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Abstract. Cancer patients who better benefit from neoadjuvant 
chemotherapy (NeoCh) are those who achieve a successful 
pathological complete response (pCR) represented by the 
absence of residual disease. Unfortunately, no highly sensi-
tive and specific tumor biomarkers for predicting the clinical 
response to NeoCh have yet been defined. The aim of the present 
study was to ascertain whether miR‑145‑5p could discriminate 
between pCR and no‑pCR in triple‑negative breast cancer 
patients that received a cisplatin/doxorubicin‑based neoad-
juvant treatment. miR‑145‑5p expression was determined in 
breast tumors by quantitative RT‑PCR. Our data showed that 
miR‑145‑5p had a significant low expression (P<0.005) in 
patients that achieved pCR in comparison to the non‑responder 
group. Kaplan Meier analysis indicated that low levels of 
miR‑145‑5p were associated with increased disease‑free 
survival. In addition, receiver operating characteristic (ROC) 
curve analysis suggested that miR‑145‑5p is a good predictor 
of pCR (P<0.003, AUC=0.7899, 95%  CI, 0.6382‑0.9416). 
Quantitative RT‑PCR expression analysis also revealed that 
miR‑145‑5p was downregulated in four breast cancer cell lines 
relative to normal cells. To study the functions of miR‑145‑5p, 
its expression was restored in triple‑negative MDA‑MB‑231 

cells and its effects in cell proliferation were evaluated by 
MTT assays and in apoptosis using Annexin V experiments. 
Data revealed that ectopic expression of miR‑145‑5p resulted 
in a significant inhibition of cell proliferation and also induced 
apoptosis. Moreover, miR‑145‑5p led to sensitization of breast 
cancer cells to cisplatin therapy. In addition, western blot 
assays indicated that miR‑145‑5p downregulated the TGFβR2 
protein. In conclusion, miR‑145‑5p could be a potential 
biomarker of clinical response to NeoCh in triple‑negative 
breast cancer. Functionally miR‑145‑5p may regulate cell 
proliferation, at least in part, by targeting TGFβR2.

Introduction

Pathological complete response (pCR) is defined by the rate 
of the absence of residual invasive breast cancer disease after 
preoperative neoadjuvant chemotherapy (NeoCh), and pCR 
has been used as the primary end point in many neoadjuvant 
trials (1). NeoCh constitutes an important standard approach 
for locally advanced breast cancer, and it takes place before 
surgical extraction of tumors with the objective of reducing 
high tumor size (2). This procedure aims to render locally 
advanced cancers operable, to facilitate the removal of tumors, 
to allow breast‑conserving surgery, and to improve postopera-
tive recovery and long‑term outcome for the patients (3,4). In 
addition, neoadjuvant trials provide the opportunity to test 
new drugs preoperatively in patients with locally invasive 
breast cancer accordingly to subtypes and hormonal receptor 
status (5‑7). Large multi‑centric studies have stablished that 
patients who better benefit from NeoCh are those who achieve a 
successful pCR which has been associated with both improved 
disease‑free survival (DFS) and overall survival (OS) rates (8). 
For example, the CTNeoBC study in a large cohort of women 
with breast cancer identified a good association between pCR 
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and DFS/OS (9). However, no specific and sensitive biomarkers 
to predict the clinical response to NeoCh in breast cancer have 
yet been defined.

MicroRNAs (miRNAs) are evolutionarily conserved 
single‑stranded tiny non‑coding RNAs of 21‑25 nucleotides in 
length that function as negative post‑transcriptional regulators 
of gene expression (10). The mechanism of action of miRNAs 
relies in the partially complementary binding with the 3' 
untranslated region (UTR) of specific target mRNAs resulting 
in either translation inhibition or deadenylation‑dependent 
degradation of encoding protein transcripts in the cytoplasmic 
P‑bodies. Thus, these small RNAs function as guide molecules 
in post‑transcriptional gene silencing. miRNAs have normal 
functions in eukaryotic cells including cell growth, differen-
tiation, survival and metabolism. However, alterations in the 
transcriptional and epigenetic mechanisms leading to aber-
rant expression of miRNAs and its target genes have been 
frequently observed in breast cancer. To date, there is sufficient 
experimental evidence which strongly links miRNAs with the 
development and progression of breast cancer, as they func-
tion as oncomiRs through the regulation of tumor‑suppressor 
genes and cellular oncogenes (11). Moreover, changes in the 
abundance of miRNAs have been associated with clinical 
and pathological features of patients. Notably, miRNAs 
have also been recently investigated as potential predictors 
of clinical response to cytotoxic therapy in diverse types of 
cancers (12‑19). Previously, we reported a miRNA expression 
signature associated with pathological complete response to 
NeoCh in triple negative breast cancer patients (19). In the 
present study, we focused on the clinical and molecular analysis 
of miR‑145‑5p, as its relationships with response to therapy 
have not been addressed in triple negative breast cancer. Our 
data strongly suggest that miR‑145‑5p could be a predictor of 
pCR to NeoCh in breast cancer patients. Moreover, the present 
experimental findings demonstrated a potential function for 
miR‑145‑5p as a regulator of cell proliferation and apoptosis 
in breast cancer cells.

Materials and methods

Statement of ethics. The Breast Cancer Foundation (FUCAM) 
of Mexico provided the breast tumors and normal tissue collec-
tion. The Ethics Committee of the Breast Cancer Foundation 
(FUCAM) of Mexico approved the protocols using human 
tissues. Signed informed consent forms were obtained from 
the participants prior to release for research use. This study 
was carried out in accordance with the ethical standards of the 
committee and in accordance with the Helsinki Declaration 
of 1975.

Tissue samples. Formalin‑fixed paraffin‑embedded (FFPE) 
tissues from triple‑negative breast cancer patients (n=32) who 
received neoadjuvant cisplatin/doxorubicin‑based chemo-
therapy at FUCAM between November 2008 and August 2017 
were collected. Tumor samples were classified as with or 
without pathological complete response (pCR) to neoadjuvant 
therapy. Patients were aged between 28 and 65 years; mean age 
was 46 years in the pCR group and 53 in the no‑pCR group. 
Pathologist confirmed the existence of at least 80% tumor cells 
in the clinical specimens.

Cell lines. Human breast cancer cell lines were obtained from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA). MCF‑7 (ATCC: HTB‑22), MDA‑MB‑231 
(ATCC: HTB‑26), SKBR3 (ATCC: HTB‑30), BT‑20 (ATCC: 
HTB19) and no‑tumorigenic MCF‑10A (ATCC: CRL‑10317) 
were routinely grown in Dulbecco's modified Eagle's minimal 
essential medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), supplemented with 10% fetal 
bovine serum (FBS) and penicillin‑streptomycin (50 U/ml; 
Invitrogen; Thermo Fisher Scientific, Inc.) in 5% CO2 atmo-
sphere at 37˚C.

Reverse transcription and real‑time polymerase chain 
reaction. Five serial 20‑µm‑thick sections of FFPE tissue 
specimens were used for total RNA isolation using the 
RNeasy FFPE kit (Qiagen Inc., Valencia, CA, USA) with 
modifications to the manufacturer's protocol. Briefly, the 
sections were incubated twice in xylene for 1 h at 63˚C for 
deparaffinization followed by purification of total RNA 
using TRIzol protocol (Ambion; Thermo Fisher Scientific, 
Inc.). RNA concentration and purity were analyzed for 
spectrophotometry (NanoDrop Technologies; Thermo Fisher 
Scientific, Inc.), and integrity was evaluated by 1% agarose 
gel electrophoresis. Quantitative RT‑PCR (qRT‑PCR) assay 
of individual miR‑145 was performed using MicroRNA 
assays (cat. no. 4427975; Thermo Fisher Scientific, Inc.). 
Briefly, 10 ng total RNA were reverse transcribed using a 
stem looped‑RT specific primer, 0.15 µl dNTPs (100 mM), 
1.0  µl reverse transcriptase MultiScribe (Thermo Fisher 
Scientific, Inc.) (50 U/µl), 1.5 µl 10X buffer, 0.19 µl RNase 
inhibitor (20  U/µl) and 4.16  µl RNase‑free water. Then, 
retrotranscription reaction (1:15 dilution) was mixed with 
10 µl TaqMan Universal PCR Master Mix, No AmpErase 
UNG 2X, 7.67 µl RNase‑free water and 1.0 µl PCR probe. 
PCR reaction was performed in a GeneAmp System 9700 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) as 
follows: 95˚C for 10 min, and 40 cycles at 95˚C for 15 sec 
and 60˚C for 1 min. Tests were normalized using RNU44 
as internal control. Experiments were performed three times 
in triplicate, and the results were expressed as mean ± SD. 
Relative quantification was referred as ΔΔCq as previously 
described (20). P<0.05 was considered to indicate statistical 
significance.

miR‑145‑5p restoration in breast cancer cells. miR‑145‑5p 
mimics (60  nM, GUC​CAG​UUU​UCC​CAG​GAA​UCC​CU; 
Thermo Fisher Scientific, Inc.) and scramble sequence used as 
a negative control (60 nM, AM17110; Thermo Fisher Scientific, 
Inc.) were individually transfected into MDA‑MB‑231 cells 
using siPORT amine transfection agent (Ambion; Thermo 
Fisher Scientific, Inc.). Briefly, miR‑145‑5p and scramble 
were added to wells containing 1x107 cells and incubated 
for 48 h. Then, total RNA was extracted using TRIzol and 
miR‑145‑5p restoration was evaluated by qRT‑PCR using 
specific stem‑looped RT oligonucleotide and TaqMan probe 
(4427975; Thermo Fisher Scientific, Inc.) as implemented 
in the TaqMan MicroRNA Assay protocol. Experiments 
were performed three times in triplicate and the results are 
expressed as mean ± SD. P<0.05 was considered to indicate 
statistical significance.
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Cell proliferation assays. Cell proliferation was measured 
using the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetra-
zolium bromide (MTT) assay (5  mg/ml; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). MTT reagent was added 
to the MDA‑MB‑231 cells (1x105/well) transfected with mimic 
miR‑145‑5p or scramble and mock and incubated for 3.5 h at 
37˚C. Then, dissolution buffer (99% isopropanol) was added to 
the cells and incubated for an additional 15 min. Absorbance 
was recorded at 12 h using a spectrophotometer (570‑630 nm). 
Data were analyzed using BioStat software (AnalystSoft, Inc., 
Walnut, CA, USA). Experiments were performed three times 
in triplicate and the results are expressed as mean ± SD. P<0.05 
was considered to indicate statistical significance.

Fluorescence‑activated cell sorting assays (FACS). 
MDA‑MB‑231 cells (2x105) were treated for 48 h with siPORT 
transfection agent (mock), scramble (60  nM) and mimic 
miR‑145‑5p (60 nM). Cisplatin (56 µM, IC50) was added to the 
miR‑145‑5p mimic‑transfected cells and to the non‑transfected 
cells and incubated by 24 h. Subsequently, cells were harvested, 
washed twice with phosphate‑buffered saline (PBS) 1X and 
resuspended in 100 µl buffer (10 mM HEPES, 140 mM NaCl and 
2.5 mM CaCl2), and processed for apoptosis assays and FACS 
following the manufacturer's instructions (Annexin V‑FLUOS 
staining kit; Roche Diagnostics, Basel, Switzerland). Briefly, 
the cells were stained with 2 µl Annexin V‑FITC and 2 µl 
propidium iodide (PI) mixed with 100 µl incubation buffer for 
15 min, washed with 500 µl binding buffer and resuspended 
in 300 µl PBS 1X. Apoptosis events were evaluated using 
the FACSCalibur flow cytometer [BD  Immunocytometry 
Systems (BDIS); BD Biosciences, Franklin Lakes, NJ, USA). 
Briefly, Annexin V and PI emissions were detected in the 
FL‑1 and FL‑2 channels, respectively. For each sample, data 
from 20,000 cells were acquired in list mode on logarithmic 
scales. Data were analyzed using the Summit V4.3 software 
(Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) 
and the results are represented as the total percentage of 
apoptotic cells as the sum of both early and late phases of 
apoptosis (Annexin V‑FITC‑positive). Assays were performed 
in triplicate and data are expressed as mean ± SD. P<0.05 was 
considered to indicate statistical significance.

Bioinformatic prediction of miR‑145‑5p gene targets. miR‑145 
target genes were predicted using TargetScan v.7.2 (http://www.
targetscan.org/vert_72/), miRWalk v.2.0 (http://mirwalk.umm.
uni‑heidelberg.de/) and PicTar (https://pictar.mdc‑berlin.de/) 
software. Only those gene targets predicted by the three algo-
rithms were included in downstream analysis. Cellular pathways 
and processes potentially affected by miR‑145‑5p were predicted 
using DAVID v.6.7 software (https://david.ncifcrf.gov/).

Kaplan‑Meier analysis. Kaplan‑Meier method was used 
to evaluate the disease‑free survival (DFS) associated 
with miR‑145‑5p expression in breast cancer patients. The 
significance of the survival differences was determined by the 
log‑rank test with 95% confidence intervals (CI).

Western blot analysis. Whole protein extracts from 
MDA‑MB‑231 cells transfected with miR‑145‑5p (60 nM) 
mimic, scramble (60  nM) or mock were obtained using 

TNTE buffer (50 mM TRIS‑HCl pH 7.4, 150 mM NaCl, 0.5% 
Triton X‑100 and 5 mM EDTA) supplemented with complete 
protease inhibitor cocktail (Roche Molecular Biochemicals, 
Penzberg, Upper Bavaria, Germany). Protein extracts (40 µg) 
were separated by 10% SDS‑PAGE and electrotransferred to 
nitrocellulose membrane (Bio‑Rad Laboratories, Hercules, 
CA, USA). After blocking with 5% non‑fat dry milk and 0.05% 
Tween‑20 in PBS pH 7.4 overnight at 4˚C, the membranes 
were probed with the TGFβR2 antibody (dilution  1:500; 
cat.  no.  ab78419; Abcam, Cambridge, UK) overnight at 
4˚C. For detection, the membranes were incubated with 
peroxidase‑conjugated goat anti‑mouse secondary antibodies 
(dilution 1:2,000; cat. no. G‑21040; Molecular Probes; Thermo 
Fisher Scientific, Inc.) in 5% non‑fat dry milk and 0.05% 
Tween‑20 in PBS pH 7.4 and immunocomplexes were devel-
oped using the ECL chemiluminescence system (Amersham 
Pharmacia Biotech, Little Chalfont, UK). Membranes were 
subjected to striping and re‑blotting with GAPDH monoclonal 
antibodies (dilution 1:2,000; cat. no. sc‑47724; Santa Cruz 
Biotechnology, Santa  Cruz, CA, USA). Densitometric 
analysis of immunodetected bands in western blots assays 
was performed using the public domain ImageJ software 
(https://imagej.nih.gov/ij/index.html).

Statistical analysis. A t‑test was used to identify significant 
differences in miRNA expression between patients with 
pathological complete response to chemotherapy treatment in 
comparison to the non‑responder group. For parametric data 
we used one‑way analysis of variance (ANOVA) to compare 
between groups. A P<0.05 was considered as statistically 
significant. GraphPad Prism v.5 was used for statistical anla-
ysis (https://www.graphpad.com/scientific‑software/prism/). 
Experiments were performed three times in triplicate and the 
results were represented as mean ± standard deviation (SD).

Results

Low miR‑145‑5p levels are associated with response to 
chemotherapy and higher disease‑free survival. Breast cancer 
tumors were collected from a cohort of patients (n=32) diag-
nosed with locally advanced triple‑negative breast cancer. 
Tissues were tested by immunohistochemistry to confirm 
the triple‑negative status. To evaluate whether changes in 
miR‑145‑5p expression levels could identify the breast cancer 
patients that achieved pCR from no‑responder individuals, 
we set up stem‑loop reverse transcription‑quantitative PCR 
(RT‑PCR) experiments. Our data from the 2‑ΔΔCq analyses 
showed that miR‑145‑5p was differentially expressed between 
both groups (Fig. 1A). miR‑145‑5p exhibited a significantly 
low expression (P<0.0047) in patients that achieved a patho-
logical complete response (pCR) to chemotherapy treatment in 
comparison to the non‑responder group. Kaplan‑Meier survival 
analysis for miR‑145‑5p expression was performed to estimate 
the disease‑free survival (DFS) in the triple‑negative breast 
cancer patients. Patients were dichotomized at their median 
into two groups with low and high miR‑145‑5p expression 
according to quantile expression. The log‑rank (Mantel‑Cox) 
test identified significant differences (P<0.0007) between the 
groups of patients with a median survival of 104 months in the 
pCR group (95% CI, 0.03462‑0.2513). Breast cancer patients 
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with low levels of miR‑145‑5p had a higher DFS in comparison 
to the patients with high levels of miR‑145‑5p (Fig. 1B). In 
contrast, breast cancer patients with high levels of miR‑145‑5p 
did not respond to the chemotherapy regimen and had a worst 
outcome. Moreover, receiver operating characteristic (ROC) 
curve analysis suggested that miR‑145‑5p could be a predictor 
of pCR. The area under the curve (AUC) was 0.7899 (P<0.0035, 
95% CI, 0.6382‑0.9416) (Fig. 1C).

miR‑145‑5p is downregulated in breast cancer cell lines 
and impairs cell proliferation. To investigate the biological 
relevance of miR‑145‑5p, its expression was evaluated in 
breast cancer cells using stem‑loop RT‑PCR assays. Data 
showed that miR‑145‑5p expression was significantly down-
regulated in BT‑20, MDA‑MB‑231, MCF‑7 and SK‑BR‑3 
breast cancer cell lines in comparison to MCF‑10A normal 
mammary cells (Fig. 2A). We next aimed to ascertain whether 

Figure 1. (A) Relative expression of miR‑145‑5p in patients with (n=12) pathological complete response (pCR) or without pCR (n=25) (no‑pCR) to neoadjuvant 
chemotherapy. Data were normalized with RNU44 values. Data were analyzed using the Student's t‑test. **P=0.0047. (B) Kaplan‑Meier analysis of disease‑free 
survival for patients with low and high levels of miR‑145‑5p. (C) ROC curve of miR‑145‑5p expression. ROC, receiver operating characteristic; AUC, area 
under curve; CI, confidence interval. 

Figure 2. (A) miR‑145‑5p expression in breast cancer cell lines and non‑tumorigenic cells. (B) Validation of miR‑145‑5p mimics in MDA‑MB‑231 cells. 
(C) MTT assays in cells transfected with miR‑145‑5p, scramble and without transfection. Data were analyzed using one‑way analysis of variance (ANOVA) 
to compare between groups.
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forced expression of miR‑145‑5p has negative effects on cell 
proliferation using MTT assays. BT‑20 cells were initially 
used for miR‑145‑5p analysis. However, after RNA mimic 
transfection, we repeatedly observed a large decrease in cell 
viability (80%) indicating an effect on this cell line which 
impeded to continue with further characterization (data not 
shown). Thus, we decided to use the MDA‑MB‑231 cells as 
a model for functional assays as also it exhibited a significant 
and important downregulation of miR‑145‑5p expression. 
Transfection of miR‑145‑5p mimics (30 nM) was effective 
to restore the expression by 20‑fold in MDA‑MB‑231 cells 
in comparison to the non‑transfected and scramble negative 
control transfected cells (Fig. 2B). Cell proliferation assay data 
indicated that the growth rate of triple‑negative MDA‑MB‑231 
cells transfected with precursor miR‑145‑5p  (60 nM) was 
significantly (P<0.001) decreased at an early (12 h) to late (48 h) 
time of incubation in comparison with the mock and scramble 
control cells (Fig. 2C).

miR‑145‑5p restoration induces apoptosis and sensitizes breast 
cancer cells to cisplatin therapy. It was next evaluated whether 
miR‑145‑5p overexpression results in apoptosis activation. For 
this purpose Annexin V assays and fluorescence‑activated 
cell sorting were performed. Results showed that treatment 
with miR‑145‑5p mimics was able to induce a modest but 
significant increase in apoptosis of MDA‑MB‑231 cells rela-
tive to the mock and scramble‑transfected controls (Fig. 3A). 
Then, we evaluated the effect of miR‑145‑5p in the response 
to cisplatin in MDA‑MB‑231 breast cancer cells. Both 
precursor miR‑145‑5p‑transfected and non‑transfected cells 
were submitted to cisplatin  (IC50 55 µM) monotherapy for 
48 h. Notably, combined dual therapy using miR‑145‑5p plus 
cisplatin induced a synergistic increase (P<0.05) in the early 
and late apoptosis of MDA‑MB‑231 cells in comparison to 
cisplatin alone (Fig. 3B). These data indicate that miR‑145‑5p 
sensitizes breast cancer cells to cisplatin therapy.

miR‑145‑5p modulates diverse oncogenic signaling pathways. 
In order to obtain insight concerning the molecular mecha-
nisms of miR‑145‑5p in breast cancer, a bioinformatic analysis 
of potential target genes was performed using TargetScan 7.2, 
miRWalk  v.2.0 and PicTar softwares as described in 
Materials and methods. Our computational analysis identify 
1,007 potential gene targets of miR‑145‑5p many of them 
involved in the regulation of diverse transducers with pivotal 
functions in oncogenic signaling pathways including TGFβ, 
PI3K/AKT, ErbB, VEGF/MAPK, FOXO, FAK, JAK/STAT 
and mTOR (Fig. 4). Collectively these signaling transduc-
tion pathways may regulate apoptosis, cell cycle, migration, 
metastasis and survival of tumor cells which highlights the 
potential tumor‑suppressor functions of miR‑145‑5p. Of these 
pathways, we focused on the study of TGFβ due to its role as 
an oncogenic pathway at the advanced stages of disease.

miR‑145‑5p downregulates TGFβR2 protein. TGFβ signaling 
functions as a function of tumor suppressors or oncogenes 
during early and late stages of carcinogenesis, respectively (21). 
Our bioinformatic analyses identified two potential miR‑145‑5p 
binding sites in the 3'UTR of the TGFβR2 gene (Fig. 5A). Given 
its importance in the positive regulation of cancer hallmarks, 
we decided to ascertain whether miR‑145‑5p exerts a potential 
posttranscriptional repression of TGFβR2. For this purpose, 
western blot assays were performed using specific antibodies 
and whole protein extracts from MDA‑MB‑231 cells trans-
fected with precursor miR‑145‑5p and non‑transfected mock 
and scramble‑transfected controls. Our data revealed that 
miR‑145‑5p mimics resulted in a significant  (P<0.05) and 
severe downregulation of TGFβR2 protein levels in compar-
ison to mock and scramble controls (Fig. 5B and C). GADPH 
levels used as control did not show significant changes after 
miR‑145‑5p treatment  (Fig.  5B). These data indicate that 
miR‑145‑5p negatively regulates TGFβR2 by a direct or indi-
rect mechanism.

Figure 3. miR‑145‑5p induces apoptosis. (A) Annexin V assays of miR‑154‑5p‑transfected cells and controls. (B)  Graphical representation of assays in A. Data 
were analyzed using one‑way ANOVA to compare between groups. Bars represents the mean of three independent experiments ± SD. P<0.05.
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Discussion

Currently, there are no effective methods to identify breast 
cancer patients who would benefit from neoadjuvant therapy. 
Thus, there is a need to identify novel biomarkers that may 
predict clinical response to therapy and will achieve a 
pathological complete response. Recent studies revealed 
that changes in miRNA expression could be associated with 

successful pathological complete response (pCR) after neoad-
juvant treatment in different types of human cancers (5‑7). 
In order to contribute to the scarce list of potential predic-
tors of clinical response to chemotherapy in breast cancer, 
in the present study, analysis of miR‑145‑5p was focused on 
as a potential predictor for pCR to NeoCh in triple‑negative 
breast cancer patients. First, it was shown that low miR‑145‑5p 
levels were significantly associated with pCR to neoadjuvant 

Figure 5. Western blot analysis of TGFβR2. (A) Predictions of miR‑145‑5p binding sites in 3'UTR of TGFβR2. (B) Western blot analysis of transfected cells 
with miR‑145‑5p and controls. (C) Densitometric analysis of bands in B. Data were analyzed using one‑way ANOVA to compare between groups. Data are 
represented as the mean ± SD. UTR, 3' untranslated region. *P<0.05.

Figure 4. miRNA‑mRNA interactions. Pathways in cancer modulated by deregulated miR‑145‑5p are depicted. KEGG tool algorithm was used to predict the 
interactions (P<0.05). KEGG, Kyoto Encyclopedia of Genes and Genomes.
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therapy. Receiver operating characteristic  (ROC) curve 
analysis suggested that miR‑145‑5p could be a predictor 
of pCR (P<0.0035, AUC=0.7899; 95% CI, 0.6382‑0.9416). 
Moreover, low levels of miR‑145‑5p also predicted a higher 
disease‑free survival (Fig. 1). These data are relevant and high-
light the potential of miR‑145‑5p as a biomarker of response to 
therapy.

It is important to note that during chemotherapy treat-
ments, miRNA dynamics is a complex event. Before NeoCh, 
we distinguish two groups of patients: i) a group with very low 
miR‑145 (low miR‑145‑5p); and ii) a group with relative high 
expression (high miR‑145‑5p). Remarkably, both groups of 
cancer patients had lower expression of miR‑145‑5p in compar-
ison to normal cell lines (Fig. 2A) and tissues, as expected for a 
tumor‑suppressor gene. In our cohort of patients, relative high 
expression of miR‑145‑5p before the therapy was associated 
with a worse response to chemotherapy (no‑pCR) (Fig. 1A) 
and low disease‑free survival  (DFS) in comparison to the 
miR‑145‑5p low group  (Fig.  1B). These data confirm our 
previous global miRNA profiling findings in pCR and no‑pCR 
patients treated with a novel chemotherapeutic regimen (19). 
In addition, it has been reported that several miRNAs with 
known oncogenic or tumor‑suppressor functions frequently 
exhibit significant up‑ and down‑variations in their expression 
levels before, during and after chemotherapy, indicating the 
profound effect of drugs in miRNA regulation. Therefore, 
alterations in miRNA abundance are not always associated 
with its functions in carcinogenesis studied in vitro with cell 
lines, although the possibility of an unknown dual function 
cannot be ruled out (e.g. at early stages of tumorigenesis TGFβ 
is a tumor suppressor, but at the late stages of disease it acts 
as a potent oncogene). These observations may reflect the 
complexity of therapy resistance observed in vivo with cancer 
patients, which also have been pointed out by other authors 
investigating miRNAs as potential predictors of clinical 
response to neoadjuvant therapies. Thus, the fact that low levels 
of miR‑145‑5p were associated with a good response to neoad-
juvant therapy may be inconsistent with the tumor‑suppressive 
role reported for miR‑145‑5p. Since miR‑145‑5p targets many 
genes, its functions may differ by diverse biological and thera-
peutic events (e.g. in vivo vs. in vitro; adjuvant chemotherapy 
vs. chemo‑radiotherapy; the percentage of patients achieving 
pCR vs. patients without response, neoadjuvant vs. no‑neoad-
juvant regimen). Indeed, consistent with our findings, recent 
studies have shown a potential role of miR‑145 associated with 
resistance to chemo‑radiotherapy. For instance, similar data 
were reported in locally advanced rectal cancer patients in 
whom low levels of miR‑145 and miR‑143 predicted pCR to 
neoadjuvant chemo‑radiotherapy (22), indicating that miR‑145 
and miR‑143 levels may be novel, non‑invasive predictive 
markers of response to therapy in cancer patients. Thus, we 
propose that in vivo variations in miR‑145 levels before and 
after therapy may not always reflect the functions observed 
in isolated cancer cell lines. Further analyses are needed to 
confirm the miR‑145 levels in large cohorts of patients and its 
biological roles associated with resistance to therapy.

It was also found that miR‑145‑5p expression was signifi-
cantly repressed in breast tumors and in four breast cancer cell 
lines relative to normal mammary tissues and non‑tumorigenic 
cells, respectively (Fig. 2A). At the functional level, miR‑145 

regulates tumor growth, cell proliferation, apoptosis, cell 
migration and invasion in breast cancer cells (23‑28). In agree-
ment with its tumor‑suppressor functions reported in vitro, here 
it was revealed that ectopic restoration of miR‑145‑5p inhibited 
cell proliferation in triple‑negative MDA‑MB‑231 cells and 
sensitized tumor cells to cisplatin treatment reinforcing the 
notion that miR‑145‑5p is a bona fide tumor suppressor associ-
ated with therapy response (Fig. 2). Intriguingly, miR‑145‑5p 
RNA mimic transfection in BT‑20 cells induced a large 
decrease in cell viability. We hypothesized that the BT‑20 
cell genetic background may influence and exacerbate the cell 
response to miR‑495. Although this cell line is also triple nega-
tive it contains important sequence variations in master genes 
controlling cell proliferation and survival including PI3KCA, 
CDKN2A, EGFR and p53 (29), that may exert an unknown 
effect in response to miR‑145‑5p restoration; however, further 
investigation is needed to support these assumptions.

Novel data concerning the miR‑145‑5p mechanisms 
associated with cancer hallmark inhibition is provided as the 
findings elucidated that miR‑145 directly or indirectly targets 
TGFβ signaling in breast cancer cells. During the prepara-
tion of this manuscript a recent study reported that miR‑145 
inhibits cell proliferation by targeting TGFβ1 in breast cancer 
cells (30). In the present study, we added a piece in the puzzle 
of miR‑145‑5p functions and demonstrated that it also targets 
TGFβR2 which strengthens the notion that this tiny non‑coding 
RNA has a profound impact on the suppression of cancer 
hallmarks through modulation of TGFβ signaling in breast 
cancer. In summary, our data suggest that miR‑145‑5p could 
be a potential predictor of response to neoadjuvant therapy, 
and also elucidate the molecular functions of miR‑145‑5p in 
breast cancer cells.
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