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miRNA profile obtained by next-generation sequencing
in metastatic breast cancer patients is able to
predict the response to systemic treatments
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Abstract. Metastatic breast cancer (MBC) is a challenge for
oncologists, and public efforts should focus on identifying
additional molecular markers and therapeutic management
to improve clinical outcomes. Among all diagnosed cases
of breast cancer (BC; approximately 10%) involve meta-
static disease; notably, approximately 40% of patients with
early-stage BC develop metastasis within 5 years. The manage-
ment of MBC consists of systemic therapy. Despite different
treatment options, the 5-year survival rate is <20%, which
may be due to a lack of response with de novo or acquired
resistance. MicroRNAs (miRNAs or miRs) are promising
biomarkers as they are readily detectable and have a broad
spectrum and potential clinical applications. The aim of this
study was to identify a miRNA profile for distinguishing
patients with MBC who respond to systemic treatment.
Patients with MBC were treated according to the National
Comprehensive Cancer Network guidelines. We performed
miRNA-Seq on 9 primary tumors using the Thermo Fisher
Scientific Ion S5 system. To obtain global miRNA profiles, we
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carried out differentially expressed gene elimination strategy
(DEGES) analysis between the responsive and non-responsive
patients. The results identified a profile of 12 miRNAs associ-
ated with the response to systemic treatment. The data were
validated in an independent cohort (TCGA database). Based
on the results, the upregulation of miR-342-3p and miR-187-3p
was associated with the response to systemic treatment, and
with an increased progression-free survival (PFS) and overall
survival (OS); by contrast, the downregulation of miR-301a-3p
was associated with a higher PFS and OS. On the whole, the
findings of this study indicate that these miRNAs may serve
as biomarkers for the response to systemic treatment or the
prognosis of patients with MBC. However, these data should
be validated experimentally in other robust cohorts and using
different specimens before implementing these miRNAs as
biomarkers in clinical practice to benefit this group of patients.

Introduction

Breast cancer (BC) is the most prevalent type of cancer among
women worldwide, with an estimated 1.7 million newly
diagnosed cases in 2015. Although metastatic BC (MBC) is
present in only 10% of all diagnosed patients, approximately
30-40% of early-stage BC cases will develop metastasis
within 5 years (1,2). The management of MBC is not curative,
and treatment consists of systemic therapy involving chemo-
therapy, hormonal agents and targeted therapy (3). Despite
various treatment options, the 5-year survival ratio remains
<20% [SEER Stat Fact Sheets: Breast Cancer. National Cancer
Institute (4)]. This poor prognosis may be due to the fact that
more than one-third of patients with MBC do not respond to
chemotherapy (anthracyclines and taxanes), with a response
rate to first-line treatment of only 20% [95% confidence
index (CI) 11-28%]. Therefore, the progression of the disease
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occurs in <1 year. De novo or acquired resistance is the main
reason for tumor relapse, contributing to a poor prognosis, a
lack of therapeutic response and a fatal clinical outcome (5,6).

MicroRNAs (miRNAs or miRs) are small non-coding
RNAs ~22 nt in length that negatively regulate gene expres-
sion through base pairing at 3'- or 5'-untranslated regions of
messenger RNAs (mRNAs) (7). miRNAs are readily detected
in formalin-fixed paraffin-embedded sections and in body
fluids (e.g., blood, plasma, serum and saliva), and accordingly,
these molecules have the potential to be used in clinical prac-
tice (8,9). A number of miRNAs play substantial roles in drug
sensitivity/resistance in BC, and yet the majority of them have
only been explored in early-stage disease (10).

Although MBC is not curable, the extent of survival
with the quality of life is an important aspect for patients.
In this regard, the aim of this study was to identify, through
miRNA sequencing, a miRNA profile for patients with
MBC who respond to systemic treatment. The results identi-
fied 12 miRNAs involved in response to systemic treatment
(hormonotherapy and chemotherapy). In particular, the
upregulation of miR-342-3p and miR-187-3p was associated
with the response to systemic treatment, and with an improved
progression-free survival (PFS) and overall survival (OS).
Conversely, the downregulation of miR-301a-3p was associated
with an increased PFS and OS. A further gene set enrichment
analysis of putative targets of the identified miRNAs revealed
their involvement in cancer, cytokine-cytokine receptor
interaction, glioma, endocytosis and the mitogen-activated
protein kinase (MAPK) signaling pathways. On the whole, we
identified miRNAs associated with the response to systemic
treatment, PFS and OS in patients with MBC. The results of
this study confirm the importance of miRNAs as potential
biomarkers of the response to treatment in patients with meta-
static disease.

Patients and methods

Patient selection and treatment regimen. This prospective
cohort study was approved by the Central Ethics and Scientific
Committee at the National Cancer Institute in Mexico City
(approval no. CEI/1001/16; 016/010/IBI). Informed consent
was obtained for each patient enrolled. A total of 9 patients
were enrolled diagnosed with MBC confirmed by positron
emission tomography (PET) and computed tomography (CT)
scans. All patients were treated according to the National
Comprehensive Cancer Network (NCCN) guidelines (11). As
first-line treatment, 44.4% of the patients received hormonal
therapy and 55.5% platinum-based chemotherapy.

Outcome measurement. As mentioned above, all patients
underwent PET or CT and were evaluated by The Response
Evaluation Criteria in Solid Tumors (RECIST) at baseline
and at 6 months (12). PFS was defined as the time from the
commencement of treatment until disease progression or the
last visit. OS was defined as the time from diagnosis until
death or the last visit.

Preparation of tissue samples. A total of 9 MBC biopsies were
collected from February, 2018 to November, 2018 at the time
of diagnosis prior to any therapeutic procedures. Total RNA
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was extracted from the tumor samples using TRIzol reagent
(cat. no. 15596-026, Invitrogen; Thermo Fisher Scientific;)
and subsequently purified with the miRNeasy Mini kit (cat.
no. 217004; Qiagen) according to the manufacturer's instruc-
tions. The RNA concentration was determined by Quibit 2.0
fluorometry using the Quibit RNA HS Assay kit (Thermo
Fisher Scientific). After biopsies were obtained, pathological
confirmation of at least 80% tumor cells was obtained. To
construct a small RNA library, small RNAs ranging from
10 to 40 nt were assessed for quality and quantity using an
Agilent 2100 bioanalyzer (Agilent Technologies).

Library preparation. Small RNA libraries were prepared
using Ion Total RNA-Seq V2 (Life Technologies; Thermo
Fisher Scientific; cat. nos. 4475936 and 44797789) according
to the manufacturer's instructions. Following adapter ligation,
first-strand cDNA synthesis and amplification were performed
as follows: 94° for 2 min and 14 cycles at 94° 30 sec, 62° 30 sec
and 68° 30 sec. Briefly, adapters were ligated to small RNAs
(25 ng/sample), and libraries from 9 samples were pooled
together in equimolar ratios (100 pM) for template preparation
and chip loading using the Ion Chef System. The libraries were
sequenced with Ion S5 using S530 chips, as recommended
by the manufacturer (Life Technologies; Thermo Fisher
Scientific; cat. nos. 4475936 and 44797789).

Data analysis. Raw reads were processed using the small
RNA sequencing plugin provided in the Ion Torrent Suite
(Thermo Fisher Scientific), and options were set to only retain
reads between 17 and 35 nt. The trimmed reads were analyzed
with Chimira using the default settings and aligned using the
latest version of miRBase (13). The resulting miRNA counts
were filtered, and only miRNAs with at least 1 count in every
sample were retained. Normalization and differential expres-
sion analysis were carried out with the Bioconductor package
DESeq2 (14), and miRNAs with a P-value <0.05 were selected
for further analysis.

Identification of putative miRNA targets. To identify possible
targets of each miRNA, we first downloaded the TCGA
Breast transcriptome dataset using Bioconductor package
TCGA biolinks (15). Subsequently, we assessed differentially
expressed (DE) genes between normal and stage IV primary
tumor tissue with DESeq2, only selecting those mRNAs
with P-adj <0.01 and a log2 Fold change =<-1. As this would
mean that the expression is at least 0.5-fold lower in the tumor
samples, in this manner, we ensured that the putative mRNA
targets of the miRNAs were downregulated in the tumor
samples. Subsequently, we used these downregulated mRNAs
with the Bioconductor package miRNAtap to predict targets
in 5 databases (PicTar (pictar.mdc-berlin.de), TargetScan
(targetscan.org), miRanda (microrna.org), DIANA (diana.
imis.athena-innovation.gr) and miRDB (mirdb.org); we only
considered predicted targets identified by at least 2 databases.
Pearson's correlation coefficients were calculated between the
predicted targets and miRNAs using the TCGA data.

Statistical analysis. For descriptive purposes, continuous
variables are summarized as arithmetic means, medians and
standard deviations. The Fisher-Pitman permutation test from
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the coin R package was employed using the normalized rlog
counts (P<0.05). The Mann-Whitney U-test (non-parametric
test) was used for inferential comparisons. Statistically
significant and borderline significant variables (P<0.1) were
included in multivariate logistic regression analysis. Survival
results were analyzed using the Kaplan-Meier technique, and
the log-rank test was employed for comparisons between
subgroups. All variables were dichotomized for analyzing
survival curves. Hazard ratios (HRs) were calculated along
with their corresponding 95% CIs as a measure of asso-
ciation. Statistical significance was defined as P<0.05 using
Student's t-test. Statistical analysis was conducted using
R/Bioconductor.

Results

Clinical characteristics of patients with MBC and response
rates to systemic treatment. Samples from 9 patients were
sequenced. All patients were females and had stage IV
disease. The mean of age of the patients was 53 years. All
patients had an Eastern Cooperative Oncology Group (ECOG)
performance status of O or 1. The most frequent metastasis
sites were the cervical ganglia, mediastinum and lungs. The
most frequent molecular subtype was luminal A. Four patients
received hormone therapy (letrozol) and five patients received
chemotherapy (docetaxel, paclitaxel, paclitaxel/trastuzumab
or cyclophosphamide/adriamycin). According to RECIST, the
overall response rate (ORR) was 44.44% (22.2% complete
response and 22.2% partial response), stable disease was
observed in 44.4%, and the disease progressed in 11.1% of
patients (Table I).

Identification of DE miRNAs in patients with MBC. To reveal
putative miRNA biomarkers for the response to systemic treat-
ment, we first assessed DE miRNAs between the responders
and non-responder's groups. In total 12 miRNAs were found
with P-values <0.05. It has been estimated that a sample size of
>60 is needed to achieve an FDR of 10% (16); however, due to
the nature of patients with MBC it is unlikely, that this number
of samples will be obtained. Due to the small sample size in
this study, the lowest FDR that was obtained was 0.25; thus,
we opted for a P-value filtering and validation of our results in
an independent and larger cohort to reduce the disadvantages
of using a P-value.

This analysis revealed a panel of 12 miRNAs that sepa-
rated the patients in these 2 groups. This panel included
miRNAs with a P-value <0.05, among which 8 were upregu-
lated (miR-7-5p, miR-141-3p, miR-187-3p, miR-200b-3p,
miR-200c-3p, miR-301a-3p, miR-342-3p and miR-3182) and 4
were downregulated (miR-361-3p, miR-1273a, miR-4459 and
miR-4485-3p) in the responders vs. the non-responders (Fig. 1).
We then performed unsupervised hierarchical clustering of
the 12 DE miRNAs using the Euclidian distance. As shown
in Fig. 2, the tumors were clustered according to the respective
response to treatment. Is important to mention that, in order to
obtain the DE miRNAs, we employed DESeq2, an algorithm
that assumes a negative binomial distribution (17,18), which
is one of the best methods with which to analyze RNA-seq
data due to its stringency, good control of false-positives, and
improved sensitivity and specificity. Moreover, in addition
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Table I. Clinicopathologic characteristics of the patients.

Clinical parameters Patients n=9 (100%)

Sex

Female 9 (100)
Age

>50 6 (66.6)

<50 3(333)
ECOG status

0-2 9 (100)

3-4 0@
Histopathology

Infiltrating ductal carcinoma 5(555)

Classic lobular carcinoma 1 (11.1)

Non-specific infiltrative 2(22.2)

Canalicular carcinoma 1(11.1)
Molecular subtype

Luminal A 5(55.5)

Luminal B 2(22.2)

Triple negative 2(22.2)
Treatment

Hormonotherapy 4(444)

Chemotherapy 5(55.5)
Metastatic

Liver 2(22.2)

Lung 3(33.3)

Bones 2(22.2)

Cervical Ganglia 5(55.5)

Axillary Ganglia 1 (11.1)

Mediastinum 4 (44 .4)
Response to systemic treatments

Complete response 2(22.2)

Partial response 2(22.2)

Stable disease 4 (44 4)

Progression 1(11.1)

to this, we employed the Fisher-Pitman permutation test on
the 12 miRNAs. The results revealed that 6 miRNAs exhib-
ited significant differences between the 2 groups (P<0.05)
(miR-4485-3p, miR-1273a, miR-342-3p, miR-200c-3p,
miR-200b-3p and miR-187-3p) and 1 miRNA was close to
being significant (miR-301a-3p, P=0.055) (Table SI).

miRNAs with clinical significance. To assess the clinical signif-
icance of the miRNA panel, we applied the non-parametric
Mann-Whitney U test using clinical variables (Table II). The
results revealed significant differences in the expression levels
of some miRNAs according to the site of metastasis. For
example, miR-4459 was overexpressed in patients with lung
metastasis (P=0.02); this same miRNA was overexpressed in
those with mediastinum metastasis (P=0.03). Patients without
lung metastasis exhibited an upregulation of miR-342-3p
and miR-200b-3p (P=0.02 and P=0.04, respectively), and
miR-4485-3p, miR-1273a and miR-361-3p were overexpressed



1270 MARTINEZ-GUTIERREZ et al: A miRNA PROFILE OF PATIENTS WITH METASTATIC BREAST CANCER
A hsa-miR-200c-3p B hsa-miR-301a-3p C hsa-miR-342-3p D hsa-miR-361-3p
f f 100 f f
60 30
@ 100 @ 275 2
c c c c
g 40 g 20
k5 ks ® B
@ @ @ 50 @
@ 50 =] =] =]
© £ 20 z Z 10
= O
" =
Response Mo response Response  No response Response Mo response Response  No response
E . . . |
hsa-miR-7-5p hsa-miR-200b-3p hsa-miR-187-3p hsa-miR-141-3p
60 1 1 1 150 1
15 .
10 1
£ 40 2 2 £100
3 3 3 3
o o 10 3] o
= = = =
. ||
8 20 g [ g 8 50
c T 5 o [is
= —
: - . L !
Response Mo response Response  No response Response  No response Response  No response
I - J . K . L _
hsa-miR-3182 hsa-miR-4459 hsa-miR-4485-3p hsa-miR-1273a
6000 — 20 — 20 . 0 i
1
2 2 15 2 15 2
S 4000 5 El s 30
8 8 8 8
k=] T 1q o o
3 g1
= | = @ @
2
£ 2000 £ & g %
5 5
s I ; —— — 0 g
Response  No response Response  No response Response  No response Response  No response

Figure 1. (A-L) MicroRNAs associated with the response to systemic treatment in BC. Each bar plot shows the number of reads for each miRNA according to
response (R) vs. no response (NR) to systemic treatment. "P<0.05. BC, breast cancer.

in those without cervical ganglia metastasis (P=0.03, P=0.01
and P=0.01, respectively). Notably, we found no significant
differences in the expression levels of the 12 miRNAs in
patients with liver or bone metastasis (Table II).

Validation of the panel of miRNAs in TCGA in patients with
stage 1V disease. We further evaluated this miRNA panel in
an independent cohort using TCGA. All the clinical data of
the patients with MBC included in the database were obtained
using the clinical variable ‘Person neoplasm cancer status’, and
only those patients with complete information of their clinical
outcome were selected (follow-up median, 2.6 years). Through
this analysis, we identified 17 patients with MBC from the
1,060 patients with BC included in this cohort. A patient was
excluded due to the unavailability of clinical response data.

We then classified these patients into 2 groups according to
their response to systemic treatment: Response vs. no response
(in terms of TCGA: Tumor-free and with tumor, respectively).
Only 2 patients of 14 presented a response to systemic
treatment (Table SII).

The validation of the miRNA panel obtained from
our cohort in these 2 TCGA groups (responders vs. no
responders), revealed that TCGA patients expressed 8 of
the 12 miRNAs (miR-200c-3p, miR-301a-3p, miR-342-3p,
miR-361-3p, miR-7-5p, miR-200b-3p, miR-187-3p
and miR-141-3p) (Fig. 3). A trend of the upregulation
of miR-200c-3p, miR-342-3p, miR-200b-3p, miR-187-3p and
miR-141-3p was evident in the response group (Fig. 3A,C, F
and G), which was in accordance with the results from our
cohort (Fig. 1A, C, F and G).
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Figure 2. Hierarchical clustering of miRNA expression. The BC samples were classified into 2 different groups (response vs. no response to systemic treat-
ments) based on expression levels. Each column represents a patient with MBC, and each row represents a single miRNA. The expression of miRNAs is
represented in blue (upregulated), red (downregulated) and white (no significant change or absence of data). BC, breast cancer; MBC, metastatic breast cancer.

miRNAs associated with the survival of patients in TCGA with
stage IV disease. Using the available TCGA clinical data, we
determined the impact of the 8 validated miRNAs on survival
by associating miRNA expression (high or low) with PFS and
OS (Figs. 4 and 5). Kaplan-Meier analysis revealed that patients
with a better PFS had a high expression of miR-342-3p and
miR-187-3p (median survival: miR-342-3p, 1.79 vs. 2.58 years,
P=0.12; miR-187-3p, 2.17 vs. 2.47; P=0.11; Fig. 4C and G),
but a low expression of miR-301a-3p (2.63 vs. 0.9; P=0.13;
Fig. 4B). Moreover, this trend was also observed for OS: A
high expression of miR-342-3p and miR-187-3p was found in
the patients with a better OS (miR-342-3p, 2.26 vs. 3.16 years,
P=0.04; miR-187-3p, 3.74 vs. 2.22, P=0.047; Fig. 5C and G),
with a low expression of miR-301a-3p (3.45 vs. 1.68, P=0.03;
Fig. 5B). According to univariate analysis of these 3 miRNAs,
only miR-342-3p was associated with OS (HR, 0.25; 95% ClI,
0.006-1.2; P>0.056), although borderline in multivariate regres-
sion Cox analyses (HR, 0.08; 95% CI, 0.006-1.2; P=0.068).
According to univariate analysis, miR-187-3p was associated
with PFS (HR, 0.25; 95% CI, 0.062-0.98; P>0.046) and none
miRNA was associated with PFS in multivariate regression
Cox analyses (Tables IIT and SIII).

Identification of mRNA targets of miRNAs and their
participation in pathways of cancer. We focused in the iden-
tification of the mRNA targets for miR-342-3p, miR-187-3p
and miR-301a-3p as we observed that their expression was
associated with the response to systemic treatment and with
PFS, both in our data and in the TCGA data. Patients with
a higher expression of miR-342-3p and miR-187-3p exhib-
ited a trend for a longer PFS, although none of the survival
curves were statistically significant due to the small size of
the cohort (Fig. 4C and G). To achieve this goal, we analyzed
the TCGA breast transcriptome dataset, as described in the
Patients and methods section. We reasoned that, since these
3 miRNAs were overexpressed in patients with response to
systemic treatment, they may thus act as tumor-suppressor
miRNAs, probably inhibiting key oncogenes. Thus, to obtain
their putative targets, we only focused on the downregulated
mRNAs.

We found 8,116 downregulated mRNAs in the tumor
samples. Using 5 databases (PicTar, TargetScan, miRanda,
DIANA and miRDB), we identified 416 mRNAs predicted
to be potential targets of the 3 miRNAs (Table SIV). To
achieve further insight into the biological functions of these
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Table II. Clinicopathologic characteristics related to miRNA expression in patients with metastatic breast cancer.

MARTINEZ-GUTIERREZ et al: A miRNA PROFILE OF PATIENTS WITH METASTATIC BREAST CANCER

miR-4485-3p miR-1273a miR-361-3p miR-342-3p  miR-200c-3p miR-301a-3p
Variables Patientsn=9 Mean+SD Mean+SD Mean+SD  Mean + SD Mean+SD  Mean + SD
Age
<53 794+6.51  22.28+12.20 10.67+11.77 35.55+35.39 34.025+47.18 17.93+25.33
>53 3.33+3.85 13.13£6.63  7.59+7.68  31.14x13.43 23.85+7.68 6.29+8.76
P-value 0.38 0.39 09 0.71 0.71 0.54
Smoking
Positive 10.32+6.39  28.57+9.99 21.86+8.35 18.56+8.50 18.67+5.81 6.12+3.82
Negative 4.44+5.16 1446892  3.53x1.91  41.84+3297 36.61+46.36 17.28+25.78
P-value 0.16 0.09 0.02 0.38 09 1
Treatment
Hormone therapy 7.56£5.077 20.23x8.33 7.57+6.105 39.70+41.39  41.19£58.93 18.26+32.83
Chemotherapy 547£7.02  18.31+1395 6.105+11.30 29.58+18.01 22.18+7.65 9.79+7.18
P-value 0.55 0.55 1 09 0.55 0.73
HER2
Positive 9.79+11.03 23.89+22.54 16.24+21.56 29.99+29.31 24.01x1.20 13.54+4.74
Negative 543+470  17.815£8.47 7.75£649  3525+£30.99  32.52+4348 13.56+24.42
P-value 0.5 1 1 1 0.5 0.33
Menarche
>12 years 11.14+£547 2936831 18.10+10.16 19.87+7.42 15.98+7.16 5.15+£3.67
<12 years 2.61+£2.86 11.00£3.12  2.87+1.16 454543551 42.35+49.39 20.28+27.62
P-value 0.03 0.01 0.01 041 041 0.7
Site of metastasis
Liver
Positive 11.59+8.49 32.48+10.39 24.58+9.76 17.62+7 .81 7.88+3.25 7.88+3.25
Negative 5.54+£5.03 15.75£9.22  5.67+5.60 18.56+9.88 6.46+£791 6.46+791
P-value 0.42 0.14 0.7 1 0.64 0.64
Lung
Positive 10.29+6.41  26.78+12.30 17.55£14.00 12.70+6.74 14.08+8.26 5.49+4.74
Negative 4.46+5.18 15.35+9.29  5.68+5.59  44.77£30.05 3891+4491 17.59+25.54
P-value 0.26 0.16 0.26 0.02 0.26 0.71
Mediastinum
Positive 2.97+£3.23 12.59+588  6.20+693  49.60+3643  48.23+5398 21.75+31.39
Negative 9.14+649  2442+12.04 12.39+12.25 21.67£1539  16.55+11.03 7.00+6.34
P-value 0.19 0.11 0.55 0.11 0.28 0.73
Bone
Positive 739+8.78  22.39+13.24 5.17+£2.29 622445434  68.51+85.67 34.88+46.13
Negative 6.12+5.84  18.24+11.50 10.92+11.35 26.03+£16.69 19.81+8.44 7.46+7.11
P-value 1 0.66 1 0.33 0.88 0.66
Cervical ganglia
Positive 2.61+2.86 11.00+£3.12  2.87+1.16  4545+3551  42.35+49.39 20.28+27.62
Negative 11.14£547  29.36+8.31 18.10£10.16  19.87+7.42 15.98+7.16 5.15+£3.67
P-value 0.03 0.01 0.01 041 041 0.73
miR-4459 miR-200b-3p miR-3182 miR-141-3p miR-7-5p miR-187-3p
Variables Mean = SD Mean + SD Mean + SD Mean = SD Mean + SD Mean = SD
Age
<53 5.92+6.36 5.50+4.85 1,245.80+1,623.86 53.52+52 .01 16.54+21.12 2.09+4.22
>53 0.41+£0.72 9.50+5.05 1,976.99+2 681.96 15.85+1.32 3.98+3.31 0.31£0.55
P-value 0.08 0.26 09 0.16 0.38 0.67
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Table II. Continued.
miR-4459 miR-200b-3p miR-3182 miR-141-3p miR-7-5p miR-187-3p
Variables Mean = SD Mean + SD Mean + SD Mean = SD Mean + SD Mean + SD
Smoking
Positive 8.65+8.80 3.85+2.99 903.56+338.08 24.04+7.53 4.86x1.54 0.30+0.53
Negative 1.80+1.73 8.32+5.34 1,782.52+2 318 49.09+54.96 16.10+£21.50 2.10+4.21
P-value 0.35 0.38 0.54 09 0.54 047
Treatment
Hormone therapy 1.89+2.21 6.83+£5.24 453.168+247.04 43.61+58.49 18.66+26.72 2.66+5.32
Chemotherapy 5.84+7.32 6.83+5.44 2,318.62+2,276.15 38.44+39.20 7.30+£5.92 0.57+0.52
P-value 0.53 09 0.28 1 1 0.68
HER2
Positive 9.79+11.03 5.83+3.00 2,565.25+2,691.15 69.44+53.67 10.76+8.67 0.96+0.04
Negative 2.46+3.12 7.12+5.61 1,182.18+1,752.23 32.54+43.72 12.80+20.36 1.65+3.98
P-value 0.29 0.88 0.5 0.22 0.66 0.26
Menarche
>12 years 7.34+7.65 3.73£2.45 760.75+397.20 24.26+6.16 6.77+4.00 0.23+0.46
<12 years 1.48+1.73 9.31+£5.33 2,072.55%2,466.90 53.92+60.00 16.82+23.96 2.52+4.57
P-value 0.26 0.19 09 0.73 09 0.22
Site of metastasis
Liver
Positive 12.98+6.52 2.31+1.96 976.16+443 .83 27.84+5.15 5.57+1.33 0.46+0.65
Negative 1.80+1.73 7.11+4.50 1,820.28+2,295.30 30.11+38.51 7.00+6.59 0.32+0.50
P-value 0.06 0.28 0.85 042 1 1
Lung
Positive 10.05+6.85 247+141 714.16+£551.74 19.49+14 91 3.942.96 0.300.53
Negative 1.10+1.39 9.01+4.72 1,877.22+2.250.58 51.36+52.90 16.56+21.13 2.104 .21
P-value 0.02 0.04 09 0.71 0.26 047
Mediastinum
Positive 0.49+0.99 11.10+4.28 1,469.77+2,016.29 67.36+60.17 19.83+26.40 3.15+5.02
Negative 6.96+6.48 3.42+1.92 1,505+2,027.359 19.44+11.26 6.362+4.29 0.18+0.41
P-value 0.03 0.01 09 041 0.73 0.08
Bone
Positive 1.70+2.40 8.80+7.64 432.07x141.03 77.61£74 47 35.25+£32.21 5.32+7.53
Negative 4.77+6.37 6.27+4.69 1,791.66x£2,071.41 30.20+35.18 5.81+5.52 0411+0.51
P-value 0.65 0.88 05 0.22 0.11 0.63
Cervical ganglia
Positive 1.48+1.73 9.31+5.33 2,072.55+2.466.90 53.92+60.00 16.82+23.96 2.52+4.57
Negative 7.34+7.65 3.73+2.45 760.75+£397 .20 24.26+6.16 6.77+4.00 0.23+0.46
P-value 0.26 0.19 09 0.73 09 0.22

Values in bold font indicate statistically significant differences (P<0.05).

miRNAs, we performed KEGG pathway analysis of the
416 predicted targets in WEB-based Gene SET Analysis
Toolkit. We only selected the top altered pathways per
miRNA, considering those that had a P-value <0.05 and
ranked them by their P-value, and identified 16 dysregulated
signaling pathways related to miR-342-3p, miR-187-3p
and miR-301a-3p (Fig. 6). Moreover, the results revealed
miR-301a-3p and miR-342-3p affected the same pathways
in cancer, cytokine-cytokine receptor interaction, glioma

and endocytosis. We also observed this effect between
miR-342-3p and miR-187-3p, which affect the MAPK
signaling pathway (Fig. 6).

Identification of main miR-342-3p targets. To investigate
the main predicted targets, we focused on miR-342-3p as it
was associated with a lack of lung metastasis and response
to treatment and was a prognostic factor for OS in both the
Kaplan-Meier and Cox multivariate analyses. Pearson's
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Figure 3. (A-H) MicroRNAs associated with the response to systemic treatment in BC in the TCGA cohort. The bar plot shows the numbers of reads for each

miRNA according to response (R) vs. no response (NR) to systemic treatment.

correlation analysis was performed between miR-342-3p and
the predicted targets, only considering interactions with a
negative coefficient and with a P-value <0.05. Based on these
criteria, the number of mRNAs targets was reduced from
56 to 15 (Table SV), and the predicted targets were ranked
according their correlation coefficient. In total 8 mRNAs
were found to be the main targets of miR-342-3p (Fig. 7).
The most negatively correlated target was the nucleic tran-
scription factor early B cell factorl (EBF1) (Fig. 7A). Other
transcription factors were also determined as targets, such
as mesenchyme homeobox 2 (MEOX?2), zinc finger E-box
binding homeobox 1 and 2 (ZEB1/ZEB2) (Fig. 7C, E and F).
In addition, tumor suppressors were related to this miRNA,
including transmembrane protein 170B (TMEM170B),
SRY-box 6 (SOX6) and large tumor suppressor kinase 2
(LATS2). Acetyl-CoA synthetase long chain family member 4
(ACSL4) is another identified target involved in arachidonic
acid metabolism (Fig. 7G).

Discussion

In the era of personalized therapy, it has been reported that
more than one-third of patients with MBC do not respond to
systemic treatment (1,6). However, there is a permanent effort
on the part of the scientific community to identify biomarkers

that can help patients with MCB who will benefit from systemic
therapy (5,6,10). This study is a pioneer in this regard, and our
findings highlight the important role of miRNAs as predictors
of response to systemic treatment in MBC.

Is well known that chemotherapy and hormonotherapy act
through different mechanisms; this is the reason why systemic
treatment for patients with BC is decided according to the
molecular subtype (3). In spite of this, it has been reported
that the detection of a single miRNA or group of these can
predict resistance to multiple therapeutic strategies; however,
the majority of studies are still preclinical (10). In this regard,
we focused on identifying miRNAs associated with response
to systemic treatments in patients with MBC that could be
considered biomarkers of response to systemic treatments in
the near future, irrespective of the molecular subtype.

Through a comprehensive sequencing approach, we
obtained a panel of 12 miRNAs that separated patients
with MBC into 2 groups: Responders vs. non-responders
(Figs. 1 and 2). In an effort to provide information about
biomarkers for the response to treatment in patients with
MBC, we validated our results in a large clinical cohort using
TCGA. Previous studies have confirmed that TCGA cohorts
represent a robust and external independent means of vali-
dating genomic data (19,20). Indeed, this genomic database
symbolizes a revolution in the acquisition of information about



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 44: 1267-1280, 2019

>
w

TCGA stage IV

TCGA stage IV

1275

@]

TCGA stage IV

. hsa-miR-200c-3p - Low-- High = hsa-miR-301a-3p~ Low— High hsa-miR-342-3p~ Low-- High
=0 o 5=

=100 = 100 = 100

2 2 Z

§?5 P=0.87 ; 75 P=0.13 g 75 P=0.12

o - @

g 50 § 50 g S0

5 25 é 25 é 25

@ @ @

@ 0 2 0 g 0L . . . :
2 0 25 5 7.5 10 E’ 0 25 5 7.5 10 S’ 0 25 5 7.5 10
o Time (years) o Time (years) o Time (years)

D TCGA stage IV E TCGA stage IV F TCGA stage IV

. hsa-miR-361-3p - Low-- High hsa-miR-7-5p - Low-- High N hsa-miR-200b-3p - Low-- High
2 2 32

%100 = 100 ’;;U- 100

= = =

e 75 P=0.39 e 75 P=0.24 e 75 P=0.12

@ 2 2

o 50 o 50 o 50

S 2 2

5% g% 5%

2 0 2 0 2 0

@ @ @

g o 25 5 75 108 o0 25 5 75 10 8 0 25 5 75 10
o Time (years) o Time (years) o Time (years)

()

TCGA stage IV
hsa-miR-187-3p ~ Low~ High

iy
[=]
[=]

~J
L&)

P=0.11

[n]
(5]

[=]

0 2.5 5 7.5 10
Time (years)

Progression-free survival (%)
o
L=

T

TCGA stage IV
hsa-miR-141-3p = Low - High
100

75 P=0.9

25

0 2.5 5 7.5 10
Time (years)

Progression-free survival (%)
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by ared line. A blue line denotes miRNA downregulation.

tumors. The TCGA dataset has established validated quality
standards ensuring homogeneity across data generated by
multiple research groups; a precise strict set of criteria to be
used for advanced genomic analysis and sequencing technolo-
gies of tissue samples exist. Moreover, TCGA includes data
from a treatment-naive cohort of 1,060 patients with BC (19).
For our analysis, we retrieved genomic data for 16 patients
with stage IV disease, 2 of whom presented a response to
systemic treatment.

We validated our miRNA dataset in these patients with
stage IV disease from TCGA and found that the upregulation
of miR-342-3p and miR-187-3p was associated with a response
to systemic treatment. Moreover, miR-342-3p, miR-187-3p
and miR-301a-3p were associated with PFS and OS. Although
we found clinical relevance for miR-187-3p and miR-301a-3p,
there is little information about the roles and clinical relevance
of these molecules in BC. A study published in 2012 reported
that miR-187 expression was associated with an aggressive,
invasive phenotype and a poor outcome in BC, which is
contrary to the results of the present study; however, the cohort

consisted of patients with early and locally advanced stages,
and the authors did not validate their data using TCGA (21).
Nonetheless, miR-187 expression has been shown to inhibit
the proliferation, migration and invasion of osteosarcoma by
targeting ZEB2 (22). Similarly, two other studies reported that
miR-187-3p expression induces apoptosis and inhibits cellular
migration, invasion and metastasis in non-small cell lung
cancer and hepatocellular carcinoma (23,24).

In this study, we found miR-301a-3p downregulation to be
associated with an improved PFS and OS; similarly, a recent
study demonstrated that this miRNA plays an oncogenic role
and that its expression is associated with metastasis and a
poor prognosis of patients with estrogen receptor-positive
BC. Furthermore, the expression of miR-301a-3p contributes
to the development of estrogen independence and a highly
invasive phenotype of BC (25). In hepatocellular carcinoma,
higher levels of miR-301a-3p expression have been associated
with a poor prognosis and chemoresistance, as demonstrated
by an in vitro analysis (26). Overall, these findings provide
us with an opportunity to enhance our knowledge about the
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roles of miR-187-3p and miR-301a-3p as treatment response or
prognosis biomarkers for MBC and other neoplasia.

In this study, the upregulation of miR-342-3p was associ-
ated with the absence of lung metastasis and the response
to systemic therapy, and was found to be a prognostic
factor for OS. It has also been reported that high levels of
miR-342-expression may act as a biomarker for tamoxifen
sensitivity in estrogen receptor-alpha-positive BC (27).
Similarly, miR-342 downregulation has been reported to be
related to recurrence as it contributes to tamoxifen resistance
by regulating genes involved in apoptosis and cell cycle
progression, both processes that influence breast tumori-
genesis and tumor response to therapeutic intervention (28).
These findings are supported by the results in the study by
Young et al, who reported that a high expression of miR-342
was related to tamoxifen sensitivity and a better survival in a
TCGA cohort (29).

In this study, we identified the main targets of miR-342-3p,
and by integrating this information, we found that some of
these targets have been implicated in treatment resistance
mechanisms. For instance, EBF1 is involved in drug resistance
and may be a potential prognostic marker in leukemia (30).
The overexpression of different transcription factors, such as

MEOX2 and ZEBI contributes to chemoresistance in lung
and breast cancers, respectively (31,32) and the overexpres-
sion of ZEB2 appears to be involved in resistance to cisplatin
and epidermal growth factor inhibitors in gastric and bladder
cancers, respectively (33,34). Another target identified was
ACSL4, which was recently associated with drug resistance in
BC through the involvement of ABC transporters (35). Further
characterization of miR-342-3p targets revealed a negative
correlation with the tumor suppressor TMEM170B; although
it has been reported that its overexpression in BC promotes
inhibition of the WNT/B-catenin pathway, its association with
resistance to treatment has not been evaluated (36). Taken
together, the results highlight the importance and participation
of miR-342-3p in regulating several traits involved in tumor
progression and resistance to treatment.

The results of this study indicate that miR-342-3p in coor-
dination with miR-301a-3p participates in cytokine-cytokine
receptor interaction, glioma and endocytosis pathways, which
are involved in drug resistance and associated with a poor
prognosis (Fig. 6). Recent RNA-Seq data demonstrate that the
cytokine-cytokine receptor interaction pathway is a key factor
in treatment resistance of triple-negative BC (37), concordant
with studies describing that cytokines secreted via cancer
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Table III. Overall survival in patients expressing the miRNA panel.

Overall survival

Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

Age

<60 vs. >60 years 0.36 (0.084-1.5) 0.17 0.10 (0.004-2.46) 0.162
Progesterone status

Positive vs. negative 0.51 (0.13-1.9) 0.32 3.73 (0.277-50.34) 0.32
hsa-miR-187-3p

High vs. low 0.22 (0.042-1.2) 0.082 1.19 (0.08-17.89) 0.89
hsa-miR-301a-3p

High vs. low 4.1 (0.75-23) 0.1 0.72 (0.07-6.82) 0.77
hsa-miR-342-3p

High vs. low 0.25 (0.062-1) 0.056 0.08 (0.006-1.200) 0.068

Values in bold font indicate statistically significant differences (P<0.05).
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Figure 6. KEGG pathway heatmap. Functional annotation of 3 miRNAs using the KEGG pathway database with adjusted P-values showed the top altered
pathways dysregulated by miR-342-3p, miR-187-3p and miR-301a-3p.

stroma cells are crucial for conferring resistance to chemo-  altered, is involved in resistance to trastuzumab in BC through
therapy (38,39). Endocytosis is another process that when  Src-mediated phosphorylation of CAV1 (40). Finally, we found
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that miR-342-3p and miR-187-3p regulate the MAPK cascade,
which is involved in several important physiological functions
such as proliferation, survival and chemoresistance, as well as
a poor outcome of patients with BC (41,42).

The limitations of this study were the following: i) The
small number of patients with MBC (only 2 of whom in
the TCGA cohort presented a response to treatment) and,;
ii) from the patients in TCGA, only one was Hispanic and the
remainder Caucasian; thus, considering ethnicity, it could be
considered that BC is a disease with similar transcriptomic
and genomic alterations. Nonetheless, on the whole, our
results suggest that miRNA-342-3p and miRNA-187-3p may
serve as good biomarkers for a response to systemic treatment
in patients with MBC and that miR-301-3p may constitute a
prognosis biomarker. However, these data should be validated
experimentally in other robust cohorts and using different
specimens before implementing these miRNAs as biomarkers
in clinical practice to benefit this group of patients.
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