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Abstract. Secreted frizzled‑related proteins (SFRPs) are 
involved in the development of various types of cancer and 
function by suppressing the Wnt signaling pathway. To eluci‑
date the clinical implications of SFRPs in uterine sarcoma, 
SFRP expression levels and their effects on uterine leiomyo‑
sarcoma cells were examined. Immunostaining for SFRP4 
was performed on uterine smooth muscle, uterine fibroid and 
uterine leiomyosarcoma tissues. Additionally, the effects of 
SFRP4 administration on cell viability, migration and adhesion 
were evaluated in uterine leiomyosarcoma SKN cells using 
the WST‑1 assay (Roche Diagnostics) and the CytoSelect™ 
24‑well Cell Migration Assay Kit and the CytoSelect™ 
48‑well Cell Adhesion Assay Kit. The expression levels of 
SFRP4 in uterine leiomyosarcoma tissues were lower than 
those in normal smooth muscle and uterine fibroid tissues. In 
addition, SFRP4 suppressed the viability and migration, and 
increased the adhesion ability of uterine leiomyosarcoma cells 
compared with in the control group. In conclusion, SFRP4 may 
suppress the viability and migration, and enhance the adhesion 
of sarcoma cells. These results suggested that SFRP4 could be 
considered as a novel therapeutic target for uterine sarcoma.

Introduction

Surgery is the standard treatment for uterine sarcoma, as 
chemotherapy has a limited effect; therefore, novel treatment 
strategies are required. Given the low frequency of sarcoma 
in Japan compared with other malignant tumors, there is a 
delay in basic and clinical research, despite ongoing efforts 

to analyze various genetic abnormalities as potential factors 
involved in the development of sarcoma (1).

Our previous study revealed that resveratrol exhibits a 
concentration‑dependent inhibitory effect on the proliferation 
of uterine sarcoma cells, suggesting its potential as a novel 
therapeutic agent for uterine sarcoma. Furthermore, our 
previous study demonstrated that the mechanism of resvera‑
trol action was mediated by the Wnt signaling pathway (2). 
Additionally, resveratrol has been shown to exert anticancer 
effects on various types of carcinoma such as colon cancer and 
breast cancer, and it has been reported to be involved in the 
Wnt signaling pathway (3‑5).

The present study focused on secreted frizzled‑related 
proteins (SFRPs), which are proteins that affect the Wnt 
signaling pathway and are implicated in the development 
of various types of cancer (6,7). The inactivation of SFRPs 
could hypothesized to enhance the Wnt signaling pathway (6), 
promoting cancer growth; therefore, Wnt and SFRPs might be 
novel molecular targets for cancer treatment.

Benign uterine leiomyomas do not typically progress to 
uterine sarcoma, rendering treatment unnecessary as they 
tend to shrink after menopause (8). Nevertheless, considering 
cases where leiomyoma may have progressed to sarcoma, it 
is important to evaluate the progression of uterine fibroids 
to sarcoma. By elucidating the impact of SFRPs on sarcoma 
and the dynamics of the Wnt signaling pathway, SFRPs could 
emerge as a new therapeutic strategy for sarcoma.

Although there are few reports on the role of the Wnt 
signaling pathway in the proliferation and metastasis of 
uterine sarcoma cells (9,10), there are no reports, to the best 
of our knowledge, on treatment strategies for uterine sarcoma 
focusing on SFRPs. Therefore, the present study examined 
the differences in SFRP4 expression between normal uterine 
smooth muscle cells and uterine leiomyosarcoma. In addition, 
the inhibitory effect of SFRP4 on uterine sarcoma cells was 
assessed, as well as its effect on cell migration and adhesion.

Materials and methods

Cell line and culture. The SKN human uterine leiomyo‑
sarcoma cell line (European Collection of Authenticated 
Cell Cultures) was cultured in Dulbecco's Modified Eagle 
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Medium/Nutrient Mixture F‑12 (Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (FBS, Thermo 
Fisher Scientific, Inc.), penicillin (100 U/ml) and streptomycin 
(100 µg/ml) in an incubator containing 5% CO2 at 37˚C.

Immunohistochemistry. SFRP4 was purchased from 
PeproTech, Inc. (cat. no. 120‑50). SFRP4 cells were homog‑
enized and filter‑sterilized through a 0.2 µm filter, then frozen 
at ‑20˚C. Immunostaining of SFRP4 was performed on four 
cases of normal uterine smooth muscle, uterine fibroids and 
uterine leiomyosarcoma. The tissues were sectioned at a thick‑
ness of 5 µm. To block endogenous peroxidase and phosphatase 
activity, tissues were incubated with 3% hydrogen peroxide for 
10 min at room temperature. Blocking was performed using 5% 
goat serum (Chemicon International; Thermo Fisher Scientific, 
Inc.) for 30 min at room temperature. Rabbit monoclonal anti‑
bodies against SFRP4 (dilution, 1:900; cat. no. 154167; Abcam) 
were added to tissues and incubated for 1 h at 37˚C. The tissues 
were incubated with the HRP‑conjugated secondary antibody 
(1:1,000, cat. no. ab6721, Abcam) for 1 h at 37˚C. For chro‑
mogen detection, the Pierce DAB Substrate kit (cat. no. 34002; 
Thermo Fisher Scientific, Inc.) was used. As a positive 
control, immunohistochemical staining of SFRP4 in human 
colonic mucosa using SFRP4 polyclonal antibodies (1:400, 
cat. no. 15328‑1‑AP, Proteintech Group, Inc.) was performed. In 
the positive control tissues, the antigen‑antibody reaction could 
be sufficiently visualized using the primary antibodies. Tissues 
were incubated for 1.5 h at 37˚C.

The intensity score (0‑3) and proportion score (0‑3) were 
used as evaluation methods (Table  I). The human tissue 
samples used in the present study were obtained from patients 
who underwent surgery for uterine fibroids and uterine sarcoma 
at the Obstetrics and Gynecology Department of Tokushima 
University Hospital (Tokushima, Japan) between January 2000 
and December 2020. There were a total of 19 patients, ranging 
in age from 46‑69 years, with the mean age of 57 years. Normal 
uterine smooth muscle tissue was collected from 8 patients, 
aged 46‑57 years, with a mean age of 52 years, who underwent 
surgery for uterine fibroids. The colon mucosal tissue used as a 
positive control was a portion of the sample from a patient who 
underwent surgery at Tokushima University Hospital that was 
scheduled to be discarded, but was kept in a way that could 
not identify the individual. There were no exclusion criteria 
for the present study. For using sample tissues, an opt‑out 
method was used, where an information disclosure document 
was posted on the Tokushima University Hospital web page, 
thereby omitting the need to obtain consent from individual 
research subjects. Discontinuation/withdrawal from the study 
occurred when a research subject (or their representative 
consenter) expressed a refusal to continue participation, or 
when the research director or researcher deemed it appropriate 
to discontinue the research. The present study was approved 
by the Ethics Committee of Tokushima University Hospital 
(Tokushima, Japan; approval no. 4159).

In order to confirm the expression of SFRP4 by immunos‑
taining, in four cases of normal uterine smooth muscle and 
three cases of uterine leiomyosarcoma, the number of stained 
cells was measured using a BZ‑800 Analyzer (fluorescence, 
Keyence Corporation), and the ratio of the area was measured 
(magnification, x20).

Cell treatment and viability assay. SKN uterine leiomyosar‑
coma cells were seeded on a 96‑well microplate at a density of 
5x102 cells/well and were incubated at 37˚C for 24 h prior to 
treatment. SFRP4 was added to cells at concentrations of 1.25 
and 2.5 µg/ml based on the results of a previous study (11), 
and, after 48 h at 37˚C, cell viability was assessed at an absor‑
bance of 450 nm using the WST‑1 assay (Roche Diagnostics) 
according to the manufacturer's instructions.

Cell migration and adhesion assays. To assess changes in the 
migration of uterine sarcoma cells following SFRP4 admin‑
istration, the CytoSelect™ 24‑well Cell Migration Assay Kit 
(cat. CBA‑100; Cell Biolabs, Inc.) was used. The CytoSelect 
Cell Migration Assay Kit contains polycarbonate membrane 
inserts (pore size, 8 µm) in a 24‑well plate. The membrane 
serves as a barrier for differentiating migratory cells from 
non‑migratory cells. Migratory cells can extend their protru‑
sions towards chemoattractants, such as FBS (via actin 
cytoskeleton reorganization), and ultimately pass through the 
pores of the polycarbonate membrane (12). The migrating cells 
that passed through the membrane were collected and used for 
staining and semi‑quantification.

Briefly, uterine leiomyosarcoma cells were seeded at a 
density of 5x102 cells/well in 100 µl culture in the CytoSelect 
24‑well Cell Migration Assay plate and divided into a group 
treated with SFRP4 at a concentration of 2.5 µg/ml at 37˚C 
for 24  h and a control group that received no treatment. 
WST‑1 reagent (10%) was added to each well and the cells 
were incubated at 37˚C for 1 h. The samples were washed and 
the absorbance was measured at 450 nm using a microplate 
reader (Thermo Scientific Varioskan Flash Multimode reader; 
Thermo Fisher Scientific, Inc.).

Similarly, to assess changes in cell adhesion, uterine 
leiomyosarcoma cells were seeded at a density of 
5x102 cells/well in a CytoSelect 48‑well Cell Adhesion Assay 
plate (cat. no. CBA‑070; Cell Biolabs, Inc.) and divided into a 
group treated with SFRP4 at a concentration of 2.5 µg/ml at 
37˚C for 24 h and a control group that received no treatment. 
After adherence for 24 h to fibronectin, collagen I, collagen 
IV, laminin I, fibrinogen and BSA, the samples were washed 
twice with cold PBS and the absorbance was read at 450 nm 
using a microplate reader. BSA was used as a control and was 
included in the aforementioned kit.

Statistical analysis. Statistical analyses were performed on 
triplicate repeats using the Ekuseru‑Toukei 2012 software 
(version 1.16; Social Survey Research Information Co., Ltd.). 
Data were expressed as the mean ± standard error of the mean. 
The statistical significance of the differences between the 
experimental and control groups was assessed using one‑way 
ANOVA followed by Dunnett's test. Comparisons between 
two groups were evaluated using the unpaired Student's t‑test. 
Immunohistochemistry scores were statistically analyzed 
using Kruskal‑Wallis test followed by Dunn's test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

The median intensities of SFRP4 expression in uterine smooth 
muscle, fibroids and leiomyosarcomas were 2.5, 3.0 and 1.0, 
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respectively, and the median proportions were 3.0, 3.0 and 1.5, 
respectively. The expression levels of SFRP4 were significantly 
lower in uterine leiomyosarcoma tissues than those in normal 
smooth muscle and uterine fibroid tissues (P=0.01; Table II; 
Fig. 1).

The number of stained cells was measured and the area 
ratio was calculated in normal uterine smooth muscle and 
uterine leiomyosarcoma. Normal smooth muscle showed an 
area ratio of 62.0%, whereas it was 23.7% in leiomyosarcoma, 
which was significantly lower than that in normal smooth 
muscle (P=0.03; Table III; Fig. 2).

SFRP4 was added to SKN uterine leiomyosarcoma cells 
at a concentration of 1.25 and 2.5 µg/ml and the absorbance 
was measured to examine the cell viability. The control group 
showed an absorbance value of 5.45, the SFRP4 1.25 µg/ml 
group showed an absorbance value of 5.28, whereas the SFRP4 
2.5 µg/ml group showed an absorbance value of 4.95. Cell 
viability was significantly suppressed in response to a concen‑
tration of 2.5 µg/ml SFRP4 compared with that in the control 
group (P=0.001; Fig. 3).

SKN uterine leiomyosarcoma cells were cultured in the 
CytoSelect 24‑well Cell Migration Assay plates, SFRP4 was 
added at a concentration of 2.5 µg/ml, and the absorbance 
was measured. The control group showed an absorbance 
value of 0.75, whereas the absorbance value was 0.55 in the 
SFRP4 group, showing a significant decrease in cell migration 
(P=0.007; Fig. 4).

SKN uterine leiomyosarcoma cells were cultured in the 
CytoSelect 48‑well Cell Adhesion Assay plates, SFRP4 was 
added at a concentration of 2.5 µg/ml, and the absorbance 
was measured. For each cell adhesion molecule (fibronectin, 

collagen‑1, collagen‑4, laminin fibrinogen and BSA), the 
values were 0.41, 0.30, 0.33, 0.32 and 0.40 in the control group 
and 1.16, 0.78, 0.61, 0.71 and 0.70 in the SFRP4 group, respec‑
tively. The adhesion ability of leiomyosarcoma cells to each 
cell adhesion molecule was significantly increased in response 
to SFRP4 compared with that in the control cells (P=0.0004, 
0.002, 0.002, 0.001 and 0.007, respectively; Fig. 5).

Discussion

Our previous study has shown that resveratrol suppresses the 
proliferation of uterine sarcoma cells via the Wnt signaling 
pathway (1). Therefore, the present study focused on SFRPs, 
which have been indicated to be involved in the Wnt signaling 
pathway, along with resveratrol. Wnt is an extracellular protein 
with a molecular weight of ~40,000 g/mol. When Wnt binds 
to Wnt receptor Frizzled in the cytoplasm, three types of intra‑
cellular signal transduction pathways are activated, namely the 
β‑catenin pathway, the planar cell polarity pathway and the 
Ca2+ pathway (13).

The β‑catenin pathway regulates cell proliferation and 
differentiation through gene expression by regulating the intra‑
cellular levels of β‑catenin. Numerous genetic abnormalities 
within constituents of the β‑catenin pathway have been identi‑
fied in various types of human carcinoma, leading to abnormal 
accumulation of β‑catenin in the cytoplasm and nucleus (13). 
Furthermore, abnormal accumulation of β‑catenin is known to 
cause overexpression of cancer‑related genes, such as c‑myc, 
ultimately causing abnormal cell proliferation (13).

Fang et al (14) revealed that the Wnt signaling pathway 
is activated in osteosarcoma cells. Zou et al (3) reported that 

Table I. Intensity and proportion scores for normal uterine smooth muscle tissue, uterine fibroid tissue and uterine leiomyosar‑
coma tissue.

Score	 0	 1	 2	 3

Intensity	 Not stained at all	 Slightly stained with strong to medium	 Stained with low to medium	 Stained well with
		   enlargement	 enlargement 	  weak enlargement
Proportion	 <1%	 1‑10%	 10‑50%	 >50%

The intensity score (0‑3) and proportion score (0‑3) were used as evaluation methods. Intensity refers to degree of staining; depending on 
the degree of staining, stained cells are classified into one of four classes: Negative, weakly stained, moderately stained and strongly stained. 
Proportion refers to the percentage of stained cells. Depending on the percentage of stained cells, one of four classes (<1%, 1‑10%, 10‑50%, 
>50%) is assigned. A proportion value of 10% was scored as 2.

Figure 1. Expression of secreted frizzled‑related protein 4 in normal uterine smooth muscle, uterine fibroid and uterine leiomyosarcoma tissues was assessed 
through immunostaining and evaluated based on the intensity score and the proportion score (n=4). As a positive control, SFRP4 immunostaining was 
performed on human colonic mucosa previously collected at Tokushima University Hospital (Tokushima, Japan) Magnification, x20.
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resveratrol suppresses the Wnt signaling pathway in osteosar‑
coma.

All members of the SFRP gene family are small proteins, 
~30 kDa in size, belonging to five gene families, SFRP1‑5, 
which are widely conserved across species. Comparison of 
amino acid sequence homology among families suggests that 
SFRP1, 2 and 5 and SFRP3 and 4 form separate subfamilies, 
and there are differences in their expression levels in each 
organ. SFRPs suppress the Wnt signaling pathway by directly 
inhibiting the binding of Wnt to its receptor, Frizzled, via 
extracellular secretion. The enhancement of Wnt signaling by 
inactivating SFRP may serve an important role in activation of 
the Wnt signaling pathway in cancer (15). Thus, Wnt and SFRP 
are considered novel molecular targets for cancer treatment.

Several studies have reported on the relationship between 
SFRP levels and several types of cancer. SFRP4 inhibits the 
Wnt signaling pathway in ovarian cancer (11). Furthermore, 
multiple SFRP genes are frequently inactivated in colorectal 
cancer (16). Decreased SFRP1 expression, and induction of 
apoptosis due to its overexpression, have been confirmed in 
cervical cancer (17). In addition, SFRP1 and SFRP2 suppress 

Figure 2. Ratio of SFRP4 expression. In four cases of normal uterine smooth 
muscle and three cases of uterine LMS, the number of cells stained was 
measured, and the ratio of the area was measured. SFRP4 expression in 
leiomyosarcoma was significantly lower than that in normal smooth muscle. 
*P=0.03 vs. normal uterine smooth muscle. SFRP, secreted frizzled‑related 
protein; LMS, leiomyosarcoma.

Figure 3. SFRP4 was used to treat uterine leiomyosarcoma SKN cells at 
concentrations of 1.25 and 2.5 µg/ml, and the absorbance was measured. 
Cell viability was significantly suppressed in response to SFRP4 at a 
concentration of 2.5 µg/ml (n=8). *P=0.001 vs. the control. SFRP, secreted 
frizzled‑related protein.

Table II. Expression of SFRP4 in different tissues.

A, Expression of SFRP4 in normal uterine smooth
muscle tissue

Tissue	 Intensity	 Proportion

Normal uterine smooth muscle 1	 3	 3
Normal uterine smooth muscle 2	 1	 2
Normal uterine smooth muscle 3	 3	 3
Normal uterine smooth muscle 4	 2	 3

B, Expression of SFRP4 in uterine fibroid tissue

Tissue	 Intensity	 Proportion

Uterine fibroid 	 3	 3
Uterine fibroid 2	 3	 3
Uterine fibroid 3	 2	 3
Uterine fibroid 4	 3	 3

C, Expression of SFRP4 in uterine leiomyosarcoma tissue

Tissue	 Intensity	 Proportion

Uterine leiomyosarcoma 1	 1	 1
Uterine leiomyosarcoma 2	 1	 2
Uterine leiomyosarcoma 3	 1	 1
Uterine leiomyosarcoma 4	 2	 3

The expression of SFRP4 was assessed using immunostaining and 
evaluated based on the intensity and proportion scores. The median 
intensities and proportions of SFRP4 expression in uterine smooth 
muscle, fibroids and leiomyosarcomas were compared. SFRP4 
expression in uterine leiomyosarcoma was significantly lower than 
that in normal uterine smooth muscle and uterine fibroids (n=4). 
P=0.01 vs. control. SFRP, secreted frizzled‑related protein.

Figure 4. Uterine leiomyosarcoma SKN cells were cultured in the CytoSelect 
24‑well Cell Migration Assay plates, SFRP4 was added at a concentration of 
2.5 µg/ml, and the absorbance was measured. The ‘0’ group was the SFRP4 
untreated control group. (A) Leiomyosarcoma cells showed a significant decrease 
in migration (n=4). (B) A histological image comparing SFRP4‑untreated cells 
and SFRP‑treated (2.5 µg/ml) cells. A decrease in cell number was observed 
in the treated group compared with the untreated group. Magnification, x40. 
*P=0.007 vs. control. SFRP, secreted frizzled‑related protein.
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cell proliferation via the Wnt signaling pathway in cervical 
cancer (18). SFRP5 has been shown to inhibit cervical tumori‑
genesis by interfering with the Wnt pathway in vitro (19). In 
addition, the roles of the Wnt signaling pathway and SFRP4 in 
ovarian cancer have been reported (20).

To the best of our knowledge, there have been no reports 
on treatment strategies for sarcoma focusing on SFRPs. By 
elucidating the expression of SFRPs in uterine sarcoma and 
their effects on inhibitory action against sarcoma cell prolif‑
eration, migration and adhesion of sarcoma cells, SFRPs may 
be considered as a new therapeutic agent for uterine sarcoma.

In the present study, immunostaining revealed that uterine 
leiomyosarcoma cells expressed significantly less SFRP4 

than normal uterine smooth muscle cells and uterine fibroids. 
The present study hypothesized that enhancement of Wnt 
signaling by the inactivation of SFRP may be involved in 
cancer growth, thus suggesting that SFRP inactivation may be 
involved in the growth of uterine sarcoma. In addition, cell 
viability was suppressed by the treatment of uterine sarcoma 
cells with SFRP4. Previous studies have reported that SFRP 
suppresses the Wnt signaling pathway, and it is possible that 
SFRP suppresses cell proliferation via this pathway.

In previous years, cell adhesion has been elucidated at 
the molecular level, and it has become clear that various cell 
adhesion molecules are involved in tumor metastasis through 
complex processes. Cell migration is a multistep process that 

Table III. SFRP4 stained cell area ratio in normal uterine smooth muscle and uterine leiomyosarcoma tissues.

Tissue	 Total area, µm2	 Stained area, µm2	 Ratio, %

Normal uterine smooth muscle 1	 579,907	 329,900	 57
Normal uterine smooth muscle 2	 288,917	 235,857	 82
Normal uterine smooth muscle 3	 1,062,726	 569,027	 54
Normal uterine smooth muscle 4	 634,039	 350,073	 55
Uterine leiomyosarcoma 1	 2,675,916	 1,282,439	 48
Uterine leiomyosarcoma 2	 2,328,849	 2,273,09	 10
Uterine leiomyosarcoma 3	 2,156,167	 290,801	 13

To confirm the expression of SFRP4 by immunostaining, the number of stained cells was measured in 4 cases of normal uterine smooth muscle 
and 3 cases of uterine leiomyosarcoma, and the area ratio was calculated. SFRP, secreted frizzled‑related protein.

Figure 5. Uterine leiomyosarcoma SKN cells were cultured in CytoSelect 48‑well Cell Adhesion Assay plates, SFRP4 was added at a concentration of 
2.5 µg/ml, and the absorbance was measured. The ‘0’ group was the SFRP4 untreated control group. (A) Adhesion ability of the leiomyosarcoma cells was 
significantly increased to each cell adhesion molecule (n=4). (B) A histological image comparing SFRP4‑untreated cells and SFRP‑treated (2.5 µg/ml) cells. 
An increase in cell number was observed in the treated group compared with the untreated group. Magnification, x40. *P<0.01 vs. control. Col, collagen; Lam, 
laminin I; SFRP, secreted frizzled‑related protein.
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serves an important role not only in tumor infiltration and 
metastasis, but also in wound healing, cell differentiation 
and embryonic development. Cell infiltration involves cell 
migration, wherein the cells migrate beyond the extracellular 
matrix and settle at new sites  (21). Notably, attempts have 
been made to suppress tumor metastasis by controlling cell 
adhesion (22,23). In the present study, the treatment of uterine 
sarcoma cells with SFRP4 decreased their migratory ability 
and increased their adhesive ability; thus suggesting that 
SFRP4 may be involved in the infiltration and metastasis of 
uterine sarcoma cells.

In conclusion, the present study demonstrated that uterine 
leiomyosarcoma expresses less SFRP4 than normal uterine 
smooth muscle tissues, and that SFRP4 suppresses the 
proliferation of uterine leiomyosarcoma cells, reduces their 
migration and increases their adhesion.

These results should be interpreted with caution because 
of the small sample size of human samples used in the 
present study, and it is important to consider a number of 
limitations. A small sample size may skew statistical tests 
when identifying relationships and connections within the 
resulting data set. The role of SFRP4 could be better under‑
stood by increasing the number of samples. In addition, 
since SFRP4 was shown to inhibit the proliferation of SKN 
leiomyosarcoma cells, complementary experiments inves‑
tigating apoptosis would provide evidence to support the 
results of the present study. Although we did not examine 
the Wnt signaling pathway in detail in this study, further 
analysis of the effects of SFRP on sarcoma, and changes 
in the factors involved in the Wnt signaling pathway may 
verify the use of SFRPs as a novel treatment option for 
uterine sarcoma.
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