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A microRNA signature containing miR-1258
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Abstract: Human epidermal growth factor receptor 2 (HER2)-negative breast cancer is one type of breast cancer
named by its cells, which lack HER2 expression. At present, there is no definite prognostic evaluation method for
this type of breast cancer. Increasing evidence has shown that microRNAs (miRNAs) may play an important role in
the occurrence and development of breast cancer. miRNA expression and clinical data of HER2-negative breast
cancer patients collected from The Cancer Genome Atlas (TCGA) database were analyzed. Between HER2-negative
breast cancer tumor tissues and matched normal tissues, a total of 64 differentially expressed miRNAs were identi-
fied using the cut-off criteria of P < 0.05 and |log2FC| > 1.5. Of these miRNAs, 36 were downregulated, and 28
were upregulated. Kaplan-Meier survival analysis revealed 34 miRNAs that were closely related to survival (P-value
< 0.05). The intersection of the 34 miRNAs and 64 differentially expressed miRNAs revealed 20 miRNAs. After
log-rank tests were performed based on survival curves, 7 miRNAs were identified. The prognostic value of these 7
miRNAs was evaluated with the Cox proportional hazards model using multiple logistic regression (LR) with forward
stepwise selection of variables. Finally, 2 miRNAs (miR-1258 and miR-193a) were identified as independent risk
factors associated with survival in the model. Gene Ontology (GO) and KEGG pathway enrichment analyses showed
that miR-1258 and miR-193a are important factors in the processes of HER2-negative breast cancer. These find-
ings suggest that the 2-miRNA signature may serve as a prognostic biomarker for HER2-negative breast cancer.
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Introduction and miR-222 [4]. However, large sample studies

are lacking, especially those combined with

MicroRNAs (miRNAs) were found in 1993 and
are a class of noncoding RNAs [1]. These RNAs,
though only 22-26 nucleotides (nt) in length,
play a key regulatory role in gene expression.
Complex structures enable them to integrate
target miRNAs to induce cleavage or transla-
tional repression [2]. Genetic mutations and
epigenetic modifications are root causes of
breast cancer; therefore, miRNAs play impor-
tant roles in the carcinogenesis and develop-
ment of breast cancer. Many miRNA expression
levels are altered in tumor tissues, making
them ideal markers. In fact, miRNA biomarkers
have been one of the hotspots in cancer
research over the past decade [3].

Previous studies have found miRNA biomarkers
for breast cancer, such as miR-21, miR-155,

clinical data. In 2006, the National Cancer
Institute (NCI) and the National Human Genome
Research Institute (NHGRI) launched The
Cancer Genome Mapping (TCGA) project, which
contains data from more than 10,000 patients
and covers 33 types of cancer [5, 6].

The data used in this study were composed of
small miRNA-seq of tissues and clinical infor-
mation downloaded from the TCGA database.
These data were analyzed in four steps: (1) the
identification of miRNAs differentially expressed
between tumor tissues and normal tissues; (2)
screening of the miRNAs obtained in the first
step using the Kaplan-Meier survival method,
which yielded a total of 7 specific miRNAs; (3)
statistical analysis was used to identify miRNAs
that can predict patient survival; and (4) the
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Gene Ontology (GO) and KEGG pathways relat-
ed to these miRNAs were screened.

Materials and methods

HER2-negative breast cancer miRNA-seq data-
set and clinical information

The miRNA-seq dataset and clinical informa-
tion were downloaded from the TCGA data por-
tal (1988-Jan. 28, 2016). The clinical data of
each patient were derived from a variety of
methods used to detect HER-2 levels; there-
fore, “patient margin status” was used as a
standard to determine the HER-2 status of
patients. Finally, we established a miRNA-seq
database containing tumor tissues (n = 507)
and matched normal tissues (n = 55). All of
the miRNA-expression data were reported as
“reads-per-million-miRNA-mapped” that were
normalized by log2 transformation. This miR-
NA-seq database was analyzed for differential
MiRNA expression.

In the survival analysis of clinical data, we set
the following inclusion criteria: (1) complete
follow-up data were available for 1-60 months
(30-3650 days); (2) the clinical data were com-
plete (patients with incomplete or uncertain
clinical data were excluded; and (3) miRNA-seq
data integrity was validated. Finally, survival
analysis included 400 cases meeting these cri-
teria (Table S4). To incorporate as many data as
possible, differential miRNA expression and
survival analyses were performed indepen-
dently.

Screening of differentially expressed miRNAs

We used the limma package in R language (R
version 3.5.1, limma version 3.36.5) to screen
differentially expressed miRNAs between
tumor tissues and normal tissues. The fold
change (FC) indicates the degree of differential
expression of the miRNA. A log |FC| > 1.5 and
a P-value < 0.05 after FDR (false discovery
rate) adjustment were established as cut-off
criteria.

Survival analysis and the establishment of a
prognostic model

In the process of survival analysis and the
establishment of a prognostic model, we used
the following tools: (1) Survival package (ver-
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sion 2.43-1) in R language and (2) Statistical
Package for the Social Sciences (SPSS) (ver-
sion 22.0, IBM Corp., NY, USA). Four hundred
patients were sorted according to the differen-
tially expressed miRNA level and divided into
high and low groups based on the median level.
In the first step, we identified 34 miRNAs that
were closely related to survival by the R pro-
gram. Each of them was evaluated separately
with the Kaplan-Meier method (P-value < 0.05).
Then, we obtained the intersection of the 34
miRNAs and 64 differentially expressed miR-
NAs. After the intersection (20 miRNAs) was
evaluated with log-rank tests based on survival
curves, 7 miRNAs were eliminated. The prog-
nostic value of these 7 miRNAs was tested by
the Cox proportional hazards model using mul-
tiple logistic regression with forward stepwise
(LR) selection of variables. Finally, miR-1258
and miR-193a were found to be independent
risk factors associated with survival in the
model. We calculated a risk score for each
patient. This score was based on the expres-
sion levels of miR-1258 and miR-193a, as
determined by miRNA's Cox regression coeffi-
cient [7]. In total, 400 patients were divided
into either the high-risk group (n = 200) or the
low-risk group (n = 200) based on the risk
score. Arisk score based on the expression lev-
els of the 2 miRNAs determined using each
miRNA’s Cox regression coefficient was calcu-
lated for each patient [risk score = (0.669 x
expression of miR-193a)-(0.788 x expression
of miR-1258)]. The predictive power of the
2-miRNA signature and clinical features was
analyzed using univariate/multivariate Cox
regression and the Kaplan-Meier method,
which could assess their influence on survival.
A P-value < 0.05 was considered statistically
significant. Data are reported as the mean val-
ues with standard deviations.

KEGG pathways and Gene Ontology analysis

TargetScan7.2 [8] and miRDB [9, 10] are online
mMiRNA databases that were used to predict the
target genes of the 2 prognostic miRNAs in our
study. The overlapping set of the target genes
from 2 databases was made into a gene list for
each miRNA. We created Venn diagrams from
the gene lists. We also analyzed the overlap-
ping genes using the Database for Annotation,
Visualization and Integrated Discovery (DAVID,
v6.8) (https://david.ncifcrf.gov/). This database
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A total of 400 patients who met
the inclusion criteria were enrolled
in our study. Thirty-four miRNAs
were identified based on the sur-
vival analysis of these patients’
* . miRNA-seq and clinical data (Table
S2). Each of the 34 miRNAs was
significantly associated with sur-
vival. The intersection of these
34 miRNAs and 64 differentially
expressed miRNAs revealed 20
miRNAs: miR-193a, miR-10b, miR-
1258, miR-125a, miR-148b, miR-
130b, mIiR-1270-2, miR-103-2,
miR-181b-1, miR-127, miR-1307,
. miR-1301, miR-190b, miR-10a3,

3 2 1 0 1
Fold change

Figure 1. Volcano plot of differentially expressed miRNAs. Red dots rep-
resent upregulated miRNAs, while blue dots represent downregulated

miRNAs.

integrates biological data and analysis tools.
Users can extract bioinformatics expediently
from large-scale gene lists of interest. DAVID’s
tools can implement numerous functions,
including gene function enrichment. The role of
enrichment analysis is to help biologists under-
stand the biological role of gene sets [11, 12].
Gene Ontology (GO) and KEGG pathway enrich-
ment analyses were performed to determine
the biological processes and pathways involv-
ing target genes. The cut-off criteria for the
KEGG and GO pathways were P < 0.1 and gene
count > 3.

Results

Identification of differentially expressed miR-
NAs in HER2-negative breast cancer

The HER2-negative breast cancer miRNA-seq
data from 562 samples included 507 tumor tis-
sues and 55 matched normal tissues. A total of
64 differentially expressed miRNAs were identi-
fied using the cut-off criteria P < 0.05 and [log-
2FC| > 1.5. Of these miRNAs, 36 were down-
regulated, and 28 were up-regulated (Figure 1,
Table S1).
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3 miR-150, mIiR-192, miR-1909,
miR-1277, miR-1270-1, and miR-
1262. After log-rank statistical
tests, 7 miRNAs (miR-193a, miR-
1258, miR-1270-2, miR-103-2,
miR-1307, miR-190b, and miR-
1262) were identified based on
the cut-off criteria (P < 0.05) (Table S3). Then,
the prognostic value of these 7 miRNAs was
evaluated with the Cox proportional hazards
model using multiple logistic regression (LR)
with forward stepwise selection of variables.
Omnibus tests of model coefficients showed
that the model based on miR-193a and miR-
1258 yielded the lowest log likelihood ratio (-2
Log Likelihood = 213.881) (Supplmentary
Data). This finding indicated that this 2-miRNA
combination yielded the best statistical perfor-
mance. Finally, 2 miRNAs (miR-1258 and miR-
193a) were considered independent risk fac-
tors associated with survival in the model
(Figure 2A, 2B). Among these miRNAs, miR-
193a is a risk factor, whereas miR-1258 is a
protective factor. A risk score based on the
expression levels of the 2 miRNAs determined
using each miRNA’'s Cox regression coefficient
was calculated for each patient [risk score =
(0.669 x expression of miR-193a)-(0.788 x
expression of miR-1258)]. In total, 400 patients
were divided into a high-risk group (n = 200,
Risk score = 5.17~8.02) and a low-risk group (n
= 200, Risk score = 3.04~5.16) based on the
risk score. Compared with the low-risk group,
the high-risk group exhibited poor survival out-
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Figure 2. Kaplan-Meier curve with the log-rank test for miRNAs and the miRNA signature: (A) miR-193a; (B) miR-
1258; and (C) 2-miRNA signature. The patients were divided into a high-risk group (n=200, Risk score=5.17~8.02)
and a low-risk group (n=200, Risk score=3.04~5.16) according to the risk score. Risk score=(0.669 x expression of

miR-193a)-(0.788 x expression of miR-1258).

Table 1. Univariate/multivariate Cox regression analysis in HER2-negative breast cancer patients

Univariate analysis Multivariate analysis
P value HR (95% CI) P value HR (95% CI)
Age (= 60 vs. < 60) 0.081 1.993(0.917-4.328) 0.004  6.102 (1.765-21.096)
Histological type (IDC vs. ILC vs. Other) 0.401 / 0.470 /
Tumor size (T1-2 vs. T3-4) 0.149 2.056 (0.773-5.466) 0.065  4.038 (0.915-17.814)
Lymph node status (NO-1 vs. N2-3) 0.003 3.547 (1.453-8.656) 0.033 7.372 (1.177-46.155)
Metastasis (MO-x vs. M1) 0.012 8.636(1.138-65.515) 0.009 23.531(2.213-250.251)
Pathological stage (G1-2 vs. G3-4) 0.017 2.702(2.044-17.335) 0.295 0.345 (0.047-2.534)
2-miRNA signature (low risk vs. high risk)  0.003 4.350 (1.638-11.553) 0.004 6.102 (1.765-21.096)
TargetScan TargetScan signature (HR = 4.35, P = 0.003),
metastasis (HR = 8.636, P =
0.012), lymph node status (HR =
177 2060

miR-193a

Figure 3. The Venn diagrams show overlapping target genes that were

predicted using TargetScan and miRDB online tools.

comes, as assessed using the Kaplan-Meier
method (Figure 2C).

Univariate and multivariate Cox regression
analyses were performed to test the efficacy of
the 2-miRNA signature (high-risk group vs. low-
risk group) on survival by considering the fol-
lowing clinical features: age at initial pathologi-
cal diagnosis (< 60 vs. > 60), histological type
(IDCvs. ILC vs. other), tumor size (T1-2 vs. T3-4),
lymph node status (NO-1 vs. N2-3), metastasis
(MO/Mx vs. M1), and pathological stage (G1-2
vs. G3-4). In univariate analysis, the 2-miRNA
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miR-1258

3.547, P =0.003) and pathological
stage (HR=2.702, P =0.017) were
associated with survival in HER2-
negative breast cancer patients. In
multivariate analysis, the 2-miRNA
signature (HR = 6.102, P = 0.004),
age at initial pathological diagno-
sis (HR =2.424, P =0.035), metas-
tasis (HR = 23.531, P = 0.009), and lymph
node status (HR = 7.372, P = 0.033) were iden-
tified as independent prognostic factors (Table
1).

KEGG pathways and Gene Ontology analysis

We identified 45 overlapping genes of miR-
193a and 270 overlapping genes of miR-1258
(Figure 3). GO results revealed that these over-
lapping genes were enriched in 53 GO acces-
sions involving cell structure, cell movement,
cellular energy metabolism, signaling pathways
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Figure 4. Gene ontology analysis of 2-miRNA signature target genes.
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Figure 5. KEGG pathway analysis of 2-miRNA signature target genes.

such as MAPK/Wnt/Hippo, the regulation of
transcription, DNA-templated and so on (Figure
4). KEGG pathways were enriched in 5 path-
ways: pathways in cancer, the sphingolipid sig-
naling pathway, cytokine-cytokine receptor
interaction, retrograde endocannabinoid sig-
naling, and endocytosis (Figure 5).

Discussion

In this study, a 2-miRNA signature associated
with HER2-negative breast cancer patient sur-
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vival was identified. In a multivariate Cox model,
this signature was identified as an independent
prognostic factor influencing HER2-negative
breast cancer patient survival (HR = 6.102,
95% Cl 1.765-21.096). KEGG and GO analyses
of the target genes of the 2 miRNAs showed
that these miRNAs play important roles in cell
migration, regulation of the apoptotic signaling
pathway, pathways in cancer and so on. All the
above results demonstrate that miR-1258 and
miR-193a are important factors in the process-
es of HER2-negative breast cancer. Most likely
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due to the small sample size (n = 400), we
obtained a slightly wider 95% confidence inter-
val (Cl). The results display a wide 95% Cl inter-
val that was not uncommon in similar studies
[13].

miR-193a has been observed in many cancers,
such as osteosarcoma, epithelium ovarian can-
cer, esophageal carcinoma and intrahepatic
cholangiocarcinoma. In different cancers, the
expression of miR-193a in tumor tissues and
its effect on tumor growth are different [14-17].
In breast cancer, research focusing on miR-
193a is lacking, especially research on the
relationship between miR-193a and patient
survival. In our study, the expression of miR-
193a was found to be decreased in breast can-
cer tissues compared with common tissues,
which is consistent with previous research [18,
19]. Recent animal experiments have found
that primary colon tumors, liver metastases,
and immature colon tissue cells excrete miR-
193a through exosomes [20], which may be
one of the reasons why the expression of miR-
193a in tumors is lower than that in normal tis-
sues. In most studies, miR-193a mainly acted
as a tumor suppressor [21, 22]. It was found
that miR-193a-3p regulates the proliferation
and apoptosis of BC cells by regulating PTP1B
[23]. One study showed that miR-193a reduced
Wilms’ tumor 1 (WT1) expression and repressed
luciferase reporter activity by binding to WT1
coding region sequences [18]. We noticed that
all the above results were derived from cell or
animal experiments. Our research first demon-
strated that miR-193a was an independent risk
factor associated with survival in HER2-
negative breast cancer patients. We hypothe-
sized that miR-193a may increase the drug
resistance of cancer cells. It has been reported
that the targeting regulation of miRNA with
apoptotic inhibitors and the negative regulation
of cell cycle regulators affect drug action and
eventually lead to drug resistance [24, 25]. A
study showed that miR-193a partially reversed
the antiproliferative effects of lapatinib in
SKBR3-cells and that miR-193a contributed to
the cytotoxic activity of ATRA and/or lapatinib
[26]. All the data used in our research was
obtained from the real world, where the patient
was treated with various drugs. There may be a
complex relationship between miRNAs, drugs
and the behavior of cancer cells, which requires
additional data and experiments.
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In our study, we demonstrated that miR-1258 is
a protective factor associated with the survival
of HER2-negative breast cancer patients and
that its expression in tumor tissue is decreased
compared with that in normal tissue. This con-
clusion is consistent with two previous studies
on breast cancer [27, 28]. In fact, miR-1258
has been widely researched in multiple can-
cers, and almost all studies have confirmed
that miR-1258 can inhibit the growth of cancer
cells [25-29], but its biological function and
underlying mechanism in cancer progression
are unclear, especially in breast cancer. A study
on lung cancer showed that miR-1258 inhibited
the progression of NSCLC by targeting the
GRB2/Ras/Erk pathway [29]. Another study
indicated that miR-1258 inhibited PI3K/AKT
and Erk signaling pathway activity in oral squa-
mous cell carcinoma [30]. However, our study
showed that its target genes are not enriched
in these pathways. Thus, the mechanism of
miR-1258 in breast cancer must be investigat-
ed further.

In the KEGG and gene ontology analyses, we
obtained further insight into the biological
activities of miR-193a and miR-1258. Target
genes were significantly enriched in pathways
involved in cancer, the regulation of transcrip-
tion, the regulation of cell migration, cytokine-
cytokine receptor interaction, the process of
apoptosis, the Wnt signaling pathway, cellular
energy metabolism and so on. We found that
multiple signaling pathways of target gene
enrichment are associated with chemothera-
peutic drug resistance.

A change in the signal transduction pathway
is one of the pathogenetic mechanisms of
breast cancer [31]. The MAPK signaling path-
way includes extracellular signal-regulated
kinase, c-Jun N-terminal kinase and p38 MAPK
[32]. The MAPK signaling pathway plays an
important role in many physiological process-
es, especially in inducing cell injury [33]. The
activation of MAPK leads to the phosphoryla-
tion of p38, the activation of transcription fac-
tors and the promotion of apoptosis [34]. An
analysis based on the GEO database showed
that microRNAs and their target genes related
to breast cancer resistance were enriched
in the MAPK and Wnt signaling pathways [35].
Some studies further strengthened that
microRNAs can affect the sensitivity of breast
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cancer cells to chemotherapeutic drugs by reg-
ulating the MARP signaling pathway [36, 37].

The activation of Wnt signaling and gene regu-
lation mediated by microRNAs are causal fac-
tors that together drive tumorigenesis. Anton et
al. [38] overexpressed 470 microRNAs in
HEK293 cells and screened target genes down-
stream of the Wnt pathway by gene chip tech-
nology. The results showed that 38 candidate
microRNAs were related to the expression of
target genes downstream of Wnt. It has been
reported that the abnormal activation of Wnt
signaling pathway downstream target genes
(such as LEF1, TCF, and P53) can enhance the
expression of drug-resistant proteins in cancer
cells and ultimately lead to changes in the bio-
logical behavior of cancer cells, such as
increased drug resistance and metastasis abil-
ity [39]. miR-193a, as a risk factor, may increase
drug resistance in breast cancer cells through
Wnt signaling pathway activation.

Many studies support the role of the Hippo
pathway as a tumor suppressor pathway in
diverse human cancers, including breast can-
cer [40, 41]. TAZ/YAP is an important transcrip-
tional factor downstream of the Hippo signaling
pathway. Recent studies have shown that TAZ/
YAP is associated with drug resistance in breast
cancer. TAZ makes breast cancer cells resis-
tant to paclitaxel by activating the cyr61/ctgf
promoter [42]. The resistance of BC cells and
stem cells expressing TAZ to adriamycin and
paclitaxel was higher than that of control cells
[43]. Other studies have shown that Yap expres-
sion can lead to the resistance of BC cells to
paclitaxel and cisplatin [44]. The phosphoryla-
tion of ER alpha is one of the mechanisms of
endocrine resistance in breast cancer. LATS2
can make breast cancer patients resistant to
tamoxifen, fulvestrant or letrozole by activating
the transcription of ER alpha [45].

In conclusion, this study identified two microR-
NAs as potential prognostic factors for HER2-
negative breast cancer patients. The results
obtained in the TCGA samples need to be veri-
fied in a larger sample size, and the molecular
mechanism of these microRNAs in the develop-
ment of breast cancer needs to be further
studied.
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Table S1. Analysis of differentially expressed miRNAs in HER2-negative breast cancer

miRNA adj.P.val logFC AveExpr t P.Value B threshold
hsa-mir-139 8.52E-75 -3.367486563 5.550905298 -21.8378401 3.38E-77 165.1578609 blue
hsa-mir-144 4.15E-36 -3.017544033 5.23151513 -13.80975897 1.32E-37 74.32438615 blue
hsa-mir-145 1.73E-57 -2.686343886 10.34161486 -18.38842333 1.38E-59 124.7298281 blue
hsa-mir-1247 7.43E-17 -2.407744141 4.228645706 -8.930137291 5.90E-18 29.4217559 blue
hsa-mir-133a-1  3.95E-30 -2.349405781 1.08072246 -12.42734014 1.57E-31 60.41500328 blue
hsa-mir-10b 1.24E-43 -2.074858317 16.01229663 -15.47775141 2.45E-45 92.03998401 blue
hsa-mir-125b-1 1.43E-37 -2.00574305 9.551286554 -14.14452178 3.98E-39 77.80493143 blue
hsa-let-7¢ 5.64E-29 -1.959519943 11.09969202 -12.14545628 2.46E-30 57.67923905 blue
hsa-mir-100 4.01E-32 -1.944844872 11.53614265 -12.89995322 1.43E-33 65.0812882 blue
hsa-mir-125b-2 4.22E-25 -1.880730136 4.154292955 -11.18618753 2.18E-26 48.65444955 blue
hsa-mir-1-2 6.35E-18 -1.83345275 1.681420486 -9.247654309 4.61E-19 31.94140602 blue
hsa-mir-1258 3.05E-24  -1.830480642 0.139745247 -10.96280551 1.69E-25 46.6199981 blue
hsa-mir-195 1.55E-26 -1.530113935 5.453117667 -11.54934139 7.36E-28 52.01726198 blue
hsa-mir-1468 5.99E-14 -1.404014217 2.37538593 -8.017820134 6.18E-15 22.55937129 blue
hsa-mir-130a 5.98E-15 -1.319023635 5.898598122 -8.339030626 5.69E-16 24.90991163 blue
hsa-mir-129-2 7.82E-09 -1.314257992 0.189594482 -6.173526104 1.27E-09 10.5504883 blue
hsa-mir-140 3.78E-22 -1.276378239 9.436929687 -10.41072572 2.40E-23 41.70817937 blue
hsa-mir-126 1.43E-14 -1.263736351  11.408701 -8.216797904 1.42E-15 24.00686812 blue
hsa-mir-143 1.97E-15 -1.19096433 15.33480017 -8.496699792 1.72E-16 26.09010362 blue
hsa-mir-1271 1.77E-08 -1.151616939 1.38773579 -6.030289578 2.95E-09 9.730024188 blue
hsa-mir-193a 3.04E-22 -1.100039928 8.919817617 -10.4425297 1.81E-23 41.98651961 blue
hsa-mir-154 6.10E-10 -1.086598926 2.496604099 -6.617511399 8.47E-11 13.19975035 blue
hsa-mir-129-1 6.67E-06 -1.067460339 0.051214602 -4.876800237 1.40E-06 3.753734485 blue
hsa-mir-101-2 1.83E-11 -1.01285283 5.243751581 -7.186349723 2.10E-12 16.82245967 blue
hsa-mir-150 0.0004184 -0.969870354 9.044082054 -3.899507732 0.000107921 -0.393945971 blue
hsa-mir-1295 5.59E-07 -0.948487829 0.018777801 -5.388418307 1.04E-07 6.263801097 blue
hsa-mir-134 1.05E-07 -0.939027444 8.32495268 -5.705361181 1.87E-08 7.931938019 blue
hsa-mir-1262 3.80E-09 -0.910488195 -0.393214922 -6.298547589 6.03E-10 11.2803588 blue
hsa-mir-190 1.74E-09 -0.840762375 2.007856392 -6.435235483 2.62E-10 12.09286808 blue
hsa-mir-10a 1.86E-05 -0.828326169 14.49066241 -4.638651204 4.36E-06 2.66378001 blue
hsa-mir-127 5.28E-06 -0.764792227 9.602477925 -4.936420659 1.05E-06 4.034463302 blue
hsa-mir-1296 6.57E-06 -0.7624291  2.494415761 -4.887775219 1.33E-06 3.805175936 blue
hsa-mir-1249 9.56E-06 -0.717216994 1.095470442 -4.794468937 2.09E-06 3.371229693 blue
hsa-mir-133b  0.000137307 -0.636009678 -0.458210385 -4.179814591 3.38E-05 0.70712404 blue
hsa-mir-125a 4.14E-07 -0.615980816 9.98214817  -5.44894726 7.56E-08 6.575760151 blue
hsa-let-7b 1.12E-05 -0.589625252 14.49009451 -4.754099959 2.53E-06 3.185872476 blue
hsa-mir-181d  0.001010479 0.599166464 4.323536282 3.662948153 0.000272669 -1.266760174 red
hsa-mir-148a  0.000498607 0.602013505 15.28514829 3.851854093 0.000130588 -0.573941591 red
hsa-mir-18a 0.015892657 0.60729567 2.795431895 2.811064925 0.005108354 -3.974539957 red
hsa-mir-181c 6.65E-06 0.686720349 6.46024297 4.881359671 1.37E-06 3.775092354 red
hsa-mir-15b 1.01E-05 0.68938642 7.528508838 4.779563613 2.24E-06 3.302622391 red
hsa-mir-128-1 9.13E-11 0.715961126 6.168875043 6.923576231 1.20E-11 15.11762098 red
hsa-mir-191 1.51E-06 0.761200355 9.683099008 5.189205209 2.94E-07 5.259358879 red
hsa-mir-128-2 1.28E-11 0.840389801 5.560716448 7.244266078 1.43E-12 17.20534101 red
hsa-mir-188 0.000142944 0.860082083 1.059169553 4.166612091 3.57E-05 0.653647803 red
hsa-mir-103-2 6.10E-10 0.895433661 3.15981178 6.621801615 8.24E-11 13.22612258 red
hsa-mir-148b 5.23E-16 0.978049842 7.309269193 8.675004031 4.36E-17 2744531235 red
hsa-mir-1307 4.95E-11 1.035639083 10.20874266 7.026660675 6.09E-12 15.78006761 red
hsa-mir-181b-1 2.36E-15 1.113749161 8.332420908 8.467346391 2.15E-16 25.86908586 red
hsa-mir-130b 7.39E-11 1.121830614 4.201001964 6.960748969 9.38E-12 15.35555187 red
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hsa-mir-192 1.47E-13 1.123909127 8.55552718 7.889349635 1.57E-14 21.63980882 red
hsa-mir-155 1.20E-09 1.147611291 8.211349377 6.500386925 1.76E-10 12.48544889 red
hsa-mir-181b-2 7.29E-10 1.173047161 1.961826146 6.584486517 1.04E-10 12.99723471 red
hsa-mir-142 4.20E-08 1.277929527 10.60900147 5.871958813 7.34E-09 8.842842251 red
hsa-mir-196a-2 0.000136138 1.295150086 4.358327643 4.185628116 3.30E-05 0.730721947 red
hsa-mir-187 0.002063032 1.325174762 3.062240566 3.467617164 0.000564878 -1.948163332 red
hsa-mir-1269  0.013895145 1.352409327 1.452942689 2.86266782 0.004356018 -3.830139743 red
hsa-mir-1301 6.35E-18 1.599723985 3.625284932 9.243006235 4.79E-19 31.90405031 red
hsa-mir-182 1.19E-44 2.316198114 14.95572933 15.71182415 1.89E-46 94.59483665 red
hsa-mir-196a-1 1.92E-11 2.369780505 8.114862209 7.174296596 2.28E-12 16.74309887 red
hsa-mir-184 2.18E-09 2.548131603 2.807972407 6.39411685 3.38E-10 11.84685944 red
hsa-mir-141 2.11E-43 2.59187846 10.39899259 15.41224551 5.02E-45 91.32776997 red
hsa-mir-190b 2.83E-18 2.758879869 2.816646423 9.355641629 1.91E-19 32.81316671 red
hsa-mir-183 1.73E-57 2916297708 13.44503591 18.35359572 2.06E-59 124.3287641 red

Table S2. Survival analysis results of miRNAs in HER2-negative breast cancer (Kaplan-Meier method)

Terms HR [exp(coef)] coef 95% CI lower 95% Cl upper Z P value
hsa-mir-193a 2.300474238 0.833115292  0.42121371 1.245016874 3.964238154 7.36E-05
hsa-let-7e 2247998132  0.810040101 0.344010665  1.276069537 3.406757817 6.57E-04
hsa-mir-10b 0.592636557 -0.523173956 -0.865985715 -0.180362198  -2.991152101 0.00277927
hsa-mir-1258 0.359361375  -1.02342678 -1.734234733 -0.312618827  -2.821971282 0.004772945
hsa-mir-125a 1.823253808 0.600622711 0.168260132 1.032985291 2.722712229 0.006474843
hsa-mir-148b 1.907107815 0.645587862  0.174859862 1.116315862 2.688025692 0.007187587
hsa-mir-1248 1.558171065  0.443512739  0.11686712 0.770158358 2.661199 0.007786292
hsa-mir-1290 72.31660511  4.281053772 1.061786611  7.500320934 2.606404125 0.009149844
hsa-mir-130b 1.495381381 0.402381279 0.088250647 0.716511911 2.510588698 0.012053004
hsa-mir-1270-2 1.736422596  0.551827017 0.119898297 0.983755738 2.504026771 0.012278874
hsa-mir-103-2 1.744923205 0.556710546 0.114289966  0.999131125 2.46627908 0.013652492
hsa-mir-1229 1.462034779 0.37982915  0.064374587 0.695283713 2.35993243 0.018278264
hsa-mir-1246 2.616268287 0.961748985 0.162482832 1.761015137 2.358405102 0.018353652
hsa-mir-181b-1  1.488687779 0.397895047 0.064060492  0.731729602 2.336067221 0.019487738
hsa-mir-127 0.649473112 -0.431593842 -0.79649131  -0.066696374  -2.318208432 0.020437996
hsa-mir-185 1.777107163  0.574986853 0.085280377  1.064693329 2.301283686 0.021375601
hsa-let-7d 1.656539247  0.504730635  0.07263509 0.936826181 2.289433152 0.022054198
hsa-mir-196b 1.292488776  0.256569643 0.033689973  0.479449314 2.256227584 0.024056382
hsa-mir-105-1 1.190284816 0.17419262  0.022323222  0.326062018 2.2480583 0.024572473
hsa-mir-1307 1.364083603  0.31048285 0.035238359  0.585727341 2.210889677 0.027043478
hsa-mir-105-2 1.180947449  0.166317039 0.016357501 0.316276577 2.173755744 0.029723484
hsa-mir-1301 1.445030763 0.368130611 0.033085208  0.703176013 2.153507356 0.031278827
hsa-mir-1237 3.592921919 1.278965776  0.110812142 2.447119411 2.145887994 0.031881916
hsa-mir-190b 0.781909095 -0.246016792 -0.478139467 -0.013894117 -2.07728113 0.03777562
Terms HR [exp(coef)] coef 95% CI lower 95% Cl upper Z P value
hsa-mir-17 1.367092886 0.312686504 0.017027426  0.608345582 2.072841091 0.038187071
hsa-mir-10a 0.726745122  -0.319179451 -0.623706145 -0.014652757 -2.054270583 0.03994951
hsa-mir-150 0.788259234 -0.237928267 -0.465016836 -0.010839697 -2.053519617 0.040022209
hsa-mir-1306 1.373324014  0.317234089 0.011562443  0.622905735 2.034102268 0.041941285
hsa-mir-192 1.448062567 0.370226502 0.012838893  0.727614111 2.030374284 0.042318509
hsa-mir-101-1 0.630129439 -0.461830022 -0.907786414 -0.015873631 -2.029728081 0.042384187
hsa-mir-1909 3.965022476  1.377511524  0.041089074 2.713933974 2.0202242 0.043360137
hsa-mir-1277 1.628529134  0.487677236 0.011137934  0.964216537 2.005773323 0.044880438
hsa-mir-1270-1  1.527225075  0.423452412 9.78E-04 0.845926599 1.964502218 0.049471879
hsa-mir-1262 0.392503258 -0.935210442 -1.869814639 -6.06E-04 -1.961235345 0.049851576
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Table S3. Log-rank statistical tests on 20 overlapping miRNAs

Terms HR [exp(coef)] coef 95% Cl lower  95% Cl upper Z P value Lotge—)rsatnk
hsa-mir-193a 2.300474238 0.833115292 0.42121371 1.245016874 3.964238154 7.36E-05 0.014
hsa-mir-10b 0.592636557 -0.523173956 -0.865985715 -0.180362198 -2.991152101 0.00277927 0.107
hsa-mir-1258  0.359361375 -1.02342678 -1.734234733 -0.312618827 -2.821971282 0.004772945 0.015
hsa-mir-125a 1.823253808 0.600622711 0.168260132 1.032985291 2.722712229 0.006474843  0.088
hsa-mir-148b 1.907107815 0.645587862 0.174859862 1.116315862 2.688025692 0.007187587  0.071
hsa-mir-130b 1.495381381 0.402381279 0.088250647 0.716511911 2.510588698 0.012053004  0.074
hsa-mir-1270-2 1.736422596 0.551827017 0.119898297 0.983755738 2.504026771 0.012278874 0.015
hsa-mir-103-2  1.744923205 0.556710546 0.114289966 0.999131125 2.46627908 0.013652492 0.006
hsa-mir-181b-1 1.488687779 0.397895047 0.064060492 0.731729602 2.336067221 0.019487738 0.202
hsa-mir-127 0.649473112 -0.431593842 -0.79649131 -0.066696374 -2.318208432 0.020437996 0.090
hsa-mir-1307 1.364083603 0.31048285 0.035238359 0.585727341 2.210889677 0.027043478  0.007
hsa-mir-1301 1.445030763 0.368130611 0.033085208 0.703176013 2.153507356 0.031278827 0.060
hsa-mir-190b 0.781909095 -0.246016792 -0.478139467 -0.013894117 -2.07728113 0.03777562 0.024
hsa-mir-10a 0.726745122 -0.319179451 -0.623706145 -0.014652757 -2.054270583 0.03994951 0.353
hsa-mir-150 0.788259234 -0.237928267 -0.465016836 -0.010839697 -2.053519617 0.040022209 0.105
hsa-mir-192 1.448062567 0.370226502 0.012838893 0.727614111 2.030374284 0.042318509 0.038
hsa-mir-1909 3.965022476 1.377511524 0.041089074 2.713933974  2.0202242 0.043360137 0.084
hsa-mir-1277 1.628529134 0.487677236 0.011137934 0.964216537 2.005773323 0.044880438 0.084
hsa-mir-1270-1 1.527225075 0.423452412 9.78E-04 0.845926599 1.964502218 0.049471879  0.745
hsa-mir-1262  0.392503258 -0.935210442 -1.869814639  -6.06E-04  -1.961235345 0.049851576 0.0502
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Table S4. Clinical information and miRNA-seq date for statistics

. hsa-mir- hsa- . Patient Age Patient Patient n Patient t Patient_ Stage Higto—
Terms Time Status ) Pl Risk Group AGE stage M N stage T pathologic Stage logical HT
193a mir-1258 a level stage N level level level
M T stage type
TCGA-OL-A5DA 1357 0 6.704312325 1.828473926 3.044 low 0 61 >60 1 mx 0 n0 no-1 0 t2 t1-2 0 stageiia G1-2 0 ILC 0
TCGA-D8-A1JJ 274 0 8.588259697 3.231887341 3.199 low 0 54 <60 O moO 0 n0O n0-1 0 t2 t1-2 0 stageiia G1-2 0 IDC 1
TCGA-AR-A24T 1620 0 7.186508179 2.018251896 3.217 low 0 46 <60 O mO 0 n3 n2-3 1 t3 t3-4 1 stageiiic G3-4 1 ILC 0
TCGA-AQ-A7U7 304 0 8.024859428 2.582978487 3.333 low 0 55 <60 O moO 0 n2a n2-3 1 t2 t1-2 0 stageiiia G3-4 1 ILC 0
TCGA-D8-A271 186 0 7.884914398 2.427578688 3.362 low 0 58 <60 O mO 0 n2a n2-3 1 tlc t1-2 0 stageiiia G3-4 1 ILC 0
TCGA-AR-A1AX 1103 0 8.093935013 2.55117774 3.405 low 0 64 260 1 mO 0 n0 no-1 0 t1 t1-2 0 stage i G1-2 0 IDC 1
TCGA-A2-A25A 2968 0 6.973899364 1.543005824 3.45 low 0 44 <60 O mO 0 noO(-) nO-1 O t2 t1-2 0 stageiia G1-2 0 ILC 0
TCGA-D8-A1JB 365 0 8.642220497 2.759328604 3.607 low 0 54 <60 O mO 0 nla n0-1 0O t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-E9-A1RI 48 0 8.141786575 2.222064734 3.696 low 0 43 <60 O mO 0 n2 n2-3 1 tlc t1-2 0 stageiiia G3-4 1 other 2
TCGA-E2-A1B1 1361 0 8.416133881 2.425773382 3.719 low 0 45 <60 O mO 0 nl no-1 0O t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-BH-AODX 1442 0 9.228347778 3.091762304 3.737 low 0 62 260 1 mO 0 n0 no-1 0O tlb t1-2 0 stage i G1-2 0 IDC 1
TCGA-D8-A145 49 0 8.255809784 2.258417368 3.744 low 0 80 260 1 mO 0 nla n0-1 0O tlc t1-2 0 stageiia G1-2 0 IDC 1
TCGA-A2-AOCV 1870 0 8.07972908 2.106334448 3.746 low 0 41 <60 O mO 0 nla n0-1 0O t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-AC-A3YI 47 0  8.081995964 2.107718945 3.746 low 0 74 >60 1 mx O n3a n23 1 tlc t12 O stageiic G34 1 ILC 0
TCGA-E2-A1B6 338 0 7.501805782 1.607981682 3.752 low 0 44 <60 O mO 0 nO no-1 0 t2 t1-2 O stageiia G1-2 0 IDC 1
TCGA-E2-A2P5 326 0 8.427605629 2.328629494 3.803 low 0 78 >60 1 moO 0 n3 n2-3 1 t2 t1-2 0 stageiiic G3-4 1 ILC 0
TCGA-A2-A1FV 461 0 8.09458828 2.036913395 3.81 low 0 4 >60 1 mO 0O nO(+) nO1 O t3 t3-4 1 stageiib G1-2 0 ILC 0
TCGA-AC-A30D 35 0 7.210938931 1.278107285 3.817 low 0 68 260 1 mx 0 nimi  nO-1 O t2 t1-2 0 stageiib G1-2 0 ILC 0
TCGA-D8-A73U 492 0 7.51935482 1.444328427 3.892 low 0 88 260 1 mO 0 n0 no-1 0 t2 t1-2 0 stageiia G1-2 0 ILC 0
TCGA-D8-A1JG 187 0 9.779685974 3.342283964 3.909 low 0 62 260 1 mO 0 n0 no-1 0O t2 t1-2 0 stageiia G1-2 0 IDC 1
TCGA-A1-AOSF 1463 0 8.013496399 1.830838561 3.918 low 0 54 <60 O mO 0 n0 n0-1 0 t2 t1-2 0 stageiia G1-2 0 IDC 1
TCGA-A1-AOSI 635 0 8.338135719 2.104475021 3.92 low 0 52 <60 O mO 0 nla n0-1 0O t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-AC-A5EH 63 0 8.791529655 2.476408482 3.93 low 0 76 260 1 mx 0 nimi n0-1 0O t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-D8-A1JU 106 0 8.663034439 2.341204405 3.951 low 0 51 <60 O mO 0 n0 n0-1 0O tlc t1-2 0 stageia G1-2 0 IDC 1
TCGA-A7-AASE 371 0 756045723 1.399690032 3.955 low 0 54 <60 O mO 0 n0 no-1 0O t2 t1-2 0 stageiia G1-2 0 IDC 1
TCGA-AC-A2FF 1686 0 8.614374161 2.293997288 3.955 low 0 40 <60 O mx 0 nl n0-1 0O t2 t1-2 0 stageiib G1-2 0 ILC 0
TCGA-AC-A2FK 1180 0 8.937872887 2.531440973 3.985 low 0 45 <60 O mO 0 n3a n2-3 1 t2 t1-2 0 stageiic G3-4 1 ILC 0
TCGA-GM-A3XL 1717 0 8.507378578 2.087397337 4.047 low 0 49 <60 O mO 0 n0(-) nO-1 O t2 t1-2 0 stageiia G1-2 0 IDC 1
TCGA-EW-A424 322 0  7.165463448 0.940889955 4.052 low 0 51 <60 O mx O nl n0-1 0 t3 t3-4 1 stageiia G3-4 1 ILC 0
TCGA-AR-A24S 1888 0 8.328902245 1.899936199 4.075 low 0 61 260 1 moO 0 nO no-1 0 t1 t1-2 0 stagei G1-2 0 IDC 1
TCGA-D8-A1J8 256 0 7.984126091 1.60506475 4.077 low 0 7 >60 1 moO 0 nla no-1 0 t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-BH-AOH3 1149 0 7.936556339 1.55081892 4.088 low 0 46 <60 O moO 0 n0O n0-1 0 tlc t1-2 0 stagei G1-2 0 IDC 1
TCGA-GM-A2DA 3650 0 7.812375069 1.42623353 4.103 low 0 46 <60 O moO 0 nlb n0-1 0 t2 t1-2 0 stageiib G1-2 0 IDC 1
TCGA-E2-A15P 315 0 8.4516716 1.961361766 4.109 low 0 61 >60 1 mO 0 n0 no-1 0 tlc t1-2 0 stageia G1-2 0 IDC 1
TCGA-E2-A14X 692 0 8.07321167 1.639502168 4.109 low 0 55 <60 O mO 0 n2 n2-3 1 t2 t1-2 0 stageiiia G3-4 1 IDC 1
TCGA-BH-A8GO 199 0 7.830341339 1.419642329 4.12 low 0 54 <60 O mO 0 nla no-1 0O t2 t1-2 0 stageiib G1-2 0 ILC 0
TCGA-BH-A18) 612 1 8.634421349 2.078167439 4.139 low 0 56 <60 O ml 1 n2 n2-3 1 t4b t3-4 1 stageiv G3-4 1 IDC 1
TCGA-BH-AOW7 558 0 8.407997131 1.885066748 4.14 low 0 49 <60 O mO 0 no0(-) nO-1 O tlc t1-2 0 stage i G1-2 0 IDC 1
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