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Abstract
Background: Breast cancer remains one of the top threats to women health. The current 
lack of tumor markers with desirable sensitivity and specificity arises to be a major 
obstacle towards future management of breast cancer. Many studies are directed to 
reveal the diagnostic and prognostic potentials of circulating miRNAs in breast cancer.

Aim: We attempt to evaluate the feasibility and clinical utility of circulating miRNA-135 
and miRNA-9as prognostic biomarkers for breast cancer.

Methods: Methods was used Levels of miRNA-135 and miRNA-9 in sera from 126 
participants representing two different groups, 40 healthy group and 86 breast cancer 
patients.

Results: Expression of both miR-135 and miR-9 were evaluated in both groups. 
Regarding miR-9, its expression was higher in case than in control group, however there 
were no significant differences in expression between the case and control groups when 
compared regarding age, menopausal status and BMI. Expression of miR-135 was 
higher in case group than control group, by comparing the two groups regarding age, 
menopausal status and BMI, there were significant differences. Higher miR-135 
expression was associated with older age (age˃35 years), post-menopausal and obese 
women in case group.

The miR-135levels of 27.59 or lesser provided a sensitivity of 90.70%, a specificity of 
90% and a positive predictive value of 95.12%, negative predictive value of 81.82 %. 
According to these results, miR-135 had a good predictive ability. The miR-9 levels of 
27.59 or lesser provided a sensitivity of 75.58%, a specificity of 80.00% and a positive 
predictive value of 89.04%, negative predictive value of 60.38%.

Conclusions: Our study establishes the role of miRNA 135 and miRNA 9 in breast cancer 
patient’s disease progression and prognosis.
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Introduction
Globally, breast cancer is the second most common 

cancer and it is the most frequent type of cancers among 
females [1]. It was reported that that the incidence of breast 
cancer in 2017 among female was 252,710 cases worldwide, 
with number of deaths reached 40,610 cases [2].The incidence 
rate in Egypt was found to be 29.9/100,000 population in the 
age group of 30-34 years [3].

The etiology of breast cancer involves the interaction 
between inherited genetic factors and environmental factors 
with a relative importance ranging from strong environmental 
or strong genetic factors [4]. Carcinogenesis occurs as 
multistep process which involves accumulation of genetic and 
epigenetic variations in the cell, this in turn leads to the 
progressive transformation of normal cell to cancer cell 
through initiation, promotion and progression steps [4].

The primary management of breast cancer is surgery; 
however this depends on the biological characteristics and 
stage of the tumor. Surgery involves several types such as 
mastectomy, modified radical mastectomy and lumpectomy 
with axillary lymph node dissection. Surgery can either be 
performed before or after receiving systemic therapy. The two 
principles of treatment aim to reduce the risk of local 
recurrence and the chance of metastasis. Early breast cancer 
is treated by surgery with or without involving of radiotherapy, 
if there are adverse prognostic factors such as lymph node 
involvement; systemic therapy (chemotherapy or hormone 
therapy) is added as there is an indication of high possibility 
of metastatic relapse [5].

Micro RNAs (miRNAs) are non-coding small cellular RNAs 
which composed of 17-27 base pair; they regulate gene 
expression post transcriptionally by the induction of 
translational repression or degradation of target mRNAs [6]. 
Expression of miRNAs has been associated with several 
human diseases including cancers as they have oncogenic 
properties where they targeting oncogenes [6]. miRNA can 
repress or promote cancer initiation and progression, the 
deregulation of miRNA expression is a common characteristic 
in these process [7-9].

Abnormal expression of miRNAs has been studied in 
different cancers including breast cancer [10,11]. It was 
reported that miRNA-135a was involved in hypertension, 
colorectal cancer, bone and muscle development [12-14] 
epithelial ovarian cancer [15] portal vein tumor thrombus and 
gastric cancer [16,17], however there is limitation in knowledge 
about its role in breast cancer.

One study showed that miR-135a level was elevated in 
breast cancer in case of metastasis, where it was found that 
miR-135a promoted the migration and invasiveness of breast 
cancer cells in vitro [6]. Another study showed that expression 
of miR-135a was decreased strongly in metastatic breast 
cancers when compared to non-metastatic ones [18].

MiR-9 targets directly CDH1 in breast cancer cells leading 
to increase in the invasiveness and cell motility [19]. It was 
reported that miR-9 was associated significantly with breast 

cancer local recurrence [20]. Another report showed that miR-
9 was elevated significantly in primary breast cancers patients 
who diagnosed with metastasis than in patients without 
metastasis [19].

Patients and Methods
Ethics statement

This research has been reviewed by our Research ethics 
committee in Faculty of medicine-Suez Canal University at its 
meeting on 23/2/2016 with reference number (#4162). A 
written and verbal informed consent was taken from the 
selected patients.

Study design and sample collection
In the present study, this cross-section study included 40 

age-matched healthy female as a control group while the 
case group included 86 female patients were collected from 
surgical oncology department of Suez Canal University in 
Ismailia city, Egypt from march 2016 to January 2018.

Participants of both groups for this study didn’t suffer any 
chronic disease, in the case group there were 9 cases who had 
breast cancer and whose age was less than 35 years old. 
Immunohistochemistry was used to assess hormone receptors 
status, for ER and PR receptors, the positive cases were 
identified when atleast 1% of the invasive carcinoma cells 
displayed nuclear reactivity, while for HER2 the positive cases 
were identified when they scored 3+ or scored 2+ with 
confirmation by validated in situ hybridization technique.

Micro RNA extraction
MiRNA was isolated from sera by using the miRNeasy 

Mini kit (QIAgen, Germany) according to manufacturer’s 
instructions. Then finally, miRNA was recovered in 30 uL of 
RNase-free water.

Statistical methods
Statistical analysis was performed with the statistical 

software SPSS 23.0 (SPSS Inc., Chicago, IL, USA). Quantitative 
variables that followed a normal distribution were defined by 
the mean and standard deviation. For non-Gaussian variables, 
the median and range were used. Qualitative variables were 
defined by number and percentage of cases. Comparison of 
quantitative variables was performed with a Student’s t-test 
meanwhile for qualitative variables the Chi-square test were 
performed. In those cases with fewer than 5 observations in 
the cell, the Fisher exact probability method was used. P< 
0.05 was regarded as significant.

Results
The present study included 40 healthy females as control 

group, while the case group included 86 female patients.

In the case group, there were 56(65.1%) of females with 
pre-menopausal, while 30(34.9%) were post-menopausal.

In case group had a positive family history of breast 
cancer 19(22.1%) and 24(27.9%) were suffering co-morbidity 
and the same percent had a multicentric tumor.
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Of 86 cases, there were 34(39.5%) performed conservative 
surgery, 44(51.2%) performed modified radical surgery and 
only 8(9.3%) didn’t perform any surgery.

According to pathology examination, the large majority 
69(80.2%) had invasive ductal carcinoma (IDC), whereas 
10(11.6%) had invasive lobular carcinoma (ILC) and 7(8.1%) 
only suffered both. The most common grade among our 
patients was grade 2 which was found in 48(55.8%) followed 
by grade 3 which represented 26(30.2%) among patients and 
grade 1 was found in 12(14%).

Progesterone receptor (PR) was present in 43(50%) of 
cases, while Estrogen receptor (ER) was present in 42(48.8%) 
and Human epidermal growth factor receptor 2 (HER2) was 
present in 23(26.7%). The molecular sub-typing of breast 
cancer of patients showed that luminal B was the most 
common among patients representing 36(41.9%), followed 
by those with triple negative 16(18.6%) then luminal A and 
HER representing 15(17.4%) and 12(14%) respectively, 
however 7(8.1%) couldn’t be determined.

Most of our patients had breast cancer of III stage 
36(41.9%) followed by those with stage II 31(36%) and finally 
those with stage I and IV representing 11(12.8%) and 8(9.3%) 
respectively.

There were 10 cases suffered metastasis; most of them 
7(8.1%) suffered liver metastasis, 2(2.3%) suffered lung 
metastasis and 1(1.2%) suffered bone metastasis. Tumor size 
of T2 was 51(59.3%); 21 (24.4%) were T1 and 14(16.3%) were 
T3.

Lymph node involvement (N0) 28 (32.6%, 22(25.6%) had 
one lymph node involvement (N1), 30(34.9%) and 6(7%) had 
2 (N2) and 3(N3) lymph node involvement.

Regarding age of all participants, the mean ± SD age of 
control group was 37.98 ± 10.45, while for case group, it was 
46.81 ± 87, and there was a significant difference between the 
two groups (P-value˂0.01).

A comparison between the two groups was made 
regarding age, menopausal status and BMI shown in table 1. 
There were significant differences regarding the three 
variables between the two groups, the case group tended to 
be older in age and higher in BMI than control; however both 
groups tended to be in the pre-menopausal time.

Table 1. Comparison between the two groups regarding different 
variables.

Variables Case group
N (%)

Control Group
N (%) P-value

Age (years)
˂35 9(89.5) 13(32.5) 0.002
≥ 35 77(10.5) 27(67.5)
Menopausal status
Pre-menopausal 56(65.1) 36(90) 0.004
Post-menopausal 30(34.9) 4(10)
BMI
Normal/Overweight 31(36) 26(65) 0.002
Obese 55(64) 14(35)

Expression of both miR-135 and miR-9 were evaluated in 
both groups. Regarding miR-9, its expression was higher in 

case than in control group, however there were no significant 
differences in expression between the case and control 
groups when compared regarding age, menopausal status 
and BMI (Table 2).

Expression of miR-135 was higher in case group than 
control group, by comparing the two groups regarding age, 
menopausal status and BMI, there were significant differences. 
Higher miR-135 expression was associated with older age 
(age˃35 years), post-menopausal and obese women in case 
group (Table 2).

Table 2. Association between microRNA-135 and microRNA-9 
levels with different variables in both cases and control groups.

Variable N (%) Control
mean (SD)

Cases
mean (SD) P-value

miR-9

Age
> 35 22 (17.46) 25.3(25.2) 215 (215.8)

0.077
< 35 104 (82.54) 27.5 (27.6) 214.1 (215.1)

Menopausal 
status

Pre 92 (73.02) 27.2 (27.5) 214.3 (215.3)
0.165

Post 34 (26.98) 24.8 (24.7) 213.8 (214.7)

BMI
Normal/
Overweight 57 (45.24) 27.1 (27.6) 214.7 (215.5)

0.279
Obese 69 (54.76) 27.2 (27.4) 213.8 (215.8)

miR-135

Age
> 35 22 (17.46) 26.7 (27.5) 214.7 (215.4)

0.011
< 35 104 (82.54) 26.3 (27) 214.8 (214.8)

Menopausal 
status

Pre 92 (73.02) 26.5 (27.2) 214.6 (215.2)
0.011

Post 34 (26.98) 25.1 (25.1) 214.9(215.5)

BMI
Normal/
Overweight 57 (45.24) 26.3 (27) 214.5 (215.4)

0.006
Obese 69 (54.76) 26.6 (27.4) 214.9 (215.4)

In case group, the effect of several variables on the 
expression of miR-9 and miR-135 were investigated. Age, 
BMI, metastasis, ER, PR and Her2n receptors as well as 
pathological type of tumor didn’t affect the expression of the 
studies microRNAs.

The tumor size and stage significantly affected the 
expression of the two microRNAs under study, tumor size 3 
was significantly associated with over expression of both miR-
135 (215.5) (P-value˂0.01) and miR-9 (215.3) (P-value=0.004).

Stage III of the tumor was significantly associated with 
over expression of both miR-135 (215) (P-value=0.001) and 
miR-9 (215.2) (P-value˂0.01).

The tumor grade significantly (P-value˂0.01) affected the 
level of miR-135, grade 3 was associated with the over 
expression (216).

The lymph node involvement was significantly 
(P-value˂0.01) affected the expression of miR-9 only, where 
grade 3 involvements were associated with miR-9 over 
expression (216.4).

Receiver operating characteristic curves were plotted for 
each of miR-135 (Figure 1) and miR-9 (Figure 2) to identify the 
best cut-off point (Table 3). Regarding miR-135, a value of 
27.59 was the best cut-off point to predict response. So, miR-
135levels of 27.59 or lesser provided a sensitivity of 90.70%, a 
specificity of 90% and a positive predictive value of 95.12%, 
negative predictive value of 81.82 %. According to these 
results, miR-135 had a good predictive ability.
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While in miR-9, a value of 27.59 was the best cut-off point 
to predict response. So, miR-9 levels of 27.59 or lesser 
provided a sensitivity of 75.58%, a specificity of 80.00% and a 
positive predictive value of 89.04%, negative predictive value 
of 60.38%.
Table 3. Sensitivity, specificity, PPV, NPV and diagnostic accuracy at 

different cut-off levels of miR-135 and miR-9.
MicroRNAs Sensitivity Specificity PPV PVN Accuracy

miR-135
26.59 93.02 72.5 87.91 82.86 86.51
27.59 90.7 90 95.12 81.82 90.48
28.59 86.05 90 94.87 75 87.3

miR-9
26.59 82.56 57.5 80.68 60.53 74.6
27.59 75.58 80 89.04 60.38 76.98
28.59 70.93 82.5 89.71 56.9 74.6

Figure 1. ROC curve for cut-off levels of miR135 in the prediction of 
response.

AUC: 0.959, SE: 0.015, P-value˂0.01, CI: 0.93-0.98.

Figure 2. ROC curve for cut-off levels of miR-9 in the prediction of 
response.

Discussion
In Egypt, high frequency of breast cancer (48.8) followed 

by liver (24.4), brain (8.0), ovary (6.3) and non-Hodgkin 
lymphoma (6.1). Among females, the pattern in Lower, Middle, 

and Upper Egypt was dominated by the high frequency of 
breast cancer (33.8%, 26.8% and 38.7% resp.) and liver cancer 
(16.4%, 8.9% and 5.1% resp) [3].

One in eight women will be diagnosed with breast cancer 
in their lifetime. It is the second leading cause of death in 
women, with >40,000 deaths annually. Although the incidence 
and mortality rates of breast cancer in western countries have 
decreased or at least been stable over the last few decades, 
both rates are increasing in many developing countries [21].

Consequently, there is an urgent need for diagnostically 
sensitive, specific, and non invasive markers for early breast 
cancer detection. miRNAs could emerge as biomarkers for 
the diagnosis and prognosis of different diseases, including 
breast cancer as the expression patterns and levels of specific 
miRNAs could reflect altered physiological and pathological 
conditions, due to their high stability in human serum.

MicroRNAs are approximately 22-nucleotide, non-coding, 
endogenous RNA molecules that are over expressed in many 
human cancers [22].

miRNAs in the circulatory system can act as valuable 
diagnostic markers for early detection of BC [23]. miRNAs are 
associated with the regulation of oncogenes and tumor 
suppressor genes [19].

In the present study, we set out to analyze the expression 
patterns of miR-135and miR-9 as a single biomarker. Our 
results demonstrated that the expression levels of miR-135 
and miR-9 are discriminate between breast cancer patients 
and healthy control subjects, with high specificity and 
sensitivity using ROC curve analysis and a fold change of 0.96 
and 0.84 respectively.

The results showed that miR-135 has considerable 
diagnostic power in discriminating between breast cancer 
patients and control subjects, yielding an AUC of 0.96 with a 
sensitivity of 90.7% and a specificity of 90% and a positive 
predictive value of 95.12%, negative predictive value of 81.82 
%.

The result of miR-9, it has less diagnostic power than 
miR-135, yielding an AUC of 0.84 with a sensitivity of 75.6% 
and a specificity of 80% and positive predictive value of 
89.04%, negative predictive value of 60.38% for the diagnosis 
of breast cancer. So, serum mi-R 135a can be used as a 
screening test to diagnose breast cancer as it showed high 
sensitivity. While other study showed in their ROC curve 
analysis that the best cut-off value for detection of cancer for 
miRNA-9 is 0.56 with sensitivity 75% and specificity 80% [24].

With regard to the clinicopathological features, both 
levels of miR135 and miR-9 showed no significant difference 
in age groups, BMI, different receptors and pathological 
types. However, levels of miR-135 showed statistical significant 
difference in tumor size groups, different grading and staging 
levels, while levels of miR-9 showed statistical significant 
differences among tumor size, lymph node groups and 
staging levels.

Our results showed significant up regulation of serum 
level of miR-135 in cases of breast cancer (mean value=214.7) 
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compared to normal control (mean value=26.7), (p-value ≤ 
.00 1). These results are confirmed with the study that found 
miR-135a was up regulated in HCC cell lines and tissues when 
they examined its expression in HCC cell lines and clinical 
tissue [25]. However other study results showed that MiR-
135a levels are significantly lower in glioblastoma cells 
compared to normal brain tissue [26].

Our results showed a significant relation between the 
gene expression of miRNA-135 in serum and tumor size 
(p=<0.01), different grades and staging levels. Meanwhile, 
there was no significant relation between the gene expression 
of miRNA-135 in serum and node state, metastatic state, 
Estrogen and Progesterone Receptor (ER/PR) state and tumor 
type in patients and this was not in agreement with the study 
examined expression levels of miR-135a in tissues and cells 
by poly (A)-RT PCR and found that miR-135a suppresses the 
expression of HOXA10 which induce p53 expression in breast 
cancer cells, and which results in increased migration and 
invasion [27].

Different mechanisms are involved in the progression of 
cancer through miR-9. miR-9 can promote metastasis by 
targeting leukemia inhibitory factor receptor to down-
regulate Hippo signaling pathway [29]. It can also stimulate 
tumor angiogenesis, demonstrated that dysregulation of 
miR-9 can up-regulate vascular endothelial growth factor A, 
which is a proangiogenetic factor that works through 
β-catenin pathway by down-regulating E-cadherin [19].

The miR-9 can promote vascular sprouting in TNBC cell 
lines upon ligand-dependent stimulation of PDGFRβ signaling, 
and these mechanisms might attribute to TNBC progression 
[28]. Many studies have shown that miR-9 facilitates EMT and 
angiogenesis and suggested it as a possible oncomiR.

There are a few studies that have also demonstrated that 
miR-9 functions as a tumor suppressor in breast cancer by 
promoting apoptosis and inhibiting cell cycle [29]. Our results 
showed a significant relation between the gene expression of 
miRNA-9 in serum and tumor size (p=0.004), nodal status and 
staging levels, these results are confirmed with results who 
examined two different sets of breast cancer samples and 
evaluate 3 miRNAs (miR-200, miR-9, and miR-155) and found 
that miR-9 expression level was significantly higher in tumors 
with high T stage, high histologic grade [30].

There was no significant relation between the gene 
expression of miRNA-9 in serum and different grades, 
metastatic state, Estrogen and Progesterone Receptor (ER/
PR) state and tumor type in patients.

Our results showed significant upregulation of serum 
level of miR-9 in cases of breast cancer (mean value=215) 
compared to normal control (mean value=25.3), (p-value ≤ 
.001). These results are confirmed with the study that 
investigated whether miR levels in breast tumors are predictive 
of breast cancer local recurrence (LR) by screening the 
expression levels of 754 human miRs using miR arrays they 
found eight candidate miRs that showed significant 
differences between tumors with and without LR were further 
verified using real-time PCR. Higher expression of miR-9 was 

significantly associated with breast cancer LR in all cases as 
well as the subset of estrogen receptor (ER) positive cases 
(p=0.02) [20,30].

Our results showed that miR-9 was more highly expressed 
in HER2+ and triple negative subtypes than in luminal A, 
luminal B, and luminal B/HER2+ subtypes (p=0.004, p=0.002, 
p=0.001, respectively). This finding is in consistence with 
several other reports implying that poor progression of the 
disease is associated with negative receptor proteins [31].

Conclusion
Our study establishes the role of miRNA 135 and miRNA 

9 in breast cancer patient’s disease progression and prognosis.
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