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Positive expression of miR-361-5p indicates better prognosis for
breast cancer patients
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Background: MicroRNA-361-5p (miR-361-5p) has been reported to be tumor suppressor in colorectal,
gastric and prostate cancer, but as an oncogene in cervical cancer. No previous research has focused on the
expression of miR-361-5p and its exact prognostic role in breast cancer (BC).

Methods: In this study, a tissue microarray (TMA)-based miRNA detection in situ hybridization (ISH) with
LNA probe was used to detect miR-361-5p expression in 375 BC tissue. The expression level of miR-361-5p
in BC and its potential prognostic value was investigated.

Results: Positive miR-361-5p staining was observed in 78.7% (N=295; 78.7% positive, 21.3% negative) in the
375 cases. The clinical outcome of patients with positive miR-361-5p expression [median disease-free survival
(DFS) time 95.52 months] was significantly better than that of patients (median DFS time 82.33 months)
with negative miR-361-5p expression (P=0.002). Moreover, the prognostic value of miR-361-5p was most
significant among patients with triple-negative breast cancer (TNBC) for DFS (P=0.004).

Conclusions: These results indicated that miR-361-5p expression is an independent predictive factor for
better prognosis in BC.
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Introduction evaluated for clinical application (4-7), such as PAMS50 assay

Breast cancer (BC) is the most commonly diagnosed (based on the NanoString technology), MammaPrint test

(based on the microarray technology), Oncotype DX test
(based on the qRT-PCR technology).

cancer among women in China and worldwide (1,2). It is
considered to be a heterogeneous disease comprising four

subtypes (luminal A, luminal B, HER2+, and basal-like)
which has different molecular characteristics, behaviors,
and response to treatment (3). Individual molecular markers
were proved to be associated with clinical diagnosis,
prognosis and predictions in treatment responses in
BC. And numerous biomarkers have been validated and
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MicroRNAs (miRNAs) are none-coding small RNAs
which are 18-24 nucleotides in length, working at the post-
transcriptional level of the gene expression regulation (8).
miRNAs are important regulators of diverse critical cellular
processes including cell cycle regulation, cell growth,

apoptosis, cell differentiation and stress response (9).
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Increasing evidence indicated that aberrant miRNA
expression was associated with tumor invasion, distal
metastasis and resistance to chemotherapy. Thereby, miRINA
expression signatures are considered to be promising
predictive and prognostic biomarkers for BC (10,11).
Increasing studies independently reported onco-miR such
as miR-21, miR-210 were over-expressed in BC and the
expression levels correlated with tumor aggressiveness
and poor prognosis (12). In contract, high expression of
miRNAs as tumor suppressors such as miR-30e, let-7b were
associated with good prognosis (13,14).

MiR-361-5p, which is located on chromosome X, has
been reported to play a critical role in several human
tumors. It has been demonstrated to be down-regulated
in colorectal carcinoma and gastric cancer, suggesting that
miR-361-5p functioned as a tumor-suppressive miRINA (15).
Decreased miR-361-5p expression has also been observed in
castration-resistant prostate cancer as well (16). However, a
contradictory report identified that miR-361-5p acted as an
oncogene in cervical cancer progression by enhancing cell
proliferation and invasion (17). These conflicting research
results of miR-361-5p in different tumors necessitate the
validation of the precise role of this miRNA in specific
tumors. To our knowledge, no previous research has
focused on the expression of miR-361-5p and its exact role
in BC. Therefore, we aimed to examine the expression level
of miR-361-5p in BC and investigate the specific function
and potential prognostic value.

Methods
Study population

In this study, data and specimens were collected from
375 female patients who were diagnosed with stage I to III
BC at the Department of Breast Surgery in Fudan University
Shanghai Cancer Center (FUSCC, Shanghai, China) between
August 2001 and March 2005. All patients were histologically
confirmed as invasive ductal breast carcinoma. The follow-up
time was measured from the date of surgery until patient’s
death or last follow-up. Patients were regularly followed-up
and the median follow-up time was 96.57 months. The study
was approved by the Ethics Committee of FUSCC, and a
written informed consent was signed by each patient.

Tissue microarrays (TMAs)

The TMAs were constructed from formalin-fixed and
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paraffin-embedded (FFPE) samples from above BC patients
before their cancer treatment by the Department of
Pathology in FUSCC. Representative tumor regions were
marked and tissue cylinders were then punched from these
regions and transferred to recipient array blocks by TMA.
The TMAs were constructed in duplicate so as to compare
the staining in different areas of the same tumor.

In situ bybridization (ISH)

ISH was performed on the TMAs using the digoxigenin
(DIG)-labeled miRCURY LNA™ microRNA detection
probes for miR-361-5p (Exiqon, Vedbeak, Denmark) and
the Enhanced Sensitive ISH Detection Kit I (POD) (Boster
Company, Wuhan, China). Briefly, the ISH was performed as
follows (18): The TMA slides were incubated at 68 °C for 4 h.
They were then deparaffinized in xylene, hydrated in graded
ethanol series and washed by phosphate buffered saline
(PBS). Endogenous peroxidase activity was quenched with
3% H,0, at room temperature for 10 min. Subsequently,
the slides were incubated in 3% pepsin solution at 37 °C for
20 min. After rinsing with PBS, they were pre-hybridized
in pre-hybridization buffer at 37 °C for 3 h in a humid
chamber. Hybridization was then carried out by adding
20 nM 5°-DIG-labeled probe diluted in hybridization buffer
to the sections at 37 °C overnight. After a thorough wash
with SSC, the sections were blocked at 37 °C (30 min),
incubated with biotinylated mouse anti-DIG reagent at
37 °C (60 min), washed again, and incubated with streptavidin-
biotin-peroxidase complex (SABC) at 37 °C (20 min),
followed by three rinses with 0.5 M PBS. The sections were
then incubated with avidin-biotin peroxidase complex at 37 °C
(20 min) and washed again. The results were visualized
after color developing using 3,3’-diaminobenzidine (DAB)
and counterstaining with hematoxylin. Finally, the sections
were dehydrated in a graded ethanol, cleared in xylene, and
mounted with coverslips.

Evaluation of staining

The expression of miR-361-5p was semi-quantitatively
evaluated according to the intensity of the staining reaction.
The intensity was graded as follows: 0—negative; 1—weak;
2—medium; and 3—strong. In this study, grade =3 was
defined as miR-361-5p-positive staining, whereas grade
<2 was defined as negative. The staining was assessed and
scored separately by two independent observers in a blinded
fashion.
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Statistical analysis

The disease-free survival (DFS) was calculated from the
date of surgery to the date of disease relapse. Event-free
patients or patients without death were censored at the last
follow-up. Survival curves were generated using the Kaplan-
Meier method and compared by the Log-rank test. Using
univariate and multivariate Cox regression analyses, the
significance of various parameters for survival was analyzed.
A two-sided P value <0.05 was considered statistically
significant. All statistical analysis was performed using SPSS
software (version 20.0; IBM Company).

Results
Patient characteristics

"The clinical and pathological characteristics of the study cohort
are presented in Table 1. The average age was 51.52 years
(SD 10.19, median 50, range from 26 to 85). After a mean
follow-up time of 96.57 months, 76 patients showed
occurrence of disease events among the 375 cases.

Expression pattern of miR-361-5p in breast cancer (BC)
patients

In this cohort of 375 patients, TMAs were stained for
miR-361-5p using ISH and representative images are shown
in Figure 1 As shown in Table 1, positive miR-361-5p
staining was observed in 78.7% (IN=295; 78.7% positive,
21.3% negative) of the 375 cases according to the scoring
criteria described above. Relationships between miR-361-5p
expression and other parameters were analyzed using
Chi-square tests. Clinicopathological variables like age,
menopausal status, grade, tumor size and lymph node
status were not significantly correlated with miR-361-5p
expression (Table I).

Elevated miR-361-5p expression is associated with better
disease-free survival in breast cancer (BC)

To evaluate the clinical significance of miR-361-5p
expression in BC, the relationship between the level of
miR-361-5p expression and DFS was then analyzed.
As the survival curves shown in Figure 2A4, the clinical
outcome of patients with positive miR-361-5p expression
was significantly better than that of patients with negative
miR-361-5p expression (P=0.002). The median DFS time
was 95.52 months for positive miR-361-5p expression and

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Cao et al. MiR-361-5p indicates better prognosis for breast cancer

82.33 months for negative miR-361-5p expression.

In the univariate analysis (7Table 2), the correlations
between DFS and each clinicopathological parameter
were examined. Several factors demonstrated a significant
association with DFS: tumor size >5 cm (HR =3.108; 95%
CI: 1.374-7.031; P=0.006), lymph node status (FIR =1.979;
95% CI: 1.259-3.112; P=0.003), ER status (HR =0.615;
95% CI: 0.386-0.981; P=0.041) and PR status (HR =0.501;
95% CI: 0.292-0.860; P=0.012). And positive miR-361-5p
expression indicated a lower risk for disease relapse
(HR =0.471; 95% CI: 0.291-0.760; P=0.002).

Then, in the further multivariate analysis (Table 2), only
the lymph node status (HR =2.104; 95% CI: 1.221-3.626;
P=0.007) and miR-361-5p expression (HR =0.492; 95%
CI: 0.283-0.855; P=0.012) exhibited significant association.
MiR-361-5p expression positively correlated with DFS in
both univariate and multivariate analysis.

Moreover, the relationships between the level of
miR-361-5p expression and survival according to different
BC subtypes were also analyzed (Figure 24-D). Among
the three subtypes, the prognostic value of miR-361-5p
was most significant among patients with TNBC for DFS
(P=0.004). These results above indicated that miR-361-5p
expression is an independent predictive factor for better
prognosis in BC.

Discussion

BC is a heterogeneous disease with different morphological
appearances, molecular features and behaviors (3). Many
attempts have been made to identify BC signatures for
diagnosis, prognosis, and prediction of the therapeutic
response. Several studies have indicated specific miRNAs
dysregulated in BC and they target multiple downstream
genes and work in combination with each other, modulating
one-third of all protein-coding genes (10,19). miRINAs play
critical roles in responding to the current clinical needs, and
could be used as easy, affordable, and clinically accessible
molecular biomarkers in the retrospective analysis of
large tissue collections and for diagnosis, prognosis, and
prediction of therapeutic outcomes in BC (20).

MiR-361 is encoded on Xq21.2 in an intron between exon
9 and 10 of CHM/choroideremia (RAB escort protein 1),
and gives rise to two mature miRNA species, miR-361-3p
and the predominant miR-361-5p (21). It is reported that
the target genes of miR-361-5p are VEGFA, MTUSI,
RAD23B, MTR, GSR, TGFBRI1, XRCC4, IL10, RBI,
IGF1 and MTRR (22). Previous studies have indicated that
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Table 1 Clinicopathological variables and miR-361-5p expression of the study cohort
MiR-361-5p expression, N (%)
Variables N (%) P? value
Negative Positive

Total 375 80 (21.3) 295 (78.7)

Age (years) 0.712
<50 190 (50.7) 42 (11.2) 148 (39.5)
>50 185 (49.3) 38 (10.1) 147 (39.2)

Menopausal status 0.906
Pre 190 (50.7) 41 (10.9) 149 (39.7)
Post 185 (49.3) 39 (10 146 (38.9)

TNM stage 0.650
1 118 (31.5) 21(5.6) 97 (25.9)
2 204 (54.4) 48 (12.8) 156 (41.6)
3 41 (10.9) 8 (2.1) 33(8.8)
Unknown 23.2) 3(0.8) 9(2.4)

Grade 0.517
1 6 (1.6) 0(0.0) 6 (1.6)
2 203 (54.1) 43 (11.5) 160 (42.7)
3 94 (25.1) 19 (5.1) 75 (20.0)
Unknown 72 (19.2) 18 (4.8) 54 (14.4)

Tumor size (cm) 0.920
<2 177 (47.2) 35(9.3) 142 (37.9)
2-5 172 (45.9) 39 (10.4) 133 (35.5)
>5 17 (4.5) 4(1.1) 13 (3.5)
Cannot be measured 9(2.4) 2 (0.5) 7(1.9)

Lymph node status 0.282
Negative 212 (56.5) 41 (10.9) 171 (45.6)
Positive 163 (43.5) 39 (104 124 (33.1)

ER status 0.496
Negative 203 (54.1) 46 (12.3) 157 (41.9)
Positive 172 (45.9) 34 (9.1) 138 (36.8)

PR status 0.093
Negative 242 (64.5) 58 (15.5) 184 (49.1)
Positive 133 (35.5) 2 (5.9) 111 (29.6)

HER-2 status 0.782
Negative 202 (53.9) 42 (11.2) 160 (42.7)
Positive 173 (46.1) 38 (10.1) 135 (36.0)

Molecular subtype® 0.314
Luminal like 180 (48.0) 36 (9.6) 144 (38.4)
HER-2 positive 84 (22.4) 15 (4.0) 69 (18.4)
Triple negative 111 (29.6) 29 (7.7) 82 (21.9)

2 based on Pearson y test, fisher’s exact test was used when needed;

®  definition of molecular subtypes: luminal like (ER and/or PR positive),

HER-2 positive (ER and PR negative, HER-2 positive), and triple negative (ER negative, PR negative and HER-2 negative). miR-361-5p,

microRNA-361-5p; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; N, number.
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Figure 1 Representative staining of miR-361-5p in low-magnification (100x) and high:
(C,D) positive (grade =3). ISH, in situ hybridization.
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Figure 2 MiR-361-5p overexpression indicates a better disease-free survival (DFS) in BC patients. Cumulative DFS curves of positive
and negative miR-361-5p expression. (A) Cumulative DFS curves of positive or negative miR-361-5p expression in breast cancer patients;
(B) cumulative DES curves of positive or negative miR-361-5p expression in luminal like breast cancer patients; (C) cumulative DFS curves
of positive or negative miR-361-5p expression in HER-2 positive breast cancer patients; (D) cumulative DFS curves of positive or negative
miR-361-5p expression in triple negative breast cancer patients. BC, breast cancer.
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Table 2 Univariate and multivariate analysis of factors for DFS
. Univariate analysis Multivariate analysis
Variables
HR (95% Cl) P value HR (95% Cl) P value

Age (years)

<50 1

>50 0.787 (0.500-1.238) 0.300 0.685 (0.357-1.315) 0.256
Menopausal status

Pre 1

Post 1.101 (0.702-1.727) 0.674 1.593 (0.832-3.049) 0.160
Grade

1or2 1

3 1.567 (0.943-2.604) 0.083 1.062 (0.602-1.875) 0.834
Tumor size (cm)

<2 1

2-5 1.081 (0.669-1.744) 0.751

>5 3.108 (1.374-7.031) 0.006 1.127 (0.708-1.793) 0.614
Lymph node status

Negative 1

Positive 1.979 (1.259-3.112) 0.003 2.104 (1.221-3.626) 0.007
ER status

Negative 1

Positive 0.615 (0.386-0.981) 0.041 0.644 (0.277-1.496) 0.306
PR status

Negative 1

Positive 0.501 (0.292-0.860) 0.012 0.597 (0.240-1.486) 0.268
HER-2 status

Negative 1

Positive 0.804 (0.508-1.274) 0.354 0.634 (0.360-1.114) 0.113
Molecular subtype

Luminal like 1

HER-2 positive 1.055 (0.559-1.991) 0.868

Triple negative 1.888 (1.146-3.109) 0.013
MiR-361-5p

Negative 1

Positive 0.471 (0.291-0.760) 0.002 0.492 (0.283-0.855) 0.012

DFS, disease-free survival; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; Cl,

confidence interval.

miR-361-5p acts as a tumor suppressor in several cancers.
In castration-resistant prostate cancer, miR-361-5p was
demonstrated to be down-regulated through STAT/Bel-xLL
pathway, suppressing cell proliferation and triggering
apoptosis (16). While in colorectal carcinoma and gastric
cancer, miR-361-5p also functions as a tumor-suppressive

miRNA through binding to SND1 directly (15). And it
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was reported that miR-361-5p was inversely correlated
with VEGFA expression in squamous cell carcinoma (22).
However, a contradictory report identified that miR-361-5p
acts as an oncogene in cervical cancer progression, enhancing
cell proliferation and invasion (17). Besides, researchers
have identified the most stably and highly expressed
miRNA as candidate reference miRNAs in 14 types
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of common human tumors by the TCGA miRNA-seq data (23).
And they demonstrated that miR-361-5p was the most
recommended candidate reference miRNA in 9 of 14 human
tumor types, including breast invasive carcinoma.

As far as we know, the role of miR-361-5p in BC has not
yet been fully investigated and there is only one publication
demonstrated that miR-361-5p up-regulated in metastatic
BC (7 normal samples vs. 7 metastatic BCs) by screening
with miRNA microarray (24). In the present study, we
evaluated the expression of miR-361-5p by ISH analysis
on TMAs and we found that miR-361-5p expression was
positively associated with prolonged DFS. Moreover, both
the univariate and multivariate analysis indicated that the
expression of miR-361-5p was an independent prognostic
factor for BC. Meanwhile, miR-361-5p density was
remarkably associated with BC subtype. The prognostic value
of miR-361-5p was most significant in patients with triple-
negative breast cancer (TNBC). TNBC is defined as BC
that lacks ER, PR, and HER2 expression. Compared with
other subtypes of BC, TNBC shows a high rate of metastasis
and poor prognosis (25). There are already several miRNA
signatures that have been identified to correlate with TNBC
clinical outcome (24). So it would be quite beneficial to be
able to identify this subtype with more simple biomarkers or
signatures.

The results were consistent with the findings of previous
studies from other researchers that showed miR-361-5p
functioned as a tumor suppressor. The study provided
evidence that miR-361-5p was an independent marker
of BC progression. However, the results are in contrast
to the previous study that identified miR-361-5p to be
up-regulated in metastatic BC. One of the possible reasons
for the discrepancy could be the difference of sample size
between the two studies. Another possible reason may be
that the experiment methods were different. The majority
of the published studies reporting the expression profiling
of miRNA were performed using microarray technology or
RT-PCR. In the present study, we evaluated the expression
of miR-361-5p by ISH analysis. Compared with other
methods, ISH can visualize microRNA expression at the
cellular level, so it is the only method that can directly assess
the actual distribution of miRNAs (26,27). ISH analysis can
thereby provide more precise information.

There are several limitations of this study that should be
noted. Firstly, the cohort was not very large and the number
of excluded data due to ISH staining was a little high. And
the number of recurrences was relatively low. Besides, the
composition of the cohort was not representative of the BC
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population exactly. As comprehensive data on miR-361-5p
expression are currently unavailable, further studies are
needed to reveal the exact role of miR-361-5p in BC and
BC subtypes in much larger populations. Further functional
analyses are also needed to validate the possible utility of
miR-361-5p.

In conclusion, this study provided evidence that
miR-361-5p overexpression at diagnosis correlates with
better DFS for BC patients. Our finding may therefore
highlight the prognostic value and potential clinical
application of miR-361-5p expression as a biomarker for
BC, providing additional information for oncologists when
individualizing cancer management.
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