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Abstract. Breast cancer, the second most common cancer 
worldwide, is the leading cause of cancer-associated mortality 
in women, accounting for ~15% of all cancer-associated 
mortalities in women. The development, local invasion and 
metastasis of breast cancer are associated with the dysregu-
lation and mutation of numerous genes and epigenetic 
mechanisms, including coding RNA and non-coding RNA, 
such as microRNAs (miRs/miRNAs). Previous studies have 
shown a dual-faced role of miR-125b in breast cancer. In 
the present study, a total of 221 paraffin-embedded breast 
cancer and 49 paraffin-embedded non-cancerous breast 
tissue samples were collected. In situ hybridization was used 
to analyze the expression of miR-125b in the breast cancer 
tissues. Spearman's rank correlation analysis was used to 
analyze the expression correlation between miR-125b and 
human epidermal growth factor 2 (HER2). The overall survival 
estimates over time were calculated using the Kaplan-Meier 
method with log-rank test. It was found that miR-125b 
expression was significantly increased in the breast cancer 
tissues compared with that in the non-cancerous tissues, and 
high miR-125b expression indicated a poor prognosis in the 
breast cancer patients. In addition, miR-125b expression was 
positively correlated with HER2, but not with progesterone 
receptor and estrogen receptor. Notably, high miR-125b 
expression was significantly correlated with tumor size and 

Tumor-Node-Metastasis stage in the HER2-positive breast 
cancer patients, along with a poor prognosis. The present study 
provides clinical data to confirm the oncogenic potential of 
miR-125b, particularly in HER2-positive human breast cancer. 
Thus, identification of miR‑125b may be a potential molecular 
biomarker for the prediction of clinical outcomes in breast 
cancer patients, particularly HER2-positive cases that will 
receive paclitaxel-based neoadjuvant chemotherapy.

Introduction

Breast cancer is the second most common cancer worldwide 
and is the leading cause of cancer-associated mortality in 
women, accounting for ~15% of all cancer-associated mortali-
ties in women (1). Breast cancer is heterogeneous and can be 
classified into several subtypes, including luminal, human 
epidermal growth factor 2 (HER2) and triple-negative breast 
cancer (TNBC) subtypes, based on the expression of estrogen 
receptor (ER) and progesterone receptor (PR) and the receptor 
tyrosine kinase erbB-2 (HER2) (2,3). Thus, it is important to 
understand the molecular mechanisms involved in the devel-
opment and the acquisition of malignancy in breast tumor, and 
develop more effective treatments for breast cancer patients.

The development, local invasion or metastasis of breast 
cancer is involved in the dysregulation, mutation and epigen-
etic mechanism of various genes (4). The dysregulated genes 
include coding RNA and non-coding RNA, such as microRNAs 
(miRNAs) (5). miRNAs are able to silence gene expression by 
targeting complementary regions of mRNAs and inhibiting 
protein translation, which is critical in normal and abnormal 
biological processes, including cancer (6). Dysregulation of 
miRNAs has been observed in breast cancer and is associated 
with tumor growth, drug resistance and metastasis (7). There-
fore, therapeutic strategies based on modulating the expression 
levels of miRNAs are promising approaches for breast cancer 
treatment.

miR-125b is dysregulated in a variety of tumors; however, 
as miR-125b is either upregulated or downregulated in 
different tumors, this suggests that the oncogenic and tumor 
suppressive potential of miR-125b is dependent on the type 
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of cancers (8). In addition, previous studies have shown a 
different role of miR-125b in breast cancer. Ferracin et al 
found a downregulation of miR-125b in metastatic breast 
cancers (9), which may account for hypermethylation of the 
miR-125b promoter (10). Feliciano et al found that miR-125b 
acted as a tumor suppressor in breast tumorigenesis via its 
direct targets glutamyl amino peptidase, casein kinase II-α, 
cyclin-J and multiple epidermal growth factor-like domains 
9 (11). In addition, miR-125b-overexpressing breast cancer 
cells were impaired in their anchorage-dependent growth 
and exhibited reduced migration and invasion capacities (12). 
However, miR-125b can also induce metastasis by targeting 
StAR related lipid transfer domain containing 13 (STARD13) 
in MCF-7 and MDA-MB-231 breast cancer cells (13). Our 
previous study demonstrated that upregulation of miR-125b 
conferred a chemoresistant phenotype by targeting B-cell 
lymphoma 2 antagonist killer 1 (Bak1) (14), and other previous 
data showed that miR-125b could maintain cancer stem-like 
side population fraction (15). Circulating miR-125b expression 
was associated with chemotherapeutic resistance of breast 
cancer (16). Due to these different arguments, the role of 
miR-125b in breast cancer requires additional studying.

In the present study, the expression of miR-125b and 
clinicopathological correlation in breast cancer tissues was 
investigated by in situ hybridization (ISH). The association 
between miR-125b expression and the molecular subtype 
of breast cancer was analyzed. It was found that miR-125b 
expression is elevated in breast cancer tissues compared to that 
in non-cancerous tissues, and associated with clinical tumor 
node-metastasis (TNM) stages, predicting a poor prognosis. 
In addition, miR-125b expression is positively correlated 
with HER2 expression and significantly associated with the 
tumor size, lymph node metastasis status and TNM stage 
in HER2-positive breast cancer patients. The current study 
provides clinical data to demonstrate the oncogenic potential 
of miR-125b, particularly in HER2-positive human breast 
cancer. miR-125b may be a good prognostic marker combined 
with HER2 in human breast cancer.

Materials and methods

Tissue samples and clinical data. In tota l,  221 
paraffin‑embedded breast cancer and 49 paraffin‑embedded 
non-cancerous breast tissue samples obtained between 
November 2001 and September 2012 at The Second Xiangya 
Hospital of Central South University (Changsha, China) 
were used. All the tissue samples were formed into 9 slices 
in a tissue microarray, as previously described (17), with each 
sample in duplicate or triplicate. Clinicopathological char-
acteristics of breast cancer patients were recorded including 
name, gender, age, occupation, ethnicity, clinical TNM stage, 
recurrence, pathology diagnosis, molecular subtype and 
chemoradiotherapy strategies. All the patient information was 
anonymized prior to analysis. The profile of clinicopatho-
logical characteristics of the breast cancer patients is shown in 
Table I. The age of patients ranged between 23 and 71 years. 
All 221 patients with breast cancer had valid follow-up data, 
of which 30 cases had used therapeutic strategies containing 
paclitaxel. The overall survival (OS) was defined as the time 
between diagnosis and the date of death or the date last known 

alive. The present study was approved by the Committee on 
the Ethics of Central South University. All individuals partici-
pating or their families provided written informed consent.

ISH. The ISH probe used for detecting miR-125b labeled 
digoxin was designed and synthesized by Sangon Biotech Co., 
Ltd. (Shanghai, China). Slices were processed using Enhanced 
Sensitive ISH Detection kit I (catalogue no., MK1030; Wuhan 
Boster Biological Technology, Ltd., Wuhan, China) according 
to the manufacturer's protocol. The kit contains prehybrid-
ization solution, normal goat serum, biotin-antidigoxin IgG, 
streptavidin-biotin-complex and biotin-peroxidase. Slides 
were deparaffinized and hydrated with xylene twice (each for 
10 min), put through an ethanol gradient (100, 95, 90, 80 and 
70%, each for 5 min), and rinsed with distilled water (dH2O). 
The slides then were treated with 3% H2O2 for 15 min and 
washed twice with dH2O. The slides were then treated with 
pepsin solution for 10 min at 37˚C, and washed three times 
with 0.5 M phosphate-buffered saline (PBS) for 5 min and 
once with dH2O for 10 min at room temperature. Following 3 h 
incubation with prehybridization solution at 37˚C, slides were 
incubated with miR-125b probe (2 µg/ml; Sangon Biotech Co., 
Ltd.) overnight at 55˚C. On the next day, slides were incubated 
in 2X saline sodium citrate (SSC) for 30 min at 37˚C, washed 
once with 0.5X SSC for 15 min, and then washed 3 times with 
0.2X SSC for 10 min. Following 30 min blockade with normal 
goat serum at 37˚C, slices were incubated with biotin‑antidi-
goxin IgG for 90 min at 37˚C and washed 4 times with 0.5 M 
PBS for 5 min, followed by Streptavidin-Biotin-Complex and 
biotin‑peroxidase incubation for 30 min at 37˚C. Subsequent 
to washing in 0.5 M PBS for 20 min, the slides were visual-
ized with 3,3'-diaminobenzidine (Fuzhou Maixin Biotech Co., 
Ltd., Fuzhou, China) for 5 min and counterstained with hema-
toxylin for 90 sec. The slides were mounted and dried. Images 
of slides were captured with an Olympus BX51 microscope 
(magnification, x200; Olympus Corporation, Tokyo, Japan).

Evaluation of staining. The slides were evaluated by two 
independent pathologists under a light microscope (magnifica-
tion, x200; BX51; Olympus Corporation). miR-125b staining 
intensity was scored as 0 (no staining was determined as 
negative, -), 1 (light yellow staining was determined as weak, 
+), 2 (yellow staining was determined as moderate, ++) and 
3 (tan staining was determined as strong, +++). The extent of 
staining was scored as 0‑1.0 (0‑100%). The final staining score 
(0-3) was calculated as the multiplication of the intensity score 
and extent score. The expression of miR-125b was scored as 
high expression (≥1) or low expression (<1). To compare the 
expression of miR-125b between normal and tumor tissues, the 
score of miR-125b expression was normalized to the average 
score of miR-125b in normal tissues.

Statistical analysis. GraphPad Prism 5 software (Graphpad 
Software, Inc., La Jolla, CA, USA) was used to perform statis-
tical analysis. The data are presented as the mean ± standard 
deviation. The difference of miR-125b expression between 
breast cancer and non-cancerous breast tissue was analyzed 
using Student's t-test. The correlation between miR-125b 
expression and HER2 expression was analyzed using Spear-
man's rank correlation analysis. The contingency data was 
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analyzed by using χ2 or Fisher's exact test. The OS estimates 
over time were calculated using the Kaplan-Meier method with 
log‑rank test. A value of P<0.05 was considered to indicate a 
statistically significant difference.

Results

Association between the expression of miR‑125b and clini‑
copathological features of breast cancer. The present study 
detected the expression of miR-125b in breast cancer and 
non-cancerous breast control tissue by ISH. Expression of the 
miR-125b was found in the cytoplasm and nucleus of breast 
cancer cells (Fig. 1A). The percentage of high miR-125b 
expression in the breast cancer and the noncancerous breast 
control tissue was 68.3% (151/221) and 57.1% (28/49) respec-
tively. There was a significantly higher score of the miR‑125b 
expression in breast cancer compared to that of non-cancerous 
breast control tissue (P=0.0005) (Fig. 1B).

The current study additionally investigated the association 
between the expression of the miR-125b and clinicopatholog-
ical features of breast cancer including age, gender, tumor size, 
lymph node metastasis status, distant metastasis, and clinical 
TNM stage in a univariate χ2 test. As shown in Table II, no 
significant differences were observed between miR-125b 
expression and age, gender, tumor size, lymph node metas-
tasis status or distant metastasis of breast cancer (P>0.05). 
However, miR‑125b expression was significantly associated 
with the clinical TNM stage (P=0.02).

High miR‑125b expression has a poor prognosis in HER2‑posi‑
tive breast cancer patients. As shown in Table II, although no 
significant correlation was identified between the expression 
of miR-125b and expression of ER and PR (P>0.05), there 
was a significant association between expression of miR‑125b 
and HER2 in breast cancer patients (P=0.034). In addition, 
the expression of miR-125b was positively correlated with the 
HER2 expression (r=0.4, P<0.001; Fig. 2A and B).

The present study additionally analyzed the association 
between miR-125b expression and clinical outcomes. All 
221 breast cancer patients were included in the survival 
curves. The median OS time was 40 months, with a range of 
2-124 months. The OS rate of patients with high miR-125b 
expression was significantly decreased compared to the 
survival of patients with low miR-125b expression (P=0.038; 
hazard ratio, 0.55; 95% CI, 0.31-0.96; Fig. 3A). To investigate 
the association between miR-125b and molecular subtypes 
of breast cancer, all 221 breast cancer cases were classified 
into the following groups: Luminal (high miR-125b expres-
sion, n=81; low miR-125b expression, n=38), identified as 
ER+ and/or PR+; HER2 (high miR-125b expression, n=51; low 
miR‑125b expression, n=20), identified as ER/PR- and HER2+; 
and TNBC (high miR-125b expression, n=19; low miR-125b 
expression, n=12), identified as ER/PR- and HER2- (18). There 
was no significant difference between the OS rate of patients 
with high miR-125b expression and that of patients with low 
miR-125b expression in the molecular luminal (Fig. 3B) and 
TNBC (Fig. 2D) subtypes. Notably, the OS rate of patients 
with high miR-125b expression was significantly reduced 
compared to the survival of patients with low miR-125b 
expression in molecular subtypes of HER2 (P=0.02; hazard 

ratio, 0.38; 95% CI 0.16-0.92; Fig. 3C), indicating an asso-
ciation between miR-125b and HER2 receptor expression. 
Thus, the current study additionally analyzed the association 
between the expression of miR-125b and clinicopathological 
features of HER2-positive breast cancer. A total of 143 patients 
withHER2-positive breast cancer were included. As shown in 
Table III, no significant differences were observed between 
expression of miR-125b and age, gender and distant metastasis 
of HER2-positive breast cancer patients (P>0.05). However, 
miR‑125b expression was significantly associated with the 
tumor size (P=0.03), lymph node metastasis status (P=0.03) 
and TNM stage (P=0.02).

High miR‑125b expression predicts a poor prognosis in breast 
cancer patients treated with paclitaxel. To investigate the 
association between miR-125b and paclitaxel treatment in 
breast cancer, among the 221 breast cancer patients, 30 cases 
that used therapeutic strategies containing paclitaxel were 
included. As shown in Fig. 4, high miR-125b expression 
indicated a lower OS rate in patients treated with paclitaxel 
compared with those of patients with low miR-125b expres-
sion (P=0.041; hazard ratio, 0.23; 95% CI, 0.06-0.95; Fig. 4).

Discussion

miR-125b is located at chromosome 11q24 and chromosome 
21q21, the so-called fragile sites, which are commonly deleted 
in lung, ovary and cervical cancer, indicating a functional loss 
of miR-125b in these tumor types (19). It has been demonstrated 
that miR-125b is dysregulated in a broad variety of tumors. It 

Table I. Clinicopathological characteristics of breast cancer 
patients.

Characteristic Value, % (n)

Age, mean ± SD 46±0.66
Gender 
  Male 0.4 (1/221)
  Female 99.6 (220/221)
Tumor size 
  T1-2 57.0 (126/221)
  T3-4 43.0 (95/221)
Nodal metastasis 
  Present 77.8 (172/221)
  Absent 22.2 (49/221)
Distant metastasis 
  Present 11.8 (26/221)
  Absent 88.2 (195/221)
TNM stage 
  I 5.9 (13/221)
  II 58.8 (130/221)
  III 24.4 (54/221)
  IV 10.9 (24/221)

SD, standard deviation; TNM, tumor-node-metastasis.
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is downregulated in head and neck tumors, oral squamous cell 
carcinomas, osteosarcomas and gliomas (20-23). Hypermeth-
ylation in the promoter regions of miR-125b appears to block 
miR-125b expression levels in ovarian cancer (24) and breast 
cancer (10). However, enhanced miR-125b expression was also 
observed in colorectal cancer, leukemia, gastric, follicular and 
pancreatic cancers and certain brain tumor-derived glioma 
cell lines, which are associated with poor prognoses (25-28). In 
the present study, it was found that miR-125b expression was 
significantly increased in breast cancer tissues compared to 
those of noncancerous tissues, and high miR-125b expression 
indicated a poor prognosis in breast cancer patients. Tang et al 
demonstrated that upregulation of miR-125b was able to 
activate the metastatic activities of breast cancer cells in vivo 
and in vitro by inducing breast cancer cells to obtain epithelial 
and mesenchymal characteristics while regulating the reor-
ganization of actin cytoskeleton through the STARD13-Ras 
homologue gene family member A-Rho-associated protein 

kinase signaling pathway (13). Consistently, the present results 
showed that miR-125b expression was correlated with clinical 
TNM stages. miR-125b-mediated breast cancer metastasis 
appears to account for the elevated stem cell-like side popula-
tion and enhanced cancer stem cells properties (14). However, 
the upregulation of miR-125b is regulated by mechanisms that 
are not well understood in breast cancer. In B-cell progenitor 
acute lymphoblastic leukemia, translocation t(11;14)(q24;q32) 
leads to a significant upregulation of miR‑125b (29,30). It is 
possible that chromosomal translocations may lead to aber-
rantly high miR-125b expression in breast and other types 
of tumors. Additional studies are required to determine the 
precise causes of aberrant miR-125b expression in cancer.

The present study additionally analyzed the asso-
ciation between miR-125b expression and ER, PR and 
HER2. miR-125b expression was positively correlated with 
HER2, but not ER and PR. Notably, high miR-125b expres-
sion was significantly correlated with tumor size and TNM 

Figure 2. miR-125b was positively correlated with HER2 expression in breast cancer. (A) Representative images of miR-125b expression in (a) HER2 negative 
(-), (b) weak (+), (c) moderate (++) and (d) strong (+++) breast cancer tissues. Scale bar, 50 µm. (B) Spearman's correlation analysis was used to analyze the 
correlation between miR‑125b and HER2 in breast cancer. r=0.40, P<0.001. HER2, human epidermal growth factor 2; miR, microRNA.

Figure 1. Evaluation of miR-125b expression in breast cancer and non-cancerous breast control tissues. (A) Representative images of miR-125b expression in 
non‑cancerous and tumor tissues. The expression of miR‑125b in breast cancer was significantly higher than in the non‑cancerous breast control tissues. Scale 
bar, 50 µm. (B) Relative score of miR-125b expression in breast cancer and non-cancerous breast control tissue. N, non-cancerous; T, tumor tissue; n, number 
of cases; miR, microRNA.
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stages in HER2-positive breast cancer patients, along with 
a poor prognosis. Although studies have shown that HER2 
is inversely correlated with miR-125b in gastric adeno-
carcinomas and ovarian cancer (31,32), and acts as a target 
of miR-125b in small cell lung cancer (33) and endometrial 
cancer (34), there is no miR-125b-mediated downregulation 
of HER2 in miR-125b-transfected LNCaP and cds1 prostate 
cancer cells (35). Additionally our previous study did not 
identify downregulation of HER2 by miR-125b in breast 
cancer BT-474, BT-474M1 and SKBr3 cells (15). A reasonable 
explanation is that miRNAs exhibit their functions dependent 
on their diverse target genes in a cell type‑specific and pheno-
type‑specific manner (36). Due to the high heterogeneity of 
breast cancer, miR-125b may target different genes in various 
breast cancer cell lines. In addition, miR-125b can directly 
interact with the tumor suppressor gene p53, and target it in 
humans and zebrafish. Other molecules belonging to the p53 
network such as Bak1, puma and cell cycle regulators are also 

targeted by miR-125b (37). Thus, miR-125b can interfere with 
oncogenic signaling by inhibiting key components of the p53 
network, acting as an oncogenic miRNA.

In addition, miR-125b also plays a role in chemore-
sistance in breast cancer. It was previously found that 
overexpression of miR-125b caused a marked inhibition of 
paclitaxel-induced apoptosis and increased resistance to 
paclitaxel by targeting Bak1 in breast cancer cells (15). The 
present study shows that high miR-125b expression is a marker 
of poor prognosis in breast cancer patients that are treated 
with paclitaxel. Wang et al (16) showed that high miR-125b 
expression had an increased percentage of proliferating cells 
and decreased percentage of apoptotic cells subsequent to 
neoadjuvant chemotherapy in breast cancer patients, and 
reducing the miR-125b level sensitized breast cancer cells 
to chemotherapy. Previously, Vilquin et al (38) demonstrated 
that ectopic overexpression of miR-125b is sufficient to 
confer MCF-7 cell resistance to letrozole and anastrozole 

Table II. Association between miR-125b expression and clinicopathological characteristics in breast cancer.

 miR-125b expression, n (%)
 ----------------------------------------------------------------------------------------------------
Variables High (score ≥1) Low (score <1) P‑value

Total 151 70 
Age, mean ± SD 47.4±1.2 45.9±0.8 0.29
Gender   1.00
  Male 1 (100.0) 0 (0.0) 
  Female 150 (68.2) 70 (31.8) 
Tumor size   0.46
  T1-T2 89 (70.6) 37 (29.4) 
  T3-T4 62 (65.3) 33 (34.7) 
Nodal metastasis   0.23
  Present 121 (70.3) 51 (29.7) 
  Absent 30 (61.2) 19 (38.8) 
Distant metastasis   0.26
  Present 15 (57.7) 11 (42.3) 
  Absent 136 (69.7) 59 (30.3) 
TNM stage   0.02a

  I-II 90 (62.9) 53 (37.1) 
  III-IV 61 (78.2) 17 (21.8) 
ER expression, n (%)   0.46
  Positive 84 (66.1) 43 (33.9) 
  Negative 67 (71.3) 27 (28.7) 
PR expression, n (%)   0.38
  Positive 82 (65.1) 44 (34.9) 
  Negative 69 (72.6 26 (27.4) 
HER2 expression, n (%)   
0.034a

  Positive 105 (73.4) 38 (26.6) 
  Negative 46 (59.0) 32 (41.0) 

aP<0.05. SD, standard deviation; n, number; TNM, tumor‑node‑metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor 2; miR, microRNA.
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Table III. Association between miR-125b expression and clinicopathological characteristics in HER2-positive breast cancer.

 miR-125b expression, n (%)
 -------------------------------------------------------------------------------------------------------
Variables High (score ≥1) Low (score <1) P‑value

Total, n 105 38 
Age, mean ± SD 46.7±1.06 48.2±1.86 0.49
Gender   
  Male 0 (0.0) 0 (0.0) 1.00
  Female 105 (73.4) 38 (26.6) 
Tumor size   0.03a

  T1-2 59 (67.0) 29 (33.0) 
  T3-4 46 (83.6) 9 (16.4) 
Nodal metastasis   0.03a

  Present 88 (77.9) 25 (22.1) 
  Absent 17 (56.7) 13 (43.3) 
Distant metastasis   0.72
  Present 9 (69.2) 4 (30.8) 
  Absent 96 (73.8) 34 (26.2) 
TNM stage   0.02a

  I-II 57 (66.3) 29 (33.7) 
  III-IV 48 (84.2) 9 (15.8) 

aP<0.05. HER2, human epidermal growth factor; SD, standard deviation; TNM, tumor‑node‑metastasis; miR, microRNA.
  

Figure 3. Kaplan-Meier overall survival curves of breast cancer patients and their expression of miR-125b. Kaplan-Meier analysis plotting the survival curve 
of 221 cases of breast cancer with the expression of miR‑125b and clinicopathological characteristics with statistical significance being assessed using the 
log-rank test. (A) Kaplan-Meier curves showed worse overall survival rates for breast cancer patients with low miR-125b expression compared to patients 
with high miR-125b expression (P=0.038). (B) Patients with high or low miR-125b expression had comparable overall survival rates in the luminal subtype 
(P=0.83). (C) Patients with high miR‑125b expression had significant lower overall survival rates than those with low miR‑125b expression in the HER2 
subtype (P=0.02). (D) Patients with high miR‑125b expression had a slight but not significant lower overall survival rate compared to those with low miR‑125b 
expression in TNBC subtype (P=0.29). HER2, human epidermal growth factor 2; TNBC, triple-negative breast cancer; miR, microRNA.
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by targeting and activating the AKT/mammalian target of 
rapamycin pathway, which appears to be estrogen-indepen-
dent. In addition, elevated miR-125b expression levels are a 
novel marker for poor prognosis in letrozole resistant breast 
cancer. Furthermore, elevated miR-125b levels in circula-
tion may be a marker for early breast cancer detection (7). 
Clinically, elevated expression of miR-125b is associated 
with non-pathological complete response in breast cancer 
patients that received taxane-anthracycline-based neoadju-
vant chemotherapy (39).

Overall, the present study provides evidence that elevated 
miR-125b expression predicts a poor prognosis, as well as a 
poor clinical responsiveness of paclitaxel-based neoadjuvant 
chemotherapy, and is associated with tumor size and TNM 
stage in HER2-positive breast cancer. Thus, identification 
of miR-125b may be a potential molecular biomarker for 
prediction of the clinical outcome in breast cancer patients, 
particularlyHER2-positive cases that receive paclitaxel-based 
neoadjuvant chemotherapy.
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