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Abstract 

There is an unmet clinical need to identify biomarkers for breast cancer neoadjuvant chemo-
therapy. Here, using miRNA TaqMan Low-Density Arrays (TLDA), we analyzed the miRNA ex-
pression profile in pre-treatment needle aspiration tumor samples from patients who received 
taxane-anthracycline-based neoadjuvant chemotherapy. Although, in an unsupervised hierarchical 
cluster analysis, the total miRNA expression profile could not generate a tree with clear distinction 
between pathologic complete response (pCR) and non-pCR classes, we found that elevated ex-
pression of miR-125b and miR-141 was associated with non-pCR. In vitro experiments indicated 
that inhibition of miR-125b and miR-141 expression reduced cellular survival in response to 
taxane-anthracycline treatment. Furthermore, co-transfection with miR-125b and miR-141 mimics 
increased resistance of MCF7 and BT549 cells to taxane-anthracycline induced cytotoxicity. 
Pathway analyses indicated that many of the target proteins of miR-125b are involved in apoptotic 
pathways and cell cycle control. Together, we provide evidence that elevated miR-125b and 141 
expression predicts a poor clinical responsiveness of taxane-anthracycline-based neoadjuvant 
chemotherapy. 

Key words: breast cancer; microRNA; neoadjuvant chemotherapy; pathologic complete response; 
predictive biomarkers. 

Introduction 
Neoadjuvant chemotherapy for breast cancer is 

an important therapeutic modality that can reduce the 
tumor mass, eliminate distant micro-metastases, im-
prove operability, and even allow breast-conserving 
surgery to take place in some cases [1]. The tax-
ane-anthracycline regimen is commonly used in ne-

oadjuvant chemotherapy. Pathologic complete re-
sponse (pCR), in which no invasion, and no in-site 
residuals are present in breast and nodes after treat-
ment, is the criteria used to discriminate between pa-
tients with favorable and unfavorable outcomes of 
taxane-anthracycline-based neoadjuvant chemother-
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apy [2, 3]. However, a portion of the patient popula-
tion does not achieve pCR after this particular com-
bination chemotherapy, subsequently affecting their 
overall clinical outcome [2, 3]. The underlying molec-
ular mechanisms of chemoresistance remain unclear, 
making it critical to identify molecular biomarkers 
that can predict the outcome of neoadjuvant chemo-
therapy.  

MicroRNAs (miRNAs) are small noncoding 
RNAs of ~22 nucleotides that negatively regulate 
protein expression, primarily by complementary 
binding to the 3′ untranslated region (UTR) of target 
messenger RNA (mRNA), resulting in mRNA cleav-
age or translation repression [4]. About 50% of anno-
tated human miRNA genes are located in chromoso-
mal fragile sites that are susceptible to structural ge-
nomic alterations during tumor development [5], 
suggesting that there are tumor specific miRNA pro-
files. Indeed, aberrant expression of miRNAs has been 
shown to be associated with many types of cancers 
[6-11]. MiRNAs also regulate the responses of tumor 
cells to therapeutic agents, as many of them are criti-
cal determinants of the DNA damage response 
(DDR), a pro-survival mechanism in the presence of 
DNA damage [12] .  

In order to define a potential role of specific 
miRNAs as biomarkers in the chemotherapeutic re-
sponses to taxane-anthracycline-based neoadjuvant 
chemotherapy, we conducted miRNA TaqMan 
Low-Density Array (TLDA), and determined that the 
elevated expression of miR-125b and miR-141 corre-
lated with chemoresistance in breast cancer patients 
receiving neoadjuvant chemotherapy.  

Materials and methods 
Cell lines 

MCF7 and BT549 cells (Obtained from American 
Type Culture Collection, Manassas, VA, USA ) were 
maintained in Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% FBS (Invitrogen, Carlsbad, 
CA) and 50 mg/ml of penicillin/streptomycin (Invi-
trogen) in humidified 37°C chambers with 5% CO2. 
Taxane and anthracycline were obtained from Sigma 
(St. Louis, MO). 

Clinical Cases 
Written informed consent was obtained from all 

patients, and the study was approved by the institu-
tional review board. Formalin-fixed paraf-
fin-embedded (FFPE) cancer tissues were collected 
from breast cancer patients by needle aspiration, and 
were stored at the Tianjin Medical University Cancer 
Institute and Hospital (Table 1). Only patients who 
received at least four cycles of systemic neoadjuvant 
chemotherapy treatment were included in the study. 

The histological response to neoadjuvant chemo-
therapy was characterized as a pathologic complete 
response (pCR) when there was no evidence of re-
sidual invasive tumor in the breast, or axillary lymph 
nodes. None of the patients included in this study 
received radiation or chemotherapy prior to needle 
aspiration.  

 

Table 1. Patient Clinical Features 

No. Age(years) ER (%)† PgR (%)‡ HER-2§ pCR status¶ 
1 43 15 <1 - pCR 
2 58 40 30 + pCR 
3 48 <1 <1 - pCR 
4 46 65 45 - pCR 
5 53 <1 <1 ++ pCR 
6 25 70 20 ++ pCR 
7 49 90 <1 - pCR 
8 45 20 <1 + pCR 
9 36 <1 <1 - pCR 
10 62 <1 <1 ++ pCR 
11 51 60 45 + non-pCR 
12 57 <1 20 +++ non-pCR 
13 65 70 10 - non-pCR 
14 59 <1 5 ++ non-pCR 
15 37 70 70 + non-pCR 
16 23 95 25 + non-pCR 
17 43 <1 <1 ++ non-pCR 
18 35 70 <1 - non-pCR 
19 48 <1 <1 +++ non-pCR 
20 57 <1 <1 +++ non-pCR 
21 43 <1 <1 +++ non-pCR 
† ER,estrogen receptor 
‡ PgR, progesterone receptor 
§HER-2, human epidermal growth factor receptor 2 
¶ pCR ,pathologic complete response 

 
 

RNA Extraction 
Above 5 sections (10 μm in thickness) of each 

FFPE tissue were taken. The areas for sampling were 
circled on the H&E-stained slides by pathologists and 
then marked on 10 μm-thickness sections to achieve 
high tumor content (>70%). For FFPE samples, total 
RNA was isolated using the RecoverAll Total Nucleic 
Acid Isolation Kit (Ambion, Austin, USA), following 
the manufacturer’s protocol. 

MiRNA Profiling Using the TaqMan 
Low-Density Array 

The TaqMan Low-Density Array (TLDA) v3.0 
(Applied Biosystems, Foster City, CA) were utilized 
for miRNA profiling. We analyzed each sample with 
an A & B card for detection of a total of 754 miRNAs, 
along with endogenous and negative controls. We 
then carried out qRT-PCR on an Applied Biosystems 
7900HT thermocycler. SDS software v2.4 (threshold, 
0.1) was used to analyze real-time PCR data and the 
GeneSpring software v12.1 (Agilent Technology) was 
used for relative miRNA levels.  
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Target Gene Analysis 
Using TargetScan, the list of mRNAs predicted 

to be targeted by the candidate miRNAs were ob-
tained [13]. The predicted target mRNAs were ana-
lyzed for different signaling pathways by MAS 3.0 
(Molecule Annotation System) server with default 
setting (bioinfo.capitalbio.com/mas3).  

Cell Viability Assay 
A total of 5×103 cells/well was seeded in 96-well 

plates. 24 hours later, miR-125b and miR-141 mimics 
were co-transfected into MCF7 or BT549 cells. 48 
hours after transfection, taxane and anthracycline 
were added into cell culture medium. Cell viability 
was determined 24 hours after transfection using 
CCK-8 (Cell Counting Kit-8, Dojindo Laboratories, 
Japan).  

Transfection 
Anti-miR inhibitors and miR-mimics were pur-

chased from Shanghai GenePharma, including 
has-miR-125b, has-miR-141, anti-miR-125b oligonu-
cleotides, anti-miR-141 oligonucleotides ,an an-
ti-miR-inhibitor negative control, and an miR-mimic 
negative control. Inhibitors and mimics were diluted 
to a working solution of 20µM in nuclease free water, 
and transfected into cells either individually at a final 
concentration of 25nM, or in combination at a final 
concentration of 12.5nM for each construct for a total 
of 25nM.  

Statistical Analysis 
For the qRT-PCR data, the relative expression 

level of each target miRNA (Log2 relative level) was 
calculated according to the difference in CT values 
between the target miRNA and internal control (∆CT). 
Using unpaired t test, ∆CTs were analyzed by 
GeneSpring software to find out the differentially 
expressed miRNAs between the pCR and non-pCR 
groups. T test was performed to analyze the CCK-8 
assay data using SPSS 18.0. A p value <0.05 was con-
sidered statistically significant.  

Results 
miR-125b and miR-141 are upregulated in 
non-pCR breast cancer patients. 

In order to identify a potential miRNA signature 
that could serve as a biomarker in breast cancer neo-
adjuvant chemotherapy, we tested miRNA profiles of 
21 patients with breast cancer who had also received 
neoadjuvant anthracycline-taxane-based chemother-
apy (Table 1). The median age of the patients at time 
of study entry was 48 years (range, 23 to 65 years). Of 
the patients participating, 10 patients achieved pCR 

following standard neoadjuvant chemotherapy. Tu-
mors stained positive for estrogen receptor (ER) in 11 
(52.4%), for progesterone receptor (PgR) in 9 patients 
(42.9%), and for human epidermal growth factor re-
ceptor 2 (HER2) in 14 patients (66.7%) (Table 1). 
Among these 21 patients, there are 2 cases (9.5%) of 
triple negative breast cancer (TNBC) which do not 
express the ER,PR and HER2 receptors. 

For the TLDA analysis, miRNAs with the 
threshold cycle (CT) value lower than 35 in at least 10 
patients were included into the study. Of the 754 
miRNAs incorporated in the array, 333 miRNAs met 
the inclusion criteria. Using an unsupervised hierar-
chical cluster analysis of these selected miRNAs, a 
hierarchical tree was generated with no clear distinc-
tion in the miRNA expression levels between pCR 
and non-pCR classes (Fig. 1). However, this hierar-
chical tree could clearly separate ER positive and 
negative patients with only one exception.  

 Finally, to identify neoadjuvant chemotherapy 
sensitivity associated miRNAs, we followed two in-
clusion criteria to distinguish differential expression 
of miRNAs between pCR and non-pCR groups: (1) 
miRNA levels exhibiting > 1.5-fold difference be-
tween the two groups; and (2) p value of t-test being < 
0.05 as statistically significant. As shown in Fig. 2, 
miR-125b and miR-141 were found significantly ele-
vated in non-pCR patients compared with pCR pa-
tients (miR-125b, p = 0.01, fold change 8.14; miR-141, 
p = 0.016, fold change 18.96). 

Overexpression of miR-125b and miR-141 re-
sults in chemosensitivity in vitro. 

To validate whether elevated expression of 
miR-125b and miR-141 is associated with chemo-
resistance, we overexpressed these miRNAs, along 
with negative controls, in MCF7 or BT549 breast can-
cer cell lines. Compared with the control, overexpres-
sion of miR-125b and miR-141 markedly inhibited 
taxane-anthracycline induced cell cytotoxicity in 
MCF7 and BT549 cells, as measured by OD450 (Fig. 3). 

Inhibition of miR-125b and miR-141 reduces 
chemoresistance in vitro.  

To further validate the correlation of miR-125b 
and miR-141 expression with chemosensitivity, we 
also transfected anti-miR-125b and anti-miR-141 oli-
gonucleotides into the MCF7 or BT549 cells and ana-
lyzed the change in chemosensitivity to taxane and 
anthracycline treatment. As shown in Fig. 4, the 
miR-125b and miR-141 inhibitors significantly in-
creased the sensitivity of MCF7 and BT549 cells to 
taxane and anthracycline when compared to control 
cells. 
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miR-125b mediated apoptotic and 
DNA damage response pathways 
likely contribute to chemo-
resistance. 

To further investigate the possible 
mechanism of miR-125b and miR-141 in 
chemosensitivity, we conducted KEGG 
(Kyoto Encyclopedia of Genes and Ge-
nomes) pathway analysis to identify po-
tential upstream and downstream targets 
that might be associated with chemo-
resistance. We found that one potential 
upstream regulator of miRNA -125b bi-
ogenesis is the DNA damage response 
protein kinase ataxia-telangiectasia mu-
tated (ATM). The induction of miRNA 
biogenesis upon DNA damage is de-
pendent on ATM kinase activity. This 
regulation can be linked to the direct 
binding and phosphorylation of KSRP 
(KH-type splicing regulatory protein) by 
ATM. KSRP is a component of the 
Drosha and Dicer complexes, and also 
regulates the maturation of a handful of 
miRNAs involved in cell proliferation 
and apoptotic pathways [14]. One of the 
miRNAs regulated by KSRP is miR-125b. 
It is highly likely that the elevated levels 
of miR-125b correlate with hy-
per-activated ATM in the tissues, and the 
subsequent phosphorylated KSRP in the 
presence of DNA damage. Most of the 
downstream targets of miR-125b, shown 
in Fig. 5, are validated targets which are 
involved in apoptotic pathways, as well 
as in and cell cycle regulation.  

Unlike miR-125b, there is no direct 
link between the activation of ATM and 
the up-regulation of miR-141. The 
up-regulation of miR-141, a member of 
the miR-200a family, is most likely due to 
stress induced senescence, which would 
result from the activation of the DNA 
damage repair pathway [15]. A String 
pathway analysis of the list of known 
targets of this particular miRNA indi-
cates that there is a direct link to cell 
proliferation and apoptosis pathways, 
but not directly linked to DNA damage 
response pathways. 

 
Fig. 1. Heat map and cluster dendrogram of detected miRNAs. miRNA expression patterns of 21 
pre-treatment needle aspiration tumor FFPE samples were examined using TLDA arrays. A total of 
333 miRNA were expressed at a significant level (Ct < 35 in at least 10 samples). ER, PgR, HER2 and 
neoadjuvant response for each patient were presented. Using Pearson centered distance matrix 
and the centroid-linkage method, delta Ct of miRNAs were subjected to hierarchical clustering 
analysis. 
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Fig. 2. miR-125b and miR-141 levels in non-pCR and pCR pre-treatment needle aspiration FFPE tumor samples. Expression levels of the miRNAs are normalized to 
U6 snRNA (Log2 relative level). 

 
Fig. 3. Restoring the expression of miR-125b and miR-141 inhibited taxane-anthracycline induced cell cytotoxicity in MCF7 and BT549 cells. MCF7 or BT549 cells 
cotransfected with miR-125b and miR-141 were seeded into 96-well plate at the density of 5×103 cells/well and then treated with taxane-anthracycline for 24 h (48 
h after transfection). Results of the means of ten assays with standard deviation of the mean are presented ***, p < 0.001 

 
Fig. 4. Inhibition of miR-125b and miR-141 reduces chemoresistance in vitro. MCF7 or BT549 cells cotransfected with anti-miR-125b and anti-miR 141 oligonucleotides 
were seeded into 96-well plate at the density of 5×103 cells/well and then treated with taxane-anthracycline for 24 h (48 h after transfection). Results of the means 
of ten assays with standard deviation of the mean are presented. 

 

Discussion 
Breast cancer neoadjuvant treatment serves to 

reduce the tumor size so that a breast-conserving 
surgery can be performed. Biomarkers that have pre-
dictive values for tumor responses would provide 
critical information to identify a subset of patients that 
could benefit from the neoadjuvant therapy. In this 
report, we identified that the expression levels of two 
miRNAs (miRNA-125b and miRNA-141) can predict 
the clinical response to taxane-anthracycline-based 
neoadjuvant chemotherapy.  

In the clinical setting, pCR has been used to pre-

dict long-term outcome of patients who received ne-
oadjuvant chemotherapy and is therefore a potential 
surrogate marker for survival. However, for a long 
time there has been little agreement regarding the 
precise definition of what constitutes a pCR. Von 
Minckwitz et al attempted to standardize the method 
of reporting a true pCR by examining more than 6,000 
patients treated in a series clinical trials of neoadju-
vant anthracycline and taxane based chemotherapy 
[2, 3]. They compared multiple existing definitions of 
pCR to determine how robust each definition serves 
as a surrogate for patient survival outcomes and 
found that the least residual cancer after treatment in 
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the breast and nodes was highly correlated with better 
survival [2, 3]. This standard of pCR was used in the 
present study that the biopsy before neoadjuvant 
chemotherapy is suitable for identifying treat-
ment-sensitivity associated miRNAs. Our findings 
may help select patients that will eventually benefit 
from taxane-anthracycline -based neoadjuvant chem-
otherapy. 

Alteration of miRNA frequently has been ob-
served in breast cancer. Dysregulated miRNAs affect 
not only carcinogenesis progress, but also can have a 
direct impact on sensitivity to chemotherapy and ra-
diotherapy [16]. The two miRNAs identified in this 
study are no exception. miR-125b has been reported to 
be overexpressed in breast cancer. Zhou et al found 
that miR-125b was up-regulated in Taxol-resistant 
breast cancer cells and could confer Taxol resistance 
through the suppression of BAK1 expression [17]. 
Another report from the same group showed that 
overexpression of Snail in breast cancer cells dramat-
ically increases the expression of miR-125b through 
the Snail-activated Wnt/β-catenin/TCF4 axis [18]. 
Moreover, miR-125b was also shown to be involved in 
chemotherapy resistance in other caners [19, 20]. For 
example, miR-125b promoted leukemia cell resistance 
to daunorubicin (an anthracycline family member) by 
inhibiting apoptosis [20]. On the other hand, miR-141 

is overexpressed in cisplatin resistant ovarian, gastric 
and esophageal squamous cancer cells by targeting 
KEAP1 and YAP1 [21-23].  

Pathway analysis conducted has indicated po-
tential mechanisms of miRNA-125b in chemo-
resistance. For example, miR-125b is linked to KSRP 
mediated biogenesis, which is also dependent on the 
ATM kinase. Elevated levels of miR-125b might cor-
relate with ATM activity. This is consistent with our 
recent findings regarding ERα regulation of ATM 
expression in breast cancer tissues [24]. Furthermore, 
activation of ATM–Snail pathway in the DNA dam-
age response also echoes the link of miR-125b in the 
chemoresistant pathway [25, 26].  

In conclusion, using Taqman Human miRNA 
Low-Density Array, global miRNA profiling of pCR 
and non-pCR tissues has identified differentially ex-
pressed miRNAs. Among them, miR-125b and 
miR-141 were found to be up-regulated in 
pre-treatment needle aspiration tumor samples in 
non-pCR patients. Our study revealed the global pat-
terns of miRNA in pCR and non-pCR tumor tissues, 
and has led to the identification of miR-125b and 
miR-141 as potential molecular biomarkers that can 
predict the clinical outcome in breast cancer patients 
who will receive taxane-anthracycline -based neoad-
juvant chemotherapy. 

 
Fig. 5. Network Map of proteins that are validated targets of miR-125b. All of these proteins are involved in apoptotic pathways and cell cycle control, with the 
exception of the ID proteins. Those are involved in DNA binding. The UGT proteins are involved in the clearance of toxic substances. 
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