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Abstract. Carbonyl reductase 1 (CBR1) has been reported to be 
involved in cancer progression. Recently, we found that CBR1 
overexpression inhibited malignant behaviors and the epithelial 
mesenchymal transition (EMT) in uterine cervical cancer. It 
remained unclear whether this was also the case in uterine leio-
myosarcoma (uLMS), which is derived from mesenchymal cells 
and is a much more malignant gynecological tumor. A number 
of previous studies suggested that malignant behaviors are 
associated with EMT, even in mesenchymal malignant tumors. 
In the present study, we investigated whether CBR1 inhibits 
malignant behaviors and EMT in uLMS. We established clones 
of uLMS cells (SKN cells) and uterine sarcoma cells (MES‑SA 
cells) that overexpressed CBR1. Cell proliferative, migratory 
and invasive activities were suppressed by CBR1 overexpres-
sion, accompanied by increases in the expressions of epithelial 
markers (E‑cadherin and cytokeratin) and decreases in the 
expressions of mesenchymal markers (N‑cadherin and fibro-
nectin), suggesting that CBR1 overexpression inhibits malignant 
behaviors and EMT in uLMS cells. In addition, transforming 
growth factor‑β (TGF‑β) production and the subsequent 
signaling and phosphorylation of Smad were suppressed in the 
clones. To investigate the association between TGF‑β and EMT, 
SKN cells were treated with TGF‑β or a TGF‑β receptor blocker 
(SB431542). EMT was promoted by TGF‑β and inhibited by 
SB431542. In conclusion, this is the first study, to the best of the 
authors' knowledge, showing that CBR1 overexpression inhibits 
malignant behaviors and EMT in uLMS cells. The present study 
provided novel insight demonstrating that the suppressive effect 
of CBR1 is mediated through TGF‑β signaling.

Introduction

Uterine leiomyosarcomas (uLMS) are relatively rare but 
highly malignant gynecological mesenchymal tumors. uLMS 
are derived from smooth muscle of the myometrium, and are 
the most common subtype of uterine sarcomas (1). Although 
uLMS account for only about 1% of uterine malignancies, 
they account for about 70% of all uterine cancer deaths (2). 
Hysterectomy is the standard treatment for uLMS. However, 
even for uLMS patients that received complete surgical treat-
ments, the risk of recurrence after surgical treatments was high 
(50‑71%) because of the aggressive nature of uLMS (3‑9). The 
poor prognosis is reflected by 5‑year disease‑specific survival 
rates of less than 30% (10‑12). Therefore, there is a need for an 
effective therapeutic strategy for uLMS. 

Carbonyl reductase 1 (CBR1) is a nicotinamide adenine 
dinucleotide phosphate‑dependent, mostly monomeric, cyto-
solic enzyme with a broad substrate specifically for carbonyl 
compounds (13,14). CBR1 is present in a variety of organs 
including liver, kidney, breast, ovary, and vascular endothelial 
cells, and its primary function is considered to control fatty 
acid metabolism (15). Interestingly, CBR1 has been reported 
to regulate malignant behaviors of cancer cells: Decreasing 
the expression of CBR1 induced cell proliferation and tumori-
genesis in vitro and in vivo experiments accompanied by a 
decreased expression of E‑cadherin, and activated matrix 
metalloproteinases (MMPs) in ovarian, uterine cervical, or 
uterine endometrial cancers (16‑21). This suggests that the 
decreased expression of CBR1 promotes tumor growth and 
invasion activities. Furthermore, low‑expression of CBR1 
is closely associated with lymph node metastasis and a 
poor prognosis in ovarian, uterine cervical, or endometrial 
cancers (17,18,20). In contrast, increasing the expression of 
CBR1 repressed the activities of cell proliferation and invasion, 
and tumorigenesis in ovarian, uterine cervical, and endome-
trial cancers (17‑20,22). Additionally, CBR1 overexpression 
increased E‑cadherin expression and decreased N‑cadherin 
expression, indicating that CBR1 expression inhibits the 
epithelial mesenchymal transition (EMT) (17,18). 

EMT is a well‑known phenomenon that is associated with the 
progression of malignant behaviors in epithelial tumors (23,24). 
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In the EMT process, cell‑to‑cell adhesion becomes weak with 
the decreased expression of E‑cadherin, and invasive and 
metastatic activities are promoted (23‑26). Although EMT has 
been studied in epithelial malignant tumors (cancers), it is of 
interest to note that EMT is involved in malignant behaviors 
even in mesenchymal malignant tumors. Several reports have 
indicated the potential existence of EMT‑related processes in 
sarcomas, suggesting that sarcomas can undergo phenotypic 
changes reminiscent of EMT (27‑32). EMT leads to a gain in 
mesenchymal activities and promotes malignant behaviors of 
mesenchymal tumors (27,30,32,33), which may be associated 
with aggressive clinical behaviors. Therefore, it is important to 
examine the role of EMT in uLMS as well as in cancers. 

Regarding the mechanism of EMT, transforming growth factor 
(TGF)‑β, which has roles in cell proliferation, differentiation, 
and tumorigenesis, has been reported to be closely associated 
with EMT in many epithelial and mesenchymal tumors (34,35). 
We previously analyzed pathways that are regulated by CBR1 in 
a uterine cervical cancer cell line overexpressing CBR1 (21). Of 
15 pathways that were analyzed, the TGF‑β signaling pathway 
was found to be the most important. This suggests that TGF‑β 
signaling is closely associated with EMT, which is regulated by 
CBR1. 

We previously showed that CBR1 inhibited malignant 
behaviors by suppressing EMT in uterine cervical squamous 
cell carcinomas (21). It remained unclear whether this also 
was the case in uLMS. Therefore, we investigated whether an 
increase in CBR1 expression inhibits malignant behaviors and 
EMT through TGF‑β signaling in uLMS. 

Materials and methods

Cell culture. SKN, which is a human uLMS cell line, and 
MES‑SA, which is human uterine sarcoma cell line, were 
used in this study. SKN was purchased from Health Science 
Research Resources Bank (HSRRB, Osaka, Japan), and 
MES‑SA was purchased from American type culture collec-
tion (ATCC, Virginia, USA). SKN cells were cultured in 
Ham's F 12 (Sigma-Aldrich Japan K.K., Tokyo, Japan), and 
MES‑SA cells were cultured in McCoy's 5a medium (ATCC). 
Both media were supplemented with 10% heat‑incubated 
fetal bovine serum (FBS). The cells were seeded at a density 
of 5x104 cells/well in a six‑well plate, and incubated at 37˚C 
in a humidified 5% CO2 incubator for 5 days. The cells were 
trypsinized and counted by a cell counter (Vi‑CELL XR; 
Beckman Coulter, Tokyo, Japan) at each time point, as reported 
previously (36). 

For TGF‑β treatment, cells were cultured in Ham's F12 and 
McCoy's 5a medium supplemented with 10% FBS containing 
100 or 500 pg/ml TGF‑β1 (Sigma-Aldrich Japan K.K.) for 
24 h. In order to block TGF‑β signaling, SB431542 (WAKO, 
Tokyo,  Japan), which is a TGF‑β type  I receptor‑selective 
blocker, was dissolved at a concentration of 10  µM in 
dimethylsulfoxide (DMSO). Cells were seeded at a density of 
5x104 cells/well in a six‑well plate and cultured for 24 h and 
then cultured with new medium supplemented with 10 µM 
SB431542 for more 48 h. 

Gene transfection. To analyze the function of CBR1, stable 
clones were established in which CBR1 expression was 

increased. The construct of CBR1 was transfected into 
SKN and MES‑SA by the lipofection method as previously 
reported (37,38). To improve the efficacy of transfection, we 
used the pEF1a‑IRES‑AcGFP vector (Clontech Laboratories, 
Inc., Mountain View, CA, USA) that encodes human CBR1, 
green fluorescent protein (GFP) and a neomycin resistance 
gene. Transfected cells were cultured in Ham's F12 and 
McCoy's 5a medium for 24 h, and then in medium supple-
mented with 300  µg/ml neomycin for one month. The 
overexpression of CBR1 was confirmed by Western blot 
analysis. A clone transfected with the empty vector was used 
as a control. In the preliminary experiments, the reagent that 
was used for transfection did not influence cell mobility or 
CBR1 expression. 

In  vitro migration and invasion assays. Cell migration 
and invasion assays were assayed with a BioCoat Matrigel 
Invasion Chamber (cat. no. 354480; Corning Life Sciences 
Inc., Tewksbury, MA, USA) according to the manufac-
turer's protocol as previously reported (17). This kit is used 
to measure how well cells can migrate from the upper side of 
a membrane to the lower side in a 12‑well transwell system. 
Cells were trypsinized, and 5x104 cells in serum‑free medium 
were seeded into collagen‑coated and uncoated (control) upper 
insert chambers of the transwell system. The lower chamber 
was filled with 750 µl medium containing 10% FBS as a 
chemo‑attractant. After incubation for 20 h, the upper surfaces 
of the membranes were wiped with cotton swabs to completely 
remove the cells. The membranes were fixed and stained with 
Diff‑Quick (cat. no. 24606‑500; Sysmex, Kobe, Japan). The 
cells on the lower surfaces of the membranes were counted 
at 200x magnification in five randomized field views, and the 
mean was calculated. Migration activities were evaluated by 
the numbers of cells that migrated to the control chamber. 
Invasion activities were expressed as the number of cells in the 
coated chamber divided by the number of cells that migrated 
to the uncoated chamber. Each experiment was performed in 
triplicate, and the mean percentage was obtained from three 
independent experiments. In the experiments with MES‑SA 
cells, we could not see the effects of CBR1 overexpression on 
migration and invasion activities because MES‑SA cells did 
not move. 

Wound healing assay. Cells were cultured in a six‑well plate 
until they reached confluence. Linear scratch wounds were 
created in the center of each well with a 1,000‑µl sterile pipette 
tip. After 24 h, images were obtained to observe the wounds 
at the same fields under the microscope, and the separation 
distance between wound sides was measured as previously 
reported (36). Each experiment was performed in triplicate, 
and the mean was obtained from three independent experi-
ments. 

Reverse transcription‑PCR (RT‑PCR). The mRNA expres-
sions of CDH1, SNAIL, SLUG, TGF‑β1 and TGF‑β2 were 
examined by real‑time RT‑PCR. Total RNA was isolated with 
an RNeasy mini kit (cat. no. 74104; Qiagen, Tokyo, Japan). 
cDNA was synthesized from 1  µg of total RNA using a 
Revertra Ace qPCR RT Master Mix (cat. no. FSQ‑201; Toyobo 
Life Science, Osaka, Japan). RT‑PCR was performed using TB 
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green Primer Ex Taq II DNA Polymerase (cat. no. RR820S; 
Takara Bio, Inc., Otsu, Japan) according to the manufacturer's 
protocol with the following amplifying primer pairs: SNAI1 
(5'‑ctccctgtcagatgaggacagt‑3' and 5'‑tccttgttgcagtatttgcagt‑3'), 
SNAI2 (5'‑cct​gtc​ata​cca​caa​cca​gag‑3' and 5'‑ctt​cat​cac​taa​tgg​
ggc​ttt​c‑3'), CDH1 (5'‑cgg​gaa​tgc​agt​tga​gga​tc‑3' and 5'‑agg​atg​
gtg​taa​gcg​atg​gc‑3'), TGF‑β1 (5'‑tgg​aca​cca​act​att​gct​tca​g‑3' and 
5'‑gtc​cag​gct​cca​aat​gta​gg‑3'), TGF‑β2 (5'‑ttg​atg​gca​cct​cca​cat​
ata​c‑3' and 5'‑agtggacgtaggcagcaatta‑3'), and glyceraldehyde 
3‑phospate dehydrogenase (GAPDH) (5'‑tgcaccaccaactgct-
tagc‑3' and 5'‑ggcatggactgtggtcatgag‑3'). GAPDH served as an 
internal control. The thermal cycling conditions were 45 cycles 
of 95˚C for 5 sec, and 60˚C for 20 sec.

Western blot analysis. Cultured cells were resuspended in 
RIPA buffer (Wako Pure Chemical Industries, Ltd., Osaka, 
Japan) and mildly sonicated. The insoluble materials were 
removed by centrifugation at 15,000 rpm for 10 min at 4˚C. 
The supernatant was mixed with SDS sample buffer (New 
England BioLabs, Tokyo, Japan), and the samples were boiled 
for 5 min. Ten µg of proteins were electrophoresed on a 10% 
SDS‑polyacrylamide gel (PAGE). The proteins were then 
transferred to a polyvinylidene difluoride membrane (New 
England BioLabs) with a semi‑dry type blotting system. The 
membrane was blocked with blocking solution (5% skimmed 
milk with 0.1% tween 20 dissolved in Tris buffered saline, 
pH 7.5), incubated with the appropriate first antibodies (see 
below) diluted at 1:1,000 in blocking solution, incubated 
with the peroxidase‑conjugated secondary antibody (see 
below) diluted at 1:2,000 in blocking solution, incubated in 
ECL‑Western blotting detection regents (GE Healthcare, 
Little Chalfont, Buckinghamshire, UK) for 5 min and used 
to expose the Hyperfilm‑ECL (GE Healthcare). The first 
antibodies were goat anti‑human CBR1 polyclonal antibody 
(ab4148; Abcam, Tokyo, Japan), rabbit anti‑human E‑cadherin 
monoclonal antibody (EP700Y; Abcam), mouse anti‑human 
cytokeratin monoclonal antibody (ab668; Abcam), rabbit 
anti‑human α‑SMA monoclonal antibody (1184‑1; Abcam), 
rabbit anti‑human fibronectin polyclonal antibody (ab23750; 
Abcam), rabbit anti‑human N‑cadherin polyclonal antibody 
(ab76057; Abcam), rabbit anti‑human vimentin polyclonal 
antibody (EPR3776; Abcam), rabbit anti‑human snail poly-
clonal antibody (cat. no. 3879; CST, Tokyo, Japan), rabbit 
anti‑human smad 2 monoclonal antibody (cat. no. 3122; CST, 
Tokyo, Japan), rabbit anti‑human Smad 3 monoclonal anti-
body (cat. no. 9523; CST), rabbit anti‑human phospho‑Smad 2 
monoclonal antibody (cat. no. 3122; CST), rabbit anti‑human 
phospho‑Smad 3 monoclonal antibody (cat. no. 3104S; CST), 
and mouse anti‑human β‑tubulin monoclonal antibody 
(T4026; Sigma-Aldrich Japan K.K.). The second antibodies 
were anti‑rabbit IgG/HRP (PO399), anti‑mouse IgG/HRP 
(PO260), and anti‑goat IgG/HRP (PO449; all from Dako; 
Agilent Technologies Japan, Ltd., Hachioji-shi, Tokyo).

ELISA. After cells were cultured in the medium without FBS 
for 48 h, TGF‑β1 concentrations in the cell culture medium 
were measured by a Quantikine ELISA Human TGF‑β1 
immunoassay kit (cat. no.  DB100B; R&D Systems Inc., 
Minneapolis, MN, USA), according to the manufacturer's 
protocols. The absorbance (OD) was measured at 450 nm.

Gelatin zymography. In order to analyze the effect of CBR1 
overexpression on the production of activated MMPs, extra-
cellular MMPs in the medium were measured by gelatin 
zymography as previously reported (17). Cells were cultured 
at a density of 1x105 cells/ml in a six‑well microtiter plate 
at 37˚C for 24 h under 5% CO2 in a humidified atmosphere. 
The medium was replaced with new medium without FBS, 
and then cells were cultured for another 24 h. After the culture, 
MMPs were detected with gelatin zymography. Twenty µl of 
culture medium with 10 ml Red loading buffer (New England 
Biolabs) without regent buffer was electrophoresed using 
detector gels containing 0.9  mg/ml gelatin. As a positive 
control of MMPs, a standard mixture of pro MMP‑9 (92 kDa), 
pro MMP‑2 (72kDa), and MMP‑2 (62kDa; Funakoshi, Tokyo, 
Japan) was electrophoresed on the same gel. The gels were 
washed for 1 h in 2.5% w/v aqueous Triton X‑100 to remove 
SDS and renature the activity of MMPs, and then incubated 
in activation buffer (50 mM Tris‑HCl, 200 mM NaCl, 5 mM 
CaCl2, pH 7.5) at 37˚C for 72 h. The activities of MMPs were 
detected as transparent gelatinolytic bands by staining with 
CBB R‑250. The band intensities were measured with Image 
J software. In the experiments with MES‑SA cells, we could 
not see the effects of CBR1 overexpression on MMP secre-
tion because MES‑SA cells did not secret MMP due to the 
character of the cells. 

Statistical analysis. Unpaired Student's t‑test was used to 
compare the two groups. To analyze differences between 
groups, one‑way ANOVA followed by Tukey's test was used. 
P<0.05 was considered to indicate a statistically significant 
difference. All statistics were analyzed with SPSS 5.0 J for 
Windows (SAS Institute Inc., Cary, NC, USA).

Results

Establishment of a clone overexpressing CBR1. To evaluate the 
roles of CBR1 in malignant behaviors of uLMS cells, clones 
overexpressing CBR1 were established by transfecting sense 
cDNA to CBR1 into SKN cells and MES‑SA cells (CBR1). 
Cells that were transfected with empty vector were used as a 
control (Mock). Western blot analysis confirmed that CBR1 is 
overexpressed in both CBR1 clones (Fig. 1A). Parent cells and 
mock cells appeared as spindle‑shaped fibroblasts while both 
types of CBR1 cells appeared as cobble stone‑like epithelial 
cells (Fig. 1B). 

Cell proliferation, cell migration, and wound healing assays. 
After four days of culture, the number of cells was signifi-
cantly lower in the CBR1 clones than in the mock clones for 
both SKN and MES‑SA cells (Fig. 2), suggesting that CBR1 
overexpression decreased cell proliferation. 

The wound healing assay showed that the cells in the CBR1 
clone filled the wounded area significantly more slowly than 
did the cells in the mock clone for both cell types (Fig. 3A). In 
the migration assay, the number of SKN cells that migrated to 
the lower side of the membrane was significantly lower in the 
CBR1 clone than that in the mock clone (Fig. 3B). 

MMPs secretions and cell invasion assay. SKN cells were 
examined in these assays, in which MMP‑2 and MMP‑9 
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secretions were determined by gelatin zymography. The band 
intensities of pro‑MMP‑9, pro‑MMP‑2, and MMP‑2 were 
significantly lower in the CBR1 clone than those in the mock 
clone (Fig. 4A). The CBR1 clone showed significantly lower 
invasion activities than the mock clone (Fig. 4B). 

Effects of CBR1 overexpression on EMT‑related markers. In 
SKN cells, the epithelial markers E‑cadherin and cytokeratin 
were expressed more strongly in the CBR1 clone than in the 
mock clone (Fig. 5A). In MES‑SA cells, cytokeratin was also 
expressed more strongly in the CBR1 clone (Fig. 5A). Since 
MEA‑SA cells do not express E‑cadherin, we did not observe 
the effect of CBR1 overexpression on E‑cadherin. On the other 
hand, in SKN cells, the expression levels of the mesenchymal 
markers fibronectin and N‑cadherin were lower in the CBR1 
clone than in the mock clone, while the expression levels of 

αSMA and vimentin did not differ between the two clones 
(Fig. 5A). In MES‑SA cells, the expression levels of fibro-
nectin, αSMA, and N‑cadherin were lower in the CBR1 clone 
than in the mock clone (Fig. 5A). 

Snail (SNAI1) and Slug (SNAI2) are transcription factors 
that repress E‑cadherin expression (30). The protein expression 
of Snail (Fig. 5A) and the mRNA levels of SNAI1 and SNAI2 
(Fig. 5B) were all significantly lower in the CBR1 clone than 
in the mock clone in both cell lines. These results suggest that 
EMT is suppressed in the CBR1 clone overexpressing CBR1.

TGF‑β production and signaling in CBR1 overexpressing 
clone. We investigated whether CBR1 overexpression affects 
TGF‑βs production. TGFB1 and TGFB2 mRNA levels were 
significantly lower in the CBR1 clone than in the mock clone 
in both SKN and MES‑SA cells (Fig.  6A). The TGF‑β1 

Figure 2. Effect of CBR1 overexpression on cell proliferation in SKN and MES‑SA cells. The number of cells in the mock and CBR1 clones was measured at 
each point. Data are presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. CBR1, carbonyl reductase 1.

Figure 1. Establishment of clones overexpressing CBR1. cDNA to CBR1 was transfected into a uLMS cell line (SKN) and a uterine sarcoma cell line 
(MES‑SA) (CBR1 clones). A clone that was transfected with empty vector was used as a control (Mock clones). (A) Expression levels of CBR1 were evaluated 
by western blot analysis. β‑tubulin was used as an internal control. (B) Cell morphologies of parent cells, mock cells, and CBR1 cells in SKN and MES‑SA. 
Scale bar, 200 µm. CBR1, carbonyl reductase 1; uLMS, uterine leiomyosarcoma. 
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concentrations in the medium were also significantly lower 
in the CBR1 clone than in the mock clone in both cell lines 

(Fig. 6B). These results indicate that TGF‑βs production is 
suppressed in the CBR1 clone overexpressing CBR1. 

Figure 4. Effects of CBR1 overexpression on MMP secretions and invasion activities in SKN cells. (A) MMP secretions were measured in the cultured medium 
by gelatin zymography. (Top) A representative photo. (Bottom) The intensities of the bands were measured using ImageJ software. Data are expressed as the 
ratio to the mock clone and are presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. (B) Invasion assay. (Top) Representative 
images. Scale bar, 200 µm. (Bottom) The ratio of the invaded cells was calculated by dividing the number of the cells in the coated chamber by the number 
of the invaded cells in the uncoated chamber. Data are presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. CBR1, carbonyl 
reductase 1; MMP, matrix metalloproteinase. 

Figure 3. Effects of CBR1 overexpression on migration activities. (A) Wound healing assay in SKN and MES‑SA cells. (Top) Representative photos. Vertical 
lines indicate the wound margins. (Bottom) Migratory activity was calculated by dividing the migration distance by the original width. Scale bar, 200 µm. 
Data are presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. (B) Migration assay in SKN cells. (Top) Representative photos. 
Scale bar, 200 µm. (Bottom) The number of the migrated cells was counted in five randomized and the mean was calculated. Magnification, x200. Data are 
presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. CBR1, carbonyl reductase 1.
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We further investigated whether CBR1 overexpression 
suppresses TGFβ/Smad signaling. The expression levels of 
phosphorylated‑Smad2 (P‑Smad2) and phosphorylated‑Smad3 
(P‑Smad3) as measured by Western blotting were significantly 
lower in the CBR1 clone than in the mock clone in both SKN 
and MES‑SA cells (Fig. 6C). This result suggests that the 
TGF‑β signaling pathway is suppressed in the CBR1 clone. 

TGF‑β signaling and the EMT. To investigate whether TGF‑β 
signaling is associated with the promotion of EMT in uLMS 
cells, SKN parent cells were treated with a TGF‑β receptor 
blocker, SB431542. The expression levels of P‑Smad2 and 
P‑Smad3 proteins were confirmed to be decreased by SB431542 
(Fig. 7A). The protein and mRNA levels of E‑cadherin (CDH1) 
expression were increased while those of Snail (SNAI1) were 
decreased by SB431542 treatment (Fig. 7A and B). In addition, 
SB431542 treatment significantly decreased cell proliferation 
activities (Fig. 7C), but did not affect cell morphology (data not 
shown). These results suggest that TGF‑β signaling is associ-
ated with the promotion of EMT. 

We further examined whether TGF‑β stimulation 
promotes EMT in uLMS cells. Parent cells (control) and 
CBR1‑overexpressing SKN cells were treated with TGF‑β1.  
The expression levels of P‑Smad2 and P‑Smad3 were confirmed 
to be increased by TGF‑β stimulation in control cells (Fig. 7D). 
The protein and mRNA levels of E‑cadherin (CDH1) were 
decreased while those of Snail (SNAI1) were increased by 
TGF‑β treatment in control cells (Fig. 7D and E). TGF‑β 

treatment did not affect the cell proliferation activity (Fig. 7F) 
or cell morphology (data not shown). These results provide 
additional evidence that TGF‑β signaling is partly associated 
with the promotion of EMT in uLMS cells. 

On the other hand, the effects by TGF‑β  treatment on the 
CBR1 cells were similar to those observed in the control cells 
(Fig. S1), indicating that CBR1 overexpression did not affect 
TGF‑β  signaling stimulated by exogenous TGF‑β. This could 
be due to either (1) the suppressive effect of CBR1 on TGF‑β 
signaling and EMT may have been overcome by exogenous 
TGF‑β or (2) CBR1 inhibits endogenous TGF‑β expression, 
but does not directly interrupt the TFG‑β signaling pathway. 

Discussion

The present results show that CBR1 overexpression inhibited 
cell proliferation, migration, and invasion activities and that 
these changes were accompanied by increased expressions of 
epithelial markers (E‑cadherin and cytokeratin), and decreased 
expressions of mesenchymal markers (N‑cadherin and fibro-
nectin) in uLMS. These results suggest that the increased CBR1 
expression represses malignant behaviors of uLMS cells by 
inhibiting EMT. We previously reported that increased CBR1 
expression repressed migration and invasion activities by inhib-
iting EMT in uterine cervical and endometrial cancers (17,18). 
Therefore, it is likely that CBR1 controls malignant behaviors 
of tumor cells in uLMS as well as in uterine cancers. This the 
first report suggesting the anti‑tumor effect of CBR1 in uLMS.

Figure 5. Effects of CBR1 overexpression on the EMT‑related markers in SKN and MES‑SA cells. (A) Expression levels of epithelial markers (E‑cadherin and 
cytokeratin), mesenchymal markers (fibronectin, αSMA, vimentin and N‑cadherin) and Snail were measured by western blot analysis. β‑tubulin was used as an 
internal control. (B) Reverse transcription‑PCR analysis of SNAI1 and SNAI2 which are transcription factors of EMT. GAPDH was used as an internal control. 
Data are expressed as the ratio of the mRNA level of each molecule to the GAPDH mRNA level, and are presented as the mean ± SEM of three independent 
experiments. *P<0.05 vs. Mock. CBR1, carbonyl reductase 1; EMT, epithelial mesenchymal transition; SNAI1, snail family transcriptional repressor 1; SNAI2, 
snail family transcriptional repressor 2; αSMA, α‑smooth muscle actin. 
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The mechanism by which CBR1 inhibits EMT in uLMS 
cells remains unclear. Our previous microarray and IPA 
pathway analyses showed that suppression of CBR1 expres-
sion activates the intracellular signaling pathway of TGF‑β in 
uterine cervical cancer (21). TGF‑β is a multifunctional cyto-
kine, and has been shown to be a modulator of EMT in many 
types of cancers (24,34,39‑44). However, it is still controver-
sial how TGF‑β acts on sarcomas. Qi et al (35,45) reported that 
the TGF‑β/Smad/Snail signaling pathway is closely associated 
with EMT, which promotes cell proliferation, migration, and 
invasion in synovial sarcomas. Dwivedi et al  (46) showed 
that TGF‑β promotes cell migration by phosphorylating 
Smad2 and Smad3 in uterine carcinosarcomas. These find-
ings suggest that TGF‑β signaling is associated with EMT 
in certain sarcomas as well as in cancers. Our results clearly 
show that TGF‑β treatment activates EMT, that the blockage 
of TGF‑β signaling inhibits EMT in uLMS cells (Fig. 7), and 
that CBR1 overexpression inhibits TGF‑β production and 
signaling (Fig. 6). Therefore, these results suggest that CBR1 
inhibits EMT through suppressing TGF‑β production and the 
subsequent signaling pathway in uLMS cells. This is also the 
first report showing that that the suppressive effect of CBR1 is 
mediated through TGF‑β signaling.

In this study, the blockage of TGF‑β signaling by SB431542 
(a TGF‑β type 1 receptor‑selective blocker) decreased cell 
proliferation activities while exogenous TGF‑β treatment had 
no effects. TGF‑β is a multifunctional cytokine and exogenous 
treatment of TGF‑β stimulates several intracellular signaling 
pathways (47). Therefore, the effect of a TGF‑β receptor blocker 
may more correctly reflect the involvement of TGF‑β signaling 
pathway. It is unclear why the exogenous TGF‑β treatment 

and TGF‑β‑blocker did not influence cell morphology. We 
speculate that the experimental conditions used in this study 
changed the levels of EMT markers, but did not affect cellular 
phenotypes such as cell morphology. The findings that exog-
enous TGF‑β treatment had no effects on cell proliferation and 
that TGF‑β‑blocker did not influence cell morphology do not 
contradict our hypothesis that TGF‑β signaling is involved 
in the suppressive effect of CBR1 on EMT. Since CBR1 is 
involved in a number of intracellular signaling pathways other 
than TGF‑β signaling pathways (21), CBR1 may regulate cell 
proliferation activities or cell morphology through several 
intracellular signaling pathways. 

Much is known about the role of EMT in epithelial malig-
nant tumors (cancers) whereas little is known about its role 
in mesenchymal malignant tumors. Since sarcomas originally 
have mesenchymal features, they do not need to undergo EMT. 
However, there is accumulating evidence that EMT is involved 
in malignant behaviors in a variety of mesenchymal malignant 
tumors (28,30‑33,48). Yang et al (48) reported that suppression 
of EMT with an increase in E‑cadherin expression was associ-
ated with inhibition of cell proliferation and invasion activities 
in leiomyosarcomas, which is consistent with our results. EMT 
enhances mesenchymal activities and promotes malignant 
behaviors such as cell proliferation and invasion activities 
in mesenchymal malignant tumor cells (27,30,49‑53), which 
may be associated with aggressive clinical features. Therefore, 
controlling EMT may be a key to controlling the aggressive 
malignant behaviors of sarcomas. Interestingly, the reverse 
process of EMT, termed the mesenchymal to epithelial transi-
tion (MET), has been reported to occur in sarcomas, which 
results in more favorable tumor behaviors (27,49,54,55). Our 

Figure 6. Effects of CBR1 overexpression on production and signaling of TGF‑β in SKN and MES‑SA cells. (A) Reverse transcription‑PCR analysis for 
TGF‑β1 and TGF‑β2. GAPDH was used as an internal control. Data are expressed as the ratio of the mRNA level of each molecule to the GAPDH mRNA level, 
and presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. (B) TGF‑β1 concentrations in the medium were measured by ELISA. 
Data are presented as the mean ± SEM of three independent experiments. *P<0.05 vs. Mock. (C) Expression levels of Smad2, Smad3, p‑Smad2 and p‑Smad3 
were evaluated by western blot analysis. CBR1, carbonyl reductase 1; p, phosphorylated; TGF‑β, transforming growth factor‑β. 
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Figure 7. Effects of TGF‑β and a TGF‑β blocker on EMT. (A and B) SKN parent cells were treated with SB431542 (TGF‑β type 1 receptor‑selective blocker). 
(C) SKN parent cells (Control) were treated with SB431542 for 4 days. *P<0.05 vs. control. (D and E) SKN parent cells (Control) were treated with recombinant 
TGF‑β1 (0, 100 and 500 pg/ml) for 24 h. *P<0.05 vs. 0 pg/ml. The expression levels of p‑Smad2, p‑Smad3, Snail and E‑cadherin were evaluated by western blot 
analysis. β‑Tubulin was used as an internal control. mRNA levels of CDH1 and SNAI1 were measured by reverse transcription‑PCR. GAPDH was used as an 
internal control. Data are presented as the ratio of the mRNA level of each molecule to the GAPDH mRNA level. (F) SKN parent cells (Control) were treated 
with SB431542 or recombinant TGF‑β1 (500 pg/ml) for 4 days. The number of cells was measured at each point. Data are presented as the mean ± SEM of 
three independent experiments. TGF‑β, transforming growth factor‑β; EMT, epithelial mesenchymal transition; p, phosphorylated; CDH1, cadherin 1; SNAI1, 
snail family transcriptional repressor 1. 
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results show that CBR1 inhibits EMT. In other words, CBR1 
may induce MET in uLMS cells. 

It is unclear how CBR1 suppresses TGF‑β  expression. 
Miura et al (22) reported that CBR1 represses c‑jun expression 
in ovarian cancer cells. c‑jun combines with AP‑1, and the 
complex stimulates TGF‑β‑induced EMT and prevents apop-
tosis (56). Therefore, there is a possibility that CBR1 inhibits 
TGF‑β expression and its subsequent signaling by decreasing 
c‑jun expression. However, further studies are needed to test 
these ideas. 

In this study, only one cell line (SKN) derived from uLMS 
cells was used because we were unable to find other uLMS cell 
lines that are commercially available. This is a limitation of 
this study although the data using a uterine sarcoma cell line 
(MEA‑SA) were very similar to those observed in SKN cells.

In summary, the present study shows that increased 
CBR1 expression inhibits malignant behaviors and EMT 
by suppressing TGF‑β signaling in uLMS cells. uLMS is a 
highly malignant mesenchymal tumor, and there is no efficient 
therapy for it except surgery at present. Our findings suggest 
that CBR1 can be a promising new target for therapy of uLMS. 
A therapeutic shifting of uLMSs to a more epithelial‑like 
status could attenuate their aggressive features and improve 
patient prognosis.
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