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Abstract. Odd‑skipped related transcription factor 1 (OSR1) 
serves an important role in the development of the inter-
mediate mesoderm; however, its expression in cancer 
remains unknown. The present study aimed to explore the 
expression and role of OSR1 in breast cancer development. 
Immunohistochemistry was performed to detect OSR1 expres-
sion in breast cancer tissue and western blot analysis was 
used to evaluate the expression of OSR1 and related proteins, 
including β‑catenin, c‑Myc and cyclin D1. OSR1 expression 
was increased following transfection of MCF7 cells with OSR1 
overexpression vector (MCF7‑OSR1) and reduced by trans-
fecting MDA‑MB‑231 cells with small interfering (si)RNA 
targeting OSR1 (MDA‑MB‑231‑siOSR1). Cell proliferation 
and Matrigel™ invasion assays were used to investigate the 
effects of OSR1 on the proliferation and invasion of breast 
cancer cells. OSR1 was downregulated in breast cancer tissue 
compared with that in normal breast tissue and associated with 
lymph node metastases and estrogen receptor (ER) expression. 
Furthermore, reduced expression of OSR1 was associated with 
poor patient prognosis. Overexpression of OSR1 inhibited the 
proliferation and invasion of breast cancer cells. Western blot 
analysis of MCF7‑OSR1 cells demonstrated that compared 
with that in the control cells, the expression of E‑cadherin 
was increased, whereas that of key epithelial‑mesenchymal 
transition (EMT) proteins, N‑cadherin and Snail, was 

decreased. In addition, overexpression of OSR1 significantly 
decreased the expression level of β‑catenin and Wnt target 
genes, such as c‑Myc and cyclin D1, compared with that in the 
control cells. These expression patterns were reversed in the 
MDA‑MB‑231‑siOSR1 cells. The results of the present study 
suggested that OSR1 downregulates the activity of the Wnt 
signaling pathway and EMT, which inhibits the proliferative 
and invasive abilities of breast cancer cells.

Introduction

Breast cancer is one of the most common malignant tumors 
in the world and the leading cause of cancer‑associated death 
in women in recent years (1,2). Numerous complex factors 
are involved in the proliferation and invasion of tumor cells, 
including human epidermal growth factor receptor 2 (HER‑2), 
androgen receptor and estrogen receptor (ER) (3‑6). In previous 
years, significant advances have been made in discerning the 
molecular drivers of breast cancer and characterizing distinct 
subtypes based on gene expression profiles (1).

The odd‑skipped related transcription factor 1  (OSR1) 
gene belongs to the OSR family; it is located on human chro-
mosome 2 (2p24.1) and encodes a 266‑amino acid protein with 
three C2H2‑type zinc fingers (7). OSR1 has multiple func-
tions and is essential for the development of the intermediate 
mesoderm. This process is strictly regulated and is influenced 
by OSR1 in a number of ways (8‑17). Bone morphogenetic 
protein (BMP) (8), retinoic acid (9), and 1,25‑dihydroxyvi-
tamin D3 (10) have been found to activate OSR1, whereas 
IKAROS family zinc finger 1 (IKZF1) and RUNX family 
transcription factor  2  (RUNX2) represses it  (11). OSR1 
suppresses the nodal signaling pathway and SOX9 mRNA 
expression  (12,13). OSR1 also serves important roles in 
embryonic urogenital formation, heart formation, and tongue 
development  (13‑17). Zhang  et  al  (18) demonstrated that 
OSR1 was downregulated in renal cell carcinoma (RCC) cells 
through promoter methylation. In addition, depletion of 
OSR1 by small interfering (si)RNA repressed the expression 
level of several tumor suppressor genes involved in the p53 
pathway, such as p53, p21, p27, p57 and RB, and suppressed 
the transcriptional activity of p53 in RCC (18). Furthermore, 
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expression of OSR1 inhibited the invasion and proliferation 
abilities of RCC cells (18). Otani et al (19) demonstrated that 
OSR1 was commonly downregulated by siRNA by promoter 
methylation in gastric cancer. In addition, expression of OSR1 
was demonstrated to inhibit gastric cancer cell growth, arrest 
the cell cycle and induce cell apoptosis  (19). The role and 
underlying mechanism of OSR1 in other types of cancer, apart 
from renal and gastric cancer has not been well character-
ized. It was reported that OSR1‑mediated tumor suppression 
in gastric cancer occurs by repression of the Wnt/β‑catenin 
signaling pathway and the activation of p53 pathway  (19). 
The Wnt signaling pathway is regulated by multiple proteins, 
among which, β‑catenin serves a key role (20). Accumulation 
of β‑catenin in the cytoplasm and nucleus activates target 
genes of the Wnt pathway, such as cyclin D1 and c‑Myc (21). 
Activation by β‑catenin causes carcinogenesis and tumor 
progression in numerous types of cancer, such as lung, gastric 
and intestine cancers (21). Overall, the expression and function 
of OSR1 in breast cancer remains unclear.

In the present study, the expression of OSR1 in breast cancer 
and corresponding normal adjacent tissues, and its association 
with clinicopathological factors was examined. In addition, 
the effects of OSR1 on the proliferative and invasive abilities 
of breast cancer cells was investigated, as well as identifying 
the regulating effects of OSR1 on the epithelial‑mesenchymal 
transition (EMT) process and activation of the Wnt signaling 
pathway in breast cancer cells.

Materials and methods

Patient data and tissue specimens. Tissue samples from 
70 female patients with breast cancer who underwent complete 
surgical resection at the First Affiliated Hospital of China 
Medical University between September 2013 and August 2016 
were selected from the archival files in the Department of 
Pathology. The 70 breast cancer samples were accompanied 
by adjacent normal breast tissue specimens. and were located 
>2 cm away from the tumor. The mean age of the patients was 
50‑years‑old (range, 31 to 70 years). The patients were graded 
according to WHO (22) and TNM staging systems (23), and 
divided into ER, PR and HER2 positive and negative expres-
sion groups. The histological grades of the specimens were 
evaluated as grade  I  (n=18), II  (n=44) and III  (n=8). And 
patients were categorized into stage  I  (n=32), II  (n=21) or 
III (n=17). Lymph node metastases were found in 30 cases. 
Estrogen receptor  (ER)‑, progesterone receptor  (PR)‑ and 
human epidermal growth factor receptor 2 (HER2)‑positive 
expression was found in 45, 43 and 24 cases, respectively. A 
total of 20 pairs of fresh tumor and corresponding normal 
tissue specimens were collected following resection between 
September 2013 and August 2016 and immediately stored at 
‑80˚C for subsequent use. The study was conducted in accor-
dance with the Declaration of Helsinki and approved by the 
Institutional Review Board of the First Hospital and College 
of Basic Medical Sciences of China Medical University, China 
[approval no. LS(2018)016]. All patients provided written 
informed consent.

The Cancer Genome Atlas (TCGA) data collection and 
analysis. The mRNA expression data of OSR1 in breast cancer 

and adjacent normal breast tissue was analyzed and downloaded 
directly from the online database, UALCAN (http://ualcan.
path.uab.edu) (24). The association between OSR1 expression 
and prognosis of breast cancer was analyzed and downloaded 
directly from the online database, The Human Protein Atlas 
(https://www.proteinatlas.org/) (25), which is based on TCGA.

Immunohistochemistry. After fixation in 10% neutral 
formalin at room temperature for 24  h, all resected speci-
mens were embedded in paraffin and cut into 4‑µm sections. 
Immunostaining was performed using a streptavidin‑peroxidase 
method. All sections were deparaffinized, rehydrated, and 
heated in 0.01 M citrate buffer for 2.5 min at 100˚C in an 
autoclave. Then, the sections were incubated with anti‑OSR1 
rabbit polyclonal antibody (cat. no. ab179612; 1:100; Abcam) and 
anti‑ER mouse monoclonal antibody (cat. no. MAB‑0062; 1:200; 
Fuzhou Maixin Biotech Co.) overnight at 4˚C. Subsequently, the 
sections were incubated with the secondary antibody and horse-
radish peroxidase‑conjugated streptavidin‑biotin at 37˚C for 2 h 
(cat. no. KIT 9002; Fuzhou Maixin Biotech Co., Ltd.). Expression 
was visualized using 3,3'‑diaminobenzidine chromogen (Fuzhou 
Maixin Biotech Co., Ltd.), as previously described (26).

A total of 2 investigators, who were blinded to the clinical 
data, evaluated the sections, using 5 fields of view randomly 
per slide and 100 cells per view were observed at x400 magni-
fication using light microscope (Olympus Corporation). The 
positive rate for each case was calculated from the percentage 
of positively stained cells and scored as follows: 1, 1‑25; 2, 
26‑50; 3, 51‑75; and 4, 76‑100%. The intensity of immunos-
taining was scored as 0, 1, 2, or 3, for negative, weak, moderate 
or marked, respectively. A final score ranging from 0 to 12 was 
obtained by multiplying the scores from each sample. Based 
on their final scores, the tumors were categorized as having 
low (≤6) or high (≥8) expression of OSR1 and ER (26,27).

Cell culture and transfection. The human MCF‑7 and 
MDA‑MB‑231 breast cancer cell lines were purchased from 
American Type Culture Collection. The MCF‑7 cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
and the MDA‑MB‑231 cells were cultured in Leibovitz 15 
Medium (L15), both supplemented with 10% FBS (all from 
Thermo Fisher Scientific, Inc.) in an atmosphere of 5% CO2 
and at 37˚C. The cells were cultured in sterile culture dishes 
and passaged every 1 or 2 days using 0.25% trypsin (Thermo 
Fisher Scientific, Inc.).

For transfection, cells were seeded in a 6‑well plate 24 h 
at 37˚C prior to the experiment. The empty control vector, 
pCMV6, and pCMV6‑OSR1 plasmids were purchased from 
OriGene Technologies, Inc. The control siRNA and siRNA 
against OSR1 (OSR1‑siRNA) were synthesized by Guangzhou 
RiboBio Co., Ltd). The plasmids (2.5 µg) were transfected into 
cells when density of treated cells reached 80‑90%, and the 
siRNAs (5 nM) were transfected into cells when the density of 
treated cells was 40‑50% using Lipofectamine® 3000 (Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
instructions.

Western blot analysis. Total protein from cells and tissue 
was extracted from cells using a cell lysis buffer (Thermo 
Fisher Scientific, Inc.) and quantified using the Bradford 
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method. A total of 60 µg total protein was separated using 
10%  SDS‑PAGE, then transferred to a PVDF membrane 
(EMD Millipore; Merck KGaA). Following blocking with 
5% skimmed milk at room temperature for 2 h, membranes 
were incubated overnight at 4˚C with antibodies against OSR1 
(cat. no. sc‑376545; 1:150; Santa Cruz Biotechnology, Inc.), 
β‑catenin (sc‑7963,1:100; Santa Cruz Biotechnology, Inc.), 
cyclin D1 (cat. no. sc‑8396; 1:100; Santa Cruz Biotechnology, 
Inc.), c‑Myc (cat. no. 554002; 1:200; BD Biosciences), axin 
(cat. no. sc‑518090; 1:100; Santa Cruz Biotechnology, Inc.), 
Snail (cat. no. 3879,1:500; Cell Signaling Technology, Inc.), 
transcription factor 4 (TCF4; cat. no. sc‑166699, 1:100; Santa 
Cruz Biotechnology, Inc.), E‑cadherin (cat. no. 14472; 1:500; 
Cell Signaling Technology, Inc.), lymphoid enhancer‑binding 
factor  1 (LEF1; cat.  no.  sc‑374522; 1:100; Santa Cruz 
Biotechnology, Inc.), N‑cadherin (cat. no. 13116; 1:500; Cell 
Signaling Technology, Inc.), β‑actin (cat. no. sc‑8432; 1:1,000; 
Santa Cruz Biotechnology, Inc.) and GAPDH (s cat. no. c‑47724; 
1:2,000; Santa Cruz Biotechnology, Inc.). Following washing 
in TBST for 15 min, the membranes were incubated with 
horseradish peroxidase‑conjugated anti‑mouse/rabbit IgG 
secondary antibody (cat. no. SA00001‑1/2; 1:2,000; ProteinTech 
Group, Inc.) at 37˚C for 2 h. Protein bands were visualized 
using an ECL kit (Thermo Fisher Scientific, Inc.) and detected 
with a bioimaging system (DNR Bio‑Imaging Systems, Ltd.). 
The relative protein levels were calculated using β‑actin or 
GAPDH as the loading control. The bands were quantified 
with Image J software (X64; National Institutes of Health).

Cell proliferation assay. Cells (3‑4x103 cells/well) were plated 
in 96‑well plates at 37˚C for 24 h following transfection and 
cultured in medium containing 10% fetal bovine serum. Cell 
Counting Kit‑8 (CCK‑8; Dojindo Molecular Technologies, 
Inc.) reagent was added to each well at 1:10 (v/v) per 100 µl 
and the cells were incubated for 2 h at 37˚C according to the 
manufacturers' instructions. Cell proliferation results were 
detected using spectrophotometric quantitate on at 450 nm.

Matrigel invasion assay. To assess the invasive ability of the 
transfected cells, Matrigel™ (BD Biosciences) and Transwell® 
chambers (Costar; Corning, Inc.) with a pore size of 8 µm were 
used, according to the manufacturers' instructions. Briefly, 
100 µl Matrigel™ (1:7 dilution) was added to each insert 
and the chambers were placed at 37˚C, for at least 2 h. Then, 
8x104 cells in 100 µl medium supplemented with 2% FBS 
were added to the upper chamber. Medium supplemented with 
20% FBS was added to the lower chamber as the chemoat-
tractant. After 20 h of incubation, the filters were fixed at room 
temperature for 20 min and stained with hematoxylin at room 
temperature for 10 min. The non‑invading cells on the upper 
surface were removed with a cotton swab. The number of 
invasive cells in 10 high‑power fields randomly was counted 
under an inverted microscope (magnification,  x200). The 
experiments were performed in triplicate.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation of three independent experiments. Unpaired 
Student's t‑test was used to compare the mean values between 
two experimental groups. Paired Student's t‑test was used 
to compare the mean expression levels of OSR1 in tumor 

vs. adjacent non‑tumor samples of the same individuals. 
The Kaplan‑Meier curve was used to analyze the prognosis 
value of OSR1 in breast cancer from the online database The 
Human Protein Atlas. Associations between OSR1 expression 
level and clinicopathological factors were examined using the 
χ2 test. All statistical analyses were performed using GraphPad 
Prism v6.0 software (GraphPad Software, Inc.) and SPSS v17.0 
software (SPSS, Inc.). P<0.05 was considered to indicate a 
statistically significant difference.

Results

OSR1 expression is downregulated in breast cancer tissue, 
and is negatively associated with lymph node metastases, 
ER expression, and poor survival. The expression level of 
OSR1 was examined in 70 pairs of breast cancer and adja-
cent normal breast tissue using immunohistochemistry. In 
normal breast tissue, 55 cases  (78.6%) demonstrated high 
expression levels of OSR1 (Fig. 1A) and 15 cases  (21.4%) 
demonstrated low expression levels. However, in breast cancer 
tissue, 30 cases (42.9%) had high expression levels of OSR1 
(Fig. 1B), whereas 40 cases (57.1%) had low levels (Fig. 1C). 
The expression level of OSR1 was lower in breast cancer 
tissue compared with that in normal breast tissue (P<0.001; 
Table I). The low expression level of OSR1 in breast cancer 
was also significantly associated with lymph node metastases 
(P=0.004) and ER expression (P=0.031; Fig. 1D). However, 
the expression level of OSR1 was not significantly associated 
with patient age (P=0.266), maximum diameter of the tumor 
(P=0.785), histological classification (P=0.554), TNM stage 
(P=0.165), PR  expression (P=0.436) or HER2 expression 
(P=0.095; Table I).

It was also confirmed that the expression level of OSR1 was 
significantly higher in normal breast tissue compared with that 
in breast cancer tissue, using western blot analysis (2.12±0.18 
vs. 0.97±0.15; n=20; P<0.01; Fig. 1E and F). The significant 
reduction of OSR1 mRNA expression levels in breast cancer 
tissue was confirmed using the UALCAN web resource, based 
on the TCGA database (P<0.001; Fig. S1A).

In addition, a search of the online database The Human 
Protein Atlas revealed that patients with breast cancer and low 
expression levels of OSR1 had significantly shorter overall 
survival rates compared with patients with high expression 
levels (P<0.01; Fig. SIB).

OSR1 regulates the expression level of proteins in the Wnt 
signaling pathway and inhibits the proliferation of breast 
cancer cells. The expression level of OSR1 was low in 
MCF‑7 cells and high in MDA‑MB‑231 cells; therefore, for a 
more appropriate comparison and visualization of the effects 
of OSR1, the OSR1 gene was overexpressed in MCF‑7 cells 
(MCF7‑OSR1), while OSR1 expression was knocked down in 
MDA‑MB‑231 cells (MDA‑MB‑231‑siOSR1).

Compared with that in the control cells, the protein expres-
sion levels of β‑catenin and the Wnt target genes, cyclin D1 
and c‑Myc were significantly decreased in MCF7‑OSR1 cells 
(P<0.05), whereas there was no significant difference in the 
protein expression levels of axin, TCF4 and LEF1 (P>0.05; 
Fig. 2A). By contrast, compared with that in the control cells, 
the protein expression level of β‑catenin, cyclin D1 and c‑Myc 
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was significantly increased in MDA‑MB‑231‑siOSR1 cells 
(P<0.05), whereas there was no significant difference in 
the expression levels of axin, TCF4 and LEF1 (P>0.05; 
Fig. 2B). In addition, overexpression of OSR1 significantly 
inhibited proliferation of MCF‑7 cells from day two (P<0.05; 
Fig. 2C) and downregulation of OSR1 significantly increased 
proliferation of MDA‑MB‑231 cells from day two (P<0.05; 
Fig. 2D).

OSR1 regulates the expression of EMT‑related proteins 
and inhibits the invasive ability of breast cancer cells. 
Overexpression of OSR1 significantly inhibited the invasive 

ability of MCF‑7  cells (P<0.01), while downregulation of 
OSR1 promoted the invasive ability of MDA‑MB‑231 cells 
(P<0.01; Fig. 3A and B).

Compared with that in the control cells, the expression 
level of E‑cadherin in MCF7‑OSR1 cells was significantly 
increased (P<0.01), whereas the expression levels of N‑cadherin 
and Snail were significantly decreased (P<0.05; Fig. 3C). By 
contrast, compared with that in the control cells, the expres-
sion level of E‑cadherin in MDA‑MB‑231‑siOSR1 cells was 
significantly decreased (P<0.01), whereas the expression 
levels of N‑cadherin and Snail were significantly increased 
(P<0.05; Fig. 3D).

Figure 1. Immunohistochemistry staining and expression of OSR1 and ER in breast cancer and normal breast tissue. (A) High expression of OSR1 in a normal 
mammary gland. (B) High expression of OSR1 in breast cancer tissue. A breast cancer tissue demonstrating (C) low expression of OSR1 and (D) positive 
expression of ER. (E) Western blot analysis of OSR1 in breast cancer tissue and in adjacent normal breast tissue. β‑actin served as an internal control. (F) The 
relative protein expression level of OSR1 in breast cancer and adjacent normal breast tissue (n=20). Magnification, x200. **P<0.01. OSR1, odd‑skipped related 
transcription factor 1; ER, estrogen receptor; N, adjacent normal breast tissue; C, breast cancer tissue.
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Discussion

Previous studies on OSR1 were focused on the field of embry-
onic development (12‑17), while the studies on OSR1 in tumors 
have been limited (18,19). Therefore, the association between 
OSR1 and tumorigenesis, and the possible mechanisms, have 
not been discussed. The results of the present study demon-
strated that the expression level of OSR1 was significantly 
reduced in breast cancer tissue compared with that in normal 
breast tissue and negatively associated with lymph node metas-
tases and ER expression level. Therefore, reduced expression 
of OSR1 may be involved in the progression of breast cancer. 
Notably, the present study demonstrated negative association 
between ER expression and OSR1 in breast cancer. Thus, high 
level of ER may be involved in the downregulation of OSR1 
expression and may be one of the potential reasons for low 

expression of OSR1; however, further investigation is required. 
To the best of our knowledge, this was the first time that the 
expression pattern and clinical significance of OSR1 in breast 
cancer was examined. Data from TCGA database confirmed 
that OSR1 expression is significantly reduced in breast cancer 
and associated with poor prognosis.

Furthermore, the in vitro experiments in the present study 
confirmed that overexpression of OSR1 inhibited the prolifera-
tive and invasive abilities of breast cancer cells. Otani et al (19) 
demonstrated that OSR1 suppresses the protein expression of 
cytoplasmic β‑catenin, TCF‑1 and LEF1, which are part of 
the Wnt signaling pathway. OSR1 acts as a functional tumor 
suppressor through the transcriptional repression of TCF/LEF 
in gastric cancer (19). The present study demonstrated that over-
expression of OSR1 inhibited the expression of β‑catenin and 
Wnt target genes, cyclin D1 and c‑Myc, in breast cancer cells. 

Table I. Association between OSR1 expression level and clinicopathological factors in breast cancer.

	 OSR1 expression
	 ----------------------------------------------------------------
Clinicopathological factor	 Number of patients	 High, n (%)	 Low, n (%)	 P‑value

Tissue				    <0.001
  Normal	 70	 55 (78.6)	 15 (21.4)	
  Breast cancer	 70	 30 (42.9)	 40 (57.1)	
Age, years				    0.266
  <50	 31	 11 (35.5)	 20 (64.5)	
  ≥50	 39	 19 (48.7)	 20 (51.3)	
Maximum diameter, cm				    0.785
  ≤2	 34	 16 (47.1)	 18 (52.9)	
  2‑5	 26	 10 (38.5)	 16 (61.5)	
  >5	 10	 4 (40.0)	 6 (60.0)	
Histological classification  				    0.554
  I	 18	 8 (44.4)	 10 (55.6)	
  II	 44	 20 (45.5)	 24 (54.5)	
  III	 8	 2 (25.0)	 6 (75.0)	
TNM stages				    0.165
  I‑II	 53	 21 (39.6)	 32 (60.4)	
  III‑IV	 17	 10 (58.8)	 7 (41.2)	
Lymphatic metastasis				    0.004a

  Yes	 30	 7 (23.3)	 23 (76.7)	
  No	 40	 23 (57.5)	 17 (42.5)	
ER expression				    0.031b

  Positive	 45	 15 (33.3)	 30 (66.7)	
  Negative	 25	 15 (60.0)	 10 (40.0)	
PR expression				    0.436
  Positive	 43	 20 (46.5)	 23 (53.5)	
  Negative	 27	 10 (37.0)	 17 (63.0)	
HER‑2 expression				    0.095
  Positive	 24	 7 (29.2)	 17 (70.8)	
  Negative	 46	 23 (50.0)	 23 (50.0)	

aP<0.01; bP<0.05. OSR1, odd‑skipped related 1; TNM, tumor‑node‑metastasis; ER, estrogen receptor; PR, progesterone receptor; HER‑2, human 
epidermal growth factor receptor 2.
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As a cell cycle regulator, cyclin D1 is essential for progression 
through the G1 phase and is a candidate proto‑oncogene (28). 
Mutation, amplification and overexpression of cyclin D1 has 
been found to alter cell cycle progression and may contribute to 
the proliferation of tumor cells (29,30). As such, OSR1 inhibits 
the proliferative abilities of breast cancer cells by inhibiting 
the activity of the Wnt signaling pathway.

In addition, the results of the present study demonstrated 
that overexpression of OSR1 inhibited the protein expression 

level of Snail. An integrated and complex signaling network of 
pathways, including Wnt, TGF‑β, Notch and BMP, are known 
to activate Snail  (31). As an EMT‑inducing transcription 
factor, Snail has been found to regulate the protein expression 
of the cell adhesion molecules, E‑cadherin and N‑cadherin in 
the EMT process (31). The present study examined whether 
the protein expression levels of E‑cadherin, N‑cadherin 
and Snail were altered through regulation of OSR1 and the 
results demonstrated that overexpression of OSR1 increased 

Figure 2. OSR1 inhibits the expression of Wnt target proteins and the proliferative abilities of breast cancer cells. Western blot analysis and relative protein 
levels for OSR1, β‑catenin, c‑Myc, cyclin D1, Axin, TCF4, and LEF1 in (A) MCF7‑OSR1 and NC cells and (B) in MDA‑MB‑231 cells transfected with an 
OSR1 overexpression plasmid, siOSR1 or siNC. GAPDH served as an internal control. The cell growth curve of (C) MCF7 cells transfected with an OSR1 
overexpression plasmid or its NC and (D) MDA‑MB‑231 cells transfected with siOSR1 or siNC. *P<0.05, **P<0.01. OSR1, odd‑skipped related transcription 
factor 1; TCF4, transcription factor 4; LEF1, lymphoid enhancer binding factor 1; NC, negative control; si, small interfering; siNC, scramble control siRNA.
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expression level of E‑cadherin and decreased expression of 
N‑cadherin, thereby suppressing the EMT process in breast 
cancer cells. A previous study has suggested that the EMT 
process contributes to early stage dissemination of cancer 
cells and is important for invasion and metastasis (32). Thus, 
OSR1 may inhibit the invasive abilities of breast cancer cells 
by restricting the EMT process. Apart from the Wnt signaling 

pathway and EMT, there may be other pathways involved in 
the regulating mechanism of OSR1, which will be investigated 
in future studies. In addition, the lack of a normal breast cell 
line as a normal control is also a limitation to the present study, 
while, in vivo tumorigenicity assay is also required to further 
confirm the function of OSR1, which will be performed in 
the future.

Figure 3. OSR1 inhibits the invasive abilities and downregulates epithelial‑mesenchymal transition ‑related proteins in breast cancer cells. Representative images 
of the Matrigel™ invasion assay and the invasive cell number for (A) MCF7 transfected with OSR1 overexpression plasmid or NC and (B) MDA‑MB‑231 cells 
transfected with siOSR1 or siNC. Western blot analysis and relative protein levels for OSR1, E‑cadherin, N‑cadherin and Snail in (C) MCF7 cells transfected 
with an OSR1 overexpression plasmid or its NC and (D) in MDA‑MB‑231 cells transfected with siOSR1 or siNC. GAPDH served as an internal control. 
*P<0.05, **P<0.01. OSR1, odd‑skipped related transcription factor 1; NC, negative control; si, small interfering; siNC, scramble control siRNA; cad‑cadherin.
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In conclusion, OSR1 is a novel tumor suppressor gene, 
which is downregulated in breast cancer tissue, which suggests 
it could be a potential marker for tumor malignancy and prog-
nosis, as well as a possible target for drug treatment. OSR1 
downregulates the invasive and proliferative abilities of breast 
cancer by suppressing the EMT process and activity of the 
Wnt signaling pathway.
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