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MiR-142-5p Acts as a Significant Regulator
Through Promoting Proliferation, Invasion,
and Migration in Breast Cancer Modulated
by Targeting SORBS1

Weixuan Yu, PhD1 , Dongwei Li, PhD1, Yunda Zhang, PhD1 ,
Cheukfai Li, PhD2, Chuanzhao Zhang, PhD3, and Libin Wang, PhD1

Abstract
Background: Numerous researches have demonstrated that miR-142-5p plays significant roles in several cancers, although
the functional characteristic of miR-142-5p in breast cancer has not been determined. This study is designed to explore the
biological significance of miR-142-5p in breast cancer clinical implication and mechanism of action. Methods: The differential
expression patterns of miR-142-5p and Sorbin and SH3 domain-containing protein 1 and correlations between them and
clinical significances were analyzed based on data from database. The expression levels of miR-142-5p in breast cancer cells
were detected using quantitative real-time polymerase chain reaction. Cell counting kit-8, transwell, and wound healing assays
were used to explore the potential functions of miR-142-5p in breast cancer cells. In addition, bioinformatics prediction analysis
and luciferase reporter assay were utilized to predict and identify the potential target gene of miR-142-5p. A rescue experiment
was conducted by transfecting miR-142-5p inhibitors and si-Sorbin and SH3 domain-containing protein 1 into cells to explore
miR-142-5p/Sorbin and SH3 domain-containing protein 1 pairs on breast cancer cells behaviors. Results: The analysis results
showed that miR-142-5p was highly expressed in patients with breast cancer, while Sorbin and SH3 domain-containing protein
1 presented a trend of low expression. The clinical significances analysis suggested that the overexpression of miR-142-5p is
closely correlated with metastasis, while low expression of Sorbin and SH3 domain-containing protein 1 is correlated with
clinicopathological characteristics and poor overall survival in patients with breast cancer. In vitro exploration, the expression of
miR-142-5p was upregulated in breast cancer cells and inhibition of miR-142-5p expression significantly reduced the pro-
liferation, invasion, and migration of breast cancer cells. Through rescue experiments, breast cancer cells proliferation,
invasion, and migration reduction induced by silencing of miR-142-5p were reversed via knockdown Sorbin and SH3 domain-
containing protein 1. Conclusion: Our findings insinuate that miR-142-5p functions as a positive regulator of promoting breast
cancer cells biological behaviors and clinical metastasis, possibly regulated by targeting Sorbin and SH3 domain-containing protein
1, thus providing valuable information in the development of preventive or even therapeutic strategies for utilizing miR-142-5p as
a promising target.
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Introduction

Breast cancer is ranked as the most common cancer affect-

ing women and the most frequent cause of cancer death

worldwide.1 The etiology of breast cancer is not utterly

clear, and the early stage of breast cancer does not have

typical symptoms and signs, thus making the diagnosis and

treatment of breast cancer difficult.2 At present, surgery is

the main treatment for early-stage breast cancer.3 Mean-

while, the use of chemotherapy, radiotherapy, and hormone

therapy significantly improved survival rate.4 In recent

years, our understanding of metastatic breast cancer has

made great progress; however, metastasis is still the main

cause of breast cancer morbidity and mortality,5 and there is

no satisfactory treatment for metastatic breast cancer.

Therefore, defining metastasis-specific regulators makes it

possible to classify, inform, and improve treatment options

of breast cancer.6 Recently, many studies found that the

discovery of molecular mechanisms has played a positive

role in the treatment of breast cancer, although it has lim-

itations. Meanwhile, published research indicated that the

expression of aberrant microRNA (miRNA) is associated

with many cancers, including breast cancer.7 Therefore, it

is necessary to study the efficacy of miRNA in the treatment

of breast cancer.

MicroRNA is a class of small noncoding RNA with a

length of 21 to 25, which plays a role in gene regulation by

inhibiting degradation and translation of target RNA.8 Micro-

RNA is thought to be involved in regulation of diverse biolo-

gical processes, including cell differentiation, proliferation,

and apoptosis.9 Numerous miRNAs, such as tumor suppres-

sors or oncogenes, have been reported to play specific roles in

cancer initiation, tumor growth, and metastasis.10 Micro-

RNAs are expected to be used in diagnosis, treatment, and

prognosis of clinical cancer.11 In previous research, miR-142-

5p is considered a key regulator of cell survival12 and can

promote development of colorectal cancer and facilitate gen-

eration of aerobic glycolysis,13 accelerate cell growth and

migration in renal cell carcinoma,14 regulate apoptosis in

ovarian cancer cells,15 control tumor cell programmed death

ligand 1 expression and enhance antitumor immunity,16 sup-

press tumorigenesis in non-small cell lung cancer,17 and

induce cancer stem cell–like properties of cutaneous squa-

mous cell carcinoma.18 Notably, downregulation of miR-

142-5p promotes tumor metastasis in gastric cancer.19

Whereas the implication of miR-142-5p in the development

and metastasis of breast cancer has not been fully elucidated

and the mechanism remains unclear until recently. Therefore,

we conducted a detailed study on the role of miR-142-5p in

breast cancer progression.

In this study, we identified the expression of miR-142-5p

in human breast cancer tissues and cells and its clinical

significance; detected the function of miR-142-5p on breast

cancer cells proliferation, migration, and invasion; and

determined the correlations between them and clinical

implications. Then, the direct interaction between miR-

142-5p and Sorbin and SH3 domain-containing protein 1

(SORBS1) was determined. Also, we found that SORBS1

was downregulated and led to poor overall survival in

patients with breast cancer. Rescue assay indicated that

SORBS1 took part in the migration and invasion of breast

cancer cells and reversed the promotion effect of miR-142-

5p on breast cancer cells. All results in this study reveal that

miR-142-5p regulated SORBS1 functions as a significant

modulator in breast cancer progression, thus providing

potential diagnostic and therapeutic targets for the treatment

of breast cancer.

Materials and Methods

Data Acquisition and Analysis

The differential expression of miR-142-5p and clinical para-

meters was obtained from OncomiR (https://www.oncomir.

org), the expression pattern of SORBS1 and clinical character-

istics was got from The Cancer Genome Atlas (TCGA) data-

base (https://cancergenome.nih.gov/). The prognosis of

SORBS1 in 869 patients with breast cancer was analyzed using

Kaplan-Meier plotter (http://kmplot.com/analysis/) and

resulted 434 with low SORBS1 expression and 435 with high

SORBS1 expression. And in the survival curve analysis, low

and high expression of SORBS1 in patients with breast cancer

were defined according to the median from TCGA database:

Those above the median were high expression and those under

the median were low expression. A P < .05 was considered

statistically significant.

Cell Culture

The Shanghai Cell Bank of the Chinese Academy of Medical

Sciences (Shanghai, China) provided all the cell lines, includ-

ing human breast cancer cell lines MCF7, MDA-MB-231,

MDA-MB-451, MDA-MB-453, and HCC1937, and normal

cell line HS578Bst. The cells were incubated with RPMI-
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1640 at 37�C, 5% CO2, 10% serum, 100 U/mL penicillin, and

0.1 mg/mL streptomycin.

Transfection

Cells were transfected with 20 nmol/L of miR-142-5p mimics,

miR-142-5p inhibitors or negative control (NC) duplex (Gene-

Pharma, Shanghai, China), and the SORBS1 small interfering

RNA (siRNA) and NC siRNA (Sangon, Shanghai, China)

using Lipofectamine 2000 transfection kit (Invitrogen, Carls-

bad, California), according to the manufacturer’s protocol. The

siRNA sequences were as follows: si-SORBS1: 50-
GCTTGGAGAATGAGAGCCAAA-30 and si-con: 50-
AATTCTCCGAACGTGTCACGT-30.

RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction

RNA extraction kit (Invitrogen) was used to extract total RNA

from the cells. Messenger RNA (mRNA) was reverse tran-

scribed into complementary DNA (cDNA) by SuperScript III

reverse transcriptase (Invitrogen) and performed quantitative

real-time polymerase chain reaction (qRT-PCR) by SYBR

Green Master Mix (Applied Biosystems, Foster City, Califor-

nia). MiScript reverse transcription kit (Qiagen, Germany)

was utilized to convert miRNA into cDNA and MiScript

SYBR-Green PCR kit (Qiagen, Germany) was applied to

carry out the experiment of qRT-PCR. Expression level of

mRNA was normalized to actin and miRNA was normalized

to U6. The process was performed as follows: 40 cycles con-

sisting of 95�C for 5 minutes, 95�C for 30 seconds, an exten-

sion step at 60�C for 45 seconds, and 72�C for 30 minutes.

2�DDCT method was used to calculate the relative expression

levels of mRNA and miRNA. The primers were used as

follows:

miR-142-5p: F: 50-CATAAAGTAGAAAGCACTAC-30

R: 50-GAACATGTCTGCGTATCTC-30

U6: F: 50-AGATTAGCATGGCCCCTGC-30

R: 50-GCAGGGGCCATGCTAATCT-30

SORBS1: F: 50-TATCAGCCTGGCAAGTCTTCCG-30

R: 50-CCCGTCTGATTCCCTCTTCACT-30

Actin: F: 50-CACCATTGGCAATGAGCGGTTC-30

R: 50-AGGTCTTTGCGGATGTCCACGT-30

Cell Counting Kit-8 Assay

A 100 mL of cell suspension was added into 96-well plates at a

density of 1� 103 cells/well after transfected for 24 hours and

the cells were incubated in carbon dioxide incubator. Cell

counting kit-8 (CCK-8) kit was used to analyze the cells

activity every other 24 hours, 10 mL of CCK-8 agent was

added into the plates before detection and cultured for 1.5

hours in incubator. The optical density value was detected

by a microplate reader (Bio-Rad, Hercules, California), and

the proliferation curve was obtained using GraphPad Prism

5.0.

Transwell Assay

Transwell chamber (Corning, Lowell, Massachusetts) was used

to detect the invasion and migration of the cells. Matrigel (BD

Biosciences) should be precoated into the upper chamber of the

transwell chamber, put 100 mL of cell suspension at a density of

1 � 105 cells/chamber into it, and added 500 mL of complete

culture solution into the lower chamber for invasion. After

overnight, the upper chamber was wiped off with cotton swab

and the invasion cells were fixed with 4% paraformaldehyde

for 30 minutes and stained with 0.1% crystal violet for 20

minutes; then 5 visual fields were randomly captured with

microscope for observation and counting. Unlike the invasion

experiment, the transwell chamber of migration does not need

to be coated with matrigel.

Wound Healing Assay

The cells were seeded in the 6-well plates to form a monolayer

of fused cells after transfected with miR-142-5p inhibitors and

si-SORBS1. The wounds were formed by 100 mL tips in the

monolayer of fused cells. The width of the wound was captured

using a phase-contrast microscope at 0 and 24 hours after

wound scratching.

Luciferase Reporter Assay

Bioinformatics prediction softwares such as miRanda,

miRDB, miRWalk, and TargetScan were used to predict the

target genes of miR-142-5p and select candidate target genes.

Dual-luciferase reporter assay was used to further confirm the

prediction results of bioinformatics softwares and Dual Luci-

ferase reporting system was used in Dual luciferase reporting

kit. Wild-type or mutant-type SORBS1 was subcloned into

the pMIR-Report Luciferase (Ambion, Waltham, MA, USA

) and then cotransfected with miR-142-5p mimic and miR-

142-5p mimic NC into cells. The transfected cells were

planted on 96-well plates at a density of 1 � 104 cells/hole

and incubated for 48 hours, and the lysate was added to each

well. Finally, the relative luciferase activity was measured by

firefly luciferin to Marine luciferin intensity using a Dual

Luciferase reporting system to reflect the effect of miR-

142-5p on SORBS1 level.

Statistical Analysis

SPSS version 22.0 software and GraphPad Prism 5.0 were

used for statistical analysis. The measurement data with nor-

mal distribution were expressed as mean + standard devia-

tion, Student t test was used for comparison between the 2

groups, and comparison among multiple groups was analyzed

using a 1-way analysis of variance, followed Dunnett post hoc

test (compared all groups vs control group) and Bofferornie

post hoc test (compared all pairs of groups). The w2 test was
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used for comparison between gene expression and clinico-

pathologic characteristics. A P < .05 was considered statisti-

cally significant.

Results

Highly Expression of MiR-142-5p in Breast Cancer
Results in Distant Metastasis

According to the analysis results of OncomiR library, miR-

142-5p was upregulated in the breast cancer tissues (Figure

1A) and strongly correlated with distant metastasis (Figure

1B). In vivo experiment, we detected miR-142-5p was highly

expressed in breast cancer cell lines, including MCF7, MDA-

MB-231, MDA-MB-451, MDA-MB-453, and HCC1937, com-

pared to normal cell line HS578Bst by qRT-PCR, especially

highly expressed in MCF7 and MDA-MB-231 (Figure 1C, *P

< .05, **P < .01). Therefore, MCF7 and MDA-MB-231 cells

were selected in the following experiments. The findings indi-

cated that miR-142-5p was highly expressed in breast cancer

samples, resulting in poor prognosis.

MiR-142-5p Promotes Breast Cancer Cells Proliferation,
Migration, and Invasion

In order to explore the effect of miR-142-5p on breast cancer

cells, first, we attempted to up-/downregulated miR-142-5p in

breast cancer cells with mimics/inhibitors. Quantitative RT-

PCR was used to detect the relative expression of miR-142-5p

after the cells were transfected with miR-142-5p mimics/inhibi-

tors. The results showed that after transfected with miR-142-5p

mimics, the expression of miR-142-5p could be promoted, while

Figure 1. High expression of miR-142-5p in breast cancer closely associated with distant metastasis. A, The data from OncomiR website

indicated that miR-142-5p was highly expressed in breast tumor tissues compared with normal (P < .0001). B, Clinical parameters analysis

revealed that the expression level of miR-142-5p was associated with distant metastasis in patients with breast cancer (P < .0001). C, The results

from quantitative real-time polymerase chain reaction investigated that miR-142-5p was promoted at different degrees in breast cancer cell lines

compared with human normal cell line HS578Bst (*P < .05, **P < .01).
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downregulation of miR-142-5p had the opposite effect (Figure

2A, **P < .01). The CCK-8 assay showed that the cells prolifera-

tion capacity was reduced after transfected with miR-142-5p inhi-

bitors compared to the untreated cells (Figure 2B, *P < .05). To

further investigate the effect of miR-142-5p on breast cancer cells

migration and invasion, we transfected the cells with miR-142-5p

inhibitors and then evaluated migration and invasion abilities. As

shown in Figure 2C and D, the number of migrated and invaded

cells that were treated with the miR-142-5p inhibitors was dis-

tinctively reduced (**P < .01) compared with the control. And the

wound healing assay showed the same results, compared with the

control, the relative migrated surface was reduced after trans-

fected with miR-142-5p inhibitors (Figure 2E and F, **P <

.01). These observations suggested that miR-142-5p holds an

important role in accelerating the proliferation, migration, and

invasion abilities of breast cancer in vitro.

Figure 2. Deletion of miR-142-5p blocked breast cancer cells proliferation, migration, and invasion. A, The relative expression of Sorbin and

SH3 domain-containing protein 1 (SORBS1) after MCF7 cells transfected with miR-142-5p mimics/inhibitors (**P < .01). B, The proliferation

of MCF7 cells measured by cell counting kit-8 (CCK-8) after transfected with miR-142-5p inhibitors (*P < .05). C, The migration and invasion

(**P < .01) of MCF7 cells detected by transwell after transfected with miR-142-5p inhibitors and (D) is quantification. E, The relative migrated

surface was decreased after the MCF7 cells transfected with miR-142-5p inhibitors and (F) is quantification (**P < .01).

Yu et al 5



Sorbin and SH3 Domain-Containing Protein 1 Is a
Direct Target of MiR-142-5p and Negatively
Regulated by MiR-142-5p

To the best of our knowledge, miRNAs executed their function

through suppressing the expression of their target genes. In

order to better understand the molecular mechanism of miR-

142-5p, we used the miRNA target analysis tools such as Tar-

getScan, MiRanda, miRDB, and miRWalk to predict possible

miRNAs binding sites to SORBS1. According to the analysis,

the program predicated a good binding sequence between miR-

142-5p and SORBS1. The bioinformatics analysis showed that

there was a potential relationship between SORBS1 and miR-

142-5p.

To further explore the interactive action between SORBS1

and miR-142-5p, we performed a luciferase reporter assay in

breast cancer cells. The wild-type SORBS1 sequence contain-

ing the miR-142-5p binding site or a mutated SORBS1

sequence was cloned into luciferase reporter vectors (Figure

3A) and then transfected into cells with the miR-142-5p

mimics and NC. As shown in Figure 3B, the overexpression

of miR-142-5p significantly reduced the luciferase reporter

activity in wild-type group but had little effect on luciferase

reporter activity in mutant-type group (*P < .05). Subse-

quently, we transfected cells with miR-142-5p inhibitors or

miR-142-5p inhibitorsþsi-SORBS1 to detect the effect of

miR-142-5p on SORBS1. The data from Figure 3C to E indi-

cated that inhibition of miR-142-5p upregulated the RNA and

protein expression levels of SORBS1, indicating that SORBS1

was negatively modulated by miR-142-5p. The data also stated

that transfected with si-SORBS1 reversed the promoting effect

of miR-142-5p inhibitor on SORBS1 expression in both mRNA

and protein levels. The results provided overwhelming evi-

dence, supporting that SORBS1 was a particular target of

miR-142-5p and negatively regulated by miR-142-5p in breast

cancer cells.

Patients With Low Expression of SORBS1 Tended to Poor
Overall Survival

Based on the above research, we conducted a comprehensive

analysis of SORBS1; according to the data from TCGA and

Kaplan-Meier plotter websites, we found that SORBS1 was

downregulated in patients with breast cancer (Figure 4A,

Figure 3. Sorbin and SH3 domain-containing protein 1 (SORBS1) was a target of miR-142-5p and negatively regulated by miR-142-5p. A, The

predicted miR-142-5p binding site of SORBS1 and a mutated version. B, Luciferase reporter assay showed that the luciferase activity in wide-

type and mutant-type SORBS1 groups after transfected with miR-142-5p mimics and negative control (*P < .05). The messenger RNA (C) and

protein (D) expression of SORBS1 after transfected with miR-142-5p inhibitors, or miR-142-5p inhibitorsþsi-SORBS1, glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) regarded as a control, and (E) is quantification of (D), (*P < .05, **P < .01).
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P < .0001). The expression of SORBS1 in several breast cancer

cell lines was analyzed. As shown in Figure 4B, SORBS1 was

significantly downregulated in MCF7, MDA-MB-231, MDA-

MB-451, MDA-MB-453, and HCC1937 compared with nor-

mal cell line HS578Bst (P < .01). Moreover, patients with

breast cancer had poor overall survival with low expression

of SORBS1 compared with the high expression of SORBS1

(Figure 4C, P ¼ .009). A correlation between miR-142-5p and

SORBS1 in patients with breast cancer (Figure 4D, P ¼ .0102)

and breast cancer cells (Figure 4E, P ¼ .0367) was analyzed.

The results indicated that miR-142-5p was negatively corre-

lated with SORBS1 expression in both breast cancer cells and

TCGA BRCA patients. The clinical parameters from the

TCGA database showed that low expression of SORBS1 was

associated with pathological staging (P ¼ .03), death (P ¼
.007), and the status of estrogen receptor (P ¼ .0003), proges-

terone receptor (P ¼ .00004), and HER2 (P ¼ .000005) in

patients with breast cancer (Table 1). The results suggested that

downregulation of SORBS1 may promote the development of

breast cancer and lead to poor prognosis and emphasized that

miR-142-5p and SORBS1 were negatively correlated in breast

cancer.

Aberrant Expression of SORBS1 Reversed the Promotion
Effect of MiR-142-5p on Breast Cancer Cells

In light of the abovementioned findings, we speculated that

miR-142-5p might promote breast cancer cells prolifera-

tion, invasion, and migration by downregulation SORBS1

expression. Accordingly, we cotransfected the miR-142-5p

inhibitors and si-SORBS1 into the MCF7 and MDA-MB-

231 cells to assess the miR-142-5p/SORBS1 on breast can-

cer progression. The CCK-8 assay showed that inhibition

of miR-142-5p suppressed breast cancer cells growth com-

pared with the control, silencing SORBS1 increased the

breast cancer cells growth compared with miR-142-5p

inhibitors group. However, downregulation of SORBS1

significantly relieved the inhibitory effect of miR-142-5p

inhibitors on the growth suppression of breast cancer cells

after transfected with miR-142-5p inhibitorsþsi-SORBS1

compared with miR-142-5p inhibitors group (Figures 5A

and 6A). Transwell assay demonstrated that knockdown

miR-142-5p inhibited breast cancer cells invasion and

migration abilities compared with the control, and attenu-

ating SORBS1 promoted breast cancer cells movement

Figure 4. Downregulation of Sorbin and SH3 domain-containing protein 1 (SORBS1) communicated with poor prognosis. A, The expression of

SORBS1 was downregulated in breast cancer tissues compared with normal tissues (P < .0001). B, SORBS1 was downregulated in several breast

cancer cell lines compared with HS578Bst cell line (**P < .01). C, Patients in breast cancer with low expression of SORBS1 had poor overall

survival (P¼ .009). D, The correlation between miR-142-5p and SORBS1 in patients with breast cancer (P¼ .0102). E, The correlation between

miR-142-5p and SORBS1 in breast cancer cells (P ¼ .0367).
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compared with miR-142-5p inhibitors group. Although

downregulation of SORBS1 reversed the inhibitory effect

of miR-142-5p inhibitors on breast cancer cells invasion

and migration abilities after transfected with miR-142-5p

inhibitorsþsi-SORBS1 compared with miR-142-5p inhibi-

tors group (Figures 5B-C and 6B-C). Wound healing assay

also found exhausting of miR-142-5p reduced the breast

cancer cells migrated surface compared with the control,

and depletion of SORBS1 increased the migrated surface

of breast cancer cells compared with miR-142-5p inhibi-

tors group. But downregulation of SORBS1 reversed the

inhibitory effect of miR-142-5p inhibitors on breast cancer

cells–migrated surface after transfected with miR-142-5p

inhibitorsþsi-SORBS1 compared with miR-142-5p inhibi-

tors group (Figures 5D and E and 6D and E). In summary,

we found that depletion of SORBS1 reversed the inhibition

of breast cancer cells proliferation, invasion, and migration

abilities caused by miR-142-5p inhibitors proved that miR-

142-5p acted as a promoting role in breast cancer by tar-

geting SORBS1 (**P <.01 represented vs miR-142-5p

inhibitors group).

Discussion

In this study, we found that miR-142-5p was frequently upre-

gulated in breast cancer and significantly correlated with lymph

node metastasis by bioinformatics analysis. Meanwhile, in

vitro, we also investigated that miR-142-5p could promote

breast cancer cells proliferation, invasion, and migration. With

prediction softwares and dual-luciferase reporter assay, we also

verified that SORBS1 was a direct functional target of

miR-142-5p. Through analyzing TCGA data, SORBS1 was

downregulated in breast cancer tissues, associated with the

pathological staging and death, and its low-expression level led

to worse prognosis in patients with breast cancer. The data from

OncomiR indicated that the expression levels of miR-142-5p

were correlated with metastasis. However, the data from

TCGA database showed that the expression levels of SORBS1

were not correlated with metastasis. But the results from our

study exhibited that miR-142-5p promoted breast cancer cells

invasion and migration through targeting SORBS1, suggesting

that SORBS1 was involved in the metastasis of breast cancer

cells. Some research reported that SORBS1 could suppress

tumor metastasis in breast cancer,20 which was consistent with

our results. The clinical characteristics of SORBS1 were

obtained from the TCGA database, including 868 cases of

patients with breast cancer with complete clinical data. How-

ever, it is not clear whether these patients with breast cancer

have metastasized. Therefore, there is a certain deviation in the

clinical characteristics analysis. From rescue study, increased

SORBS1 expression was stimulated by miR-142-5p inhibitor;

we also observed that SORBS1 participated in the migration

and invasion abilities of breast cancer cells and reversed the

promotion effect of miR-142-5p on breast cancer cells. In sum-

mary, our findings suggested that upregulated miR-142-5p

expression contributed to breast cancer progression by promot-

ing inhibition of SORBS1 expression.

MiR-142-5p has been repeatedly reported to be involved in

the development of various cancers. For instance, miR-142-5p

suppresses tumorigenesis in non-small cell lung cancer by tar-

geting PIK3CA,17 promotes development of colorectal cancer

through targeting SDHB,13 adjusts cell growth and migration in

renal cell carcinoma by targeting BTG3,14 regulates apoptosis

in ovarian cancer by targeting MCL1,15 and so on. However,

the effect of miR-142-5p on breast cancer has rarely been

reported. In this study, we found that miR-142-5p was highly

expressed in both breast cancer tissues and cell lines. And the

data from OncomiR indicated that the overexpression of miR-

142-5p led to distant metastasis of breast cancer, combined

with reducing the expression of miRNA-142-5p can inhibit the

proliferation, invasion, and migration of breast cancer cells,

demonstrated the significance of miR-142-5p on breast cancer

metastasis. These results indicated that miR-142-5p plays

potently facilitated role in breast cancer progression.

The regulation of miR-142-5p by downstream target genes

played a crucial role in revealing its cancer-promoting mechan-

ism. Therefore, we analyzed the downstream genes of miR-

142-5p with multiple bioinformatics prediction softwares and

Table 1. Relationship Between SORBS1 Expression and Clinico-

pathologic Features of Patients With Breast Cancer.

Characteristics

Expression of SORBS1

P ValueLow High

Age .077

<60 227 254

�60 206 181

Stage .030a

I þ II 318 346

III þ IV 116 89

Tumor stage .554

T1 þ T2 368 375

T3 þ T4 66 60

Metastasis .311

M0 424 429

M1 10 6

Lymph node metastasis .072

N0 199 226

N1 þ N2 þ N3 235 209

Death .007a

No 355 384

Yes 79 51

ER status

Positive 375 426 .0003a

Negative 143 94

PR status

Positive 316 376 .00004a

Negative 203 140

HER2 status

Positive 103 61 .000005a

Negative 236 323

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; SORBS1,

Sorbin and SH3 domain-containing protein 1.
aP < .05.
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verified it with dual-luciferase reporter assay. It was found that

SORBS1 was an important target gene of miR-142-5p down-

stream. Previous research had found that SORBS1, as an adap-

tor protein, also known as CAP, involved in much biological

functions, such as control glucose transport,21 transcriptional

activity,22 and insulin signaling.23 Meanwhile, SORBS1 can

regulate cell adhesion, motility and spreading,24 and cytoske-

leton organization25 by interacting with cytoskeleton regula-

tors. Recently, some researches demonstrated that SORBS1

restrains tumor metastasis and improves the sensitivity of can-

cer to chemotherapy drug.20 In the present study, we found that

SORBS1 was downregulated in tumor tissues and led to poor

prognosis, clinical parameters analysis demonstrated that

SORBS1 associated with pathological stage and death in breast

cancer. These results suggested that miR-142-5p/SORBS1, as a

collaborator, may act as a significant role in breast cancer

progression, and rescue assay found that silenced SORBS1

could relieve the inhibition of miR-142-5p inhibitors on breast

Figure 5. Knockdown Sorbin and SH3 domain-containing protein 1 (SORBS1) reversed the inhibiting effect of miR-142-5p inhibitors on MCF7

cells proliferation, migration, and invasion abilities. A, The cell counting kit-8 (CCK-8) assay indicated that silenced SORBS1 rescued the

MCF7 cells proliferation after downregulation of miR-142-5p expression (**P < .01). B, Transwell assays demonstrated that downregulation of

SORBS1 expression reversed the inhibitory effect of miR-142-5p inhibitors on MCF7 cells invasion and migration, and (C) is quantification of

(B), (**P < .01). D, The wound healing assay confirmed that silenced SORBS1 obviously reversed the inhibitory effect of miR-142-5p inhibitors

on MCF7 cells migration. E, Quantification of (D), (**P < .01 represented miR-142-5p inhibitors group).
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cancer cells biological behaviors, thus promoting breast cancer

cells proliferation, invasion, and migration. Therefore, together

with the previous study, we speculated that miR-142-5p was

significantly associated with breast cancer progression and

worse clinical outcomes and could inhibit the migration and

invasion of breast cancer cells via directly targeting SORBS1.

In general, our outcomes demonstrate that miR-142-5p

enhanced breast cancer progression by silencing SORBS1. The

findings investigated that miR-142-5p was overexpressed in

breast cancer tissues and cell lines and resulted in metastasis,

while the expression of SORBS1 was lower in breast cancer

than that in the control and caused worse overall survival.

Downregulation of miR-142-5p impeded the abilities of pro-

liferation, invasion, and migration on breast cancer cells. The

potential oncogene function of miR-142-5p was mediated by

reducing its target gene SORBS1. These results indicate that

miR-142-5p/SORBS1 may be a hopeful target for the develop-

ment of new therapies for breast cancer.

Figure 6. Depletion of Sorbin and SH3 domain-containing protein 1 (SORBS1) rescued the negative influence of miR-142-5p inhibitors on

MDA-MB-231 cells proliferation, migration, and invasion abilities. A, The cell counting kit-8 (CCK-8) assay showed that knockdown SORBS1

reversed the inhibition effect on MDA-MB-231 cells proliferation caused by miR-142-5p inhibitors (**P < .01). B, The data from transwell

assay indicated that silencing SORBS1 rescued the inhibition effect on MDA-MB-231 cells aggressiveness ability induced by miR-142-5p

inhibitors. C, Quantification of (B), (**P < .01). D, The wound healing assay exhibited that exhausting SORBS1 alleviated the inhibition effect

on MDA-MB-231 cells migrated surface caused by miR-142-5p inhibitors. E, Quantification of (D), (**P < .01 represented miR-142-5p

inhibitors group).
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