
Abstract. Background/Aim: Breast cancer (BC) is among the
most widespread malignant tumors in women. In the current
study, we evaluated the role of miR-31 in BC patients and its
relation to the different prognostic, clinical, and pathological
features. Patients and Methods: MiR-31 levels were
determined by RT-PCR in BC and adjacent normal breast
tissues from 100 BC patients. BC diagnosis was established
through histopathological examinations. The expression of
estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2) receptor
in all tumors was determined using immunohistochemistry.
Results: MiR-31 expression was reduced in BC tissues relative
to adjacent healthy breast tissue (mean levels were 0.93 and
7.2, respectively). Also, the low expression of miR-31 in BC
patients was significantly correlated with adverse clinical and
pathological features such as: young patient’s age,
premenopausal status, infiltrative lobular carcinoma, ER and
PR negative tumors, HER2 positive tumors, and advanced
clinical stage. Conclusion: MiR-31 was expressed at low
levels in BC tissues and correlated with adverse clinical and
pathological features, and poor survival.

BC is now the most common malignant tumor in women and
the second most prevalent cancer worldwide (1). While the
advances in early diagnosis and care have reduced BC mortality

rate, the detection and management of BC continue to remain a
significant community healthcare issue (2). Breast carcinogenesis
is a complex mechanism influenced by genetic and epigenetic
changes that affect main cellular mechanisms implicated in
proliferation and progression (3). A detailed analysis of the
genomic processes engaged in BC induction and development
is likely to lead to the detection of valuable biomarkers and
molecular triggers for BC management. Micro RNAs are short
non-coding RNAs that serve significant functions by modulating
the activity of genes involved in transcriptional inhibition or
enhancement (4). According to the literature, such micro RNAs
(about 20-25 nucleotides chain) are engaged in a wide range of
cellular processes including cell division, replication, apoptosis,
stress tolerance, and cancer cell spread (5, 6). Among miRNAs,
miR-31 has been shown to exert a suppressing or promoting
function in cancer (7). Its suppressive function has been shown
to be markedly diminished in hepatocellular (HCC), renal
carcinoma, and CNS malignancies, while expression of its target
genes is enhanced resulting in increased cell division (8, 9).
Furthermore, miR-31 expression was significantly increased in
pancreatic, colorectal, and lung cancer, and resulted in
suppression of the genes regulating significant cellular activities
(10, 11). A few studies have suggested that miR-31 is a vital
controller of BC metastasis (8, 12). Recent studies have also
shown that this microRNA is the primary originator or controller
of breast carcinogenesis (7, 13). Only limited studies have
explored the correlation between miR-31 and BC. The current
study aimed to investigate the impact of miR-31in BC patients
and its association with different prognostic, clinical, and
pathological features. 

Patients and Methods
Patients. The current study included 100 BC patients treated at the
clinical oncology department, Zagazig University, between
November 2015 and October 2020. Tissue specimens from the
primary breast tumor and the nearby normal tissues (NNT) were
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obtained at surgery and stored in liquid nitrogen for future analysis.
None of the patients received any treatment before surgery. The
included patients were clinically staged based on the American Joint
Committee of Cancer (AJCC) (14). The research design was
approved by the University of Zagazig’s Ethical Board. All patients
gave informed consent before inclusion. 

Quantitative PCR. The mirVana miRNA isolation kit was utilized
to isolate RNA from the tissues according to the manufacturers’
instructions (Ambion INC, Redondo, CA, USA). The Poly(A)
tailing package (Ambion) was used to attach a poly(A) tail to the
RNA. cDNA was sequenced by the TaqMan Reverse Transcription
Package (Applied Biosystems, Foster, CA, USA). The PCR was
implemented employing the TaqMan Micro-RNA kit Assay
(Applied Biosystems). The primers were purchased from Ambion.
The miR-31 sequence was: 5’-AGGCAAGATGCTGGCATAGCT-
3’; and that of U6 was 5’-TGACACGCAAATTCGTGAAG-3’. The
PCR and results processing were conducted using iCycler (Bio-Rad,
Hercules, CA, USA). All samples were examined three times. The
expression of the miRNA was measured relative to the U6 RNA.
The expression levels were estimated using the 2–ΔΔCt method (15).
The miR-31 expression levels are shown after normalization to the
control (U6). 

Determination of estrogen, progesterone, and human epidermal
growth factor receptor 2 receptors. Expression of estrogen receptor
(ER), progesterone receptor (PR) and human epidermal growth
factor receptor 2 (HER2) in BC tissues or NNT were determined by
immunohistochemistry (IHC) on formalin-fixed paraffin-embedded
tissues. Rabbit monoclonal primary anti-ER (clone SP1), anti-PR
(clone 1E2), and anti- HER2/neu (clone 4B5) antibodies
(Invitrogen, Waltham, MA, USA) were used for determination of
ER, PR, and HER2, respectively. The semi-automated staining
system and reagents of Ventana Benchmark were utilized for
staining (Ventana Medical Systems, Basel, Switzerland). Staining
analysis was performed based on the guidelines of the American
Society of Clinical Oncology (ASCO) and the College of American
Pathologists (CAP) (16).

Statistical analysis. Analysis of the results was performed by SPSS®
version 23.0 (SPSS Inc., Chicago, IL, USA). The results are
reported as a mean±SD. Our data were assessed using one-way
analysis of variance (ANOVA) and the student’s t-test. Receiver
operating characteristic (ROC) curve was plotted to distinguish
between patients with and without breast cancer. Survival of our
patients was estimated using the Kaplan-Meier method.

Results

The study included 100 BC patients aged between 25 and 65
years, and the mean age was 48.5 years. Fifty-one were
postmenopausal. The majority of patients were stage IIA. Table
I summarizes the patient’s clinical characteristics. The PCR
evaluation of miR-31 levels in 100 BC and NNT specimens
revealed a significant down-regulation of miR-31 in the BC
tissues compared to those in the NNT. The mean level was 0.93
(2–ΔΔCt) in cancer tissues compared to 7.2 in normal breast
tissues, p<0.0001 (Figure 1). The receiver operating
characteristic (ROC) curve was plotted to evaluate the ability

of miR-31 levels to discriminate between BC and the NNT. A
specificity of 100% and a sensitivity of 98% at the cutoff level
>3.785 (AUC=0.9989, 95%CI=0.9965 to 1.000, p<0.0001) was
revealed (Figure 2). Furthermore, the expression of miR-31
was correlated with different clinical and pathological features.
Low miR-31 expression corelated with unfavorable prognostic
parameters. Low expression was significantly related to young
age (p<0.0001), premenopausal status (p<0.0001), infiltrative
lobular carcinoma (p<0.0001), grade III and IV tumors
(p<0.0001), large tumors (p<0.0001), and axillary lymph node
infiltration (p<0.0001). Determination of ER and PR
expression using IHC revealed that 26% and 31% of tumors,
respectively, were negative. Furthermore, ER and PR negative
tumors showed significantly lower expression of miR-31
(p<0.0001). However, HER2 positive tumors (16%) showed
significantly lower expression of miR-31 (Table II). Kaplan-
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Table I. miR-31 expression in breast cancer patients according to their
clinical and pathological characteristics.

                                                               miR-31

Parameters                            Number       Mean           SD            p-Value

Age                                                                                                    
20-30                                        8            0.03            0.02         <0.0001a
31-40                                      17            0.09            0.02             
41-50                                      23            0.43            0.17             
51-60                                      38            1.07            0.29             
61-70                                      14            2.92            0.29             

Menopausal status                                                                            
Premenopausal                       49            0.25            0.22         <0.0001b
Postmenopausal                     51            1.59            0.88             

Pathological type                                                                              
IDC                                         86            1.08            0.92         <0.0001b
ILC                                         14            0.05            0.03             

Pathological grade                                                                            
I-II                                          57            1.49            0.88         <0.0001b
III-IV                                      43            0.20            0.18             

Tumor (T)                                                                                         
T1                                           18            2.63            0.62         <0.0001a
T2                                           57            0.78            0.35             
T3                                           20            0.09            0.03             
T4                                             5            0.01            0.01             

Nodes (N)                                                                                         
N0                                           22            2.41            0.73         <0.0001a
N1                                           48            0.78            0.27             
N2                                           30            0.09            0.06             

Stage                                                                                                 
   IA                                              3            3.15            0.02         <0.0001a
   IB                                              9            2.98            0.07             
   IIA                                          35            1.19            0.39             
   IIB                                          26            0.52            0.18             
   IIIA                                         24            0.09            0.04             
   IIIB                                           3            0.01            0.00

ILC: Infiltrative lobular carcinoma; IDC: intra-ductal carcinoma. aOne
way analysis of variance (ANOVA); bStudent’s t-test.



Meier survival curve was plotted to explore the relationship
between miR-31 expression and survival of BC patients. Low
miR-31 expression significantly corelated with short overall
and disease-free survival, p=0.0021 and 0.0034, respectively
(Figure 3).

Discussion

MiR-31 was identified in HeLa cells and localized on
chromosome 9p21.3 (17). Increasing data confirm that miR-
31 has a varying pattern of expression in various cancers: it
is over-expressed in colorectal carcinoma (18), squamous
cell carcinoma of the head and neck (HNSCC) (19), HCC
(8), and lung cancer (20). However, it is expressed at low

levels in adenocarcinoma of the stomach (21), prostatic
adenocarcinoma (22), transitional cell carcinoma of the
urinary bladder (23), and serous adenocarcinoma of the
ovary (24). Despite the ample reports about the variation in
miR-31 expression patterns among malignant tumors, the
molecular activities of miR-31 are still to be clarified,
particularly in BC. A large amount of available data
supports the principal impact of miRNAs in the control of
metastasis, which directly impacts prognosis (25). The
current research aimed to study the impact of miR-31 in BC
biology and prognosis. 

Our results revealed that miR-31 expression levels in BC
tissues were significantly lower than those in NNT. Similar
to our results, Stepicheva and Song (26) and Schmittgen
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Figure 1. MiR-31 expression levels in breast cancer (BC) and nearby
normal tissues (NNT). MiR-31 was significantly down-regulated in BC,
t=38.45, p<0.0001.

Figure 2. ROC analysis of MiR-31 in breast cancer (BC) tissues and
nearby normal tissues (NNT). MiR-31 has a high specificity for
detection of malignancy in BC with area under the curve (AUC) of
0.9989 and p<0.0001.

Figure 3. Kaplan-Meier survival curves in patients with breast cancer according to MiR-31 expression. A) Patients with low MiR-31 expression
had significantly shorter disease-free survival (p=0.0021). B) Low miR-expression correlated with short overall survival (p=0.0034).



(27), reported low expression levels of miR-31 in BC tissues.
In contrast to our results, Lu et al. reported that there was no
difference in miR-31 levels between malignant and non-
malignant surrounding breast tissues (28). 

Young age and premenopausal status are considered
adverse prognostic features. In the present study, low
expression levels of miR-31 were noted in younger
premenopausal patients, in accordance to the report by Lu et
al. (28). BC is classified into various subtypes, each with its
own set of biological features (29). Our data revealed low
expression levels of miR-31 in tumors was associated with
poor prognosis such as infiltrative lobular carcinoma (ILC),
and high-grade tumors. Additional poor prognostic features
include: ER and PR negative tumors, Her2 positive tumors,
large tumor size, metastases to axillary lymph nodes, and
advanced TNM clinical stage. In addition, ER, PR, and
HER2 receptor status are critical factors in the treatment
decision-making of BC (29, 30). In our study, low expression
levels of miR-31 were noted in ER and PR negative tumors,
Her2 positive tumors, large primary tumors, in patients with
extensive metastases to the axillary lymph nodes, and
patients with advanced clinical stage. Similar results were
reported by Stepicheva and Song (26) and Schmittgen (27).
Lu et al. showed high levels of miR-31 in low grade tumors,
early-stage tumors, infiltration to a limited number of
axillary lymph nodes, and small primary tumors. In addition,
miR-31 expression correlated with ER and PR expression but
not with HER-2) expression (28). In our study, the
association between extensive spread to axillary lymph nodes
and low miR-31 expression could be explained considering
miR-31 a critical regulator of BC metastasis through
promoting cell invasiveness and aggressive BC (31). Other
processes mediated by this miRNA have also been identified.
There is strong evidence that Guanine nucleotide-binding
protein subunit alpha-13 (GNA13) activation contributes to

BC by promoting cell invasion through the regulation of
post-transcriptional gene expression in breast cancer cell
lines via miR-31. Therefore, down-regulation of miRNA-31
may promote cancer progression through an increase in
GNA13 levels (32). Vimalraj et al. reported miR-31 as an
onco-suppressor because it prevented BC cell metastasis at
different phases by blocking prometastatic gene transcription
(33). Furthermore, Korner et al. found that miR-31 up-
regulation suppresses the carcinogenic NF-B axis, making it
an onco-suppressor miRNA (34). In the current study, ROC
curve analysis revealed that low levels of miR-31 predict BC
with 100% specificity and 98% sensitivity, with
AUC=0.9989. Therefore, it can be used as a diagnostic
biomarker in BC. Lu et al. revealed that the levels of miR-
31-5p differed considerably between oral cancer patients
and healthy controls, as well as between pre- and post-
operative patients (35). In addition, miR-31 has been
reported to have diagnostic efficacy in lung cancer (36).
Kaplan-Meier survival curve of miR-31 expression in BC
patients revealed that patients with low miR-31 expression
have significantly shorter overall and disease-free survival.
These results are highly suggestive that low expression of
miR-31 is significantly associated with adverse prognostic
features in BC. In addition, miR-31 could be used as a
marker to predict the prognosis and survival of BC patients;
however, further studies are required, on a larger scale, to
confirm these results.

Conclusion

Our study revealed that miR-31 was significantly suppressed
in BC. MiR-31 suppression was significantly linked to adverse
clinical and pathological features, and short survival. MiR-31
could be used as a diagnostic and prognostic marker in BC.
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Table II. The association of miR-31 expression with estrogen,
progesterone, and HER2 receptor expression in breast cancer tissues.

                                                               miR-31

Parameters                            Number       Mean           SD            p-Value

Estrogen receptor (ER)                                                                    
   Positive                                   74            1.23            0.90         <0.0001a
   Negative                                 26            0.07            0.04             
Progesterone receptor (PR)                                                              
   Positive                                   69            1.31            0.89         <0.0001a
   Negative                                 31            0.10            0.08             
HER2 receptor                                                                                 
   Negative                                 84            1.10            0.92         <0.0001a
   Positive                                   16            0.05            0.03

aStudent’s t-test.
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