1B cells were much higher 
than those of non-transfected and negative control cells, 
and no significant differences were found between the 
non-transfected group and negative control group (Figure 
5F). In summary, knockdown of SPARC distinctly ele-
vated the invasion and migration abilities of EC cells.

Effects of SPARC on Tumor Growth 
in vivo
SPARC-shRNA-transfected Ishikawa cells, control- 
shRNA-transfected Ishikawa cells, SPARC-shRNA trans-
fected HEC-1B cells, and control-shRNA transfected 
HEC-1B cells were introduced subcutaneously in five 
nude mice, described as Ishikawa-shRNA, Ishikawa con-
trol, HEC-1B-shRNA, and HEC-1B control groups. After 
the inoculation of 1 × 107 cells for 8 weeks, the tumor 
formation rates for the HEC-1B-shRNA and HEC-1B con-
trol groups were 100%, but there were significant differ-
ences in tumor volume and growth speed between the two 
groups. The SPARC knockdown group showed rapid 
tumor growth with a larger tumor volume than the control 
group. The tumor formation rate in the Ishikawa control 
group was only 60%. However, for the Ishikawa-shRNA 
group, the tumor formation rate was 100%. Furthermore, 
the average tumor volume in the SPARC knockdown 
group was much larger than that of the control group 
(Figure 7A). The tumors formed by the Ishikawa control 
group and HEC-1B control group were nodular, oval- 
shaped, and smaller, with clear boundaries easily separated 
from surrounding tissue. However, the tumors of the 
SPARC knockdown group were larger and polygonal, 
with the adhesive boundary not easily separated from the 

surrounding tissue (Figure 7B). In summary, SPARC 
knockdown promoted tumor formation and growth in vivo.

Effects of SPARC on Epithelial-to- 
Mesenchymal Transition Genes and 
Matrix Metalloproteases
Epithelial-to-mesenchymal transition (EMT) refers to the 
process by which epithelial cells lose the adhesion func-
tion and normal polarity to obtain mesenchymal cell mor-
phology, anti-apoptosis ability, and high invasion and 
metastasis ability.19 EMT plays an important role in the 
occurrence and development of EC.20 Matrix metallopro-
teases (MMPs) are not only related to matrix remodeling, 
cancer invasion, and angiogenesis but also to all stages of 
cancer from initiation to the outgrowth of clinically rele-
vant metastases.21 Through the above experiments, we 
concluded that SPARC knockdown improved the prolif-
eration and invasion ability of EC cells in vitro and 
in vivo. Therefore, we speculated whether SPARC knock-
down could affect EMT genes and MMPs (MMP2, 
MMP9, MMP3, and MMP13). Western blotting (Figure 
8A) and qRT-PCR (Figure 8B) were used to detect the 
EMT gene and MMP expression changes before and after 
transfection. The results showed that after RNAi-silencing 
SPARC expression, the expression of E-cadherin, an 
epithelial marker, decreased, and expression of the 
mesenchymal markers N-cadherin and vimentin increased. 
Furthermore, expression of the transcription suppressors 
Snail, Slug, and Twist were upregulated, and the expres-
sion of MMP3, MMP2, and MMP9 also increased with the 
decrease in SPRAC expression and the enhancement of 
cell invasion ability. There was no significant difference in 
MMP13 expression between the SPARC shRNA- 
transfected group and the negative control group. SPARC 
knockdown had the effect of promoting EMT course and 
strengthening the expression of MM3, MMP2 and MMP9. 
TGF-β is a well-known mediator of EMT and cancer 
metastasis.22 We also examined changes in TGF-β expres-
sion after SPARC knockdown at the mRNA and protein 
levels. There was no significant change in TGF-β expres-
sion between the SPARC shRNA-transfected group and 
the negative control group. Regarding the role of SPARC 
in the EMT process and regulating the proliferation, 
migration, and invasion of endometrial cancer cells, it 
appears there are other mechanisms that require further 
experimental exploration.
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Discussion
The results of our experiments showed that the expression 
of SPARC in normal endometrial cells and tissues is much 
higher than that in EC cells and tissues. Meanwhile, its low 

expression in EC tissues with advanced clinical stage, poor 
differentiation, and positive lymph node metastasis suggests 
that SPARC is closely related to the malignant clinicopatho-
logical characteristics of EC. Using lentivirus-mediated 

Figure 7 Effects of SPRAC down-regulation on tumor growth in vivo. (A) The growth tumors profile of SPARC shRNA and negative control shRNA-transfected Ishikawa 
and HEC-1B cells were observed continuously for 8 weeks. The SPARC shRNA-transfected group showed a clearly rapid growth in both tumor size and growth rate in vivo. 
(B) Images of xenotransplantation tumor after subcutaneous inoculation of SPARC shRNA and negative control shRNA-transfected Ishikawa and HEC-1B cells, which 
showed that the subcutaneous tumors formed by SPARC shRNA-transfected Ishikawa and HEC-1B cells were much larger than those formed by the negative control 
shRNA-transfected cells. SPARC knockdown could promote tumor formation and growth in vivo. *P<0.05.
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Figure 8 Effects of SPARC knockdown on the EMT-related genes and MMPs. (A) By Western blotting (cropped blot), EMT markers, including E-cadherin, N-cadherin, 
vimentin, Snail, Slug and Twist, and MMPs (MMP2, MMP9, MMP3 and MMP13) were measured in SPARC shRNA transfected, negative control shRNA transfected and non- 
transfected Ishikawa and HEC-1B cells. SPARC knockdown significantly decreased the expression of E-cadherin, and increased the expression of N-cadherin, Vimentin, Snail, 
Slug, Twist, MMP3, MMP2 and MMP9, at protein levels. And there was no significant difference in MMP13 and TGF-β expression between SPARC shRNA-transfected group 
and negative control group. (B) By qRT-PCR, we confirmed that SPARC down-regulation repressed the expression of E-cadherin, and enhanced the expression of 
N-cadherin, Vimentin, Snail, Slug, Twist, MMP3, MMP2 and MMP9, at mRNA levels. And three was also no significant change in MMP13 and TGF-β expression between 
SPARC shRNA-transfected group and negative control group. The process of EMT was significantly promoted by SPARC down-regulation. *P < 0.05.
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RNAi, the effects of SPARC knockdown on the prolifera-
tion and invasion abilities of EC cells were explored in vitro 
and in vivo. SPARC plays an inhibitory role in EC progres-
sion, and its high expression indicates a good prognosis for 
EC patients. SPARC knockdown promoted the process of 
EMT and improved the proliferation and invasion abilities 
of EC cells.

The processes of tumorigenesis, invasion, and metas-
tasis involve cell-cell and cell-matrix interactions, during 
which SPARC plays an important role. Recent studies 
have shown that the role of SPARC in various cancers is 
different and has tissue specificity, and even in the same 
carcinoma, the role of SPARC was paradoxical, acting as 
a tumor suppressor or an oncogene, which implies that the 
function of SPARC in these tumors may be multidimen-
sional. In prostate cancer (PCa), some researchers found 
that SPARC was highly expressed in PCa tissues, and 
through stable knockdown and overexpression of SPARC 
in PC3 and LNCaP cells, endogenous SPARC induced 
EMT and enhanced cancer cell migration and invasion.23 

In contrast, in other studies, SPARC protein was expressed 
well in normal tissue compared with PCa tissue, and 
exogenous SPARC decreased PCa cell proliferation and 
migration.24 SPARC expression was decreased in PCa cell 
lines because of hypermethylation of the SPARC promo-
ter, and SPARC hypermethylation was correlated with 
a poorer prognosis in PCa patients.25 In colorectal cancer 
(CRC), high stromal SPARC indicated poor prognosis in 
CRC patients, and fibroblast-derived SPARC enhanced 
tumor cell invasion;26 however, other studies revealed 
that low expression of SPARC in CRC tissue is associated 
with poor prognosis and aggressive clinicopathological 
features.27,28 In studying the relationship between 
SPARC and gynecological tumors, we also found contra-
dictory results. SPARC was markedly downregulated in 
ovarian carcinomas and acts as a tumor suppressor inhibit-
ing angiogenesis and lymphangiogenesis.29,30 However, 
other studies have found that SPARC is overexpressed in 
ovarian cancer tissues and plays an important role in 
ovarian cancer growth, apoptosis, and metastasis.31,32 In 
a cervical carcinoma study, SPARC was over-expressed 
and significantly associated with poor prognostic clinico-
pathological characteristics, and played an important role 
in promoting the growth and metastasis of cervical cancer 
cells.33,34 In EC studies, there are also contradictory 
reports that SPARC could be highly or weakly expressed 
in EC tissues. Yusuf et al found that SPARC was over-
expressed in endometrial cancer stem cells (CSCs) and EC 

tissues (including 58 EC patients), and SPARC knock-
down decreased the migration activity of Ishikawa- 
SPARC cells and had no effect on the invasion activity. 
However, they also found that SPARC over-expression 
inhibited subcutaneous tumor growth in nude mice.35 

The promotion of tumor cell migration and inhibition of 
tumor cell growth by SPARC is a paradox. Another study 
showed the opposite result, in that, compared to normal 
endometrial tissue, both SPARC mRNA and protein 
expression were decreased in EC tissues, which could be 
caused by abnormal hypermethylation of its CpG-rich 
region. However, further immunohistochemistry experi-
ments revealed that SPARC is highly expressed in the 
stromal fibroblasts of EC tissue (including 29 EC patients), 
in contrast with the negative neoplastic epithelium, which 
seemed to contradict the results of Western blotting 
analysis.36 The difference in expression of ECM genes 
between nine normal endometrial tissues and 40 EC speci-
mens was compared by microarray hybridization. The 
results showed that the expression of the fibronectin and 
SPARC genes decreased in EC tissues.37 Given the small 
number of clinical cases in the above studies, we expanded 
the sample size (including 245 EC specimens and 75 
normal endometrial tissues) to obtain stable and consistent 
results. SPARC expression in EC cell lines and normal 
endometrial cells were also included in the experimental 
plan to further validate the expression of SPARC at the 
cellular level. In our study, SPARC was highly expressed 
in normal endometrial tissue, including endometrial cells 
and stromal cells, and low expression of SPARC was 
found both in tumor cells and stromal cells of EC tissue. 
There was no significant difference in SPARC expression 
between cancer cells and stromal cells. We also draw the 
same conclusion based on TCGA endometrial statistics, 
that SPARC gene expression is lower in endometrial endo-
metrioid adenocarcinoma and endometrial serous adeno-
carcinoma than in normal endometrium. Moreover, the 
low expression of SPARC was positively correlated with 
poor clinicopathological features and prognosis of EC. To 
further support our conclusions, SPARC expression in 
normal endometrial cells and four EC cell lines were 
examined by qRT-PCR, Western blotting, and ICC. The 
results were consistent with our conclusions from the IHC 
experiment, in that SPARC expression in four EC cell 
lines was significantly lower than that in normal endome-
trial cells, and SPARC expression was lowest in the most 
invasive and metastatic KLE cells. The paradoxical role of 
SPARC as a tumor suppressor or oncogene may be due to 
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the specific microenvironment of each human cancer, or 
because SPARC comes from different sources. We suspect 
that tumor-cell-derived SPARC and interstitial-cell- 
derived SPARC may play the same role. SPARC, as 
a secretory protein, can enter the blood circulation system 
of patients and can be detected by enzyme-linked immu-
nosorbent assay (ELISA), although the serum of the 
experimental group was not collected in this study, and 
no research was carried out in this regard. However, by 
consulting the current literature, we found that SPARC can 
act as a serum prognostic indicator, and the detection of 
serum SPARC can be beneficial for the early diagnosis of 
tumors. Circulating SPARC had prognostic value in malig-
nant pleural mesothelioma (MPM); the median survival 
was longer in patients with low SPARC than in those 
with high SPARC, and further multivariate analyses 
revealed that serum SPARC remained an independent 
predictor.38 The serum level of SPARC in melanoma was 
found to be higher than that in healthy people, and com-
bined detection of serum GPC3 and SPARC enabled us to 
diagnose melanoma patients at an early stage.39 In hepa-
tocellular carcinoma (HCC), similar results showed that 
the serum levels of SPARC and THBS2 in HCC patients 
were both significantly higher than those in healthy con-
trols, and the combined detection of serum SPARC and 
THBS2 could distinguish HCC patients from healthy 
individuals.40 Overall, the reported roles of SPARC as 
a matricellular protein in tumorigenesis are somewhat 
contradictory and not fully elucidated. Additional research 
is required, especially to identify proteins that interact with 
SPARC, which might explain its complexity.

EMT is involved in embryogenesis, wound healing, 
and tumor malignant progression. Normally, the cells of 
the epithelial layer exhibit top-base polarity and are con-
nected by tight and adhesive connections. Adhesive junc-
tions are formed by E-cadherin, which is important for the 
integrity of the epithelial layer structure. After EMT acti-
vation, the expression of E-cadherin is inhibited, resulting 
in the loss of polygon, pebble morphology of typical 
epithelial cells, and the acquisition of spindle-shaped 
mesenchymal morphology. The markers related to 
mesenchymal cell status, especially N-cadherin and 
vimentin are significantly increased. EMT promotes 
tumorigenesis and metastasis and increases tumor toler-
ance to clinical intervention.41 There are also contradictory 
results regarding the role of SPARC in EMT. Some 
researchers have reported that SPARC plays 
a promotional role during EMT in melanoma, lung cancer, 

and head and neck cancer. SPARC stimulates melanocyte 
motility and promotes EMT-associated melanoma cell 
invasion with down-regulation of E-cadherin; conversely, 
SPARC depletion leads to the up-regulation of 
E-cadherin.42,43 SPARC contributes to tumor development 
by promoting the migration and EMT of the lung cancer 
cells A549 and H1299.44 Exogenous SPARC treatment 
promotes the migration and EMT phenotype in the non- 
small cell lung cancer cell lines CL1-5 and H1299.45 

SPARC treatment promotes cell proliferation and migra-
tion in the head and neck cancer cell lines FaDu and 
Detroit 562, and enhances the EMT signaling pathway 
via activation of AKT.46 In hepatocellular carcinoma 
(HCC), SPARC over-expression enhances the ability of 
cancer cells to form tumorspheres and promotes the migra-
tion and EMT in HCC cells.47 However, there are also 
contrary reports that with adenovirus infection in the HCC 
cells HepG2, Hep3B and Huh7, SPARC over-expression 
inhibits spheroid growth, decreases the clonogenic and 
migratory capabilities of HCC cells, increases E-cadherin 
expression, and decreases N-cadherin expression.48 The 
reported relationship between SPARC and MMPs is also 
contradictory. Some studies have suggested that SPARC 
promotes the expression and activity of MMPs, while 
others have suggested that SPARC inhibits the expression 
and activity of MMPs. SPARC up-regulates MT1-MMP 
levels and MMP-2 activity in U87MG glioma cells.49 

SPARC promotes the proliferation and metastasis of hepa-
tocellular carcinoma by regulating the ERK1/2-MMP2/9 
signaling pathway.50 In contrast, SPARC overexpression 
suppresses angiogenesis by down-regulating the expres-
sion of VEGF and MMP-7 in gastric cancer,51 and 
SPARC suppresses the invasion and migration of gastric 
cancer cells by reducing MMP-7 and MMP-9 
expression.52 Overexpression of SPARC decreases angio-
genesis and tumor growth in an orthotopic tumor model, 
and inhibits the expressions of MMP-9 and VEGF.53 In 
summary, the relationship between SPARC and MMPs is 
consistent with the role of SPARC in cancer progression. 
The tumor microenvironment determines the functions of 
genes. In different tumor microenvironments, the role of 
SPARC is also different, and may be inhibitory or 
promoting.54 Our research is the first to uncover the rela-
tionship between SPARC and EMT in the development of 
EC. Previous studies on the relationship between SPARC 
and EC, in which SPARC was considered an oncogene or 
a tumor suppressor gene, have not explored the role of 
SPARC in the EMT process. In our study, SPARC 
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downregulation enhanced the migration and invasion abil-
ities of EC cells in vitro and in vivo; therefore, we believe 
that SPARC plays an important role in the EMT process of 
EC. Further experiments confirmed our speculation that 
SPARC knockdown remarkably decreases the expression 
of the epithelial marker E-cadherin; increases the expres-
sion of the mesenchymal markers N-cadherin and vimen-
tin, and the transcription factors Snail, Slug, and Twist; 
and enhances the expression of MM3, MMP2, and MMP9 
in the EC cell lines Ishikawa and HEC-1B, at both the 
mRNA and protein level. In conclusion, the role of 
SPARC in the EMT process was consistent with its role 
in tumor progression, either in promotion or inhibition. 
Similarly, the role of SPARC in tumor cell apoptosis was 
also consistent with its role in tumor progression. In color-
ectal cancer, SPARC was reported to potentiate apoptosis 
by augmenting the signaling cascade in a caspase-8-depen-
dent manner or by disturbing the activity of Bcl-2.55,56 In 
gastric cancer, and cervical and ovarian carcinoma, 
SPARC inhibits cell apoptosis and causes cell cycle 
arrest.32,33,57 In our study, SPARC knockdown remarkably 
inhibited cell apoptosis, which was consistent with its 
ability to promote proliferation and invasion of endome-
trial cancer cells. Some researchers believe that further 
studies on truncated, alternative splicing variants and sig-
nal peptides of SPARC might elucidate its unique function 
in different cancers.10 In future studies, we will focus on 
the upstream and downstream signal pathways of SPARC 
in EC progression, as well as the characterization of its 
intracellular and extracellular binding proteins, in an 
attempt to understand its complex roles.

Conclusion
Our study suggested that the low expression of SPARC 
was related to the aggressive phenotype of EC cells and 
poor prognosis in EC patients. Moreover, SPARC knock-
down promoted the process of EMT and improved the 
proliferation and invasion abilities of EC cells. Our study 
provides a glimpse into the biological mechanism of 
SPARC in EC invasion and metastasis and might help to 
identify new therapeutic strategies to improve the prog-
nosis of EC patients.
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study was carried out in accordance with the principles 
of the Declaration of Helsinki.
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