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Abstract. Breast cancer is the most common cancer in women 
and is one of the three most common malignancies worldwide. 
Serum microRNAs (miRNAs/miRs) are ideal biomarkers for 
tumor diagnosis and prognosis due to their specific biological 
characteristics. In several different types of cancer, miRNAs 
are associated with cell migration and invasion. In the present 
study, miR‑25‑3p expression levels were detected in tissue and 
serum samples derived from patients with breast cancer, and 
the diagnostic and prognostic value of miR‑25‑3p in breast 
cancer was evaluated. Cellular function assays were performed 
to evaluate the role of miR‑25‑3p in breast cancer. Moreover, 
dual‑luciferase reporter assays and western blotting were 
performed to investigate the target of miR‑25‑3p. miR‑25‑3p 
expression was upregulated in breast cancer tissue and serum 
samples compared with normal breast tissue and serum samples. 
Patients with breast cancer with high serum miR‑25‑3p levels 
were more likely to have lymph node metastasis compared 
with those with low serum miR‑25‑3p levels. The area under 

the curve for miR‑25‑3p in the diagnosis of breast cancer was 
0.748, with 57.1% sensitivity and 95.0% specificity. Moreover, 
the Kaplan‑Meier survival curves demonstrated that patients 
with breast cancer with a low expression of serum miR‑25‑3p 
had a higher overall survival rate compared with patients with 
a high serum miR‑25‑3p expression. miR‑25‑3p knockdown 
suppressed breast cancer cell proliferation and invasion, and 
transducer of ERBB2, 1 (TOB1) was identified as a potential 
target gene regulated by miR‑25‑3p. Therefore, the present 
study suggested that miR‑25‑3p regulated cellular functions 
via TOB1 in breast cancer; therefore, miR‑25‑3p may serve as 
a breast cancer biomarker.

Introduction

Breast cancer is the most common cancer in women and is one 
of the three most common malignancies worldwide (1). In 2018, 
an estimated 2,088,849 new cases of breast cancer were diag‑
nosed worldwide, and it was predicted that 626,679 patients 
would die from the disease in the same year (2). The incidence 
of breast cancer has increased in the majority of countries 
over the past few decades  (3). Although multidisciplinary 
synthetic compound therapies have used for the treatment of 
breast cancer, the morbidity and mortality rates remain high 
in developing countries and the prognosis of breast cancer 
remains poor, particularly in patients with triple‑negative 
breast cancer (4,5). Early diagnosis and correct prognostic 
judgment can aid medical experts to implement individual‑
ized treatment strategies for patients, resulting in a significant 
improvement to their quality of life and disease prognosis (6).

MicroRNAs (miRNAs/miRs) are short non‑coding RNAs, 
~22‑nucleotides in length, that form an indispensable and 
important aspect of gene regulation (7,8). Circulating miRNAs 
have received increasing attention in the field of tumor 
biomarkers over the past two decades (9). Serum miRNAs 
are ideal biomarkers for tumor diagnosis and prognosis due 

Identification of miR‑25‑3p as a tumor biomarker: Regulation 
of cellular functions via TOB1 in breast cancer

TIANYI ZHAO1,2,  WENJING MENG3,  YENLIE CHIN4,  LILI GAO5,   
XIYUE YANG2,  SHUANGYU SUN2,  XINGFANG PAN2  and  LIHONG HE3

1Institute of Basic Research In Clinical Medicine, China Academy of Chinese Medical Sciences, Beijing 100700;  
2School of Acupuncture and Moxibustion and Tuina, Tianjin University of Traditional Chinese Medicine, Tianjin 301617;  

3Department of Breast Cancer, Tianjin Medical University Cancer Institute and Hospital,  
National Clinical Research Center for Cancer, Key Laboratory of Cancer Prevention and Therapy;  

4Integrated Traditional Chinese Medicine and Western Medicine Department,  
Tianjin Medical University Cancer Institute and Hospital, Tianjin 300060;  

5Department of Traditional Chinese Medicine, Tianjin Central Hospital of Gynecology Obstetrics,  
Tianjin 300052, P.R. China

Received July 16, 2019;  Accepted January 27, 2021

DOI: 10.3892/mmr.2021.12045

Correspondence to: Professor Xingfang Pan, School of 
Acupuncture and Moxibustion and Tuina, Tianjin University of 
Traditional Chinese Medicine, 10 Poyanghu Road, West Area, 
Tuanbo New Town, Jinghai, Tianjin 301617, P.R. China
E‑mail: panxingfang@163.com

Professor Lihong He, Department of Breast Cancer, Tianjin Medical 
University Cancer Institute and Hospital, National Clinical Research 
Center for Cancer, Key Laboratory of Cancer Prevention and 
Therapy, West Huan‑Hu Road, Ti Yuan Bei, Hexi, Tianjin 300060, 
P.R. China
E‑mail: 83352162@qq.com

Key words: microRNA, microRNA‑25‑3p, breast cancer, biomarker

https://www.spandidos-publications.com/10.3892/mmr.2021.12045


ZHAO et al:  miR-25-3p AS A BIOMARKER IN BREAST CANCER2

to their low cost, easy application, high stability and minimal 
invasiveness  (8,10,11). Previous studies have reported the 
potential of serum miRNAs as biomarkers for early cancer 
diagnosis and prognosis, including breast cancer  (12‑14). 
Moreover, miRNAs are associated with cell migration and 
invasion in several different types of cancer, including breast 
cancer (15,16).

Transducer of ERBB2, 1 (TOB1) acts as a tumor suppressor 
in certain types of tumors. Previous findings have indicated 
that TOB1 is downregulated in breast, pancreatic, thyroid 
and stomach cancer (17). Moreover, it has been reported that 
TOB1 inhibits cancer cell proliferation, migration and inva‑
sion, and induces cancer cell apoptosis. In lung and gastric 
cancer cells, TOB1 knockdown promoted tumor cell migration 
and invasion (18,19), and in breast cancer cells, TOB1 over‑
expression induced cell apoptosis (20). miR‑25‑3p, which is 
one of the most extensively studied miRNAs, belongs to the 
miR‑25 family and is a member of the 93 and 106b cluster (21). 
Increasing evidence has demonstrated that miR‑25‑3p can be 
used as a prognosis biomarker and that it can regulate cell 
functions in numerous types of cancer (22), including epithelial 
ovarian cancer (23), as well as hepatocellular and esophageal 
squamous cell carcinoma (24,25). One study analyzed tumor 
tissue miRNA expression and patient survival collecting 
data from The Cancer Genome Atlas, which used miRNA 
sequencing and overall survival datasets of 759 breast cancer 
patients to demonstrate that increased expression of miR‑25 
predicts improved breast cancer survival  (26). A previous 
study demonstrated that miR‑25‑3p functions as an oncogene 
and promotes proliferation via BTG anti‑proliferation factor 2 
induction in breast cancer (27). Analysis of RNA in serum 
of patients with breast cancer also showed that miR‑25‑3p 
is highly overexpressed  (28). However, the diagnostic and 
prognostic roles of miR‑25‑3p, as well as the mechanisms 
underlying miR‑25‑3p during breast cancer are not completely 
understood. Therefore, the present study aimed to investigate 
the diagnostic and prognostic role of miR‑25‑3p, as well as its 
molecular mechanism in breast cancer progression.

Materials and methods

Tissue specimens and serum samples. Tumor tissue samples 
and corresponding non‑tumor breast tissue samples (>3 cm 
from tumor) were obtained from 25  female patients with 
breast cancer (median age, 51 years; age range, 37‑68 years) in 
Tianjin Medical University Cancer Institute and Hospital from 
January 2017 to January 2018. Tissue specimens were veri‑
fied and classified by an experienced pathologist with regard 
to their origin and type. Tissue specimens were immediately 
immersed in RNAlater reagent (Qiagen GmbH) for 30 min at 
room temperature and stored in liquid nitrogen until further 
analysis.

Blood samples were collected from 88 female patients 
with breast cancer prior to surgery, the aforementioned 
25  female patients with breast cancer on day  1 and at 
1 month‑post surgery and 40 cancer‑free blood donor female 
volunteers. All the blood samples were collected from 
Tianjin Medical University Cancer Institute and Hospital 
from January  2017 to January  2018.The blood samples 
were processed within 3 h of collection. To obtain serum 

samples, the blood samples were centrifuged at 1,200 x g 
for 10 min at 4˚C. A second centrifugation was performed 
at 10,000 x g for 10 min at 4˚C to remove residual cellular 
debris. Subsequently, serum samples were stored in liquid 
nitrogen until further analysis.

The present study was approved by the Ethics Committee 
of Tianjin Medical University Cancer Institute and Hospital. 
Written informed consent was obtained from each participant. 
The clinical characteristics of the patients with breast cancer 
are listed in Table I.

RNA extraction. Total RNA was extracted from tissue samples 
and cell lines (SUM‑159PT and MCF‑7 cells) using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. Total RNA was extracted 
from serum samples (2.5 ml) using the Qiagen miRNeasy 
Mini Kit (Qiagen GmbH), according to the manufacturer's 
protocol. RNA quantity and purity were determined using the 
NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific, 
Inc.). RNA samples with an optical density ratio (260/280) 
of 1.8‑2.0 were used for subsequent experiments. RNA samples 
were stored at ‑80˚C until further analysis.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA (0.1 µg) was reverse transcribed into cDNA using the 
miScript Reverse Transcription kit II (Qiagen GmbH) with 
the following thermocycling conditions: 37˚C for 60 min and 
95˚C for 5 min. Subsequently, qPCR was performed using the 
miScript SYBR® Green PCR kit (Qiagen GmbH) and the Roche 
Lightcycler 480 Real‑Time PCR system (Roche Diagnostics). 
The following thermocycling conditions were used for qPCR: 
95˚C for 15 min; followed by 40 cycles of 94˚C for 15 sec, 55˚C 
for 30 sec and 70˚C for 30 sec. The following primer pairs 
were used for qPCR: miR‑25‑3p forward, 5'‑CAT​TGC​ACT​
TGT​CTC​GGT​CTG​A‑3' and reverse, 5'‑GCT​GTC​AAC​GAT​
ACG​CTA​CGT​AAC​G‑3'. The miR‑25‑3p expression levels 
were quantified using the 2‑ΔΔCq method (29) and normalized 
to the internal reference genes cel‑miR‑39 for blood samples 
(forward, 5'‑UAA​GGU​GCA​UCU​AGU​GCA​GAU​AG‑3' and 
reverse, 5'‑AUC​UGC​ACU​AGA​UGC​ACC​UUA​UU‑3') or U6 
for tissue samples (forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' 
and reverse, 5'‑ACG​CTT​CAC​GAA​TTT​GCG​T‑3').

Cell culture and transfection. The normal breast cell line 
MCF‑10A and the breast cancer cell lines SUM‑159PT 
and MCF‑7 used in the present study were purchased 
from American Type Culture Collection. Cells were 
cultured in complete medium consisting of DMEM (Gibco; 
Thermo Fisher Scientific), FBS (Invitrogen; Thermo Fisher 
Scientific), 100 µl/ml penicillin, 100 mg/ml streptomycin 
sulfates and glutamine. Cells were incubated at 37˚C with 
5% CO2.

SUM‑159PT and MCF‑7 cells (4x106) were transfected with 
miR‑25‑3p inhibitor (100 pmol; 5'‑CUA​UCA​GAC​UAG​AUC​
GAC​CUU​A‑3'; Shanghai GenePharma Co., Ltd.) or the nega‑
tive control (NC; 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'; 
Shanghai GenePharma Co., Ltd.) using Lipofectamine® 3000 
reagent (Invitrogen; Thermo Fisher Scientific) according to the 
manufacturer's protocol. To confirm transfection efficiency, 
RT‑qPCR was performed 24 h after transfection.
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Cell proliferation assay. The Cell Counting Kit‑8 (CCK‑8) 
assay (US Everbright Inc.) was performed to assess 
SUM‑159PT and MCF‑7 cell proliferation. Transfected cells 
were seeded (3x103 cells/well) into 96‑well plates and cultured 
for 24, 48 or 72 h. Subsequently, 10 µl CCK‑8 solution was 
added to each well and incubated for 1 h at 36.5˚C. The optical 
density of each well at a wavelength of 450 nm was measured 
every 24  h for 72  h using an ELISA microplate reader 
(model 680; Bio Rad Laboratories, Inc.).

Cell invasion assay. The Transwell assay was conducted to 
assess breast cancer cell migration. Transwell membranes 
were precoated with Matrigel® at 36.5˚C for 12 h. Transfected 
cells with serum‑free DMEM (3x103) were seeded into the 
upper chambers of Transwell plates. DMEM (450 µl) supple‑
mented with 50 µl FBS was plated into the lower chambers 
of Transwell plates to act as a chemoattractant. Following 
incubation for 36 h, cells on the upper surface of the Transwell 
membrane were washed with sterile water and removed. 
Invading cells were stained using 1% crystal violet at 36.5˚C 
for 1 h. Stained cells were observed in three random fields of 
view using a light microscope (x200 magnification; Olympus 
Corporation).

Bioinformatic analysis. The potential target gene regulated 
by miR‑25‑3p was predicted using three miRNA‑binding site 
prediction databases: TargetScan (www.targetscan.org/vert_72), 
miRWalk (zmf.umm.uni‑heidelberg.de/apps/zmf/mirwalk2) 

and starBase (starbase.sysu.edu.cn). TOB1 expression levels 
were explored using the University of Alabama Cancer Database 
(UALCAN; ualcan.path.uab.edu). The correlation between 
TOB1 and miR‑25‑3p was explored using LinkedOmics (www.
linkedomics.org).

Dual‑luciferase reporter assay. The dual‑luciferase reporter 
assay was performed to measure the translation coupling 
efficiency of recoding mechanisms and to evaluate gene 
expression regulation. The full‑length wild‑type  (WT) 
TOB1‑3'‑untranslated region (UTR) containing the predicted 
binding site of miR‑25‑3p and its mutant (MT) fragment were 
cloned into the luciferase reporter vector (Syngene). Cells 
were co‑transfected with WT or MT luciferase reporter vector 
and miR‑25‑3p mimic or NC using Lipofectamine® 3000. 
Luciferase activities were detected using the Dual‑Luciferase 
Reporter assay system (Promega Corporation). Firefly 
luciferase activities were normalized to Renilla luciferase 
activities (30,31).

Western blotting. Transfected cells were washed using PBS. 
Subsequently, total protein was extracted from the cells using 
ice‑cold RIPA buffer. Following homogenization, centrifuga‑
tion (3,000 x g, 4˚C, 60 min) was performed and the supernatant 
was collected. Protein determination was performed via BCA 
assay. Total protein (50 µg) was separated via 12% SDS‑PAGE 
and transferred to PVDF membranes, which were blocked with 
5% skimmed milk (room temperature, 60 min). Subsequently, 
the membranes were incubated at 4˚C for 24 h with the following 
primary antibodies: Anti‑TOB1 (1:1,000; ProteinTech Group, 
Inc.) and an anti‑GAPDH (1:2,000; ProteinTech Group, Inc.). 
Following primary incubation, the membranes were incubated 
with a horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibody (1:1,000; Sigma‑Aldrich; Merck KGaA) for 
2 h at room temperature. Protein bands were visualized using 
enhanced chemiluminescence substrates (EMD Millipore). 
Protein expression was quantified using Bio‑Rad Gel Doc XR+ 
system (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed using 
SPSS (version 21.0; IBM Corp.) or GraphPad Prism (version 7; 
GraphPad Software, Inc.) software. Data are presented as the 
mean ± SD or SEM (n≥3). Differences among multiple groups 
were analyzed using one‑way ANOVA followed by Tukey's 
post hoc test. The correlation between miR‑25‑3p expression 
and clinicopathological variables was assessed using the 
χ2  test. Receiver‑operating characteristics (ROC) and area 
under the curve (AUC) calculations were performed to assess 
the diagnostic value of serum miRNAs for the discrimina‑
tion between normal control subjects and patients with breast 
cancer. The overall survival curve was drawn using the 
Kaplan‑Meier method. Multivariate Cox regression analyses 
were performed to evaluate the potential prognostic factors for 
breast cancer. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑25‑3p expression in tissue and serum samples. miR‑25‑3p 
expression levels were assessed in 50 tissue samples (25 breast 

Table I. Association between serum miR‑25‑3p expression and 
clinicopathological characteristics of breast cancer.

	 Serum miR‑25‑3p
Clinical characteristics	 n	 expression	 P‑value

Age (years)			   0.882
  ≤50 	 45	 0.397±0.065
  >50	 43	 0.401±0.062
Clinical stage			   0.112
  I, II	 60	 0.391±0.066
  III, IV	 28	 0.417±0.053
Lymph node metastasis			   0.002
  Positive	 31	 0.424±0.053
  Negative	 57	 0.385±0.064
ER			   0.563
  Positive	 36	 0.404±0.059
  Negative	 52	 0.395±0.066
PR			   0.912
  Positive	 47	 0.400±0.067
  Negative	 41	 0.398±0.059
HER2			   0.523
  Positive	 51	 0.394±0.060
  Negative	 37	 0.405±0.068

miR, microRNA; ER, estrogen receptor; PR, progesterone receptor; 
HER2, human epidermal growth factor receptor 2.

https://www.spandidos-publications.com/10.3892/mmr.2021.12045
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cancer and 25  normal tissues) and 176  serum samples 
(86  samples obtained from patients with breast cancer, 
25 paired samples obtained from patients with breast cancer 
1  day and 1  month post‑surgery, and 40  healthy control 
samples). The association between age and breast cancer was 
not significant (Table I). The RT‑qPCR results demonstrated 
that miR‑25‑3p expression(± SD) was upregulated in breast 
cancer tissues compared with corresponding non‑tumor tissues 
(Fig. 1A; P=0.005). Moreover, miR‑25‑3p expression levels 
were significantly increased in serum samples of patients with 
breast cancer compared with healthy control subjects (Fig. 1B; 
P<0.001).

Association between serum miR‑25‑3p expression and 
clinicopathological characteristics of patients with breast 
cancer. Subsequently, the association between the expres‑
sion levels of serum miR‑25‑3p and the clinicopathological 
characteristics of patients with breast cancer was analyzed. 
Patients with breast cancer (n=88) were split into two groups 
and the median expression level of serum miR‑25‑3p (44 low 
serum miR‑25‑3p expression and 44 high serum miR‑25‑3p 
expression) was used as the cut‑off point. Serum miR‑25‑3p 
expression levels were not significantly associated with age, 
clinical stage, estrogen receptor, progesterone receptor or 
human epidermal growth factor receptor 2 levels (Table I). By 
contrast, serum miR‑25‑3p expression levels were significantly 

associated with lymph node metastasis (Table I; P=0.002). The 
results suggested that patients with breast cancer with high 
serum miR‑25‑3p expression levels were more likely to display 
lymph node metastasis.

Serum miR‑25‑3p may serve as a promising diagnostic 
biomarker for breast cancer. Serum miR‑25‑3p expression 
levels of 25 postoperative patients with breast cancer were 
detected. Serum miR‑25‑3p expression levels were not signifi‑
cantly different in samples obtained on day 1 post‑surgery 
(P>0.05). However, miR‑25‑3p expression levels were signifi‑
cantly decreased in samples obtained at 1month post‑surgery 
(P=0.002) compared with preoperative samples (Fig. 2A). 
Moreover, ROC curve analysis was performed to evaluate the 
diagnostic value of miR‑25‑3p in breast cancer (88 patients 
with breast cancer and 40 cancer‑free blood donor volunteers). 
The AUC for miR‑25‑3p was 0.748, with 57.1% sensitivity 
and 95.0% specificity (Fig. 2B; P=0.001). The ROC curve 
corresponded to the diagnostic value of miR‑25‑3p for breast 
cancer.

Serum miR‑25‑3p may serve as a prognostic biomarker in 
breast cancer. The association between serum miR‑25‑3p 
expression levels and breast cancer prognosis was analyzed. 
The multivariate Cox proportional hazard regression analysis 
suggested that clinical stage [hazard ratio  (HR)=2.235; 

Figure 2. Serum miR‑25‑3p may serve as a promising diagnostic biomarker for breast cancer. (A) Serum miR‑25‑3p expression levels in preoperative, day 1 
post‑surgery and 1 month post‑surgery samples. (B) ROC curve demonstrated that serum miR‑25‑3p expression levels successfully discriminated patients 
with breast cancer from healthy controls (AUC=0.748; 95% confidence interval, 0.660‑836; P=0.001) with 57.1% sensitivity and 95.0% specificity. (C) The 
Kaplan‑Meier survival curves demonstrated that patients with breast cancer with low expression of serum miR‑25‑3p displayed a higher overall survival rate. 
**P<0.01. miR, microRNA; ROC, receiver operating characteristic curve; AUC, area under curve; PreOp, preoperative.

Figure 1. miR‑25‑3p expression in breast cancer and normal tissues. (A) Relative expression of miR‑25‑3p in breast cancer and normal tissues. (B) Relative 
expression of miR‑25‑3p in serum samples obtained from patients with breast cancer and healthy controls. **P<0.01 and ***P<0.001, as indicated. miR, 
microRNA.
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95%  confidence interval  (CI)=1.094‑5.853; P=0.047], 
lymph node metastasis (HR=4.974; 95%  CI=1.786‑9.843; 
P=0.011) and serum miR‑25‑3p expression levels (HR=6.683; 
95% CI=3.343‑9.789; P=0.007) were potential factors associ‑
ated with the overall survival of patients with breast cancer 
(Table II). The Kaplan‑Meier survival curves indicated that 
patients with breast cancer with low expression of serum 
miR‑25‑3p displayed a higher overall survival rate compared 
with patients with breast cancer with high expression of serum 
miR‑25‑3p (P=0.005; Fig.  2C). The results demonstrated 
that serum miR‑25‑3p may serve as a promising prognostic 
biomarker for breast cancer.

miR‑25‑3p expression levels in breast cancer and normal 
cell lines. The expression levels of miR‑25‑3p in MCF‑7 and 
SUM‑159PT cells were measured by RT‑qPCR. In addition, 
alterations to the expression levels of miR‑25‑3p following 
transfection with miR‑25‑3p inhibitor, miR‑25‑3p mimic or 
NC were also monitored. miR‑25‑3p expression levels were 
3.45‑ and 6.67‑fold higher in MCF‑7 (P<0.01) and SUM‑159PT 
(P<0.001) cells compared with MCF‑10A cells (Fig.  3A). 
Moreover, miR‑25‑3p inhibitor‑transfected SUM‑159PT 
cells displayed a 0.249‑fold decrease in miR‑25‑3p expres‑
sion levels compared with the NC group (P<0.001; Fig. 3B). 
miR‑25‑3p inhibitor‑transfected MCF‑7 cells displayed a 
0.201‑fold decrease in miR‑25‑3p expression levels compared 
with the NC group (P<0.01; Fig. 3C). By contrast, miR‑25‑3p 
mimic‑transfected SUM‑159PT and MCF‑7 cells displayed a 
12.49‑ (Fig. S1A; P<0.001) and 13.21‑fold (Fig. S1B; P<0.001) 
increase in miR‑25‑3p expression levels compared with the 
mimic NC group, respectively. The results indicated that the 
transfections were successful.

miR‑25‑3p knockdown suppresses cell proliferation and 
invasion. The CCK‑8 assay indicated that SUM‑159PT cell 
proliferation was significantly inhibited following miR‑25‑43p 
knockdown compared with the NC group (Fig. 4A). A similar 
result was observed in MCF‑7 cells (Fig. 4B). In addition, the 
Transwell assay indicated that SUM‑159PT cell invasion was 
significantly inhibited by miR‑25‑3p knockdown compared 
with the NC  group (P<0.001; Fig.  4C). Similarly, MCF‑7 
cell invasion was also significantly decreased by miR‑25‑3p 
knockdown compared with the NC group (P<0.05; Fig. 4D). 
The results indicated that miR‑25‑3p knockdown suppressed 
cell proliferation and invasion.

TOB1 is a target gene regulated by miR‑25‑3p. In the present 
study, three miRNA‑binding site prediction databases 
(TargetScan, miRWalk and starBase) were utilized to predict 
the potential target gene regulated by miR‑25‑3p. TOB1 was 
identified as a target gene. The binding sequence between 
miR‑25‑3p and TOB1 is presented in Fig. 5A. TOB1 expression 
levels were 0.35‑ (P<0.01) and 0.44‑ (P<0.05) fold lower in 
MCF‑7 and SUM‑159PT cells compared with MCF‑10A cells 
(Fig. 5B). In addition, the UALCAN analysis revealed that 
TOB1 expression levels were significantly decreased in breast 
cancer tissues compared with normal tissues (P=8.85x10‑9; 
Fig. S2A). Furthermore, a negative association between TOB1 
and miR‑25‑3p expression levels was identified (P=9.38x10‑8; 
Fig. S2B). The results suggested that TOB1 is a potential target 
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gene regulated by miR‑25‑3p. Subsequently, a dual‑luciferase 
reporter assay was performed to verify the binding of miR‑25‑3p 
to TOB1. The luciferase activity of the TOB1‑UTR‑WT 
group in 293T cells was significantly inhibited by miR‑25‑3p 
overexpression compared with the NC group (P<0.05). By 
contrast, the luciferase activity of the TOB1‑UTR‑MT group 
was not altered by miR‑25‑3p expression (Fig. 5C). To confirm 

the specificity of TOB1 in breast cancer, a dual‑luciferase 
reporter assay was also performed in breast cancer cell lines, 
and similar results were obtained in SUM159‑PT (P<0.05; 
Fig. 5D) and MCF‑7 cells (P<0.05; Fig. 5E). Western blotting 
was performed for target gene validation. In SUM‑159PT 
cells, TOB1 protein expression levels in the miR‑25‑3p 
inhibitor group were significantly increased compared with 

Figure 4. Effects of miR‑25‑3p on breast cancer cell function. (A) SUM‑159‑PT and (B) MCF‑7 cell proliferation following miR‑25‑3p knockdown. 
(C) SUM‑159‑PT and (D) MCF‑7 cell invasion following miR‑25‑3p knockdown (magnification, x100). *P<0.05, **P<0.01 and ***P<0.001 vs. NC. miR, 
microRNA; NC, negative control; OD, optical density.

Figure 3. miR‑25‑3p expression in breast cancer cell lines. (A) Relative expression of miR‑25‑3p in breast cancer cell lines. Transfection efficiency of miR‑25‑3p 
inhibitor in (B) SUM‑159‑PT and (C) MCF‑7 cells. **P<0.01, ***P<0.001 vs. NC. miR, microRNA; NC, negative control.
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the inhibitor NC group (P<0.001; Fig. 5F). Moreover, TOB1 
protein expression levels in the miR‑25‑3p inhibitor group 
were significantly increased compared with the inhibitor NC 

group (P<0.01; Fig. 5G). Collectively, the results demonstrated 
that TOB1 was a potential target gene regulated by miR‑25‑3p 
in breast cancer.

Figure 5. Validation of TOB1 as a direct target of miR‑25‑3p. (A) The binding sites between miR‑25‑3p and TOB1 3'‑UTR. (B) Relative expression of 
TOB1 in cell lines. *P<0.05, **P<0.01 vs. MFC‑10A. (C) Luciferase activities in the WT and MT groups treated with miR‑25‑3p mimic or NC in (C) 293T, 
(D) SUM159‑PT and (E) MCF‑7 cells. TOB1 protein expression levels following miR‑25‑3p knockdown in (D) SUM‑159‑PT and (E) MCF‑7 cells. Relative 
TOB1 protein expression in (F) SUM159-PT and (G) MCF7 cells after treatment with miR-25-3p compared with NC group. *P<0.05, **P<0.01 and ***P<0.001 
vs. NC. TOB1, transducer of ERBB2, 1; miR, microRNA; 3'‑UTR, 3'‑untranslated region; WT, wild‑type; MT, mutant; NC, negative control.
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Discussion

miRNAs are a distinct class of small non‑coding RNAs that 
display various effects in post‑transcriptional gene silencing of 
target mRNAs (32). miRNAs are involved in numerous biolog‑
ical processes, including cell proliferation, invasion, migration, 
apoptosis, cell cycle control, differentiation, metabolism, 
immunity, neuronal patterning and stress responses (33‑37). 
Previous findings have revealed that miRNAs exist in the 12 
body fluids, which includes serum, urine, saliva, peritoneal 
fluid, pleural fluid, seminal fluid, tears, amniotic fluid, breast 
milk, bronchial lavage, cerebrospinal fluid and colostrum (38). 
Mitchell et al  (39) initially described serum miRNAs and 
demonstrated that they remain in a stable form that is not 
degraded by endogenous RNase enzymes. It has also been 
suggested that serum miRNAs may serve as predictive prog‑
nostic biomarkers in various malignancies, including breast 
cancer (39‑41).

miR‑25‑3p is a member of the of miR‑25‑93‑106b cluster, 
which commonly act as oncogenes, is involved in carcinogen‑
esis and is often upregulated in various malignancies (42). 
Wang et al (43) reported that miR‑25 expression was signifi‑
cantly upregulated in hepatocellular carcinoma tissues, where 
it promoted cancer cell growth, migration and invasion via 
Rho GDP dissociation inhibitor‑1 (43). miR‑25 upregulation 
was also observed in esophageal squamous cell carcinoma 
cells and miR‑25 knockdown significantly inhibited cell 
migration and invasion (44). Moreover, it has been reported 
that miR‑25‑3p may serve as a biomarker for numerous types 
of cancer, such as osteosarcoma and pancreatic cancer (45,46). 
Previous findings demonstrated that miR‑25‑3p expression was 
upregulated in breast cancer and that the abnormal expression 
levels promoted breast cancer cell proliferation (27). Therefore, 
the present study aimed to investigate the diagnostic and prog‑
nostic role of miR‑25‑3p in breast cancer.

In the present study, miR‑25‑3p expression levels were 
increased in breast cancer tissue and serum samples compared 
with normal breast tissue and serum samples. Moreover, serum 
miR‑25‑3p expression levels were not significantly different 
on day 1 post‑surgery compared with presurgery; however, 
at 1 month post‑surgery, miR‑25‑3p expression levels were 
significantly decreased compared with prior to surgery, which 
indicated that miR‑25‑3p downregulation was associated 
with the removal of the tumor and not due to surgical stress. 
Furthermore, the results indicated that serum miR‑25‑3p 
expression levels could successfully discriminate patients 
with breast cancer from healthy subjects. The AUC, sensi‑
tivity and specificity of serum miR‑25‑3p for the diagnosis of 
breast cancer were 0.748, 57.1 and 95.0%, respectively. The 
Kaplan‑Meier survival curves demonstrated that patients with 
breast cancer with low serum miR‑25‑3p expression showed a 
higher overall survival rate compared with patients with breast 
cancer with high serum miR‑25‑3p expression. Therefore, the 
results demonstrated that serum miR‑25‑3p may serve as an 
alternative biomarker for the diagnosis and prognosis of breast 
cancer.

Previous studies revealed that serum miRNAs could be 
used as diagnostic biomarkers in breast cancer. For example, 
serum miR‑103 expression levels were significantly increased 
in patients with breast cancer compared with healthy control 

subjects. Additionally, for the diagnosis of breast cancer, 
serum miR‑103 displayed 84% sensitivity and 70% speci‑
ficity, suggesting that serum miR‑103 was a promising 
diagnostic marker for breast cancer detection  (47). Serum 
miR‑195 downregulation was observed in patients with breast 
cancer, and serum miR‑195 displayed 69.0% sensitivity and 
89.2% specificity for breast cancer detection. Furthermore, 
serum miR‑195 was used to distinguish patients with breast 
cancer from healthy subjects, indicating that serum miR‑195 
was a potential tumor biomarker for breast cancer diag‑
nosis (48). A meta‑analysis was performed with 438 patients 
and 228 healthy subjects, and the results suggested that serum 
miR‑21 displayed 0.79% sensitivity, 0.85% specificity and 
0.89 AUC in the diagnosis of breast cancer; therefore, the 
study indicated that miR‑21 was a novel biomarker for early 
detection of breast cancer (49).

Similarly, previous studies have indicated that serum 
miRNAs have the potential to be used as prognostic biomarkers 
in breast cancer. A meta‑analysis of 1,629 cases demonstrated 
that patients with breast cancer with elevated miR‑21 expres‑
sion displayed a poor overall survival. miR‑21 expression 
levels were significantly associated with lymph node metas‑
tasis, suggesting that circulating miR‑21 could be used as a 
prognostic biomarker in patients with breast cancer  (50). 
Hsieh et al (51) reported that serum miR‑125a‑5p expression 
was negatively associated with tumor grade, lymph‑node status 
and tumor size. Moreover, low miR‑125a‑5p expression was 
an independent biomarker for the prediction of poor prognosis 
in patients with breast cancer. Another study indicated that 
serum miR‑99a expression levels were significantly decreased 
in patients with breast cancer compared with healthy subjects. 
Furthermore, it was reported that patients with breast cancer 
with lower miR‑99a expression levels displayed a poor overall 
survival, and that serum miR‑99a expression is an independent 
risk factor for breast cancer, indicating that serum miR‑99a 
was a tumor suppressor and a prognostic biomarker for breast 
cancer (52).

TOB1 is a transducer of ErbB‑2 that is ubiquitously 
expressed in human adult tissues  (53). The TOB1 gene is 
located on chromosome  17q21 and codes for a 45  kDa 
protein (54). Previous studies have revealed that TOB1 is asso‑
ciated with tumor cell proliferation and invasion (54,55). In 
the present study, TOB1 was downregulated in breast cancer 
cells compared with normal cells, and miR‑25‑3p knockdown 
suppressed breast cancer cell proliferation and invasion by 
regulating TOB1 expression.

The main limitation of the present study was that the 
sample size was small; therefore, a future study employing a 
larger sample size should be performed to verify the results 
of the present study. Moreover, the relevant signaling path‑
ways and targets of miR‑25‑3p in breast cancer, as well as the 
function of TOB1 in breast cancer were not clarified in the 
present study.

In conclusion, the present study demonstrated that 
miR‑25‑3p, which regulated breast cancer cellular functions 
via TOB1, may serve as a breast cancer biomarker.
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