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Abstract: Breast cancer (BC) is the most predominant type of cancer among women. The aim of this
study is to find new biomarkers that can help in early detection of BC, especially for those who are
too young to be screened using mammography as per guidelines. Using microRNA microarray, we
previously showed dysregulation of 74 microRNAs in tumors from early BC patients as compared
with normal adjacent tissues, which we were interested in studying in blood circulation. In this
study, we investigated the expression of 12 microRNA (miR-21/miR-155/miR-23a/miR-130a/miR-
145 /miR-425-5p /miR-139-5p /miR-451/miR-195/miR-125b/miR-100, and miR-182) in the plasma
of 41 newly diagnosed Lebanese BC patients with early invasive ductal carcinoma as compared
with 32 healthy controls. Total RNA was extracted from plasma, and expression levels of miRNA
of interest were measured using RT-qPCR followed by statistical analysis; miR-21, miR-155, miR-
23a, miR-130a, miR-145, miR-425-5p, and miR-139-5p were significantly upregulated and miR-451
was significantly downregulated, in the plasma of BC patients as compared with healthy controls.
The positively correlated miR-23a, miR-21, and miR-130a had a high diagnostic accuracy (86%).
Importantly, the combination of miR-145/miR-425-5p /miR-139-5p/miR-130a scored the highest
diagnostic accuracy of 95% with AUC = 0.97 (sensitivity 97% and specificity 91%). MicroRNAs are
promising non-invasive diagnostic biomarkers for early-stage BC with the panel of miR-145/miR-
425-5p /miR-139-5p/miR-130a having the highest diagnostic accuracy.

Keywords: microRNA; breast cancer; diagnosis; circulating biomarkers; liquid biopsy; ROC curve;
early stage

1. Introduction

Breast cancer (BC) is a commonly diagnosed type of cancer worldwide, and the
leading cause of cancer-related deaths among women [1]. According to GLOBOCAN
2018, Lebanon ranked sixth in the estimated age-standardized BC incidence rate among
women, and it was estimated to cause 920 deaths, and therefore BC is the top cancer-related
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mortality in females [2]. Although mammography is the gold standard for BC detection,
it is associated with pain, anxiety, and radiation exposure [3]. Its efficiency is restricted
by dense breasts [4]. Most importantly, mammography is not recommended for individuals
<40 years which constitutes 17.33% of Lebanese BC patients [2]. Thus, it is of great importance
to find novel reliable, sensitive, and minimally invasive biomarkers which could help in early
detection of BC.

MicroRNAs (miRNAs) are small (~22 nucleotides), single stranded, non-coding RNA
molecules [5]. They have a fundamental role in several physiological and pathophysi-
ological cellular processes. MicroRNA regulates gene expression post transcriptionally
either through silencing or degrading mRNA molecules involved in oncogenic or tumor-
suppressor signaling pathways [6]. Circulating microRNAs are present in body fluids
either in the form of free, unbound miRNAs, miRNAs bound to proteins, or membrane
encapsulated miRNAs including those in microvesicles and exosomes [7]. Their charac-
teristics of stability, ease of detection, and minimal invasiveness solidify their utility as
promising diagnostic, prognostic, and predictive biomarkers for BC [8].

Previous studies involving microRNA microarray profiling have identified 74 dif-
ferentially expressed miRNAs in BC tissues as compared with normal adjacent tissues
from Lebanese patients with early-stage BC [9,10]. Among these dysregulated miRNAs,
miR-21, miR-155, miR-425-5p, and miR-182 were significantly upregulated, while miR-
130a, miR-195, miR-451, miR-139-5p, miR-145, miR-125b, and miR-100 were significantly
downregulated in tumor tissue of early-stage BC patients [10]. Emerging studies have
reported positive correlations between body fluid miRNAs and tissue miRNA levels, which
indicated a potential role for circulating miRNAs as biomarkers to monitor correspond-
ing human cancers, including BC [11]. Additionally, all of the above-mentioned miRNA
molecules, except miR-100 and miR-23a, have demonstrated differential expression in the
blood circulation of BC patients as compared with normal controls [8,12,13]. Here, the
value of the above extensively studied 12 miRNAs (miR-21, miR-155, miR-23a, miR-130a,
miR-145, miR-425-5p, miR-139-5p, miR-451, miR-195, miR-125b, miR-100, and miR-182)
are investigated as novel diagnostic circulating biomarkers for detecting early-stage BC in
Lebanese patients [8,14].

2. Results
2.1. Patient Characteristics

The clinical and pathological data of the 41 recruited BC patients are shown in
Table 1. The average age of the BC participants at diagnosis was 53 years, ranging from
30 to 84 years. Healthy control blood samples were collected from healthy women donors
with an average age of 34.4 years, ranging from 21 to 60 years. Pathologically, all cases were
of the invasive ductal carcinoma (IDC) BC type with positive estrogen and progesterone
receptor (ER and PR) status; 63.4% of the cases were HER-2 positive and 41.5% were
premenopausal at the time of diagnosis. More than half of the participants had a tumor size
<2 cm (65.9%) with no lymph node involvement (61%). All patients were free of distant
metastases (M0) and therefore were, referred to as early-stage BC patients.

Table 1. Clinical and pathological characteristics of the Lebanese breast cancer patients participating in this study. Normal
weight BC patients have BMI values >20 and <24.9 kg/m?, while overweight/obese BC patients have BMI values >25 kg/m?.
The American Joint Committee on Cancer (AJCC) TNM staging system was used to indicate tumor size, lymph node

involvement, and distant metastasis.

Clinicopathological Characteristics Number Percentage (%)
Total number of breast cancer (BC) cases 41 100
Mean + SD 53 £11.88
Age (years)

Range 30-84




Int. . Mol. Sci. 2021, 22, 6121

30f15

Table 1. Cont.

Clinicopathological Characteristics Number Percentage (%)
Premenopausal 17 415
Menopausal status Postmenopausal 22 53.7
Unknown 2 49
<12 17 41.5
Age at menarche (years) 13 12 293
>14 10 24.4
Unknown 2 49
Normal weight 20 48.8
BMI! Overweight/obese 18 44.0
Unknown 3 7.3
Yes 17 41.5
Family history of BC No 22 53.6
Unknown 2 49
Yes 12 29.3
Cigarette smoking No 26 63.4
Unknown 3 7.3
Yes 5 12.2
Waterpipe smoking No 33 80.5
Unknown 3 7.3
Yes 10 24.4
Alcohol intake No 28 68.3
Unknown 3 7.3
Yes 23 56.1
History of OCP Use 2 No 16 39.0
Unknown 2 49
Yes 8 19.5
History of HRT use 3 No 31 75.6
Unknown 2 49
Positive 26 63.4
HER-2 status Equivocal 12 29.3
Negative 3 73
1 17 41.5
. . 2 16 39.0
Histological grade 3 7 171
Unknown 1 24
Tumor size (T1) <2 cm 27 65.9
Tumor size Tumor size (T2) >2 cm but <5 cm 13 31.7
Tumor size (T3) >5 cm 1 24
No 25 61.0
Lymph node involvement Yes 15 36.6
Unknown 1 24

Di . Yes 0 0

istant metastasis No 41 100

1 BMI, body mass index; > OCP, oral contraceptive pills; > HRT: hormone replacement therapy.
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2.2. MiRNA Expression in the Plasma of Breast Cancer Patients as Compared with

Healthy Subjects

Depending on the availability of plasma samples, miRNA expression detection oc-
curred in different sample sizes. RT-qPCR showed significant upregulation in the relative
expression of plasma miR-21, miR-155, miR-23a, miR-130a, miR-145, miR-425-5p, and
miR-139-5p (p < 0.0001 for each miRNA) in early-stage BC patients, whereas a signifi-
cant downregulation was demonstrated in expression of miR-451 (p-value = 0.0049) as
compared with healthy subjects (Figure 1). In contrast, miR-195, miR-125b, miR-100,
and miR-182 were non-significantly deregulated in plasma of early-stage BC patients
(Supplementary Material Figure S1).
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Figure 1. Fold change of expression for the significantly dysregulated miRNA in the plasma of Lebanese women with

early-stage BC as compared with healthy controls. The plots represent the mean (middle line) and the standard error of

mean (error bars). * Denotes p < 0.05 according to Wilcoxon’s signed-rank test.
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2.3. Expression of miRNAs in Early Stage BC Patients with Different Clinicopathological Features

The fold change of expression of each miRNA studied within different clinicopatholog-
ical subgroups of early-stage BC patients is illustrated in Supplementary Material Table S1
and Figure 2. Subgrouping BC patients according to body mass index (BMI), miR-451 showed a
significant decreased expression in plasma of obese/overweight (BMI > 25 kg/m?) vs. normal
weight (BMI > 20 and < 24.9 kg/m?) early-stage BC patients and healthy subjects, with no
significant differential expression observed between normal weight early-stage BC patients
and healthy subjects. Smoking, particularly water pipe smoking, revealed that circulating
miR-155 and miR-451 were significantly upregulated and downregulated, respectively, in
BC water pipe smokers as compared with non-smokers. In contrast to each other, miR-155
was significantly upregulated, while miR-451 was significantly downregulated in non-
smoking BC patients vs. healthy subjects. Family history analysis revealed that miR-195
and miR-100 were significantly downregulated in early-stage BC patients with BC family
history in contrast to those without family history. As compared with healthy subjects,
miR-195 was significantly downregulated in those with BC family history, and miR-100 was
significantly upregulated in early-stage BC patients without BC family history. In tumor
size subgroups, miR-23a and miR-145 were significantly overexpressed in BC patients vs.
healthy subjects, regardless of tumor size and also showed significant overexpression in
association with tumor size. Early-stage BC patients with tumor size >2 and <5 cm (T2)
had a significant increase in the level of expression of miR-23a and miR-145 as compared
with patients with tumor size <2 cm (T1). As for the other subgroups, menopausal status,
lymph node involvement, histological grade, cigarette smoking, alcohol intake, history of
oral contraceptive pills, or hormonal replacement therapy use, there was no significant
dysregulation in miRNA expression between the stratified groups.
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Figure 2. Fold change of expression for specific miRNA in subgroups of BC patients as compared to healthy controls.

The top, middle, and bottom lines of the boxplots represent the 25% percentile, median, and 75% percentile, respectively.

The whiskers represent minimum and maximum. * Denotes p < 0.05, using Wilcoxon’s signed-rank test to compare the

significance of the fold change expression of miRNA in BC to 1. # Denotes p < 0.05 using Mann-Whitney U test to compare

the significant dysregulation of the miRNA within two or more clinicopathological subgroups. BCP, breast cancer patients;

T1, <2 cm; T2, >2 cm.

2.4. Diagnostic Accuracy of miRNA in BC

The receiver operating characteristic (ROC) curve was used for the analysis of the
performance of individual miRNAs for distinguishing between breast cancer patients and
healthy controls. The ROC curve analysis revealed significant p-values for the area under
the curve obtained for the eight significantly dysregulated miRNAs which were miR-21,
miR-155, miR-23a, miR-130a, miR-145, miR-425-5p, miR-139-5p, and miR-451 (AUC = 0.76,
0.70,0.74, 0.78, 0.81, 0.83, 0.83, and 0.73, respectively) (Figure 3). The optimal cut-off values,
specificity, sensitivity, positive predicted value (PPV), negative predicted value (NPV), and
diagnostic accuracy (DA) percentage for each miRNA were calculated (see Table 2). The
microRNAs, miR-145 and miR-139-5p, scored the highest individual diagnostic accuracy
(83% each) with an AUC of 0.81 % 0.062 (p < 0.0001, 95% CI 0.686—0.928) for miR-145, and
AUC of 0.83 % 0.060 (p < 0.0001, 95% CI 0.710-0.946) for miR-139-5p; miR-130a scored the
highest sensitivity (83%), while miR-425-5p had absolute specificity and NPV.

In order to analyze for correlations among expressions of the eight significantly dysreg-
ulated miRNAs, Spearman’s correlation coefficients were calculated (Table 3); miR-425-5p
showed a significant and strong positive correlation with miR-145 (r = 0.920, p-value <0.01).
Similarly, miR-21 had a significant and strong positive correlation with miR-23a and miR-
130a (r = 0.909, p < 0.01 and r = 0.803, p < 0.01, respectively).
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Figure 3. Diagnostic accuracy of miR-21, miR-130a, miR-155, miR-23a, miR-145, miR-425-5p, miR-139-5p, and miR-451 for
BC detection in plasma. The ROC curve analysis separates between BC patients and healthy controls through individual
miRNA. p < 0.05 indicates significance. For miR-21, miR-130a, miR-155, miR-23a, and miR-451, the number of tumor
samples = 41 and the number of healthy samples = 32. For miR-145, miR-425-5p, and miR-139-5p, the number of tumor
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samples = 37 and the number of healthy subjects = 21.
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Table 2. Diagnostic parameters to evaluate the early-stage BC diagnostic ability of individual and combined studied miRNA. The ROC curve reports the AUC of each miRNA. Youden’s
index was calculated to determine the cut-off value, sensitivity, specificity, PPV, NPV, and DA of each miRNA. Predicted probabilities were calculated and utilized in case of combined
miRNA molecules.

miRNA AUC* p-Value SEb: 95% CI ¢ Youden’s Index Cut-Off Sensitivity (%)  Specificity (%) PPV (%) d NPV (%) © DA (%) &
miR-21 0.76 0.0002 0.06 0.640-0.876 0.54 4.46 73 81 76 78 77
miR-155 0.70 0.0044 0.07 0.559-0.832 0.53 10.54 78 75 78 75 77
miR-23a 0.74 0.0004 0.063 0.619-0.866 0.53 11.69 78 75 88 4 68
miR-130a 0.78 <0.0001 0.060 0.660-0.896 0.61 10.18 83 78 83 78 81
miR-145 0.81 <0.0001 0.062 0.686-0.928 0.69 9.09 78 91 78 91 83
miR-425-5p 0.83 <0.0001 0.056 0.716-0.936 0.70 7.96 70 100 70 100 81
miR-139-5p 0.83 <0.0001 0.060 0.710-0.946 0.71 8.54 76 9 76 95 83
miR-451 0.73 0.0008 0.060 0.613-0.849 0.45 2.5 73 72 73 72 73
MRS + 0.83 <0.0001 0.057 0.716-0.940 0.74 0.62 78 95 78 95 84
miR-425-5p
miR-21 + miR-23a 0.80 <0.0001 0.061 0.684-0.924 0.61 0.38 95 66 95 66 82
miR-21 + miR-130a  0.82 <0.0001 0.058 0.710-0.937 0.659 0.42 88 78 88 78 84
miR2LFmik-23a+ 6 <0.0001 0.061 0.702-0.940 0.71 0.46 93 78 93 78 86
miR-130a
miR-145 +
miR-139-5p + 0.96 <0.0001 0.026 0.905-1.000 0.81 0.39 95 86 95 86 92
miR-130a
miR-145 +
miR-139-5p + 0.97 <0.0001 0.020 0.929-1.000 0.88 0.36 97 91 97 90 95
miR-130a +
miR-425-5p

a. AUC, area under the curve; ? SE, standard error; ¢ CI, confidence interval; 9 PPV, positive predicted value; ¢ NPV, negative predicted value; £ DA, diagnostic accuracy.
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Table 3. Spearman’s correlation coefficients between each pair of miRNAs. * denotes significant correlation coefficient
(p-value < 0.05).

miR-21 miR-155

miR-23a

miR-130a miR-145 miR-425-5p miR-139-5p miR-451

miR-21 1.00 0.752 * 0.909 * 0.803 * 0.682 * 0.596 * 0.582 % 0.12
miR-155 1.00 0.695 * 0.737 * 0.672 % 0.607 * 0.483 * —0.16
miR-23a 1.00 0.781* 0.676 * 0.626 * 0.56 * —-0.13
miR-130a 1.00 0.654 * 0.59 * 0.506 * —0.03
miR-145 1.00 0.920 * 0.713 * —0.20
miR-425-5p 1.00 0.726 * —0.22
miR-139-5p 1.00 —-0.19

miR-451 1.00

Sensitivity

a4

On the basis of the correlation test, the ROC analysis was conducted for the combined
diagnostic ability of the miRNAs that have significant strong correlations. The optimal
cut-off values, specificity, sensitivity, PPV, NPV, diagnostic accuracy, and 95% CI for each
combination of miRNAs were calculated and presented in Table 2. The highest sensitivity,
specificity, and diagnostic ability occurred for combinations of miR-23a, miR-21, and miR-
130a. For other combinations based on increasing diagnostic accuracy of specific miRNAs
see Figure 4. Results revealed that the combination of miR-145, miR-139-5p, and miR-130a
scored higher diagnostic accuracy (92%), and the combination of miR-145, miR-139-5p,

miR-130a, and miR-425-5p had the highest diagnostic accuracy overall (95%).
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Figure 4. Diagnostic accuracy of combined miRNA for BC detection in plasma. Predicted probabilities were calculated
using binary logistic regression to draw the ROC curve of the combined miRNAs. The ROC curve analysis separates BC
patients and healthy controls through combinations of miRNAs. p < 0.05 indicates significance.
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3. Discussion

Breast cancer has the highest mortality rate among Lebanese cancer patients, despite
advanced treatment options and increased awareness and current screening guidelines [15].
Detection of BC in its early stages could drastically help to improve the disease outcome [16],
hence, the need for minimally invasive and easily detected diagnostic biomarkers for
BC diagnosis. Several studies have investigated the promising potential of microRNA
molecules as diagnostic biomarkers for BC patients in tissues and blood circulation [8,14,17].
On the basis of the data generated here and literature review, miR-21, miR-155, miR-23a,
miR-130a, miR-145, miR-451, miR-425-5p, miR-139-5p, miR-195, miR-125b, miR-100 and
miR-182 are the miRNAs commonly studied in different ethnic groups to diagnose BC
(Supplementary Material Table S2). The level of these 12 candidate microRNAs were
quantified in plasma from early-stage BC patients, with the most common histotype and
receptor profile in Lebanon (IDC and ER+/PR+) and compared to healthy controls to test
for correlations between clinical and pathological data and their diagnostic ability.

The results show that miR-21, miR-155, and miR-23a are significantly overexpressed
in plasma from early-stage BC patients as compared with healthy subjects, in accordance
with other similar studies carried out in different ethnic groups [13,18-21]. As compared
with miRNA expression in other sample types, miR-21, miR-155, and miR-23a expression
in BC tissue samples show a similar trend to that documented in patient plasma sam-
ples in this study [22,23]. Similar to upregulation of serum levels of miR-21 and miR-155
upregulated in Chinese ethnic groups [24], patients in this study confirmed those find-
ings. In accordance with their overexpression, these miRNA molecules play an oncogenic
role in BC development. It has been shown that miR-21 overexpression promoted BC
progression and chemoresistance via TGF-f3/miR-21/phosphatase and tensin homolog
(PTEN) signaling axis suppression [25]; miR-21 also targeted tissue inhibitor of matrix
metalloproteinases 3 (TIMP3), programmed cell death receptor 4 (PDCD4), tropomyosin 1
(TPM1), and reversion-inducing cysteine-rich protein with kazal motifs (RECK) mRNA,
therefore, enhanced cell invasion, tumor metastasis, and angiogenesis [26]. In addition,
miR-155 has been shown to promote proliferation and migration of BC cells through down-
regulation of the suppressor of cytokine signaling 1 (SOCS1) and upregulation of the matrix
metallopeptidase 16 (MMP16) [27] and miR-23a has been shown to enhance BC progression
by directly activating Forkhead Box M1 (FOXM1) and histidine-rich glycoprotein (HRG) at
the RNA level [23].

Expression of miR-130a, miR-145, and miR-451 in plasma from early-stage BC Lebanese
patients was not similar to that in other ethnic groups. The microRNAs, miR-145 and miR-
130a, were upregulated in Lebanese patients, yet studies in different ethnic groups have
revealed those miRNAs to be downregulated in tissue and plasma samples [13,19,28-30].
Additionally, miR-130a has been shown to inhibit cell proliferation, invasion and migration
by targeting Ras analog in brain mRNA (RAB5A) [30], reducing expression of FOS-like
antigen 1 (FOSL-1) and suppressing inhibition of zonula occludins-1 (ZO-1) [31]. The role
of miR-145 in BC has been shown to suppress cancer cell migration by targeting FSCN
and inhibiting epithelial-mesenchymal transition [32]. It inhibits transforming growth
factor (TGF-B1) protein expression which contributes to tumor formation [28]. In this
study, miR-451 is downregulated in plasma of Lebanese patients as compared with its
upregulation in plasma of a Chinese ethnic group [19,33]. Studies have shown that miR-451
is involved in tumor initiation and progression [34], and, it has been reported to play a role
in influencing resistance of paclitaxel-resistant BC cell lines [35,36]. As for the expression of
miR-451 in tissue samples, there are contradicting results regarding its mode of regulating
dysregulation [19,36]. The contradictory results between this study and other studies are
potentially due to different histopathological types of BC, different receptor statuses, or
different pathological stages of BC patients participated.

As for miR-425-5p and miR-139-5p upregulated in plasma of BC patients, no previous
studies have evaluated the mode of dysregulation in plasma of BC patients. One study
reported that miR-425-5p was upregulated while miR-139-5p was downregulated in sera
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of Caucasian ER-positive early BC patients [37], and miR-425-5p has been reported to play
an oncogenic role in breast cancer by promoting cell invasion and migration via PTEN [38].
According to Krishnan et al. [39], miR-139-5p prevents cell migration and metastasis by
disrupting the TGF(3, Wnt, Rho, and MAPK/PI3K signaling cascades.

In this study, the abundance of miR-195, miR-125b, miR-100, and miR-182 in plasma
displayed non-remarkable differences between BC patients and healthy controls. Other
studies have also reported this non-significant dysregulation in expression of miR-182
and miR-195 in the plasma of BC patients [13,40]. Contradictory results for miR-195
expression in plasma samples have been reported with some showing downregulation in
plasma samples [41,42], and a study of Saudi women with triple negative BC uncovering
an increase in plasma [43]. Moreover, according to the literature, miR-125b has been
shown to be abundant in plasma from Spanish BC patients and in serum of Mexican BC
patients [18,29]. Regarding miR-100, it has been shown to be significantly under expressed
in BC tissues as compared with adjacent normal breast among Iranian women [44]. Hence,
the level of expression of each miRNA differs among ethnic groups.

Our results highlight the important and significant associations of miRNA biomarkers
with early-stage BC between dysregulated miRNA and different clinicopathological BC
subgroups. BC patients with normal weight showed overexpression of miR-451 as com-
pared with levels in the obese/overweight group. Since waterpipe smoking is endemic
in this region, finding a significant overexpression of miR-155 and an under expression of
miR-451 in the plasma of the subgroup of waterpipe smoking patients as compared with
non-smokers is worthwhile noting, in spite of the small sample size. Dividing patients into
subgroups uncovered that miR-195 and miR-100 levels differentiated between BC patients
with positive BC family history from those without. Despite the insignificant deregulation
of miR-195 and miR-100 in all BC patients, their significant differential expression upon
subgrouping based on BC family history might reflect other findings in which familial BC
patients or sporadic BC patients might have participated. Although miR-21 overexpression
has been reported to be associated with clinical characteristics of BC patients, including
tumor grade and lymph node metastasis [45], it didn’t show any relationship with any
of the assigned subgroups in this study. Interestingly, miR-145 and miR-23a tend to be
overexpressed in early-stage BC with larger tumor size. Similar observations were reported
by Li et al. for miR-23a [13].

The ROC curve analysis of individual miRNA revealed that miR-145 and miR-139-5p
achieved the highest diagnostic accuracy (83% each) among all miRNAs. Better diagnostic
abilities emerged when combining different miRNAs (see Table 2). The combination of
four miRNAs (miR-145, miR-139-5p, miR-130a, and miR-425-5p) showed the highest and
best sensitivity, specificity, and diagnostic accuracy (97%, 91%, and 95%, respectively) of all
individual and combined miRNAs for detecting early-stage BC patients. Another study
on 170 breast Chinese breast cancer patients and 100 healthy subjects revealed that the
combination of plasma miR-145 and miR-451 provided a useful biomarker for early-stage
breast cancer (ductal in situ carcinoma) detection [19].

Although this study has some limitations such as small sample size and focus on
ER-positive BC samples, it demonstrated distinctive expression patterns of miRNAs, sug-
gesting their value as non-invasive diagnostic molecular biomarkers for early-stage BC
patients. Dysregulated miRNAs evaluation in larger experimental groups, particularly
miR-145, is necessary. This is due to the fact that the latter is associated with larger tumor
size, has the highest individual diagnostic accuracy, and is included in the combination of
mRNAs which scored the highest diagnostic accuracy. Whereas a signature of dysregulated
circulating miRNAs has a promising potential role in diagnosing early-stage BC cases,
some discrepancy with previous reports exists. This could be due to differences in sample
size, in ethnic origin, and age groups chosen, as well as differences in BC molecular and/or
histopathological subtypes.
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4. Materials and Methods
4.1. Specimen Collection

This study was approved by the Institutional Review Board at the American University
of Beirut (IRB number IM.RN.02; date of approval: 16 March 2015) and it was in accordance
with the Helsinki Declaration. Written informed consent was obtained from all participants.
Whole blood samples were collected from a total of 73 Lebanese women who participated
in this study. Forty-one participants were BC patients newly diagnosed between September
2012 and May 2014 at the American University of Beirut Medical Center (AUBMC) and
32 participants were healthy female controls. All recruited participants were female and of
Lebanese nationality. Patient clinicopathological characteristics were tabulated, including
age at diagnosis, menopausal status, tumor grade, stage, and human epidermal growth
factor receptor 2 (HER2) status.

4.2. Total RNA Extraction

Peripheral whole blood was withdrawn and immediately centrifuged at a speed of
10,000 rpm for 10 min at 4 °C, and the isolated plasma was stored at —80 °C until analysis.
Then, total RNA was extracted using a Plasma/Serum Circulating and Exosomal RNA
Purification Kit (Norgen Biotek Corp., Thorold, ON, Canada), following the manufac-
turer’s protocol. RNA concentration and quality were assessed using DeNovix DS-11 FX
spectrophotometer (Delaware, DE, USA). Extracted RNA samples were stored at —80 °C
until analysis.

4.3. cDNA Synthesis

After extraction of plasma total RNA, the complementary DNA (cDNA) of the mi-
croRNAs of interest were synthesized from 10 ng of extracted RNA using a TagMan®
MicroRNA Reverse Transcription Kit (Applied Biosystems, Waltham, MA, USA), follow-
ing manufacturer protocols. The following human primers (hsa-miR-16, hsa-miR-23a,
hsa-miR-155, hsa-miR-23a, hsa-miR-130a, hsa-miR-145, hsa-miR-425-5p, hsa-miR-139-5p,
hsa-miR-451, hsa-miR-195, hsa-miR-125b, hsa-miR-100, and hsa-miR-182) and their corre-
sponding probes were purchased as part of the validated TagMan® microRNA Assays Kit
(Applied Biosystems, Waltham, MA, USA). The synthesized cDNA was diluted, and then
stored at —20 °C until analysis.

4.4. Quantitative Real-Time Polymerase Chain Reaction (RT-gPCR) Analysis

To detect miRNA expression, RT-qPCR (BioRad CFX384 Real Time System, C1000
thermal cycler, Hercules, CA, USA) was carried out in duplicate for each sample using 2x
TagMan® Universal Master Mix with no Amperase Uracil N-Glycosylase (UNG) (Applied
Biosystems, Waltham, MA, USA) including a ‘no template’ control for each miRNA, follow-
ing manufacturer protocols. The cycling conditions were 10 min at 95 °C, then, 40 cycles
of 15 s at 95 °C (denaturing step) and 60 s at 60 °C (annealing and extension steps). The
miR-16 showed the same expression in plasma from tumor and healthy samples with a
coefficient of variation (CV) = 8.7% and was used as an endogenous control. Similarly,
miRNA molecules of interest showed constant expression in all healthy subjects. Therefore,
the relative expression of selected miRNA was normalized to the chosen endogenous
control and was compared to healthy controls. The relative fold change of expression was
calculated using the AACt equation.

4.5. Statistical Analysis

Statistical analysis was performed using GraphPad Prism 6 software (San Diego,
CA, USA) and Statistical Package for Social Sciences (SPSS) version 22 (Armonk, NY,
USA). The Shapiro-Wilk test was used to test for normality distribution after which expres-
sion data were compared with non-parametric tests. The significance of the fold change
expression of miRNA in BC as compared with one was determined using one sample non-
parametric test Wilcoxon’s signed-rank test. The Mann—-Whitney U and Kruskal-Wallis
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tests were applied to detect any significant dysregulation of the miRNA within two or
more clinicopathological subgroups. p-values <0.05 were considered to be statistically
significant. The ACt values were utilized to plot receiver operating characteristic (ROC)
curves of individual miRNA, in order to determine the diagnostic accuracy and parameters
of single miRNA molecules tested. According to the fold change of expression values, the
correlation between the expression of each pair of miRNAs was assessed by calculating
spearman’s correlation coefficient. Binary logistic regression was utilized to draw the ROC
curve of the combined miRNA. Youden’s index was calculated to identify the best cut-off,
sensitivity, and specificity for each miRNA.

5. Conclusions

This study is the first to investigate the potential of plasma microRNAs for detecting
early stage of IDC BC with ER-positive and PR-positive status among Lebanese women.
Importantly, significantly dysregulated miRNAs (miR-21, miR-155, miR-130a, miR-451,
miR-23a, miR-425-5p, miR-145, miR-425, and miR-139-5p) in early-stage BC as compared
with healthy controls emerged. Furthermore, a panel of four miRNAs (miR-145, miR-
139-5p, miR-425-5p, and miR-130a) showed high accuracy for detecting early-stage BC
cases. These data provide the basis for future research studies, which should include larger
sample sizes with diverse receptor profiles and breast cancer pathological subtypes to
validate dysregulated circulating miRNA molecules, particularly the correlation between
the expression of each pair of miRNAs in patients with early-stage BC.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/1jms22116121/s1, Figure S1: Fold change of expression for the non-significantly dysregulated
miRNA in the plasma of Lebanese women with early-stage BC as compared with healthy controls,
Table S1: Fold change of expression for the studied miRNA in plasma of Lebanese early stage BC
patients sub-grouped into different clinical and histopathological presentations, Table S2: Comparison
between the mode of deregulation of miR-21, miR-155, miR-23a, miR-130a, miR-145, miR-451, miR-
425-5p, and miR-139-5p in our study and in the literature.

Author Contributions: EJ.N. and M.M.I. were responsible for data acquisition, analysis and inter-
pretation, writing original draft and review and editing the writing; ].M. and A.R.S.I. contributed
to the design of the work; L.H. and R.S.T. were involved in funding acquisition and in reviewing
and editing the writing; G.K.C., R-M.N.B., and A H.T. helped in the design of the work and the
review and editing of the writing; R R.N. and N.K.Z. were responsible for study conceptualization,
supervision, formal analysis, funding acquisition, and reviewing and editing the writing. All authors
have read and agreed to the published version of the manuscript.

Funding: We would like to thank the Medical Practice Plan (MPP), the Lebanese National Council
for Scientific Research (CNRS-L), and the Northwestern University Kiphart award for funding
the project.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of American University of
Beirut (protocol code IM.RN.02; date of approval: 16 March 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The datasets generated during the current study are not publicly avail-
able due to patient privacy but are available from the corresponding author on reasonable request.

Acknowledgments: We would like to thank DTS core facility at AUB for their support and the breast
cancer patients and healthy subjects for their contribution.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/ijms22116121/s1
https://www.mdpi.com/article/10.3390/ijms22116121/s1

Int. ]. Mol. Sci. 2021, 22, 6121 14 0f 15

References

1.  Ferlay, J.; Colombet, M.; Soerjomataram, I.; Mathers, C.; Parkin, D.M.; Pifieros, M.; Znaor, A.; Bray, F. Estimating the global cancer
incidence and mortality in 2018: GLOBOCAN sources and methods. Int. J. Cancer 2019, 144, 1941-1953. [CrossRef]

2. Bray, F.; Ferlay, ].; Soerjomataram, I; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018. [CrossRef]

3. Becker, S. A historic and scientific review of breast cancer: The next global healthcare challenge. Int. J. Gynaecol. Obstet. 2015, 131
(Suppl. 1), S36-5S39. [CrossRef]

4. Wadhwa, A.; Sullivan, J.R.; Gonyo, M.B. Missed Breast Cancer: What Can We Learn? Curr. Probl. Diagn. Radiol. 2016, 45, 402—419.
[CrossRef]

5. Bartel, D.P. MicroRNAs: Genomics, biogenesis, mechanism, and function. Cell 2004, 116, 281-297. [CrossRef]

6. Herranz, H.; Cohen, S.M. MicroRNAs and gene regulatory networks: Managing the impact of noise in biological systems. Genes
Dev. 2010, 24, 1339-1344. [CrossRef]

7. Sohel, M.H. Extracellular/Circulating MicroRNAs: Release Mechanisms, Functions and Challenges. Achiev. Life Sci. 2016, 10,
175-186. [CrossRef]

8. Nassar, EJ.; Nasr, R.; Talhouk, R. MicroRNAs as biomarkers for early breast cancer diagnosis, prognosis and therapy prediction.
Pharmacol. Ther. 2017. [CrossRef]

9. Nassar, EJ.; El Sabban, M.; Zgheib, N.K,; Tfayli, A.; Boulos, F,; Jabbour, M.; El Saghir, N.S.; Talhouk, R.; Bazarbachi, A.; Calin,
G.A,; et al. miRNA as potential biomarkers of breast cancer in the Lebanese population and in young women: A pilot study. PLoS
ONE 2014, 9, €107566. [CrossRef] [PubMed]

10. Nassar, EJ.; Talhouk, R.; Zgheib, N.K,; Tfayli, A.; El Sabban, M.; El Saghir, N.S.; Boulos, E,; Jabbour, M.N.; Chalala, C.; Boustany,
R.M.; et al. microRNA Expression in Ethnic Specific Early Stage Breast Cancer: An Integration and Comparative Analysis. Sci.
Rep. 2017, 7, 16829. [CrossRef]

11.  Cui, C,; Cui, Q. The relationship of human tissue microRNAs with those from body fluids. Sci. Rep. 2020, 10, 5644. [CrossRef]

12.  Stiickrath, I; Rack, B.; Janni, W.; Jager, B.; Pantel, K.; Schwarzenbach, H. Aberrant plasma levels of circulating miR-16, miR-107,
miR-130a and miR-146a are associated with lymph node metastasis and receptor status of breast cancer patients. Oncotarget 2015,
6, 13387-13401. [CrossRef] [PubMed]

13. Li, X.; Zou, W.; Wang, Y,; Liao, Z.; Li, L.; Zhai, Y.; Zhang, L.; Gu, S.; Zhao, X. Plasma-based microRNA signatures in early diagnosis
of breast cancer. Mol. Genet. Genom. Med. 2020, 8, €1092. [CrossRef]

14. Bertoli, G.; Cava, C.; Castiglioni, I. MicroRNAs: New Biomarkers for Diagnosis, Prognosis, Therapy Prediction and Therapeutic
Tools for Breast Cancer. Theranostics 2015, 5, 1122-1143. [CrossRef] [PubMed]

15. El Asmar, M.; Bechnak, A ; Fares, J.; Al Oweini, D.; Alrazim, A.; El Achkar, A.; Tamim, H. Knowledge, Attitudes and Practices
Regarding Breast Cancer amongst Lebanese Females in Beirut. Asian Pac. ]. Cancer Prev. 2018, 19, 625.

16. Karimi, A.; Delpisheh, A.; Sayehmiri, K.; Saboori, H.; Rahimi, E. Predictive factors of survival time of breast cancer in kurdistan
province of Iran between 2006-2014: A cox regression approach. Asian Pac. ]. Cancer Prev. 2014, 15, 8483-8488. [CrossRef]
[PubMed]

17. Asiaf, A.; Ahmad, S.T.; Arjumand, W.; Zargar, M.A. MicroRNAs in breast cancer: Diagnostic and therapeutic potential. In
MicroRNA and Cancer; Springer: Berlin/Heidelberg, Germany, 2018; pp. 23—43.

18. Matamala, N.; Vargas, M.T.; Gonzalez-Campora, R.; Mifiambres, R.; Arias, ].I; Menéndez, P.; Andrés-Leon, E.; Gomez-Lopez, G.;
Yanowsky, K.; Calvete-Candenas, ]. Tumor microRNA expression profiling identifies circulating microRNAs for early breast
cancer detection. Clin. Chem. 2015, 61, 1098-1106. [CrossRef] [PubMed]

19. Ng, EK,; Li, R; Shin, V.Y,; Jin, H.C.; Leung, C.P; Ma, E.S.; Pang, R.; Chua, D.; Chu, K.-M.; Law, W.; et al. Circulating microRNAs
as specific biomarkers for breast cancer detection. PLoS ONE 2013, 8, e53141. [CrossRef] [PubMed]

20. Chen, H;; Liu, H.; Zou, H.; Chen, R.; Dou, Y.; Sheng, S.; Dai, S.; Ai, J.; Melson, J.; Kittles, R.A ; et al. Evaluation of plasma miR-21
and miR-152 as diagnostic biomarkers for common types of human cancers. J. Cancer 2016, 7, 490. [CrossRef]

21. Khalighfard, S.; Alizadeh, A.M.; Irani, S.; Omranipour, R. Plasma miR-21, miR-155, miR-10b, and Let-7a as the potential
biomarkers for the monitoring of breast cancer patients. Sci. Rep. 2018, 8, 1-11. [CrossRef]

22.  Soleimanpour, E.; Babaei, E.; Hosseinpour-Feizi, M.-A.; Montazeri, V. Circulating miR-21 and miR-155 as potential noninvasive
biomarkers in Iranian Azeri patients with breast carcinoma. J. Cancer Res. Ther. 2019, 15, 1092. [PubMed]

23. Eissa, S.; Matboli, M.; Shehata, H.H. Breast tissue-based microRNA panel highlights microRNA-23a and selected target genes as
putative biomarkers for breast cancer. Transl. Res. 2015, 165, 417—427. [CrossRef]

24. Wang, F; Zheng, Z.; Guo, |.; Ding, X. Correlation and quantitation of microRNA aberrant expression in tissues and sera from
patients with breast tumor. Gynecol. Oncol. 2010, 119, 586-593. [CrossRef] [PubMed]

25. Dai, X,; Fang, M.; Li, S.; Yan, Y.; Zhong, Y.; Du, B. miR-21 is involved in transforming growth factor f1-induced chemoresistance
and invasion by targeting PTEN in breast cancer. Oncol. Lett. 2017, 14, 6929-6936. [CrossRef]

26. Petrovic, N. miR-21 might be involved in breast cancer promotion and invasion rather than in initial events of breast cancer
development. Mol. Diagn. Ther. 2016, 20, 97. [CrossRef] [PubMed]

27.  Zhang, W.; Chen, C.; Guo, G. MiR-155 promotes the proliferation and migration of breast cancer cells via targeting SOCS1 and

MMP16. Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 7323-7332.


http://doi.org/10.1002/ijc.31937
http://doi.org/10.3322/caac.21492
http://doi.org/10.1016/j.ijgo.2015.03.015
http://doi.org/10.1067/j.cpradiol.2016.03.001
http://doi.org/10.1016/S0092-8674(04)00045-5
http://doi.org/10.1101/gad.1937010
http://doi.org/10.1016/j.als.2016.11.007
http://doi.org/10.1016/j.pharmthera.2016.11.012
http://doi.org/10.1371/journal.pone.0107566
http://www.ncbi.nlm.nih.gov/pubmed/25232827
http://doi.org/10.1038/s41598-017-16978-y
http://doi.org/10.1038/s41598-020-62534-6
http://doi.org/10.18632/oncotarget.3874
http://www.ncbi.nlm.nih.gov/pubmed/26033453
http://doi.org/10.1002/mgg3.1092
http://doi.org/10.7150/thno.11543
http://www.ncbi.nlm.nih.gov/pubmed/26199650
http://doi.org/10.7314/APJCP.2014.15.19.8483
http://www.ncbi.nlm.nih.gov/pubmed/25339051
http://doi.org/10.1373/clinchem.2015.238691
http://www.ncbi.nlm.nih.gov/pubmed/26056355
http://doi.org/10.1371/journal.pone.0053141
http://www.ncbi.nlm.nih.gov/pubmed/23301032
http://doi.org/10.7150/jca.12351
http://doi.org/10.1038/s41598-018-36321-3
http://www.ncbi.nlm.nih.gov/pubmed/31603116
http://doi.org/10.1016/j.trsl.2014.10.001
http://doi.org/10.1016/j.ygyno.2010.07.021
http://www.ncbi.nlm.nih.gov/pubmed/20801493
http://doi.org/10.3892/ol.2017.7007
http://doi.org/10.1007/s40291-016-0186-3
http://www.ncbi.nlm.nih.gov/pubmed/26891730

Int. . Mol. Sci. 2021, 22, 6121 15 of 15

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ding, Y.; Zhang, C.; Zhang, ].; Zhang, N.; Li, T.; Fang, J.; Zhang, Y.; Zuo, E; Tao, Z.; Tang, S.; et al. miR-145 inhibits proliferation
and migration of breast cancer cells by directly or indirectly regulating TGF-1 expression. Int. J. Oncol. 2017, 50, 1701-1710.
[CrossRef]

Mar-Aguilar, F.; Mendoza-Ramirez, J.A.; Malagon-Santiago, I.; Espino-Silva, PK.; Santuario-Facio, S.K.; Ruiz-Flores, P.; Rodriguez-
Padilla, C.; Reséndez-Pérez, D. Serum circulating microRNA profiling for identification of potential breast cancer biomarkers.
Dis. Markers 2013, 34, 163-169.

Pan, Y.; Wang, R.; Zhang, F.; Chen, Y; Lv, Q.; Long, G.; Yang, K. MicroRN A-130a inhibits cell proliferation, invasion and migration
in human breast cancer by targeting the RAB5A. Int. |. Clin. Exp. Pathol. 2015, 8, 384.

Chen, X,; Zhao, M.; Huang, J.; Li, Y.; Wang, S.; Harrington, C.A.; Qian, D.Z.; Sun, X.X,; Dai, M.S. MicroRNA-130a suppresses
breast cancer cell migration and invasion by targeting FOSL1 and upregulating ZO-1. J. Cell. Biochem. 2018, 119, 4945-4956.
[CrossRef]

Zhao, H.; Kang, X; Xia, X.; Wo, L.; Gu, X.; Hu, Y,; Xie, X.; Chang, H.; Lou, L.; Shen, X. miR-145 suppresses breast cancer cell
migration by targeting FSCN-1 and inhibiting epithelial-mesenchymal transition. Am. J. Transl. Res. 2016, 8, 3106.

Luo, J.; Zhao, Q.; Zhang, W.; Zhang, Z.; Gao, ].; Zhang, C.; Li, Y,; Tian, Y. A novel panel of microRNAs provides a sensitive and
specific tool for the diagnosis of breast cancer. Mol. Med. Rep. 2014, 10, 785-791. [CrossRef]

Pan, X.; Wang, R.; Wang, Z.-X. The potential role of miR-451 in cancer diagnosis, prognosis, and therapy. Mol. Cancer Ther. 2013,
12,1153-1162. [CrossRef] [PubMed]

Gu, X,; Li, J.-Y,; Guo, J.; Li, P-S.; Zhang, W.-H. Influence of MiR-451 on drug resistances of paclitaxel-resistant breast cancer cell
line. Med. Sci. Monit. Int. Med. ]. Exp. Clin. Res. 2015, 21, 3291. [CrossRef] [PubMed]

Wang, W.; Zhang, L.; Wang, Y; Ding, Y.; Chen, T.; Wang, Y.; Wang, H.; Li, Y,; Duan, K,; Chen, S,; et al. Involvement of miR-451 in
resistance to paclitaxel by regulating YWHAZ in breast cancer. Cell Death Dis. 2017, 8, €3071. [CrossRef] [PubMed]

Kodahl, A.R.; Lyng, M.B.; Binder, H.; Cold, S.; Gravgaard, K.; Knoop, A.S.; Ditzel, H.J]. Novel circulating microRNA signature as
a potential non-invasive multi-marker test in ER-positive early-stage breast cancer: A case control study. Mol. Oncol. 2014, 8,
874-883. [CrossRef]

Xiao, S.; Zhu, H.; Luo, J.; Wu, Z.; Xie, M. miR-425-5p is associated with poor prognosis in patients with breast cancer and promotes
cancer cell progression by targeting PTEN. Oncol. Rep. 2019, 42, 2550-2560. [CrossRef]

Krishnan, K.; Steptoe, A.L.; Martin, H.C.; Pattabiraman, D.R.; Nones, K.; Waddell, N.; Mariasegaram, M.; Simpson, P.T.; Lakhani,
S.R.; Vlassov, A.; et al. miR-139-5p is a regulator of metastatic pathways in breast cancer. RNA 2013, 19, 1767-1780. [CrossRef]
Zhao, H.; Shen, J.; Medico, L.; Wang, D.; Ambrosone, C.B.; Liu, S. A pilot study of circulating miRNAs as potential biomarkers of
early stage breast cancer. PLoS ONE 2010, 5, e13735. [CrossRef] [PubMed]

Nadeem, F.; Hanif, M.; Ahmed, A.; Jamal, Q.; Khan, A. Clinicopathological features associated to MiRNA-195 expression in
patients with breast cancer: Evidence of a potential biomarker. Pak. J. Med. Sci. 2017, 33, 1242. [CrossRef]

McAnena, P,; Tanriverdi, K.; Curran, C.; Gilligan, K.; Freedman, J.E.; Brown, J.A.; Kerin, M.]. Circulating microRNAs miR-331 and
miR-195 differentiate local luminal a from metastatic breast cancer. BMC Cancer 2019, 19, 436. [CrossRef] [PubMed]

Qattan, A.; Intabli, H.; Alkhayal, W.; Eltabache, C.; Tweigieri, T.; Amer, S.B. Robust expression of tumor suppressor miRNA’s let-7
and miR-195 detected in plasma of Saudi female breast cancer patients. BMC Cancer 2017, 17, 799. [CrossRef] [PubMed]

Shams, R.; Dianatpour, A.; Omrani, M.D.; Ghafouri-Fard, S. Expression analysis of miR-100 and selected genes from mTOR
pathway in breast cancer patients. Meta Gene 2019, 21, 100577. [CrossRef]

Yan, L.-X.; Huang, X.-F; Shao, Q.; Huang, M.-Y.; Deng, L.; Wu, Q.-L.; Zeng, Y.-X.; Shao, J.-Y. MicroRNA miR-21 overexpression in
human breast cancer is associated with advanced clinical stage, lymph node metastasis and patient poor prognosis. RNA 2008,
14, 2348-2360. [CrossRef] [PubMed]


http://doi.org/10.3892/ijo.2017.3945
http://doi.org/10.1002/jcb.26739
http://doi.org/10.3892/mmr.2014.2274
http://doi.org/10.1158/1535-7163.MCT-12-0802
http://www.ncbi.nlm.nih.gov/pubmed/23814177
http://doi.org/10.12659/MSM.894475
http://www.ncbi.nlm.nih.gov/pubmed/26516138
http://doi.org/10.1038/cddis.2017.460
http://www.ncbi.nlm.nih.gov/pubmed/28981108
http://doi.org/10.1016/j.molonc.2014.03.002
http://doi.org/10.3892/or.2019.7371
http://doi.org/10.1261/rna.042143.113
http://doi.org/10.1371/journal.pone.0013735
http://www.ncbi.nlm.nih.gov/pubmed/21060830
http://doi.org/10.12669/pjms.335.13008
http://doi.org/10.1186/s12885-019-5636-y
http://www.ncbi.nlm.nih.gov/pubmed/31077182
http://doi.org/10.1186/s12885-017-3776-5
http://www.ncbi.nlm.nih.gov/pubmed/29183284
http://doi.org/10.1016/j.mgene.2019.100577
http://doi.org/10.1261/rna.1034808
http://www.ncbi.nlm.nih.gov/pubmed/18812439

	Introduction 
	Results 
	Patient Characteristics 
	MiRNA Expression in the Plasma of Breast Cancer Patients as Compared with Healthy Subjects 
	Expression of miRNAs in Early Stage BC Patients with Different Clinicopathological Features 
	Diagnostic Accuracy of miRNA in BC 

	Discussion 
	Materials and Methods 
	Specimen Collection 
	Total RNA Extraction 
	cDNA Synthesis 
	Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR) Analysis 
	Statistical Analysis 

	Conclusions 
	References

