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AN ABSTRACT OF THE DISSERTATION OF 

 

 

 

Farah Jihad Nassar     for Doctor of Philosophy 

     Major: Cell and Molecular Biology 

 

 

Title: MicroRNA Expression Analyses in a Panel of Early Breast Cancer Tissues Derived 

from Lebanese Patients 

 

Breast cancer is the most common type of cancer among Lebanese women. Lebanon 

has an elevated level of age standardized breast cancer incidence and mortality. Besides, 

Lebanon has a higher prevalence of patients younger than 40 years old as compared to 

developed countries. These young patients usually present with worse prognosis in spite of 

chemo- and hormonal therapy, and they mostly lack BRCA gene mutations. Moreover, 

patients below 40 years have no available screening tests for early breast cancer detection. 

Hence, our study focuses on investigating molecular mechanisms that underlie breast cancer 

development and that could be later used as a biomarker for early detection and prognosis. 

Our molecule of interest is microRNA (miRNA), a class of noncoding RNA, which regulates 

60% of gene expression posttranscriptionally by binding to target mRNA leading to its 

degradation or translational repression. miRNA has been shown to be dysregulated in breast 

cancer and to play a role at the different stages of mammary tumorigenesis. 

We first conducted a pilot study to find the expression of miR-10b, 21, 155, 148b, 221 

in 57 tumor and 20 normal adjacent formalin fixed paraffin embedded (FFPE) tissues taken 

from Lebanese breast cancer patients of various clinical and histopathological presentations. 

These chosen miRNA were significantly dysregulated in breast cancer based on literature; 

however, miR-148b was significantly upregulated and miR-221 showed no change in 

expression in our samples as opposed to what is reported. Thus, this difference in miRNA 

expression could be attributed to ethnicity of the patients. For this purpose, we performed a 

global miRNA microarray profiling on 45 tumor and 17 normal adjacent FFPE mammary 

tissues collected from Lebanese breast cancer patients with early stage invasive ductal 

carcinoma histotype and positive estrogen and progesterone receptor. Results have shown 74 

significantly dysregulated miRNA in tumor versus normal adjacent tissues which are mostly 

newly discovered miRNA or have never been reported in breast cancer. Upon stratifying the 

patients according to age or menopausal state, certain dysregulated miRNA were exclusive to 

patient grouping but a panel of miRNA (miR-139-5p, 125b-2-star, 378f, 378c, 99a, 130a, 

100, 145, 381, 125b, 663b, 425, 182 and 183) were consistently dysregulated in all groups. 

We then compared miRNA microarray analysis between Lebanese patients and matched 

American patients. Differences in dysregulated miRNA could reflect either patient age at 

diagnosis (miR-1288-star/3196), or ethnic variation in miRNA epigenetic regulation (miR-

31/362-3p/663/329/22/373/320a/34b/196a/149/203) or sequence variation of precursor 

miRNA (miR-196a/185/206). In order to predict the role of miRNA in early breast cancer, we 

performed an integrative analysis of mRNA and miRNA microarray data. Integration 

revealed the potential miRNA role in regulating tumor suppressive or oncogenic mRNA 

involved in increasing proliferation and decreasing migration and invasion. In addition, we 

assessed predicted targets of miR-183, a highly upregulated miRNA, in order to elucidate its 
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potential role in early breast cancer. Transfection with miR-183 mimics significantly reduced 

the mRNA expression of AKAP12 (A kinase anchor protein 12), PDCD4 (programmed cell 

death 4), TET1 (dioxygenase gene) and PP2CA (serine/threonine-protein phosphatase 2A 

catalytic subunit alpha isoform) in breast cancer cell lines (MCF-7 and MDA-MB 231) 

without any significant change in cell proliferation. These targets are known regulators of cell 

cycle, apoptosis, invasion and metastasis. Further functional studies should be performed to 

identify the effect of miR-183 and other dysregulated miRNA on early breast cancer 

development especially in young patients. 
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CHAPTER I 

INTRODUCTION 

 

 

Amongst Lebanese women, breast cancer is the most common malignancy and the 

leading cause of death. Understanding the etiology and mechanisms of this disease in 

Lebanese population is critical for developing clear and effective strategies for improving 

its detection and therapy. We are interested in characterizing the expression profile of 

microRNA (miRNA), small noncoding RNA that regulates 60% of protein coding RNA, in 

Lebanese breast cancer patients especially that this population has increased frequency of 

early onset/young age at diagnosis. We are also concerned in performing a miRNA 

comparative analysis between Lebanese and American breast cancer patients as well as an 

integrative mRNA-miRNA profiling analysis to identify specific Lebanese miRNA 

signature and the role of miRNA in early breast cancer. 

In this chapter, we elaborate on breast cancer epidemiology and risk factors 

worldwide and particularly in Lebanon and give an overview of normal mammary gland 

and tumor development followed by a discussion on its heterogeneity, classifications and 

methods of detection and prognosis. We also introduce microRNA molecules: their 

biogenesis, function, nomenclature and databases. We conclude with the role of miRNA in 

cancer in general and in breast cancer in particular with a highlight of its diagnostic, 

prognostic and therapy predictive role. 
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A. Breast Cancer  

1. Epidemiology and Risk Factors  

a. Worldwide  

Breast cancer is the most frequent cancer in women worldwide (Ferlay et al., 

2015). It was estimated in 2012 that breast cancer in females had the highest incidence 

(25% of all incident cancer cases) and the highest death rate among all cancer types (14.7% 

of all cancer mortality cases) (Torre et al., 2015) (Figure 1A). This global increase of breast 

cancer is attributed to multiple risk factors such as early menarche, reduced breastfeeding, 

late childbearing, overexposure to exogenous hormones and the adoption of unhealthy 

lifestyles including obesity and lack of physical activity (Fan, Goss, & Strasser-Weippl, 

2015; Parkin & Fernández, 2006; Porter 2008). Even though developed and developing 

countries have similar elevated breast cancer incidence in females (788,200 and 882,949 

respective estimated incidence in 2012), the rate of mortality is higher in less developed 

countries which could be explained by the lack of or limited access to early detection 

services and treatment (Jemal, Center, DeSantis, & Ward, 2010) . 
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Figure 1. Estimated Incidence and Mortality Rate of Cancer in the World (A) and in Lebanon 

(B) among Women (GLOBOCAN, 2012). Breast cancer in Lebanon has the highest incidence and 

mortality rate.  NHL: non-Hodgkin’s Lymphoma 
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b. Lebanon 

Similar to global statistics, breast cancer is the most common prevalent cancer 

among Lebanese women. According to GLOBOCAN 2012 that uses National Cancer 

Registry of the Ministry of Public Health, Lebanon has an elevated level of estimated breast 

cancer incidence and mortality among women (40.8% and 26.7% of all cancer cases 

respectively) (Figure 1B). Data about Lebanese breast cancer patients was not continuously 

registered but from what is accumulated from National Registries and Hospital based 

studies, breast cancer crude incidence rate increased from 20 per 100,000 in 1964, 30 per 

100,000 between 1983-2000, 46.7 per 100,000 in 1998, 64.1 per 100,000 in 2004, to 88 per 

100,000 in 2012 (El Saghir et al., 2007; Lakkis, Adib, Osman, Musharafieh, & Hamadeh, 

2010) (Figure 2). The crude incidence rate is the number of new cases in a given population 

over a given period of time (typically expressed per 100,000 individuals per year) but when 

comparing several populations with different age profiles, an age-standardized incidence 

rate (ASR) should be utilized which takes into consideration a population with a standard 

age structure such as the World Standard Population. The latest estimated ASR in Lebanon 

is 78.7 per 100,000 individuals which is the second highest in Asia and Africa after Israel 

(80.5 per 100,000) but still lower than other developing countries. Elevation of breast 

cancer incidence in Lebanon could be attributed to reproductive factors (such as the 

increase in women’s mean age at marriage and at menopause and decrease in fertility rate, 

breastfeeding and the age at menarche), change in diet from the healthy Mediterranean diet 

to Westernized food, active and passive smoking especially of Nargileh as well as to 

increase in obesity comparable to what is observed in the West (Lakkis et al., 2010; Sibai, 

Hwalla, Adra, & Rahal, 2003). Furthermore, this increase in ASR could be explained by 
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improvement of National Cancer Registry data collection and by the national breast cancer 

awareness campaigns about this disease and its early signs as well as the adoption of early 

screening programs such as mammography at reduced fees (A. Shamseddine et al., 2014). 

Since the annual national breast cancer awareness campaigns that started in 2002, an 

increase in mammography utilization has been recorded especially for women between the 

ages of 50-59 years old. However, it was reported that women between 40 and 50 and those 

older than 60 years old are still not responding to this campaign indicating that further 

awareness campaigns are required to engage them (Haddad, Kourie, & Adib, 2015). 

 

Figure 2. Crude Incidence Rate in Lebanon between Year 1966 and 2012. Data that were 

collected from National Cancer Registries and Hospital based studies as well as GLOBOCAN 2012 

show an increase in crude incidence rate in Lebanon.  

 

As for the estimated worldwide age-standardized mortality rates, it is among the 

highest for Lebanon (24 per 100,000) which is seventh after Bahama, Macedonia, Nigeria, 

Pakistan, Armenia and Solomon Islands (Torre et al., 2015). The median age at diagnosis in 
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Lebanon is 50 years which is younger than the median age of western countries which is 

around 63 years old (El Saghir et al., 2007). Most of the patients are younger than 40 years 

old and they constitute 22% of all breast cancer cases in Lebanon. This considerably high 

percentage of young patients as compared to 6% in Western population could reflect the 

skewness of age distribution towards younger ages in the Lebanese population. On the 

other hand, this observation does not contradict the increase in age specific incidence rates 

in some younger age groups compared to global data (Lakkis et al., 2010; Musallam & 

Shamseddine, 2010). Moreover, a study performed on 1320 patients at the American 

University of Beirut Medical Center between 1990 and 2001 has shown that a higher 

percentage of young patients developed metastasis and had worse survival in spite that they 

received adjuvant hormonal chemotherapy with tamoxifen. Thus, young age was predicted 

as a bad prognostic factor especially in lymph node positive and hormone receptor positive 

patients (El Saghir et al., 2006).  

This particularity of breast cancer in the Lebanese population was not associated 

with BRCA1 and BRCA2 gene mutations. The frequency of BRCA1 and BRCA2 mutations 

is around 1 in 800 in the Caucasian population but could increase in specific populations 

such as the Ashkenazi-Jews (Rennert, Dishon, Rennert, & Fares, 2005). Carriers of this 

mutation tend to present with breast cancer at a young age and have a lifetime risk of 

developing breast and/or ovarian cancer in the range of 45%–85% for BRCA1 carriers and 

40%–70% for BRCA2 carriers. Recently, it was shown that only 5.6% had deleterious 

BRCA1 or BRCA2 mutations among a cohort of 250 Lebanese breast cancer patients, with 

particularly 10.8% in patients younger than 40 years with family history and only 1.4% in 

patients younger than 40 years without any family history (El Saghir et al., 2015). Thus, 
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this prevalence of young aged patients with aggressive breast cancer should be further 

investigated at other mutations such as CHEK2 and TP53 or at the epigenetic level such as 

microRNA (miRNA) expression which is the focus of this study.  

 

2. Biology of Mammary Gland and Tumor Development  

A brief overview of normal mammary gland architecture is required to understand 

the different classifications of breast cancer. During embryogenesis, mammary gland 

develops starting 4th week of gestation from 2 thickened strips of ectoderm (milk lines). 

These milk lines proliferate at the 5th week to form mammary buds that eventually penetrate 

underlying mesenchyme to give rise to several secondary buds which develop into 

lactiferous ducts and their branches. At birth, the mammary epithelium is rudimentary, 

consisting of only a few small ducts and grows allometrically with overall body 

development (Howard & Gusterson, 2000; Macias & Hinck, 2012).  

Mammary gland undergoes extensive remodeling processes during puberty, 

pregnancy, lactation and involution following lactation. With the onset of puberty, 

expansive proliferation occurs that fills the fat pad with epithelial mammary tree under the 

influence of estrogen, prolactin and growth factors in a process called ductal 

morphogenesis. Lateral branches give rise to the basic functional unit of the breast called 

terminal ductal-lobular units (TDLU) that is composed of terminal ducts and lobules with 

numerous blind-ended secretory ductules, called acini (Howard & Gusterson, 2000). Each 

acinus is lined with an inner layer of luminal epithelial cells and an outer layer of 

contractile myoepithelial cells. These structures are separated from the stroma, which 

consists of fat and connective tissue, by a basement membrane (Russo & Russo, 
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2014).Upon pregnancy, alveologenesis or growth of milk producing alveolar cells occurs 

that is induced by prolactin and progesterone in order to have functional developed 

glandular tissue. During lactation, alveolar luminal epithelial cells produce milk by the 

contraction of the myoepithelial cells surrounding it. Upon weaning of the infant, lactation 

stops and involution occurs where the mammary gland is remodeled back to its original 

adult state(Macias & Hinck, 2012).  

Like any cancer, breast cancer originates from transforming genetic and epigenetic 

events within a single cell. Most common hereditary mutations are those affecting BRCA1 

and BRCA2 genes. Most of the malignant breast tumors are carcinoma that originate from 

the epithelium of the mammary gland. Normally, ducts and lobules are lined with a single 

layer of radially arranged luminal epithelial cells that form a central lumen. Neoplastic 

transformation of a carcinoma typically starts with hyperproliferation, benign, well-

differentiated localized tumor/hyperplasia where cancer cells grow abnormally inside the 

lumen. Subsequently the tumor evolves into in situ carcinoma meaning contained within 

the duct or lobule and disrupting the lumen. Finally the tumor becomes an invasive 

carcinoma that penetrates basal membrane infiltrating the surrounding tissue, and 

ultimately leading to metastatic tumor that disseminates to other parts of the body mainly 

brain, lungs, liver and bones through lymphatic and blood vessels.  

 

3. Breast Cancer Heterogeneity and Classification 

 Breast cancer is not a single disease but rather a heterogeneous complex one with 

multiple subtypes. This could be explained by two hypotheses that are not mutually 

exclusive: the ‘cancer stem cell’ and the ‘clonal evolution and selection’ (Figure 3) (Polyak, 
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2007). The mammary gland is highly dynamic organ that undergoes remodeling and 

differentiation and its epithelium is maintained by the presence of multipotent mammary 

stem cells. Cancer stem cell theory has stated that breast cancer originates from a stem cell 

that has the self-renewal capacity but acquires multiple mutations and unlimited 

proliferative potential to become a tumor initiating cell. Based on this hypothesis, each 

tumor subtype initiates from a different stem/ progenitor cell type and the intra-tumoral 

heterogeneity results from additional genetic changes that affects the cancer stem cell 

(Dalerba, Cho, & Clarke, 2007; Ercan, van Diest, & Vooijs, 2011). On the other hand, the 

clonal evolution and selection hypothesis explains that cancer can originate from any 

normal cell that acquires mutations which give them growth advantage under selective 

pressure. It explains that different subtypes are primarily determined by acquired genetic 

and epigenetic events and could originate from same cell.  As for tumor heterogeneity, it is 

a competition among tumor cells with different phenotypes: combination of cell type of 

origin of the tumor-initiating cell, acquired genetic and epigenetic alterations, and paracrine 

signals from surrounding cells (Greaves & Maley).    
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Figure 3. Clonal Expansion and Selection Model (A) and Cancer Stem Cell Model (B). (A) 

Any normal cell that acquires mutations which give it growth advantage under selective pressure 

can cause cancer and subtypes that result from acquired genetic and epigenetic events, could 

originate from the same cell. (B) Cancer originates from cancer stem cells and subtypes initiates 

from a different stem/ progenitor cell type. 

 

Breast cancer could be classified according to histology, immunopathology, 

mRNA expression profiling, and microRNA (miRNA) expression signature (Bertos & 

Park, 2011). Ductal carcinoma in situ (DCIS) is the most common histotype of non-

invasive breast cancer, while invasive ductal carcinoma (IDC) followed by invasive lobular 

carcinoma are the most frequent histotypes of invasive carcinomas that breach the basement 

membrane. Other less common histotypes include medullary, neuroendocrine, tubular, 

apocrine, metaplastic, mucinous, inflammatory, comedo, adenoid cystic and micropapillary 

types. Immunopathologically, breast cancers are classified according to the receptor profile 

that includes estrogen receptor (ER), progesterone receptor (PR) and human epidermal 

growth factor receptor 2 (HER2). These receptor-based subtypes could be indicative of the 

therapy outcome and the level of prognosis as follows: best overall prognosis for indolent 
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ER+ (ER+, HER2-) tumors treated with ER antagonists or aromatase inhibitors (Lumachi, 

Santeufemia, & Basso, 2015), better outcome for HER2+ (ER-, HER2+) and triple positive 

(ER+, PR+, HER2+) tumors only when treated with HER2-targeted agents like monoclonal 

antibody trastuzumab (Ahmed, Sami, & Xiang, 2015), and worst outcome for triple 

negative  (TN) (ER-, PR-, HER2-) tumors, whose targeted treatment regimen is still under 

thorough investigation (Griffiths & Olin, 2012). Moreover, mRNA expression profiling has 

revealed the molecular heterogeneity of breast cancer and identified five intrinsic subtypes 

with distinct clinical outcomes: (1) luminal A subtype (resembles receptor-defined ER+ 

subtype), (2) normal-like subtype (resembles normal tissue) that is associated with good 

prognosis, (3) luminal B (resembles receptor-defined ER+ subtype) that is associated with 

poor prognosis and higher proliferation compared to luminal A, (4) HER2-enriched subtype 

that overlaps with receptor-defined HER2+ subtype and (5) basal subtype that overlaps 

with receptor-defined TN subtype (Liu, Zhang, & Zhang, 2014; Prat et al., 2015; Sorlie et 

al., 2001). The luminal B subtype is the more aggressive type of ER+ breast cancer with a 

risk of early relapse because luminal B tumors has higher expression of proliferation/cell 

cycle-related genes or proteins and lower expression of several luminal-related genes or 

proteins such as PR and FOXA1, but not ER as compared to luminal A tumors. Luminal B 

patients do not respond well to endocrine therapy since the tumor is less dependent upon 

estrogen signaling. Hence, different treatment should utilized for this subtype such as 

alternative GFR signaling pathway (HER2, EGFR, IGF, and Akt/PI3K/mTOR) (Creighton, 

2012; Tran & Bedard, 2011). Besides, miRNA (that will be further discussed below) 

signature can sub-classify breast cancer (Blenkiron et al., 2007) and can even determine 

new subtypes, as recently reported (Bhattacharyya, Nath, & Bandyopadhyay, 2015).  



12 

 

 

4. Methods for Breast Cancer Detection and Prognosis 

Histology and immunopathology are routinely performed for all breast cancer 

patients along with tumor-node-metastasis (TNM) staging according to the American Joint 

Committee on Cancer (AJCC). Breast cancer staging is based on primary tumor size (T), 

regional lymph node involvement (N) and presence of distant metastasis (M). Primary 

tumor size ranging from <2 cm to >5cm are given symbols from T1 to T4 and in situ 

carcinoma is referred to as “Tis”. Regional lymph nodes which are axillary, infraclavicular, 

supraclavicular and internal mammary nodes are assessed for any metastasis and are 

denoted as N0 for nonexistent to N3 for extensive lymph node involvement. Distant 

metastasis to lungs, liver and bones is evaluated as M0 for no metastasis and M1 for distant 

metastasis (Singletary & Connolly, 2006). Using this staging system for prognosis is 

considered controversial with the emerging of new biomarkers (Orucevic et al., 2015). The 

immunohistochemistry of Ki67, a nuclear protein associated with proliferation, is also 

usually performed since it can differentiate luminal A (low Ki67) and luminal B (high 

Ki67) subtypes as well as it can be used a predictive/ prognostic biomarker. However, this 

marker has a lot of limitations and variability in the procedure of Ki67 scoring such as 

antibody type, specimen type, type of fixative, antigen retrieval methods and method of 

scoring which could affect its efficiency (de Azambuja et al., 2007; Yerushalmi, Woods, 

Ravdin, Hayes, & Gelmon, 2010).  

Several tests have been developed for breast cancer detection and prognosis. The 

primary screening test for breast cancer detection is mammography; however, it is not 

recommended for women younger than 40 years as they tend to have denser breast tissue 

(Boyd et al., 2007; Checka, Chun, Schnabel, Lee, & Toth, 2012). Other than pain and 
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discomfort that it might cause (Miller, Livingstone, & Herbison, 2008), mammography is 

associated with increased rates of false positives ranging from 12% to 65% and is 

correlated with over-diagnosis that is 31% of all breast cancer diagnosed (Bleyer & Welch, 

2012; Kerlikowske et al., 2013). Other supplemental screening methods are present that are 

recommended for young high risk women such as ultrasound and magnetic resonance 

imaging (MRI) (Burkett & Hanemann, 2016; Lord et al., 2007). However, MRI is not 

highly sensitive and very expensive to be routinely used. 

Various multi-gene expression based tests are utilized for breast cancer diagnosis 

and prognosis such as Mammaprint, MapQuant Dx, OncotypeDx, PAM50 Breast Cancer 

Intrinsic Subtype Classifier (Prosigna), and Theros Breast Cancer Index.  For instance, 

MammaPrint measures the mRNA expression levels of 70 genes and categorizes ER+ 

cancer patients into low-risk or high-risk prognostic groups while it classifies all ER- 

cancers as high-risk (Tian et al., 2010). Another diagnostic test is Prosigna that quantifies 

the mRNA expression of 50 genes and predicts the risk of distant recurrence of ER+ breast 

cancer in postmenopausal women treated with adjuvant endocrine therapy (Wallden et al., 

2015). Prosigna can be also used to differentiate between the different molecular breast 

cancer subtypes especially between luminal A and luminal B in order to choose the most 

efficient therapy regimen. A 21-gene assay called Oncotype DX is also used for computing 

a recurrence score for ER+ breast cancer (Gyorffy et al., 2015). However, all of these tests 

mainly require formalin fixed paraffin embedded (FFPE) or fresh frozen invasive tissue 

biopsies and are only useful for hormone receptor-positive or invasive breast cancer. 

Moreover, carbohydrate antigens such as carcinoembryonic antigen (CEA) and cancer 

antigen 153 (CA153), have been identified as prognostic tools for breast cancer since they 
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were reported to be elevated in sera of breast cancer patients, especially those with HER2+ 

and ER- subtypes respectively. However, the use of CEA and CA153 as prognostic serum 

markers still remains controversial due to conflicting results of different studies and their 

low sensitivity (Shao, Sun, He, Liu, & Liu, 2015).  

 

B. microRNA 

In 1993, the first microRNA, lin-4, was discovered by Victor Ambros and his 

colleagues while studying the temporal regulation of postembryonic Caenorhabditis 

elegans development. Cloning and site-directed mutagenesis of the lin-4 locus have 

revealed that the final product of lin-4 was not a protein but rather two RNA molecules of 

21 and 61 nucleotides. Lin-4 has an antisense complementarity to the 3′ untranslated region 

(UTR) of mRNA (lin-14) leading to translation inhibition of the protein product (LIN-14) 

which is required for the progression between larval stages of C. elegans (Lee, Feinbaum, 

& Ambros, 1993). Seven years later, another miRNA was discovered in C. elegans, let-7, 

which was a 21 RNA nucleotide that plays a role in larval development (Reinhart et al., 

2000). Discovering that let-7 gene is conserved throughout several species including 

humans triggered an interest in the field of miRNA research (Pasquinelli et al., 2000).  

microRNA are a major class of endogenous, small noncoding RNA molecules 

approximately 18-25 nucleotides in length. Since their discovery, their role has drastically 

shifted from transcriptional noise to modulators of gene expression and master regulators of 

multiple pathways.  
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1. miRNA Biogenesis and Function 

miRNA encoding genes are either intergenic or intronic (embedded within protein 

encoding genes) and are mainly transcribed by RNA polymerase II as long primary 

sequences called pri-miRNA (Figure 4). The first processing step involves excision of the 

stem-looped pri-miRNA by a microprocessor complex composed of nuclear DROSHA, a 

ribonuclease-III protein, and DiGeorge Syndrome Critical (DGCR8), a double-stranded 

RNA-binding protein. The product is a 70-100 nucleotide hairpin-shaped precursor referred 

to as pre-miRNA that is exported in a Ran-GTP-dependent manner from the nucleus to the 

cytoplasm by Exportin-5 (XPO5). The second processing step includes further cleavage 

into 18-25 nucleotide duplexes by endo-ribonuclease DICER and its cofactor 

transactivation-responsive RNA-binding protein (TRBP) (Bartel, 2004). Alternatively, 

miRNA can be generated through a non-canonical splicing pathway. This subclass of 

miRNA, referred to as mirtrons, is encoded by introns and spliced in a DROSHA-

independent manner (Havens, Reich, Duelli, & Hastings, 2012).  

Afterwards, miRNA duplex unwinds either in a slicer dependent or independent 

manner. The slicer-dependent manner involves Argonaute (AGO) 2-mediated cleavage of 

one strand to facilitate its rapid removal, while the slicer-independent manner relies on 

complementarity mismatch (Kwak & Tomari, 2012; June Hyun Park & Shin, 2015). One of 

the strands acts as a mature functional miRNA that is incorporated into a large protein 

complex called the RNA-induced silencing complex (RISC) with AGO protein as the 

primary component. The other miRNA strand either undergoes rapid degradation or 

becomes functional as part of the RISC complex (Guo & Lu, 2010). A seed region between 

nucleotide positions 2 to 8 from the 5′ region of the miRNA allows either perfect or 
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imperfect base-pairing with the 3′ untranslated region or other sites of the mRNA target. In 

animals, imperfect pairing mainly occurs and can affect the mRNA by blocking its 

translation, degrading it via endonucleolytic cleavage or destabilizing it via deadenylation 

(S. Gu & Kay, 2010; J. H. Park & Shin, 2014; L. Wu, Fan, & Belasco, 2006). Moreover, 

miRNA can function in a RISC-independent manner either by directly targeting proteins 

like ribonucleoproteins to inhibit their activity in a decoy process (Eiring et al., 2010) or by 

targeting DNA to regulate their transcription through chromatin remodeling or direct 

binding (Gonzalez, Pisano, & Serrano, 2008; Khraiwesh et al., 2010).  

Over 2,500 mature miRNAs have been identified in humans according to miRbase, 

a database of published miRNA sequences and annotations. Their functions, however, are 

still under investigation. Importantly, miRNA can regulate multiple genes and can thus 

control multiple critical pathways that are involved in physiological (such as development) 

as well as pathological processes (diabetes, neuro-degenerative disorder and cardiac 

hypertrophy). 
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Figure 4. miRNA Biogenesis. miRNA intronic and intergenic genes are transcribed by RNA 

polymerase II forming the primary miRNA (pri-miRNA). Pri-miRNA is cleaved either by 

DROSHA in association with DGCR8 (canonical pathway) or by Spliceosome (non-canonical 

pathway). The resulting precursor miRNA (pre-miRNA) is exported to the cytoplasm via Exportin-

5 (XPO5) in a Ran-GTP dependent manner. Pre-miRNA is further processed by DICER in 

conjunction with TRBP to produce a miRNA duplex that is unwinded with the help of Argonaute 2 

(AGO2). miRNA mature strand incorporates into the RNA-induced silencing complex (RISC) and 

then interacts with the target mRNA leading to its translational repression, endonucleolytic 

cleavage, or deadenylation. Purple colored oval denotes an enzyme protein while blue color denotes 

a cofactor protein. 

 

2. miRNA Nomenclature  

miRNA names have prefix that refers to the species such as hsa-miR-183 in human 

versus mmu-miR-183 in mouse. miRNA that differ in one or two nucleotides in the mature 

sequence are given a lettered suffix after the numerical identifier, such as hsa-miR-10a and 

hsa-miR-10b. Mature miRNA that have identical sequence and arise from different loci in 

the genome are given a numbered suffix such as miR-199a-1 and miR-199a-2. Some 

hairpins will give rise to two equally stable and functional mature miRNA, and these are 
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given the suffix -5p from the 5′ arm or -3p from the 3′ arm, otherwise the unstable non-

functional strand will receive a * notation after the numerical identifier. miRNA cluster are 

a set of miRNA that are closely distributed in genome and are often co-expressed while a 

miRNA family refers to a collection of miRNA with a common ancestor. miRNA are often 

conserved between species (Ambros et al., 2003).  

 

3. miRNA Databases 

a. miRNA Target Prediction Tools 

Several in silico miRNA target prediction tools are available online to identify 

putative miRNA targets. Unlike plants that have perfect miRNA-mRNA pairing, animals 

have partial or imperfect pairing which makes target prediction more complicated. Even 

though these tools are based on different algorithms but all of them rely on sequence 

complementarity between the miRNA of interest and mRNA target. Most of the tools take 

into account a Watson and Crick match between the seed region (2-8 nucleotides at 5′ end) 

of miRNA and the 3′UTR of the potential mRNA. A Watson and Crick match is when 

adenosine pairs with uracil and guanine pairs with cytosine. This seed match could be 

stringent with perfect Watson-Crick pairing or moderate-stringent with small mismatches 

or G:U wobble pairing within the seed region. Some 3′ compensatory sites are also present 

that show a strong compensatory pairing to the 3′ region of the miRNA and weak base-

pairing to the 5′ end of the miRNA due to a mismatch at seed region. Prediction tools have 

included extra features to refine its predictions such as thermodynamic stability of the 

mRNA-miRNA duplex, miRNA accessibility to mRNA site that assumes secondary 

structure, sequence conservation of target sites between multiple species and multiple target 
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sites within the 3′UTR (Figure 5) (Peterson et al., 2014; Saito & Saetrom, 2010). Moreover, 

some computational methods may focus on target sites other than the 3′UTR such as the 

5′UTR and seed site in coding sequences (CDS). Upon choosing a miRNA target prediction 

algorithm, one should take into consideration whether the algorithm uses updated gene and 

miRNA databases, whether it only focuses on targets in the 3′UTR region and whether it 

assumes that the target sites are conserved among species (Vlachos & Hatzigeorgiou, 

2013). Currently, none of the present tools have used all the discussed criteria for 

determining miRNA targets. Even though combining more than one algorithm is common 

practice, it is not very recommended since each tool relies on a different criteria (Alexiou, 

Maragkakis, Papadopoulos, Reczko, & Hatzigeorgiou, 2009). Results derived from these 

computational methods cannot be solely utilized to prove miRNA-mRNA interaction since 

they could be false positive targets so data should be experimentally validated especially 

that the algorithms ignore if mRNA and miRNA are present in the cells or tissues of 

interest. 

In this project, two online free prediction tools were used which were TargetScan 

6.2 (www.targetscan.org) and DIANA-microT-CDS (www.microrna.gr/microT-CDS) 

which are highly precise and sensitive as well as user friendly with updated miRNA 

annotation. TargetScan predicts targets taking into account mainly seed match at 3′UTR 

and target site conservation. TargetScan algorithm ranks targets according to preferential 

conservation of the sites across several species (Aggregate PCT) or the probability of a 

target to be effectively targeted (cumulative weighted context score). Context score is based 

on target site-type, 3′ supplementary pairing, local AU content, target site position, target 

site abundance, and seed-pairing stability (Garcia et al., 2011). As for DIANA-microT-

http://www.targetscan.org/
http://www.microrna.gr/microT-CDS
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CDS, it uses a machine-learning approach to identify the most relevant features extracted 

from photoactivatable-ribonucleoside-enhanced cross-linking immunoprecipitation (PAR-

CLIP) data (Hafner et al., 2010). It emphasizes on seed match, target site abundance, site 

accessibility (AU content), miRNA-mRNA pairing at 3′UTR and CDS regions and 

conservation and thermodynamic stability of the duplex (Paraskevopoulou et al., 2013). 

Interestingly, this database also reports if the mRNA target is also predicted by TargetScan 

and experimentally validated. 

 

Figure 5. Summary of miRNA Databases.  miRNA Databases could be used for: miRNA 

annotation and sequence (i.e. miRbase), mRNA-miRNA integration analysis (i.e. Ingenuity 

Pathway Analysis), target prediction that is based on seed match, site accessibility, conservation, 

thermodynamic stability, multiple target sites and site position (i.e. TargetScan and microT-CDS), 

experimentally validated targets that relies on high through-put or specific/low yield methodologies 

(i.e. Tarbase and miRwalk) and Others such as for miRNA pathway analysis, miRNA regulatory 

networks, miRNA-Transcription factor interaction, extracellular miRNA and linking miRNA to 

diseases. 
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b. Experimentally Validated miRNA Target Tools 

Experimentally validated miRNA target databases have been established to 

assemble and analyze all available literature of specific/low yield and high-throughput 

techniques used to prove miRNA-mRNA interaction (Figure 5). Specific/low yield 

methodologies include reporter gene assays, miRNA and mRNA expression using reverse 

transcription real time polymerase chain reaction (RT-qPCR), northern blotting, western 

blotting and ELISA immunoassay of the target protein. High throughput methodologies 

include microarray, proteomics and sequencing methods such as RNA-seq, PAR-CLIP and 

High-throughput sequencing of RNA isolated by crosslinking immunoprecipitation (HITS-

CLIP). In this project, two freely accessible experimentally validated miRNA target tools 

were used which are DIANA-Tarbase (www.microrna.gr/tarbase) and miRwalk 

(http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk).  The miRWalk2.0 database is an 

updated comprehensive archive containing around 539,533 validated miRNA targets in 

humans; however they are generated via an automated text-mining search from Pubmed 

articles and data from existing resources (miRTarBase, PhenomiR, miR2Disease and 

HMDD) (Dweep & Gretz, 2015; Dweep, Sticht, Pandey, & Gretz, 2011). In contrast, 

DIANA-TarBase, which was the first available experimentally validated target database, is 

an updated fully manually curated platform that stores more than half a million validated 

miRNA–target interactions in 24 species, 9–250 times more than any other database. It is 

equipped with powerful filtering capacity that enables users to choose the species, 

experimental methodology and whether methodology is low yield or high throughput. The 

http://www.microrna.gr/tarbase
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk
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database can easily identify positive or negative experimental results and experimental 

conditions including cell/tissue type and treatment (Vlachos et al., 2015).  

 

c. Other miRNA Databases: 

Databases for miRNA sequence and annotation are present such as the widely used 

miRBase (www.mirbase.org) (Figure 5). miRBase is the most updated user friendly 

browser and search engine for both hairpin and mature miRNA sequences and it contains 

28645 entries representing hairpin precursor miRNAs, expressing 35828 mature miRNA 

products, in 223 species. miRBase also provides information about genomic location, 

hairpin/mature sequences, reads from deep sequencing experiment, miRNA family and 

cluster supporting bibliography, as well as external links to miRNA target prediction tools 

such as DIANA-microT, TargetScan and PicTar and to validated target databases such as 

DIANA-TarBase and miRTarBase. It can also give names for novel miRNA before 

publication while maintaining privacy of unpublished data (Griffiths-Jones, 2006, 2010). 

Moreover, databases for miRNA function, miRNA-mRNA integration, miRNA 

regulatory networks, miRNA-transcription factor interaction, extracellular miRNA and 

linking miRNA to diseases are available. In this project, Ingenuity Pathway Analysis (IPA) 

was utilized to integrate miRNA-mRNA, form miRNA regulatory networks and predict 

miRNA function. IPA has comprehensive, manually curated content of the Ingenuity 

Knowledge Base as well as has powerful algorithms that identify regulators, relationships, 

mechanisms, functions, and pathways relevant to changes observed in an analyzed dataset. 

Another powerful feature is the MicroRNA Target Filter that finds validated and predicted 

miRNA-mRNA target pairings based on Ingenuity Expert Finding, Ingenuity ExpertAssist 

http://www.mirbase.org/
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Findings, TargetScan, TarBase and miRecords and allows filtration according to diseases, 

cell/tissue type, location, molecule type, species, or biological pathways. Additionally, 

miRNA and mRNA integration can be performed by uploading mRNA microarray and 

expression pairing with miRNA microarray according to the log ratio. In this program, user 

can create custom pathways of gene lists from IPA search results, existing IPA networks or 

canonical pathways. 

 

4. miRNA and Cancer 

The first correlation between miRNA and cancer was reported upon the frequent 

deletions and downregulation of the miRNA-encoding gene clusters of miR-15 and miR-16 

in chronic lymphocytic leukemia (Calin et al., 2002). miRNA have been shown to be 

differentially expressed in different types of cancer. A significant alteration exists in the 

miRNome (total cellular miRNA expression level) in malignant tissues as compared to 

normal ones. miRNA can be classified as tumor suppressors or oncogenes depending on 

their downstream targets. Hence, the decrease in tumor suppressor miRNA would lead to 

the overexpression of its oncogenic mRNA targets while an increase in oncogenic miRNA 

would cause an inhibition of its tumor suppressive mRNA targets.   

The widespread disruption of miRNA expression in cancer has been explained by 

various potential mechanisms (Calin & Croce, 2006). First, miRNA genes, such as those of 

miR-15 and miR-16, are often proximal to common breakpoint regions, minimal regions of 

loss of heterozygosity, minimal regions of amplification and fragile sites. Such locations 

increase the propensity of miRNA genes to chromosomal abnormalities (deletion, 

amplification and translocation). Second, epigenetic control and DNA-binding factors 
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could be another mechanism affecting the promoter regions of miRNA genes.  The 

downregulation of miRNA genes could result from aberrant hyper-methylation, as in the 

case of miR-9-1 gene in breast cancer (Lehmann et al., 2008), or from histone deacetylation 

and tri-methylation, as in the case of miR-29 in B-cell lymphomas (X. Zhang et al.).  

Histone acetylation could also act as an activator of miRNA genes, such as that of miR-224 

in hepatocellular carcinoma (Wang et al., 2012). An example of a DNA-binding factor is 

the tumor suppressor p53 that can activate the expression of miR-34 family by binding to 

conserved p53 consensus sequences in the promoter regions (Tarasov et al., 2007). Third, 

miRNA dysregulation could be explained by the changes in the miRNA processing 

machinery. Gene mutations, post-translational modifications and binding to regulatory 

proteins can affect the miRNA biogenesis proteins: DROSHA, DICER, DGCR8, TRBP, 

XPO5 and AGO (Hata & Kashima, 2015). Dysregulation of DROSHA and DICER has 

been reported in various cancer types and has been associated with altered miRNA profile 

and poor prognosis (Diaz-Garcia et al., 2013; Lambertz et al., 2010; D. X. Zhu et al., 2012). 

Furthermore, miRNA differential expression could be attributed to editing at early stages of 

biogenesis. For instance, adenosine deaminases mediate the conversion of adenosine to 

inosine within the hairpin region of pri-miR-142, miR-142 primary precursor (W. Yang et 

al., 2006).  

Interestingly, miRNA are present in several biological fluids including blood, 

plasma, serum, saliva, urine, breast milk, seminal plasma, tears, amniotic fluid, 

cerebrospinal fluid, peritoneal fluid, pleural fluid, bronchial lavage and colostrum (Hanke et 

al., 2010; Kosaka, Izumi, Sekine, & Ochiya, 2010; N. J. Park et al., 2009; Weber et al., 

2010). The first extracellular tumor-associated miRNA was detected in sera of B-cell 
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lymphoma patients (Lawrie et al., 2008). It was afterwards validated to be abundant, 

nuclease-resistant and consistently quantifiable in sera of individuals of the same species 

(X. Chen et al., 2008). The fact that circulating miRNA are stable and resistant to 

degradation under harsh conditions (Mitchell et al., 2008) is due to their presence in 

microvesicles (exosomes and shedding vesicles), in apoptotic bodies and/or in association 

with high density lipoprotein  particles or with AGO family of proteins (Turchinovich, 

Weiz, & Burwinkel, 2012).  A key advantage of miRNA is the easiness of their detection 

using microarray, deep sequencing or reverse transcription quantitative real-time PCR (RT-

qPCR). Hence, being stable, non-invasive, specific and measurable makes miRNA ideal 

biomarkers for cancer diagnosis, prognosis and therapy prediction.  

 

C. Breast Cancer and miRNA  

miRNA have been reported to be aberrantly expressed in breast cancer, as shown 

by miRNA profiling of tumor and normal breast tissues (Iorio et al., 2005). Several studies 

have investigated the diverse functions of the dysregulated miRNA in malignant breast 

transformation whereby they can act as oncogenes (oncomiR) or as tumor suppressors. In 

breast cancer, miRNA have been shown to regulate cell cycle progression, apoptosis, 

angiogenesis, epithelial-mesenchymal transition, tumor microenvironment, migration, 

invasion, metastasis and drug resistance, as well as the differentiation and self-renewal of 

breast cancer stem cells (Li et al., 2012).  

 Notably, not only can miRNA play a significant role in tumor transformation and 

development, but it can act as a diagnostic, prognostic and therapy predictive biomarker 

that could be of use for early breast cancer detection and improved therapeutic outcomes as 
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briefly mentioned below and further discussed in my review entitled “microRNA as 

Biomarkers for Early Breast Cancer Diagnosis, Prognosis and Therapy Prediction” (F. J. 

Nassar et al., 2014; Farah J. Nassar, Nasr, & Talhouk, 2017).   

 miRNA have been proposed as diagnostic biomarkers for breast cancer detection 

to distinguish between healthy subjects and breast cancer patients. For instance, miR-21, 

one of the most studied oncomiRs in cancer, has been shown in multiple studies to serve as 

a diagnostic biomarker for early breast cancer. It was significantly over-expressed in 

plasma/serum and frozen/FFPE tumor tissues of breast cancer patients compared to normal 

controls (Asaga et al., 2011; H. Chen et al., 2016; Gao, Zhang, Xu, Guo, & Li, 2013; 

Matamala et al., 2015; Ng et al., 2013; Si et al., 2013; Q. Wu et al., 2011). Notably, serum 

miR-21 exhibited higher sensitivity in early breast cancer diagnosis than other conventional 

cancer markers, such as  CA153 and CEA (Gao et al., 2013).  

Furthermore, miRNA could serve as a prognostic tool in breast cancer through 

estimating the patients’ overall survival, anticipating disease outcome and predicting its 

recurrence. For example, miR-210 was over-expressed in breast cancer tissues taken from 

two separate populations, especially in TN patients, and was associated with higher risk of 

recurrence, poor disease-free survival and overall survival (Rothe et al., 2011; Toyama et 

al., 2012).  In addition, a panel of 4 miRNAs (miR-155, miR-493, miR-30e and miR-27a) 

was found to act as both diagnostic and prognostic tool through sub-classifying TN breast 

cancer into basal-like or Core Basal (CB) and five negative (5NP). 5NP refers to the 

absence of all five markers: ER, PR, HER2, EGFR (epidermal growth factor receptor) and 

CK5/6 (cytokeratin 5/6), while CB refers to the presence of EGFR and/or CK5/6. This 

classification using miRNA could help in predicting the overall survival and the outcome of 
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TN breast cancer since CB subdivision tends to have poor prognosis compared to 5NP 

(Gasparini et al., 2014).  

Moreover, miRNA could have a therapy predictive function in breast cancer, 

whereby their dysregulation could be indicative of the patient’s response to treatment 

manifested as either resistance or sensitivity to therapy. Breast cancer treatment depends on 

the tumor stage and subtype and could include radiotherapy, chemotherapy, targeted 

therapy and/or hormonal therapy. Several dysregulated miRNA such as the upregulation of 

miR-21, miR-144 and miR-27a as well as the downregulation of miR-205, miR-200c and 

miR-302 were correlated with radioresistance in breast cancer cell lines (Anastasov et al., 

2012; Liang, Ahn, Guo, Votaw, & Shim, 2013; Y. Q. Ren, Fu, & Han, 2015; Sun et al., 

2015; Yu et al., 2015; P. Zhang et al., 2014).  Chemo- or targeted therapy efficacy were 

examined using miRNA after long follow-ups of breast cancer patients. miR-19a and miR-

205 were found to be over-expressed in sera of non-responsive luminal A patients before 

taking neo-adjuvant chemotherapy with epirubicin plus paclitaxel regimen; thus, these two 

miRNAs were found to predict chemo-sensitivity in luminal A patients  (Q. Li et al., 2014). 

Increased levels of miR-210 in the plasma of HER2+ breast cancer patients were correlated 

with trastuzumab resistance and tumor presence (Jung et al., 2012). 
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CHAPTER II 

AIMS 

Breast cancer research has been lately focusing on finding noninvasive biomarkers 

for early breast cancer detection, its prognosis, and therapy prediction as well as on 

understanding the molecular mechanisms of early mammary tumorigenesis and its 

prevention. microRNA have been reported to be aberrantly expressed in breast cancer 

contributing to its initiation, progression, invasion, metastasis and drug resistance through 

acting either as an oncogene or as a tumor suppressor. As such, miRNA could be used as a 

diagnostic or prognostic tool as well as a therapeutic biomarker. Hence, in order to 

understand early breast cancer and the high prevalence of young-aged patients in Lebanon, 

we set on studying miRNA expression in breast cancer tissues derived from Lebanese 

patients, which has never been reported before in our population. A preliminary pilot study 

was performed in our laboratory on breast cancer tissues taken from Lebanese patients and 

it has shown that some miRNA could have different expression pattern compared to what 

has been reported in the West. This has suggested the need for global miRNA profiling for 

Lebanese patients with early breast cancer specifically with the most common histotype and 

receptor profile which are invasive ductal carcinoma and ER positive and PR positive 

respectively. miRNA signature will be studied in all patients at first between cancerous and 

normal breast tissues in general and then after stratifying the patients according to age at 

diagnosis and menopausal state. Furthermore, we aim to compare the Lebanese miRNA 

profile to American miRNA profile. In this way, we will explore the difference between 

both populations. Knowing that miRNA can have diverse roles in breast cancer, the 
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function of miRNA specifically in early breast tumor has not been studied. We will 

examine the role of miRNA in early breast cancer by integration analysis of mRNA and 

miRNA microarray data with the help of in silico tools. We will investigate one of the 

differentially expressed miRNA in Lebanese patients particularly young and 

premenopausal breast cancer patients and identify its role by focusing on its downstream 

targets in order to understand its role in breast cancer development and possibly utilize it 

later as a potential diagnostic biomarker for the phenomenon of early breast cancer in the 

Lebanese population. 

 1. Aim 1: Identify the miRNA signature in Lebanese breast cancer women and compare it 

with American breast cancer patients.  

2. Aim 2:  Explore miRNA role in early stage breast cancer tissues derived from Lebanese 

patients through integration analysis of miRNA and mRNA profile 

3. Aim 3: Investigate the targets of a candidate miRNA that was differentially expressed in 

Lebanese breast cancer patients particularly young and premenopausal ones and select 

those with a potential role in early tumor development.  
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A. Abstract 

Relative to western populations, the percentage of women diagnosed with breast 

cancer at a young age in Lebanon is high. While the younger age of the Lebanese 

population compared to the West certainly contributes to this difference, potential genetic, 

reproductive and/or biological factors likely play an important role. The objective of this 

study is to investigate the contribution of miRNAs in this setting through the analysis of the 

expression of five reported dysregulated miRNAs, miR-148b, miR-10b, miR-21, miR-221, 

and miR-155 in 20 normal and 57 cancerous breast tissues from Lebanese breast cancer 

patients. After finding their relative expression by quantitative reverse transcription real 

time PCR, the results were analyzed with respect to the patients’ clinical and 

histopathology presentations. Compared to normal breast tissues, significant upregulation 

of miR-155, miR-21 and miR-148b, notable downregulation of miR-10b and non-

significant expression of miR-221 were observed in tumor tissues. Moreover, miR-10b was 

significantly underexpressed in estrogen/progesterone receptor (ER/PR) negative tumors 

relative to ER/PR positive tumor tissues. miR-155 was also significantly overexpressed in 
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postmenopausal patients and in those of age at diagnosis greater than 40 years old as well 

as in PR negative or  in human epidermal growth factor 2 (HER2) positive tissues. We 

found that differential miRNA expression in breast cancer could be variable between 

Lebanese and Western populations. miR-10b was positively correlated with the ER and PR 

status and miR-155 could be a noteworthy biomarker for the menopausal state, age at 

diagnosis, PR and HER2 status.  Hence, miRNA can be used as biomarkers for early breast 

cancer detection.  

B. Introduction 

Breast cancer is one of the leading health concerns worldwide, affecting over one 

million women every year. In Lebanon, it is one of the most common type of cancer 

constituting about one third of all female cancers (El Saghir et al., 2007). Interestingly, a 

significant number of Lebanese breast cancer patients were noted to be of young age at the 

time of diagnosis as 22% of the cases were below the age of 40 years old compared to 6% 

in the Western populations (Ali Shamseddine & Musallam, 2010). Moreover, Lebanese 

women who are diagnosed at young age (less than 35 years old) and in their premenopausal 

state were shown to present with a more aggressive disease and poorer survival in spite of 

adequate therapy (El Saghir et al., 2006). The presence of signs of more aggressive features 

in breast cancer in young women, and the occurrence of breast cancer in young Lebanese 

women 10 years earlier in age than those in the West, strengthens the importance of 

determining the biological factors behind those differences, and perhaps revealing novel 

biomarkers for early screening and detection of breast cancer.  

Since the discovery of microRNA (miRNA) in C. elegans twenty years ago, this 

major subclass of non-coding RNA molecules act as gene modulators mostly at the 
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posttranscriptional level by causing translation repression or degradation of mRNA (Lee et 

al., 1993). miRNAs play diverse roles in normal cellular processes such as cell cycle, 

proliferation and apoptosis as well as in disease conditions including cancer, diabetes, 

neuro-degenerative disorder and cardiac hypertrophy (Ha, 2011; Y. Li & Kowdley, 2012). 

miRNA was first correlated with breast cancer by Iorio and his colleagues. Using 

microarray analysis, they discovered a differential miRNA profile pattern between 

cancerous and normal breast tissues (Iorio et al., 2005). miRNAs were later shown to 

modulate tumor suppressor and oncogenic pathways thereby contributing to the different 

stages of breast cancer and acting as regulators of cell cycle progression, apoptosis, 

angiogenesis, epithelial to mesenchymal transition, tumor microenvironment, migration, 

invasion and metastasis (L. Li et al., 2012) . Previous studies attempted to correlate the 

different miRNA expression profiles in tumor tissues with the histological diagnosis stage 

and other variables (J. Lu et al., 2005). Interestingly, studies have also shown that miRNAs 

are not only present in tissues, but also in biological fluids including plasma. This suggests 

that miRNAs have the potential to serve as non-invasive diagnostic and prognostic 

biomarkers as well as possible therapeutic targets.  

The oncogenic role of miR-155, miR-21, miR-10b and miR-221 and their potential 

use as biomarkers in breast cancer have been reported extensively (W. X. Chen et al., 2013; 

Ma, 2010; Mattiske, Suetani, Neilsen, & Callen, 2012; Singh & Mo, 2013). In addition, 

circulating miR-148b was found to have a discriminatory potential for young breast cancer 

patients (Cuk et al., 2013). In this chapter, we aim to investigate the expression patterns of 

these miRNAs, which are known to be dysregulated in breast cancer, in Lebanese breast 

cancer patients of varying clinical and histopathology presentations. 
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C.  Materials and Methods 

1. Breast Cancer Tissue Specimens 

 After obtaining the approval of the Institutional Review Board (IRB) at the 

American University of Beirut, formalin fixed paraffin embedded (FFPE) sections from 

invasive ductal carcinoma specimens (N=57) and normal adjacent tissues (NAT) (N=20) 

were obtained at the American University of Beirut Medical Center (AUBMC) in Lebanon 

from samples that were collected between 1997 and 2012 and were previously recruited for 

a breast cancer study (Zgheib et al., 2013). Patients who participated in the originally IRB 

approved study signed a written informed consent form. Those who agreed that their stored 

breast cancer FFPE tissues, if available, are used for further research were included in this 

study. The Pathology department at AUBMC provided four to five 20μm ribbons from the 

tumor biopsy core and five 20μm ribbons from the adjacent normal tissue when available.  

Sections were taken from paraffin embedded tissue blocks containing at least 90% viable 

invasive tumor cells. The corresponding adjacent normal breast tissue sections included 

epithelial mammary parenchyma and were entirely free of significant pathology such as 

atypical hyperplasia or carcinoma. Benign proliferative changes such as adenosis were 

allowed. Clinical and pathological data, such as the age at diagnosis, menopausal status, 

tumor pathology, stage, grade, ER status, PR status, and HER2 overexpression was 

available for the 57 tumor samples.  

  

2. Total RNA Extraction 

Total RNA was extracted from 20 normal and 57 tumor tissues in accordance to 

the protocol of RecoverAll™ Total Nucleic Acid Isolation Kit for FFPE samples (Ambion, 
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USA). Briefly, FFPE samples were first deparaffinized using xylene at 50˚C and then 

washed twice with ethanol to remove the xylene. Proteins were digested by incubation of 

the samples with protease enzyme for 15 min at 50˚C and then at 80˚C.  Total RNA was 

then captured in glass-fiber filter cartridges with the help of an isolation additive mixture 

followed by washing steps with high ethanol-wash buffers. After DNA digestion using 

DNase for 30 min, RNA was purified by washing and elution. RNA concentration and 

quality was assessed using the Nanodrop ND1000 and then stored at -80˚C.  Only high 

quality samples were used for downstream applications. 

3. miRNA Expression by Quantitative Real Time-Polymerase Chain Reaction  

 Reverse transcription of ten nanograms of the total RNA was performed using the 

TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, USA) according to 

the manufacturer’s instructions.  Small nuclear RNA RNU6B, human hsa-miR-16, hsa-

miR-21, hsa-miR-221, hsa-miR-148b, hsa-miR-10b, and hsa-miR-155 primers and probes 

were purchased as part of the TaqMan® microRNA Assays Kit (Applied Biosystems, 

USA) with validated efficiency. cDNA synthesis was carried out in a multiplex reaction set 

up whereby two miRNA primers (for example miR-148b and miR-10b) were used in each 

reaction with the endogenous control, miR-16 or RNU6B.  RT-qPCR was performed using 

BioRad CFX96 Real Time System, C1000 Thermal Cycler (Germany). Reactions using  

10µl of 2x TaqMan® Universal Master Mix with no Amperase Uracil N-glycosylase 

(UNG) (Applied Biosystems, USA), 1µl of the corresponding 20x microRNA probe, 4µl of 

DEPC treated water, and 5µl of cDNA were performed in duplicates for each miRNA 

probe. cDNA Synthesis and RT-qPCR were repeated twice for each sample and each plate 

included: no reverse transcription control (NRT), no template control (NTC) and normal 
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breast tissue samples. The normalization of the tumor tissues was based on the normal 

tissues present in the RT-qPCR plate to ensure inter-run calibration. The cycling conditions 

were 95˚C for 10 min and 40 cycles of 95˚C for 15 seconds and an annealing temperature 

of 60˚C for 60 seconds. Using the ΔΔCt equation, the relative expression of the 

experimental miRNA was determined in the tumor samples compared to the normal tissue 

specimens using miR-16 or RNU6B as an endogenous control.  

4. Statistical Analysis  

Statistical Analysis was performed using SPSS software package version 18. 

Wilcoxon’s rank sum test for one sample was used to compare the miRNA expression in 

the tumor versus the normal tissues. Mann-Whitney U nonparametric test was used for 

comparing two different groups such as premenopausal and postmenopausal, but if more 

than two groups were compared, Kruskal-Wallis nonparametric test was used.  Spearman’s 

rho (r) was calculated to find a correlation between two variables. A p-value < 0.05 was 

considered statistically significant.  

D. Results 

1. Baseline Demographics 

The clinical and pathological data have been retrieved for all 57 samples of the 

breast cancer patients (Table 1). The breast cancer pathology was invasive ductal 

carcinoma for all the cases with 78.9% ER positive, 66.7% PR positive and 33.3% HER2 

overexpression (defined as score 3 by IHC or score 2 by IHC with positive FISH) (Wolff et 

al., 2007). Most of the tumors were moderately to highly differentiated (42.1% and 47.4% 

for tumor grade 2 and 3). 52.6% of the tumors were T2 with local growth and an average 

tumor size between two to five centimeters, 53.8% had lymph node involvement, and most 
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had no distant metastasis (M0: 93%) according to the American Joint Committee on 

Cancer’s (AJCC) Staging  (Singletary & Connolly, 2006).  

 

Table 1. Relative expression of miR-148b, miR-10b, miR-21, miR-221 and miR-155 in 57 tumor 

breast tissues from Lebanese patients of different clinical and histopathology presentations by 

RT-qPCR with miR-16 used as an endogenous control.  
  

Patient Presentation

N (%)  miR-148b p -Value miR-10b p -Value miR-21 p -Value miR-221 p -Value miR-155 p -Value

Age

 ≤ 40 years 13 (22.8) 1.763 0.732 0.532 0.761 4.659 0.123 0.829 0.171 2.349 0.029

 > 40 years 44 (77.2) 1.851 0.493 5.512 0.997 2.976

Menopausal State 

Premenopausal 30 (52.6) 1.796 0.477 0.534 0.472 4.973 0.523 0.948 0.672 2.543 0.038

Postmenopausal 27 (47.4) 1.875 0.435 5.54 0.859 3.778

ER status

Negative 12 (21.1) 1.811 0.914 0.26 0.006 4.799 0.557 0.902 0.883 4.591 0.096

Positive 45 (78.9) 1.828 0.559 5.242 0.933 2.561

PR status

Negative 19 (33.3) 1.717 0.71 0.382 0.049 5.169 0.826 1.395 0.416 4.367 0.025

Positive 38 (66.7) 1.828 0.573 5.223 0.916 2.403

Her2 overexpression

Negative 38 (66.7) 1.826 0.906 0.551 0.66 5.095 0.264 0.978 0.654 2.412 0.021

Positive 19 (33.3) 1.941 0.403 5.728 0.871 3.686

Lymph Node Involvement

No 24 (46.2) 1.52 0.091 0.484 0.409 6.175 0.452 1.047 0.43 2.573 0.515

Yes 28 (53.8) 1.999 0.562 5.113 0.895 2.908

Tumor Size 

T1: ≤ 2 cm 21 (36.8) 1.823 0.978 0.484 0.913 5.483 0.895 1.102 0.698 2.378 0.051

T2: >2 cm but ≤ 5 cm 30 (52.6) 1.834 0.534 5.187 0.865 3.008

T3: >5cm 4 (7.0) 1.55 0.515 5.145 0.868 4.457

T4: any size with direct extension 

to  chest wall and/or to  skin
2 (3.5) 1.661 0.424 5.985 0.889 0.792

Tumor Grade

G1: Well differentiated 6 (10.5) 1.226 0.261 0.54 0.525 3.505 0.171 0.881 0.303 2.169 0.429

G2: Moderately differentiated 24 (42.1) 1.849 0.576 5.451 1.051 2.639

G3–G4: Poorly differentiated 27 (47.4) 1.828 0.414 5.242 0.871 3.138

Metastasis 

No 53 (93) 1.828 0.536 5.419 0.993 2.585

Yes 4 (7) 2.004 0.276 2.281 0.629 3.047

a
 median of relative expression

b 
 Mann-Whitney U  and Kruskal-Wallis nonparametric test were used for comparing  different groups  

Relative Expression
a 

of miRNAs and p -Value  of different categories
b
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2. miRNA Expression in Breast Cancer and Normal Adjacent Tissues 

In order to compare normal and tumor breast tissues in the expression of the 

selected miRNAs (miR-148b, miR-10b, miR-21, miR-221, and miR-155), reverse 

transcription real time PCR was performed on cDNA transcribed from RNA that was 

extracted from 20 normal and 57 tumor breast FFPE tissues. After normalization in the RT-

qPCR with miR-16 or RNU6B as endogenous control, Wilcoxon’s rank sum test was used 

to identify the miRNAs that were significantly different in the normal and tumor samples. 

Similar results were obtained upon normalizing to either one of the endogenous controls. 

miR-148b, miR-21 and miR-155 were significantly overexpressed (p < 0.05) in the tumor 

tissues versus the normal tissues. While miR-221 expression was not significantly different, 

miR-10b was found to be significantly underexpressed in tumor as compared to normal 

tissues (Figure 6). Table 5 also shows the expression of the five miRNA in tumor versus 

normal breast tissues in sample groups of specific menopausal status (premenopausal or 

postmenopausal) or of specific age at diagnosis (younger than 40 or older than 40 years 

old). The expression results of these miRNAs in these groups were the same as when taking 

the total sample size with miR-148b, miR-21 and miR-155 significantly overexpressed and 

miR-10b significantly underexpressed in tumor as compared to normal tissues (Table 2). 
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Figure 6. miRNA expression is dysregulated in breast cancer tissues in the Lebanese 

population. This boxplot displays the fold change of relative expression of miR-148b, miR-10b, 

miR-21, miR-221 and miR-155 in 57 tumor versus 20 normal adjacent breast cancer tissues that is 

measured by RT-qPCR with miR-16 used as an endogenous control. Whiskers represent minimum 

and maximum, the top, the bottom and the band in the box represent the first and third quartile and 

the median respectively. * denotes p < 0.05, using Wilcoxon’s signed-rank test. 
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Table 2. Relative expression of miR-148b, miR-10b, miR-21, miR-221 and miR-155 in 57 

tumor versus 20 normal breast tissues of Lebanese patients by RT-qPCR with miR-16 used as 

an endogenous control. Relative expression of these miRNAs in breast cancer patients of different 

menopausal status (premenopausal or postmenopausal) or different age at diagnosis (≤ or > 40 

years) is also shown.  

 

3. miRNA Expression and Menopausal State or Age at Diagnosis 

The variation in the miRNA expression according to menopausal status and age 

group (≤ 40 years old and > 40 years) was analyzed by Mann-Whitney U test. When 

looking at the menopausal status or age at diagnosis, no significant difference in the 

miRNA expression was observed between the premenopausal and postmenopausal groups 

or between the age groups for miR-21, miR-10b, miR-148 and miR-221. miR-155 was 

significantly upregulated in postmenopausal patients when compared to premenopausal 

patients, as well as in the age group greater than 40 years as compared to that of less than or 

equal to 40 years old (Figure 7).  

N (%)  miR-148b p -Value miR-10b p -Value miR-21 p -Value miR-221 p -Value  miR-155 p -Value

All 57 (100) 1.828 0.0001 0.502 0.0001 5.205 0.0001 0.933 0.308 2.585 0.0001

Premenopausal 30 (52.6) 1.796 < 0.0001 0.534 0.0007 4.973 < 0.0001 0.948 0.522 2.543 < 0.0001

Postmenopausal 27 (47.4) 1.875 < 0.0001 0.435 < 0.0001 5.54 < 0.0001 0.859 0.496 3.778 < 0.0001

 Age ≤ 40 years 13 (22.8) 1.763 0.005 0.532 0.0002 4.659 0.0002 0.829 0.216 2.349 0.006

 Age > 40 years 44 (77.2) 1.851 < 0.0001 0.493 < 0.0001 5.512 < 0.0001 0.997 0.099 2.976 < 0.0001

Patient Presentation
Relative Expression

a 
of miRNAs and p -Value

b 
in tumor versus normal tissues

a
 median of relative expression

b
  Wilcoxon's rank sum test was used to compare tumor versus normal breast tissues
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Figure 7. miR-155 is upregulated in breast cancer tissues of postmenopausal women and those 

greater than 40 years old. This dotplot shows the fold change of the significantly differentially 

expressed miRNAs upon dividing patients into groups based on the age at diagnosis and 

menopausal status. Relative expression of miR-155 in breast cancer tissues  from patients of a) age 

at diagnosis less than or equal to 40 years  and age greater than 40 years or of b) premenopausal and 

postmenopausal status was measured by RT-qPCR with miR-16 used as an endogenous control. 

The plot represents the mean with the standard error of mean as error bars.  *denotes p < 0.05 for 

tumor versus normal using Wilcoxon’s signed-rank test. # denotes p < 0.05, using Mann-Whitney U 

test. 

 

4. miRNA Expression and Clinical Histopathological Features 

To evaluate whether certain miRNAs are dysregulated with the various clinical 

and histopathological features associated with breast cancer, we analyzed our data by 

nonparametric statistical tests (Mann-Whitney U and Kruskal-Wallis tests) after dividing 

the samples into groups with differential ER or PR expression or HER2 overexpression, 

lymph node involvement, tumor size and grade. No analysis was performed on the different 

histological types since all tumor samples were of ductal carcinoma type, the most common 

type in the Lebanese population. Upon ER grouping, there were significantly lower miR-10 
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expression levels in ER negative specimens relative to the positive ones (Figure 8a). Upon 

PR grouping, data revealed a significant upregulation of miR-155 and downregulation of 

miR-10b in the PR negative samples when compared to the PR positive samples (Figure 8b 

and c). As for HER2 overexpression grouping, only miR-155 was significantly upregulated 

in the HER2 overexpressed samples as compared to those not overexpressing HER2 

(Figure 8d).  Spearman-Rho test was out carried out to find correlations between the 

miRNA relative expression and the different clinical histopathological features. miR-10b 

was positively correlated with the ER and PR status with correlation coefficients of r= 

0.368 and r=0.262 (p < 0.05 for each) respectively and miR-155 was positively correlated 

with HER2 expression and negatively correlated with PR expression with correlation 

coefficients of r= 0.308 and r= -0.3 (p < 0.05 for each) respectively. Lymph node 

involvement, tumor size and grade groups did not reveal any significant difference in the 

expression of the selected experimental miRNAs (Table 1).  
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Figure 8. Relation of miR-155 and miR-10b with the receptor profile. This dotplot shows the 

fold change of the significantly differentially expressed miRNAs upon dividing patients into groups 

based on ER, PR or HER2 status. Relative expression of a) miR-10b in ER negative and positive 

breast cancer tissues b) and c) miR-10b and miR-155 in PR negative and positive breast cancer 

tissues respectively d) miR-155 in HER2 negative and positive breast cancer tissues was measured 

by RT-qPCR with miR-16 used as an endogenous control. The plot represents the mean with the 

standard error of mean as error bars. *denotes p < 0.05 for tumor versus normal using Wilcoxon’s 

signed-rank test. # denotes p < 0.05, using Mann-Whitney U test. 
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E. Discussion 

Compared to western populations, Lebanese women are more likely to be 

diagnosed with breast cancer at a younger age, which has been reported to be associated 

with adverse pathological features such as histological high grade, negative hormone 

receptors, HER2 overexpression and advanced stage at presentation and hence carries a 

poorer prognosis (Assi et al., 2013). Recent research explaining breast cancer at young age 

is focusing on possible molecular aberrations such as RANKL, PI3K pathways in order to 

identify possible therapeutic targets (Anders et al., 2008; Azim et al., 2012). miRNAs are 

now widely investigated in different types of cancers and particularly in breast cancer. 

Their differential expression may be useful for the study of etiology of breast cancer, 

prognosis, and possible therapeutic targeting. In this work, we have studied the expression 

of specific miRNAs (miR-148b, miR-10b, miR-21, miR-221 and miR-155) by RT-qPCR in 

cancerous and normal adjacent breast tissues and investigated whether their expression is 

linked to this increasing frequency for early onset of breast cancer in the Lebanese women. 

Our data showed that miR-148b, miR-21 and miR-155 were significantly overexpressed in 

tumor tissues versus normal tissues. While miR-221 expression was not significantly 

different, miR-10b was also found to have significantly decreased expression in tumor 

compared to normal tissues (Table 2). The upregulation of miR- 21 and miR- 155 in tumor 

versus normal tissues was consistent with the literature and their oncogenic role (Iorio et 

al., 2005). miR-21 has been reported as an oncomir that contributes to motility, invasion 

and metastasis by targeting tumor suppressors such as phosphatase and tensin homolog 

(PTEN), tropomyosin 1, programmed cell death 4 (PDCD4) and mammary serine protease 

inhibitor (Maspin) (Han et al., 2012; S. Zhu, Si, Wu, & Mo, 2007; S. Zhu et al., 2008). 
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miR-155 has been also shown to be an oncomir acting as apoptosis suppressor and inducer 

of cell proliferation and chemoresistance through targeting Caspase3,  suppressor of 

cytokine signaling 1 (SOCS1) and Forkhead transcription factor (FOXO3a) tumor 

suppressors (Jiang et al., 2010; Kong et al., 2010). On the contrary, the upregulation of 

miR- 148b was not in accordance with its reported function as a tumor suppressor that was 

downregulated in breast tumors (Cimino et al., 2013). However, our results are in 

agreement with the increased expression of miR-148b obtained in ovarian carcinoma (H. 

Chang et al., 2012). Interestingly, miR-148b was also shown to be upregulated in the serum 

of young-aged breast cancer patients (Cuk et al., 2013). Downregulation of miR- 10b, an 

oncomir with metastatic potential, was obtained in metastasis free patients (Iorio et al., 

2005; Ma, Teruya-Feldstein, & Weinberg, 2007) and that is the case with patients in this 

study who mostly have no metastasis. As for miR-221, no significant difference in its 

expression was obtained in Lebanese breast cancer patient population which contrasts 

previous reports that demonstrated its increase in breast cancer due to its oncogenic role by 

regulating proliferation, angiogenesis and multiple tumor suppressors (W. X. Chen et al., 

2013; Falkenberg et al., 2013).  Hence, differentially expressed miRNA between normal 

and tumor breast tissues could be variable between Lebanese and Western populations. 

Remarkably, it was previously found that there is little overlap between the differentially 

expressed miRNAs identified from Caucasian American breast cancer patients and those 

from African American groups, suggesting a potential ethnic difference in miRNAs (Zhao 

et al., 2010). 

The significant downregulation of miR-10b in ER/PR negative samples as 

compared to ER/PR positive samples and its positive correlation with ER and PR status 
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establishes a relationship between miR-10b and ER and PR expression. In addition, the 

significant upregulation of miR-155 in PR negative samples compared to PR positive and 

its negative correlation with PR status were in agreement with a published study by Lu et 

al. in 2012. Similarly, the significant overexpression of miR-155 in HER2 positive relative 

to HER2 negative samples and its positive correlation with HER2 status were similar to 

what was previously reported (Z. Lu et al., 2012; C. G. Song et al., 2012). miR-155 could 

not only predict the PR and the HER2 status but also its significant upregulation in 

postmenopausal samples and in patients of age greater than 40 years old made it a 

considerable breast cancer biomarker for postmenopausal patients or for those greater than 

40 years old. On the other hand, finding differentially expressed miRNA specific for 

premenopausal patients or for those less than or equal to 40 years would be more beneficial 

for diagnosis of early onset breast cancer in Lebanese patients.  Even though many studies 

have correlated the miR-21 expression with lymph node involvement and histological 

grade, our study did not show any statistically significant increase that could be due to the 

small sample size (Qian et al., 2009; L. X. Yan et al., 2008). 

It is important to note that the NAT controls used in this study were not accurate 

normal breast tissues from healthy subjects but were the available normal tissues adjacent 

to the tumors. Nonetheless, we found very little variation between each of the normal 

samples that were analyzed, leading us to confirm with greater confidence that the 

variations between the tumor samples’ miRNA patterns is a result of the tumor 

characteristics. RT-qPCR analysis was performed depending on the normal tissue run in the 

same plate with the tumor tissues and not depending on the average normal as some of the 

probes showed variability between different runs but consistently within the same run. 
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Moreover, even though this study was performed on a small subset of miRNAs with 

relatively small sample size, it was a hypothesis generating pilot study that has revealed the 

necessity of global microarray analysis to identify differentially expressed miRNA in the 

Lebanese breast cancer patient population.  

In conclusion, this study is the first one to report miRNA expression profiles in a 

Lebanese breast cancer population, a population with high incidence of early age-onset 

breast cancer. miR-10b was positively correlated with the ER and PR status. Moreover, 

miR-155 was shown as a noteworthy biomarker for the menopausal state, PR and HER2 

status (Table 1). This suggests that the underlying causes for the trend of early onset breast 

cancer in the Lebanese population may be related to biological factors in addition to yet 

undetermined genetic mutations and relationship to reproductive factors (C. I. Li et al., 

2013). Accordingly and due to the difference in microRNA expression between different 

populations and between different ethnic groups, global miRNA dysregulation through 

microarray profiling could help determine the existence of specific miRNA signatures in 

the Lebanese breast cancer population, and also to identify miRNA biomarkers for the 

young and premenopausal patients in general. 
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A. Abstract 

In Lebanon, breast cancer is the most common cancer type among women, and has 

a higher incidence in younger patients compared to the West. microRNA (miRNA) are 

small noncoding RNA that act as master player at all stages of breast cancer development. 

We recently showed that certain miRNA expression in Lebanese breast cancer tissues was 

different than that reported in Western patients. This could reflect an ethnic difference and 

a necessity of global miRNA profile of Lebanese breast cancer tissues especially taken 

from early stage and young patients. Hence, the aim of this study is to examine miRNA 

expression in Lebanese breast cancer tissues using microarray, perform comparative 

miRNA profile analysis with matched American samples and predict the role of 

dysregulated miRNA in early breast cancer through mRNA-miRNA integration analysis. 

74 miRNAs were differentially expressed in 45 tumor versus 17 normal adjacent breast 

tissues that were confirmed using real time PCR. Differences in dysregulated miRNA were 

noted in the comparative analysis that could reflect either patient age at diagnosis (miR-

1288-star/3196), or ethnic variation in miRNA epigenetic regulation (miR-31/362-

3p/663/329/22/373/320a/34b/196a/149/203) and sequence variation of precursor miRNA 
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(miR-196a/185/206). mRNA profiling showed that breast cancer samples were mainly of 

luminal B subtype. mRNA-miRNA integration analysis identified 719 potential mRNAs 

targeted by 51 miRNAs, with miR-183 and miR-182 having the highest number of targets. 

Integration also revealed the potential miRNA role in early breast cancer by regulating 

tumor suppressive or oncogenic mRNA involved in increasing proliferation and decreasing 

migration and invasion. Further investigation of these dysregulated miRNA is needed to 

comprehend breast cancer onset especially in young patients. 

B. Introduction 

Despite advances in detection and treatment methods, breast cancer still remains 

the number one cancer killer of women worldwide. In Lebanon, the age-standardized 

incidence rate of breast cancer is lower than that in developed countries but higher than in 

other Arab and Asian populations, with a notable increase among patients younger than 40 

years old (Lakkis et al., 2010). These young patients tend to have more aggressive cancer 

with worse prognosis and survival in spite of hormone and chemo-therapy (El Saghir et al., 

2006). Even though mammography is the gold standard diagnostic tool for breast cancer 

detection, its routine use is not recommended for women younger than 40 years old who are 

at risk for aggressive breast cancer in our population; thus research efforts have been 

focused on finding new biomarkers for breast cancer prevention and detection, particularly 

in this population. 

microRNA (miRNA) are small non-coding 18-25 nucleotide RNA molecules 

currently being studied as potential diagnostic, prognostic and therapeutic biomarkers for 

cancer and other diseases. Extensive research on these post-transcriptional modulators has 

proven that they are deregulated in breast cancerous tissues and even in biological fluids 
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from breast cancer patients (Heneghan et al., 2010; Iorio et al., 2005). miRNA can act as  

master players at any stage of breast cancer development by targeting multiple mRNA that 

are implicated in tumor suppressor or oncogenic signaling pathways (Garzon, Fabbri, 

Cimmino, Calin, & Croce, 2006).  

Recently, we have investigated the expression patterns of five candidate miRNAs 

(miR-10b, miR-148b, miR-221, miR-21, and miR-155) previously known to be 

dysregulated in breast cancer, in Lebanese breast cancer patients of various clinical and 

histopathological presentations (F. J. Nassar et al., 2014). This miRNA expression pilot 

study in Lebanese patients has revealed a different expression pattern for some miRNAs 

(miR-148b and miR-221) compared to what has been reported in the West. This suggests 

the need for an overall miRNA profiling of the Lebanese breast cancer tissues through 

microarray analysis and a comparative study of our miRNA profile to that of American 

specimens, as well as a global mRNA profile of the same tissues. Hence, the aim of this 

study is to examine the miRNA expression in Lebanese breast cancer tissues and to predict 

their role in breast cancer development through miRNA-mRNA integration analysis.  

C. Materials and Methods 

1. Breast Cancer Tissue Specimens 

After obtaining Institutional Review Board approval, formalin fixed paraffin 

embedded (FFPE) sections from invasive ductal carcinoma specimens (N=45) and normal 

adjacent tissues (N=17) were obtained at the American University of Beirut Medical Center 

in Lebanon from samples collected between 1997 and 2012. All patients who participated 

in the study signed a written informed consent form. Clinical and pathological data 

including age at diagnosis, menopausal status, tumor pathology, stage, grade, estrogen 
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receptor (ER) status, progesterone receptor (PR) status, and human epidermal growth factor 

receptor 2 (HER2) over-expression were available for all samples included in this study.  

2. Total RNA Extraction 

Total RNA was extracted from 45 tumor and 17 normal adjacent breast tissues in 

accordance with the RecoverAll™ Total Nucleic Acid Isolation Kit protocol for FFPE 

samples (Ambion, USA). RNA concentration and quality was assessed using Nanodrop 

ND1000. 

3. miRNA Microarray and Data Analysis 

Sixty-two RNA samples (150 ng in 8 µl) were labeled using the FlashTag™ Biotin 

HSR Labeling Kit in accordance with the manufacturer’s instructions. RNA was first poly-

A tailed followed by ligation with a biotinylated signal molecule and then hybridized for 18 

hrs at 48°C to the GeneChip miRNA 3.0 Array (Affymetrix Inc., Santa Clara, CA, USA). 

The miRNA microarray contains probes designed for all miRNA in miRBase Release 17 

with 1,733 human mature and 1,658 human pre-miRNA probe sets. Washing and staining 

were performed according to standard Affymetrix protocols and the arrays were scanned by 

an Affymetrix GCS 3000 7G Scanner.  

Data were analyzed within the R statistical environment using Bioconductor 

(http://www.bioconductor.org) packages. miRNA from Homo sapiens were extracted from 

the array. Data were normalized with the Robust Multiarray Average algorithm (Irizarry et 

al., 2003). To detect differentially expressed miRNA in tumor and normal adjacent breast 

tissue samples, the R package Limma (Smyth, 2004) was used to fit a linear model to 

normalized expression data for each probe. False Discovery Rates (FDR) were estimated 

using the Benjamini-Hochberg method (Benjamini & Hochberg, 1995). The normalized 
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expression matrix was used in clustering analysis to see whether the sample phenotypes 

correlated with miRNA expression. Significant miRNA in tumor versus normal adjacent 

tissues with an adjusted p-value less than 0.05 were considered differentially expressed if 

their fold change was greater than 2. 

4. Validation of miRNA Expression by Quantitative Real Time-Polymerase Chain 

Reaction  

Twenty tumor and ten normal adjacent breast tissues were randomly selected to 

validate miRNA expression. Reverse transcription of ten nanograms of total RNA was 

performed using the TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, 

USA) according to the manufacturer’s instructions. Small nuclear RNA RNU6B, hsa-miR-

183, hsa-miR-182, hsa-miR-210, hsa-miR-200c, hsa-miR-125b, hsa-miR-100, hsa-miR-

425-5p, and hsa-miR-155 primers and probes were purchased as part of the TaqMan® 

microRNA Assays Kit (Applied Biosystems, USA) with validated efficiency. Following 

cDNA synthesis, RT-qPCR was performed using BioRad CFX96 Real Time System, 

C1000 Thermal Cycler (Germany). Reactions using 2x TaqMan® Universal Master Mix 

with no Amperase Uracil N-glycosylase (Applied Biosystems, USA) were performed in 

duplicate for each miRNA probe. The cycling conditions were 95˚C for 10 min and 40 

cycles of 95˚C for 15 seconds and an annealing temperature of 60˚C for 60 seconds. Using 

the ΔΔCq equation, relative expression of the experimental miRNA was determined in the 

tumor samples compared to normal adjacent tissues using RNU6B as an endogenous 

control. Normalization of tumor tissues was based on normal adjacent tissues present on the 

RT-qPCR plate to ensure inter-run calibration. Statistical analyses were performed using 

SPSS software package version 18. Wilcoxon’s signed rank sum test was used to compare 
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the miRNA expression in the tumor versus the normal adjacent tissues. A p-value <0.05 

was considered statistically significant. 

5. TCGA Data Analysis 

TCGA breast invasive carcinoma miRNASeq data were downloaded from TCGA 

(The Cancer Genome Atlas, https://tcga-data.nci.nih.gov/tcga/), and matched our samples 

with an invasive ductal carcinoma (IDC) histotype, ER+/PR+ profile, and no distant 

metastasis. In total, 197 breast tumor and 87 normal samples were included in the analysis 

taken mainly from Caucasian patients. Limma was used to compare miRNA expression 

differences between tumor and normal samples, with FDR < 0.05 was considered 

statistically significant.  

6. mRNA Microarray and Data Analysis 

Eleven RNA samples (100 ng in 5 µl) [6 tumor and 5 normal adjacent breast 

tissues randomly selected from the young Lebanese breast cancer patients] were first 

amplified using the SensationPlus™ FFPE Amplification Kit (Affymetrix Inc., Santa Clara, 

CA, USA) in accordance with manufacturer’s instructions. The senseRNA was then 

converted into labeled cDNA using the SensationPlus™ 3′ IVT Labeling Kit. The cDNA 

was hybridized for 18 hrs at 48°C to the GeneChip® Human Genome U133 Plus 2.0 Array 

(Affymetrix Inc., Santa Clara, CA, USA). The mRNA microarray contains 1,300,000 probe 

designed for over 47,000 transcripts and variants that represent approximately 39,000 of the 

best characterized human genes. Washing and staining were performed according to 

standard Affymetrix protocols and the arrays were scanned by an Affymetrix GCS 3000 7G 

Scanner. Sample data were analyzed within the R statistical environment similar to the 
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miRNA microarray. Significant mRNA in tumor versus normal adjacent tissues were 

considered differentially expressed if their adjusted p-value is less than 0.05. 

7. In silico tools for mRNA-miRNA integration 

Data was analyzed using QIAGEN’s Ingenuity® Pathway Analysis (IPA®, 

QIAGEN Redwood City, www.qiagen.com/ingenuity). IPA Downstream Effects Analysis 

aims to predict biological functions depending on validated literature compiled in the 

Ingenuity® Knowledge Base in comparison to observed gene expression changes in the 

experimental dataset. A p-value representing the probability that each function or disease is 

randomly associated with each mRNA was calculated using Fisher’s exact test. miRNA-

mRNA integration was performed using IPA miRNA Target Filter based on TargetScan 

Human, Tarbase, miRecords, Ingenuity Expert Findings and Ingenuity ExpertAssist 

Findings. 

 

D. Results 

1. Patient Characteristics 

The clinical and pathological data have been retrieved for all 62 samples of breast 

cancer patients used for the miRNA microarrays (Table 3). Pathologically, all cases were 

IDC and ER positive, 97.8% were PR positive and 24.5% had HER2 over-expression. Most 

tumors were moderately differentiated (44.4% for tumor grade 2), 46.7 % were with local 

growth and an average tumor size of two to five centimeters (T2), 54.8% had lymph node 

involvement, and none had distant metastases.  

 

 

http://www.qiagen.com/ingenuity
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Patient Characteristics 
Assay Type  

Microarray RT-qPCR 

  N(%) N(%) 

Normal 17 (27.4) 10 (33.3) 

Tumor  45 (72.6) 20 (66.7) 

Age     

 ≤ 40 years 19 (42.2) 6 (30) 

 > 40 years 26 (57.8) 14 (70) 

Menopausal status      

Premenopausal 27 (60) 10 (50) 

Postmenopausal 18 (40) 10 (50) 

ER status     

Negative 0 (0) 0 (0) 

Positive 45 (100) 20 (100) 

PR status     

Negative 1 (2.2) 0 (0) 

Positive 44 (97.8) 20 (100) 

Her2 overexpression     

Negative 34 (75.5) 15 (75) 

Positive 11 (24.5) 5 (25) 

Lymph node involvement     

No 19 (45.2) 9 (45) 

Yes 23 (54.8) 11 (55) 

Tumor size      

T1: ≤ 2 cm 19 (42.2) 7 (35) 

T2: >2 cm but ≤ 5 cm 21 (46.7) 10 (50) 

T3: >5cm 4 (8.9) 3 (15) 

T4: any size with direct extension to  
chest wall and/or to  skin 

1 (2.2) 0 (0) 

Tumor grade     

G1: Well differentiated  7 (15.6) 2 (10) 

G2: Moderately differentiated  20 (44.4) 12 (60) 

G3–G4: Poorly differentiated 18 (40) 6 (30) 

Table 3.  Clinical and pathological characteristics of Lebanese breast cancer 

tissues used in microarray and RT-qPCR. 
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2. miRNA Profiling in Breast Cancer and Normal Adjacent Tissues 

miRNA microarray analysis in Lebanese tumor versus normal adjacent breast 

tissues revealed a total of 173 significant mature miRNAs, of which 74 miRNAs were 

differentially expressed (Supplementary Table 1). Two-way hierarchical clustering of the 

74 significant miRNAs resulted in separate clustering of tumor and normal adjacent tissues 

(Figure 9). Of these 74 differentially expressed mature miRNAs, 23 miRNAs (31%) were 

up-regulated and 51 (69%) were downregulated. In addition, miR-183 and miR-182 were 

the most up-regulated miRNAs in tumor tissues with a fold change of greater than 5 times 

and miR-139-5p and miR-125b-2-star were the most down-regulated miRNAs with a fold 

change of greater than 7 times (Figure 10).  
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Figure 9. Heatmap of differentially expressed miRNA in tumor versus normal adjacent breast 

tissues taken from Lebanese patients. (Fold Change > 2 and adjusted p-value <0.05). Each row 

represents a differentially expressed miRNA and each column represents one of the 62 samples. The 

color key shown at the top left illustrates the relative expression level of a miRNA across all 

samples. A total of 74 miRNA were differentially expressed with separate clustering of tumor and 

normal adjacent tissues. 
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Figure 10. Volcano plot representing log2 fold change as a function of the adjusted p-value for 

miRNA expression in tumor versus normal adjacent breast tissues from Lebanese patients. 

The arrows highlight the upregulated and downregulated miRNA with the highest fold change. 

 

3. Validation of differentially expressed miRNA in Tumor versus Normal  

In order to validate miRNA microarray results, RT-qPCR was performed to detect 

the levels of 4 randomly selected, significantly down-regulated miRNAs (miR-139-5p, 

miR-145, miR-100 and miR-125b) and 6 randomly selected, significantly upregulated 

miRNAs (miR-183, miR-182, miR-155, miR-210, miR-200c and miR-425-5p) on 20 tumor 

and 10 normal adjacent breast tissues (Table 3). As shown in Figure 11, all of the 10 tested 
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miRNAs showed significant dysregulation consistent with the microarray data using 

RNU6B as an endogenous control.  
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Figure 11. Validation of 6 significantly upregulated (A) and 4 significantly downregulated (B) 

miRNAs as per microarray results in tumor vs normal adjacent tissues. These dotplots show 

the fold change of miRNA expression in 20 tumor breast tissues normalized to the average of 10 

normal adjacent breast tissues with RNU6B used as an endogenous control. The plot represents the 

mean with the standard error of mean as error bars.  *denotes p < 0.05 for tumor versus normal 

adjacent tissues using Wilcoxon’s signed-rank sum test.   

 

4. Analysis of Lebanese miRNA Profile upon Patient Stratification 

Further miRNA microarray analysis of tumor versus normal samples was 

performed upon stratifying the patients according to age at diagnosis and menopausal state.  

miRNA microarray analysis in tumor versus normal adjacent breast tissues taken from 
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Lebanese patients below the age of 40 revealed 63 differentially expressed miRNA  as 

compared to 48 in patients over 40 years old with 20 miRNA in common between the two 

age groups. IPA has shown that the common miRNA have an important role in tumor 

proliferation and growth; however the miRNA specific to those younger than 40 years old 

were mainly recently discovered miRNA so their role was not well deciphered 

(Supplementary Table 2).  Upon dividing the patients into pre- and postmenopausal, 71 

miRNA were differentially expressed in premenopausal patients as compared to 27 in 

postmenopausal patients with 21 miRNA in common (Supplementary Table 2). Most the 

differentially expressed miRNA in premenopausal patients are similar to miRNA 

differentially expressed in all patients.. When we take into consideration all of the patients 

or the different patient groups, a common panel of miRNA was consistently dysregulated in 

all grouping methods which were: Downregulated miR-139-5p, 125b-2-star, 378f, 378c, 

99a, 130a, 100, 145, 381, 125b and Upregulated miR-663b, 425, 182 and 183 (Figure 12).  

    

Figure 12. Common panel of differentially expressed miRNA in tumor versus normal 

microarray analysis between different Lebanese patient groups. T: tumor and N: Normal. 
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5. Comparative Analysis of Lebanese and American miRNA Profiles 

Analysis of TCGA data showed 396 significant miRNA in tumor versus normal 

tissues compared to 173 significant miRNA from Lebanese samples. Remarkably 81 

miRNAs were significant solely in Lebanese patients, 60 of which were newly discovered 

miRNAs. The remaining 21 were: miR-422a, miR-31, miR-1246, miR-424-star, miR-30e, 

the miR-132/212 cluster, miR-26b and miR-877. All miR-200 family members were 

upregulated in American samples but only miR-200c was significantly upregulated in the 

Lebanese samples. miR-1228-star, miR-665, miR-146b-5p and miR-324-3p were 

dysregulated in opposite directions in the two patient sets (Supplementary Table 3). 

6. mRNA Profiling in Breast Cancer and Normal Adjacent Tissues 

In order to study the effect of miRNA on filtered targets more specific to breast 

cancer tissue, we performed mRNA microarray on RNA extracted from 11 of the FFPE 

breast tissues (6 tumor and 5 normal adjacent tissues that were used in miRNA profiling) 

whose data served as a platform for miRNA-mRNA integration. All tumor samples were 

ER+, PR+, and HER2-, and from patients younger than 40 years old.  mRNA microarray 

analysis have revealed 2251 significant transcripts representing 1294 genes (Figure 13). 

Among the top upregulated mRNA were those produced by classical luminal genes such as 

BMPR1B, ESR1, GATA3, KRT18, KRT8 and FOXA1 (Chapellier et al., 2015). More 

specifically, the analysis revealed that the mRNA-based subtype of the Lebanese samples is 

luminal B as SFRP1, KRT14, KRT5, EGFR, CDH3, MYC and FOXC1 were downregulated, 

while MLPH, MAPT, ESR1, SLC39A6, CEP55, UBE2C, CDC6, PTTG1, CDC20 and 

BIRC5 were upregulated in accordance to the differential expression of 50 genes used in the 
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Prosigna breast cancer gene signature assay (PAM50) (Wallden et al., 2015). Like other 

luminal B tissues, our samples shared some gene patterns with luminal A such as 

upregulated ER genes ESR1 and FOXA1, and some patterns with basal-like tissues such as 

increased expression of proliferation markers Ki-67 gene MKI67, survivin gene BIRC5, and 

cyclin D1 gene CCND1 (Creighton, 2012). Other dysregulated mRNA that can play 

important roles in tumor cell behavior as per MammaPrint breast cancer profile were the 

upregulated DTL and RASSF7 mRNA whose proteins are involved in uncontrolled cell 

cycle and in microtubule cytoskeleton and spindle formation respectively (Recino et al., 

2010; Tian et al., 2010; Ueki et al., 2008). As predicted by IPA, all 1294 dysregulated 

mRNAs in the Lebanese breast cancer tissues were mainly involved in cancer and 

organismal injury and abnormalities in terms of diseases as well as cellular growth, 

proliferation and movement with respect to molecular and cellular functions (Figure 14). 

 

7.  miRNA-mRNA integration 

IPA was utilized as an in silico tool to find the predicted and validated targets of 

the 74 differentially expressed miRNAs and to integrate the mRNA and miRNA microarray 

data. Primary results of IPA prior to miRNA-mRNA integration revealed 55 miRNAs with 

13202 potential mRNAs targets (Figure 13). Upon miRNA-mRNA integration, the 

predicted miRNA targets decreased to 1047 mRNAs and then to 907 mRNAs when 

selecting breast tissue in IPA (Figure 13). Further filtering was performed to include 719 

mRNAs involved in an inverse correlation of mRNA and miRNA expression (including 

over-expressed mRNA/under-expressed miRNA or under-expressed mRNA/over-expressed 

miRNA) (Figure 13). The miRNA with the highest number of targets in this analysis were 
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miR-183 and miR-182, which also had the highest fold change (Supplementary Table 4). In 

order to determine the role of dysregulated miRNA in Lebanese breast cancer patients, we 

analyzed the function of 719 predicted dysregulated mRNA targets which were mainly 

involved in decreasing cellular movement, invasion and migration, increasing cell 

proliferation and growth, and increasing cell cycle progression as shown in Figure 13 and 

Figure 15.  

 

Figure 13. Filtration method for mRNA targets of the 74 differentially expressed miRNAs in 

tumor vs normal adjacent tissues from Lebanese patients. 
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Figure 14. Ingenuity pathway analysis (IPA) of predicted cellular and molecular 

functions of all 1294 differentially expressed mRNA in tumor versus normal 

adjacent breast tissues. The most often predicted cellular function was cellular 

growth and proliferation. The p-value measures the probability of random association 

between mRNA and a related function.  
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Figure 15. Significant functional networks of mRNA selected upon mRNA-

miRNA integration analysis. 
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E. Discussion 

miRNA regulates at least 60% of protein coding genes (Bartel, 2004). Their 

dysregulation in cancer particularly in breast cancer highlights their importance in tumor 

development. This study focused on analyzing miRNA expression profile of tissues taken 

from Lebanese breast cancer patients, performing a comparative miRNA profile analysis 

with American specimens, and predicting the dysregulated miRNA function through 

mRNA-miRNA integration. Our study sample consisted mainly of patients diagnosed with 

the most common histotype and receptor profile in Lebanon (IDC and ER+/PR+). We 

identified 74 significant differentially expressed miRNAs in Lebanese patients’ tumor 

tissues, of which 43% of the miRNA were not previously studied in breast cancer and 23% 

were never reported in any cancer based on a literature review for involvement of each of 

the top 74 differentially expressed miRNAs in breast or other types of cancer 

(Supplementary Table 1). This suggests either a specific differential expression of miRNA 

in Lebanese breast cancer patients or the involvement of newly discovered miRNA that 

require further study (60% of those not involved in cancer and 43% of those not involved in 

breast cancer).  

Regarding miRNA analysis upon patient stratification, data have shown that some 

miRNA are exclusively expressed in specific patient groups. For instance, miR-126 and 

miR-335 were downregulated in Lebanese patients younger than 40 years old. These 

miRNA were found to be downregulated in breast cancer patients who relapsed and their 

low level is associated with very poor overall metastasis-free survival. Each of miR-126 

and miR-335 was shown to have a distinct mechanism of metastasis suppression where 

miR-335 suppresses a set of metastatic genes and regulates migration and morphology, 
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while miR-126 inhibits overall tumor growth and cell proliferation. Their restoration 

suppresses lung and bone metastasis in these distinct metastatic cell populations that were 

injected in mice. (Tavazoie et al., 2008). In another study, increased level of miR-126 was 

correlated with prolonged relapse-free survival in early postmenopausal patients with 

primary ER-positive breast cancer treated with tamoxifen treatment (Hoppe et al., 2013). 

Furthermore, miR-342-3p was only upregulated in Lebanese patients over 40 years old and 

in postmenopausal patients. The reduced level of this miRNA has been associated with low 

ER and with tamoxifen resistance (Cittelly et al., 2010; Y. J. He et al., 2013). Moreover, we 

examined a recent study that have studied the miRNA profile of Spanish breast cancer 

patients younger than 35 years old versus those older than 65 years old.  A limited number 

of the differentially expressed miRNA in Spanish young patients were similarly 

upregulated as in our Lebanese young patients such as miR-1288-star, 1469, 146b-3p, 149-

star, 1908, 1915, 1972, 200c, 223, 2861, 30c-2-star, 3196, 638, 663, 762, 92b-star (Pena-

Chilet et al., 2014). However, miRNA profile analysis of Lebanese young patients was 

performed by comparing miRNA expression of tumor versus NAT tissues while Spanish 

study compared miRNA expression of tumor taken from young patients below 35 years 

versus tumor taken from patients older than 65 years old. Interestingly, miR-181b was 

exclusively upregulated in postmenopausal patients which was shown to have a role in 

tamoxifen resistance as well as doxorubicin resistance by targeting TIMP, a tissue 

metalloproteinase inhibitor, and Bim, an important initiator of apoptosis, respectively (Y. 

Lu et al., 2011; Zheng et al., 2016). miR-181b was also correlated with shorter disease-free 

survival and early onset of metastatic disease in breast cancer patients and was found to 

target stress-sensor kinase ataxia telangiectasia mutated (ATM) and sensitizes triple 
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negative breast cancer cells to poly-ADP-ribose-polymerase1 (PARP1) inhibition (Bisso et 

al., 2013). As for the panel of miRNA that was common upon all the different methods of 

patients grouping, miR-663b, 378f, 378c, and 125-2-star were never studied before while 

the others were reported in different studies.  

A comparative miRNA profile analysis between Lebanese and American samples 

revealed that most of the dysregulated miRNA in Lebanese patients were similar to that of 

American patients. Nevertheless, 81 miRNA were exclusively dysregulated in the Lebanese 

specimens. Among them is the upregulated miR-1246 which was found to be selectively 

released in serum of patients with early breast cancer (Pigati et al., 2010; Shimomura et al., 

2016). miR-31 and the miR-212/132 cluster, both known for their anti-metastatic roles, 

were exclusively downregulated in Lebanese samples and which could make breast cancer 

in this population more prone to metastasis (Cho, Dimri, & Dimri, 2015; Hanieh, 2015) and 

thus explain the disparity in outcomes between younger women in Lebanon compared to 

America. Interestingly, many of the miRNA exclusively dysregulated in Lebanese patients 

(miR-31, miR-362-3p and miR-663) and in the TCGA data (miR-329, miR-22, miR-373, 

miR-320a, miR-34b, miR-196a, miR-149, miR-203) are controlled by promoter 

hypermethylation (D. X. He et al., 2014; Hoffman et al., 2009; H. Kang et al., 2016; Vrba, 

Munoz-Rodriguez, Stampfer, & Futscher, 2013; Wee et al., 2012; Z. Zhang et al., 2011). 

This suggests methylation studies as another potentially fruitful line of inquiry for 

explaining breast cancer outcomes in Lebanon. Other miRNA (miR-196a, miR-185 and 

miR-206) exclusive to TCGA data were shown to have sequence variance in their 

precursors that may affect their processing (Bensen et al., 2013; Hoffman et al., 2009). This 

suggests the possibility that miRNA expression could be differentially expressed across 
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ethnicities, possibly due to an epigenetic mechanism affected by patient lifestyle and/or 

environmental exposures. Our study adds credence to the idea of population-specific 

variations in miRNA as per a genetic study performed on 69 unrelated individuals from 14 

global populations including Europeans, Asians, and Africans. miR-1908, miR-520h and 

miR-196a, which were among the 7 population differentially expressed miRNAs 

(Rawlings-Goss, Campbell, & Tishkoff, 2014), were differentially expressed between 

Lebanese and American population in our study as well. In addition, miR-1288-star which 

was upregulated in our population but under-expressed in TCGA data, was found to be 

significantly upregulated in young women similarly to miR-3196, which has also been 

found to be significantly over-expressed only in Lebanese populations (Pena-Chilet et al., 

2014).When comparing the age of our study population to that of TCGA, we had a larger 

number of young patients which may explain the upregulation of miR-1228-star and miR-

3196 in our data. 

We have also identified 1294 significantly dysregulated mRNAs in tumor versus 

normal adjacent breast tissues that can classify the mRNA-based subtype of Lebanese 

samples as luminal B. Using IPA, the predicted role of 1294 mRNAs is increasing cellular 

growth, proliferation and decreasing cell movement which was similar to the predicted role 

of 719 mRNAs filtrated as targets for the 74 differentially expressed miRNAs. 

miRNA role in increasing cell proliferation and cell cycle progression: 

mRNA-miRNA integration and anticorrelated analyses of miRNA and mRNA 

expression have shown that dysregulated miRNA could be involved in tumor cell 

proliferation and growth as well as in cell cycle progression (Supplementary Table 5). The 
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under-expression of miR-497, 376c and 1271 in Lebanese breast cancer tissues could 

explain the observed upregulation of CCND1 that encodes for cyclin D1, promotor of cell 

cycle progression through inhibition of tumor suppressor Rb (Figure 16). Cyclin D1 over-

expression has been associated with poor prognosis of women with ER+ breast cancer 

(Aaltonen et al., 2009; Roy et al., 2010). However, CCND1 gene amplification is not the 

only reason for its over-expression as it might also be controlled by more than one 

epigenetic mechanism (Elsheikh et al., 2008). The upregulated miR-183 in our samples was 

predicted  to be responsible for the decrease in expression of the BTG1 mRNA whose 

protein is involved in cell cycle arrest and apoptosis in breast cancer cells (R. Zhu et al., 

2013). 

Another molecule related to cell proliferation that was over-expressed in our data 

and suggested as a target of downregulated miR-376c is AURKA (Figure 16). Its protein is a 

key regulator of chromosome segregation and cytokinesis that is correlated with distant 

metastases in ER+ breast cancer (Weier & Mao, 2013). Moreover, the over-expression of 

miR-183 and miR-21 in Lebanese breast cancer tissues is consistent with downregulation of 

two important tumor suppressor predicted targets: AKAP12 whose protein regulates cellular 

adhesion dynamics by controlling cytoskeletal architecture, cell migration, and mitogenic 

signaling (Akakura & Gelman, 2012); and LATS2 whose protein causes cell cycle arrest. 

LATS2 mRNA downregulation has been correlated with aggressive breast cancer and has 

been attributed to hypermethylated promotors; however, miRNA could be another mode of 

its regulation (Takahashi et al., 2005).  

PI3KR1 encodes for phosphoinositide-3-kinase regulatory subunit 1 (p85α), which 

has a tumor suppressive role, and was downregulated in our samples possibly by the 
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detected upregulated miR-21, 1972, 1301, 1973 and 182 (Figure 16). Gene mutations of 

this gene are an uncommon cause of its under-expression in breast cancer, so the gene 

could be possibly under miRNA regulation (Zhou, An, Wei, & Chen, 2014). PI3KR1 

under-expression is also associated with other PI3K-Akt pathway molecules such as AKT3 

downregulation, which could be due to the over-expression of miR-4417 (Cizkova et al., 

2013). Additional molecules with anti-proliferative and pro-apoptotic effect whose mRNA 

were suppressed in our samples are FOXO1 (Figure 16) and FOXO3 (Coomans de 

Brachene & Demoulin, 2015; Storz, Doppler, Copland, Simpson, & Toker, 2009; Zou et 

al., 2008). Their mRNA expression is a potential target of miR-21/183/182/4800-3p and 

miR-182/21 respectively. Other downregulated members of the forkhead box transcription 

factor family are FOXC1 and FOXP1, whose mRNA are possible targets of the over-

expressed miR-1301 and miR-183/200c respectively. Loss of FOXC1 expression is an early 

event during breast cancer progression and could be inhibited by methylation (Muggerud et 

al., 2010) or another epigenetic change such as miRNA dysregulation. The downregulation 

of DICER1 mRNA in our samples is a potential effect of the detected miR-425 over-

expression. Dysregulated DICER1 in breast cancer could explain the global decrease in 

miRNA expression (M. Yan et al., 2012), consistent with our results. 

miRNA role in decreasing migration and invasion 

In addition, the dysregulated miRNA in Lebanese breast tumor samples were 

predicted to inhibit migration and invasion. This can be explained by the fact that the breast 

cancer samples were taken from early stage patients without distant metastases. The mRNA 

of important genes in the epithelial mesenchymal transition required for invasion and 
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migration are downregulated including SNAI2, TWIST1, TWIST2, and ZEB2 and are likely 

under the control of miRNA that were upregulated in our samples; miR-182/1301, miR-

1972, miR-4417, and miR-183/182/200c/3687 respectively (Casas et al., 2011; Fang et al., 

2011; Katoh & Katoh, 2009). 

As such, the expression of some miRNA could differ between early and metastatic 

breast cancer making miRNA suitable as a prognostic biomarker. This is in accordance 

with the results of a systematic evaluation of miRNA:mRNA interactions involved in the 

migration and invasion of breast cancer cells, whereby miR-200c, miR-183, and miR-375 

were down-regulated and miR-125b and miR-100 were up-regulated in invasive cell lines 

when compared to normal and less-invasive cell lines (Luo et al., 2013).  

Our comparative analysis has some limitations including the higher frequency of 

young patients (less than 40 years old) and the smaller sample size of our study as 

compared to TCGA data as well as the difference in platforms for both sets of data. TCGA 

data used a sequencing platform that tends to detect more differential expression than our 

microarray platform; thus explaining the high number of miRNA dysregulated in the 

TCGA data. Another limitation related to integration analysis is the exclusion of predicted 

mRNA targeted by miRNA at regions other than 3′ untranslated region since IPA uses only 

TargetScan as an in silico prediction tool.  

In conclusion, although most of the miRNA dysregulated in Lebanese breast 

cancer patients are similar to those dysregulated in American patients, differences in 

miRNA expression exist and could be attributed either to the patients’ age at diagnosis or to 

ethnic variation in miRNA epigenetic regulation and sequence variation of pre-miRNA. 

Moreover, mRNA-miRNA integration analysis of early breast cancer revealed a potential 
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role of miRNA in increasing cellular proliferation and progression, and decreasing invasion 

and migration. Our data provide a basis for further investigations to identify miRNA 

genetic variants in our population, to uncover the role of newly identified miRNA involved 

in breast cancer in Lebanese patients and to comprehend their implications in breast cancer 

(particularly for younger patients).  
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Figure 16. Canonical pathway of molecular mechanisms of cancer from IPA showing 

dysregulated mRNA targets along with their potential differentially expressed miRNA 

regulators found in Lebanese samples. Red denotes increased expression and green decreased 

expression. Note: CCND1 is upregulated while CCND2 is downregulated but both are represented 

as Cyclin D. 
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F. Supplementary Tables  

Dysregulated miRNA  
Mode of 

Dysregulation 
logFC adj P-value 

hsa-miR-3687_st Up-regulated 2.269987 8.09E-05 

hsa-miR-1273d_st Up-regulated 1.041819 0.009708766 

hsa-miR-4800-3p_st Up-regulated 1.02764 0.036668969 

hsa-miR-378i_st Down-regulated -2.22486 3.18E-05 

hsa-miR-378f_st Down-regulated -2.16224 8.72E-06 

hsa-miR-378d_st Down-regulated -1.91045 3.67E-05 

hsa-miR-378c_st Down-regulated -1.6369 3.11E-06 

hsa-miR-424-star_st Down-regulated -1.55922 0.003347414 

hsa-miR-195-star_st Down-regulated -1.42701 8.22E-06 

hsa-miR-30b-star_st Down-regulated -1.4138 0.004916118 

hsa-miR-378g_st Down-regulated -1.29235 0.001876858 

hsa-miR-505-star_st Down-regulated -1.16057 0.012730554 

hsa-miR-23a-star_st Down-regulated -1.14776 0.018790493 

hsa-miR-30c-2-star_st Down-regulated -1.12004 0.048210603 

hsa-miR-4521_st Down-regulated -1.04645 0.041674089 

hsa-miR-125b-2-star_st Down-regulated -2.84455 5.19E-07 

hsa-miR-224-star_st Down-regulated -2.3211 0.000131274 

hsa-miR-1271_st Down-regulated -1.98421 8.53E-05 

hsa-miR-422a_st Down-regulated -1.98288 0.000415986 

hsa-miR-487b_st Down-regulated -1.7424 0.003012301 

hsa-miR-432_st Down-regulated -1.53416 0.006534667 

hsa-miR-27a-star_st Down-regulated -1.53112 0.020456847 

hsa-miR-143-star_st Down-regulated -1.39115 0.001552232 

hsa-miR-146b-5p_st Down-regulated -1.31692 0.005500614 

hsa-miR-212_st Down-regulated -1.18623 0.004585682 

hsa-miR-99a-star_st Down-regulated -1.10801 0.000362694 

hsa-miR-4298_st Up-regulated 1.054023 0.015717397 

hsa-miR-1301_st Up-regulated 1.259839 0.017754267 

hsa-miR-1973_st Up-regulated 1.356607 0.020456847 

hsa-miR-200a-star_st Up-regulated 1.382034 0.008005145 

hsa-miR-183-star_st Up-regulated 1.440217 0.001280051 

hsa-miR-1972_st Up-regulated 1.517051 0.001280051 

hsa-miR-1273f_st Up-regulated 1.638949 0.000621963 

hsa-miR-663b_st Up-regulated 1.750236 0.000465899 
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hsa-miR-4485_st Up-regulated 1.765834 0.000354023 

hsa-miR-4417_st Up-regulated 2.253079 2.14E-05 

hsa-miR-139-5p_st Down-regulated -3.01834 5.19E-07 

hsa-miR-486-5p_st Down-regulated -2.45317 3.35E-05 

hsa-miR-379_st Down-regulated -2.24389 2.40E-05 

hsa-miR-451_st Down-regulated -2.031 0.003055521 

hsa-miR-139-3p_st Down-regulated -2.01227 2.40E-05 

hsa-miR-31_st Down-regulated -1.93764 0.000612364 

hsa-miR-378-star_st Down-regulated -1.91604 0.000120653 

hsa-miR-205_st Down-regulated -1.81176 0.039160691 

hsa-miR-99a_st Down-regulated -1.63372 2.78E-08 

hsa-miR-130a_st Down-regulated -1.62972 1.18E-07 

hsa-miR-497_st Down-regulated -1.5729 9.69E-05 

hsa-miR-452_st Down-regulated -1.43524 0.000957164 

hsa-miR-10b_st Down-regulated -1.42309 0.000692796 

hsa-miR-134_st Down-regulated -1.4142 0.004271542 

hsa-miR-100_st Down-regulated -1.39182 1.55E-08 

hsa-miR-30a-star_st Down-regulated -1.31571 0.010786738 

hsa-miR-195_st Down-regulated -1.28997 5.19E-07 

hsa-miR-30e_st Down-regulated -1.25296 0.023585335 

hsa-miR-132_st Down-regulated -1.23911 0.000513797 

hsa-miR-145_st Down-regulated -1.20681 7.18E-07 

hsa-miR-378_st Down-regulated -1.18835 4.12E-05 

hsa-miR-381_st Down-regulated -1.17347 1.28E-06 

hsa-miR-409-3p_st Down-regulated -1.17152 0.030282549 

hsa-miR-335_st Down-regulated -1.17051 0.00153932 

hsa-miR-125b_st Down-regulated -1.16877 1.17E-07 

hsa-miR-26b_st Down-regulated -1.13462 0.020456847 

hsa-miR-324-3p_st Down-regulated -1.05431 0.003351901 

hsa-miR-376c_st Down-regulated -1.04032 0.001085157 

hsa-miR-200c_st Up-regulated 1.053744 4.17E-09 

hsa-miR-665_st Up-regulated 1.262479 0.00313825 

hsa-miR-1246_st Up-regulated 1.599879 0.004050898 

hsa-miR-210_st Up-regulated 1.649096 2.17E-05 

hsa-miR-21_st Up-regulated 1.705037 0.002516436 

hsa-miR-425_st Up-regulated 1.782629 1.39E-08 

hsa-miR-375_st Up-regulated 2.105342 0.004209599 
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hsa-miR-21-star_st Up-regulated 2.139359 0.000133967 

hsa-miR-182_st Up-regulated 2.574959 1.52E-14 

hsa-miR-183_st Up-regulated 3.326584 1.07E-08 

Supplementary Table 1.  74 differentially expressed miRNA in Lebanese breast cancer 

patients. 
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miRNA 

 Tumor versus Normal Samples 

All Under 40 
Over 

40 
Pre-

menopausal 
Post-

menopausal 

hsa-miR-183_st           

hsa-miR-139-5p_st           

hsa-miR-125b-2-
star_st           

hsa-miR-182_st           

hsa-miR-378f_st           

hsa-miR-425_st           

hsa-miR-663b_st           

hsa-miR-378c_st           

hsa-miR-99a_st           

hsa-miR-130a_st           

hsa-miR-100_st           

hsa-miR-145_st           

hsa-miR-381_st           

hsa-miR-125b_st           

hsa-miR-99a-star_st           

hsa-miR-200c_st           

hsa-miR-3687_st           

hsa-miR-4417_st           

hsa-miR-195-star_st           

hsa-miR-1271_st           

hsa-miR-379_st           

hsa-miR-224-star_st           

hsa-miR-378_st           

hsa-miR-195_st           

hsa-miR-497_st           

hsa-miR-378d_st           

hsa-miR-378-star_st           

hsa-miR-139-3p_st           

hsa-miR-378i_st           

hsa-miR-21-star_st           

hsa-miR-4485_st           

hsa-miR-210_st           

hsa-miR-665_st           
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hsa-miR-376c_st           

hsa-miR-132_st           

hsa-miR-378g_st           

hsa-miR-134_st           

hsa-miR-10b_st           

hsa-miR-424-star_st           

hsa-miR-31_st           

hsa-miR-125b-1-
star_st           

hsa-miR-127-3p_st           

hsa-miR-29b-1-star_st           

hsa-miR-382_st           

hsa-miR-4284_st           

hsa-miR-432_st           

hsa-miR-4695-3p_st           

hsa-miR-485-5p_st           

hsa-miR-3937_st           

hsa-miR-433_st           

hsa-miR-4687-3p_st           

hsa-miR-342-3p_st           

hsa-miR-146b-3p_st           

hsa-miR-1228-star_st           

hsa-miR-126_st           

hsa-miR-140-5p_st           

hsa-miR-145-star_st           

hsa-miR-1469_st           

hsa-miR-149-star_st           

hsa-miR-1908_st           

hsa-miR-1915_st           

hsa-miR-223_st           

hsa-miR-2861_st           

hsa-miR-3196_st           

hsa-miR-3651_st           

hsa-miR-3656_st           

hsa-miR-3665_st           

hsa-miR-3940-5p_st           

hsa-miR-3960_st           

hsa-miR-4329_st           
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hsa-miR-4449_st           

hsa-miR-4488_st           

hsa-miR-4466_st           

hsa-miR-4516_st           

hsa-miR-4695-5p_st           

hsa-miR-4734_st           

hsa-miR-4739_st           

hsa-miR-4749-5p_st           

hsa-miR-492_st           

hsa-miR-551b_st           

hsa-miR-584_st           

hsa-miR-638_st           

hsa-miR-663_st           

hsa-miR-762_st           

hsa-miR-92b-star_st           

hsa-miR-422a_st           

hsa-miR-486-5p_st           

hsa-miR-1273f_st           

hsa-miR-1972_st           

hsa-miR-30c-2-star_st           

hsa-miR-335_st           

hsa-miR-452_st           

hsa-miR-375_st           

hsa-miR-183-star_st           

hsa-miR-200a-star_st           

hsa-miR-1273d_st           

hsa-miR-324-3p_st           

hsa-miR-505-star_st           

hsa-miR-409-3p_st           

hsa-miR-212_st           

hsa-miR-30a-star_st           

hsa-miR-146b-5p_st           

hsa-miR-30b-star_st           

hsa-miR-432_st           

hsa-miR-487b_st           

hsa-miR-451_st           

hsa-miR-21_st           

hsa-miR-1246_st           
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hsa-miR-1301_st           

hsa-miR-30e_st           

hsa-miR-143-star_st           

hsa-miR-1973_st           

hsa-miR-4298_st           

hsa-miR-4800-3p_st           

hsa-miR-4521_st           

hsa-miR-26b_st           

hsa-miR-23a-star_st           

hsa-miR-27a-star_st           

hsa-miR-205_st           

hsa-miR-130b_st           

hsa-miR-155_st           

hsa-miR-320e_st           

hsa-miR-140-3p_st           

hsa-miR-143_st           

hsa-miR-181b_st           
 

Supplementary Table 2. All miRNA differentially expressed in Lebanese patients after 

tumor versus normal microarray analysis of different patient grouping. Patient 

stratification was either taking all patients or dividing according to age at diagnosis (under 

40 and over 40) or menopausal state (pre-and post-menopausal). Each color represents 

differentially expressed miRNA that are exclusive to one specific group. 
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Exclusive Significant miRNA 

Lebanese samples (excluding newly 
discovered) 

American samples with fold change >2 

miR-1246 miR-190b 

miR-132 miR-1 

miR-1908 miR-1251 

miR-212 miR-1258 

miR-26b miR-1269 

miR-30e miR-129-5p 

miR-31 miR-133a 

miR-3196 miR-141 

miR-320d miR-141-star 

miR-320e miR-142-3p 

miR-3605-5p miR-144 

miR-362-3p miR-144-star 

miR-3648 miR-145-star 

miR-3651 miR-1468 

miR-3656 miR-184 

miR-422a miR-196a 

miR-424-star miR-196a-star 

miR-492 miR-200a 

miR-663 miR-200b 

miR-720 miR-200b-star 

miR-877 miR-200c-star 

  miR-203 

  miR-206 

  miR-224 

  miR-3065-3p 

  miR-335-star 

  miR-337-3p 

  miR-33b 

  miR-3677-3p 

  miR-383 

  miR-429 

  miR-449a 

  miR-449b 

  miR-449c 

  miR-452-star 

  miR-483-3p 

  miR-493-star 
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  miR-495 

  miR-498 

  miR-503 

  miR-511 

  miR-551b 

  miR-592 

  miR-629-star 

  miR-891a 

  miR-934 

  miR-940 

  miR-96 

Supplementary Table 3. Significant tumor-associated miRNA exclusive to Lebanese 

and American patients. Some significant miRNA in Lebanese samples were not included 

in the table since they are newly discovered miRNA that were not reported yet when 

sequencing the American samples.  
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Before 
integration 

miRNA-mRNA integration 

Significantly 
Dysregulated 

miRNA 

Number of  
targets 
without 
filtration  

Number of  
targets in 

breast tissues 
and cells 

Number of 
targets in 
inverse 

correlation 
with miRNA 

% of targets in  
inverse 

correlation with 
miRNA 

miR-4800-3p 160 14 14 100 

miR-21 615 81 80 99 

miR-1301 863 54 53 98 

miR-425 568 51 48 94 

miR-375 263 27 25 93 

miR-200c 1236 154 141 92 

miR-183 832 112 102 91 

miR-182 1506 157 141 90 

miR-1273d 435 36 31 86 

miR-21-star 711 52 44 85 

miR-4298 773 68 57 84 

miR-1246 301 24 20 83 

miR-210 284 21 17 81 

miR-3687 266 21 17 81 

miR-1273f 795 56 45 80 

miR-4417 962 56 44 79 

miR-1972 1243 86 67 78 

miR-1973 306 32 24 75 

miR-4485 234 16 12 75 

miR-665 1280 87 64 74 

miR-663b 1225 90 65 72 

miR-324-3p 1744 111 31 28 

miR-125b 1531 97 25 26 

miR-205 696 72 17 24 

miR-335-5p 637 47 11 23 

miR-378g 1287 94 22 23 

miR-30b-star 1616 102 22 22 

miR-486-5p 501 47 9 19 

miR-4521 404 37 6 16 

miR-224-star 418 31 5 16 

miR-378, 378c, 
378d, 378f, 
378i, 422a 

761 62 10 16 

miR-432 491 50 8 16 

miR-134 730 52 8 15 

miR-379 448 39 6 15 

miR-99a, 100 193 21 3 14 
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miR-1271 1394 141 20 14 

miR-130a 1252 152 20 13 

miR-497, 195 2020 185 24 13 

miR-146b-5p 650 62 8 13 

miR-381 1070 119 15 13 

miR-31 946 81 9 11 

miR-10b 780 64 7 11 

miR-26b 1095 103 11 11 

miR-30e 1592 147 14 10 

miR-451 190 21 2 10 

miR-139-5p 690 74 7 9 

miR-132, 212 767 70 6 9 

miR-409-3p 188 13 1 8 

miR-145 1228 118 9 8 

miR-376c 667 66 5 8 

miR-452 499 33 1 3 

miR-30a-star 13 3 - - 

miR-378-star 2 - - - 

miR-424-star 3 1 - - 

miR-487b 118 13 - - 

Supplementary Table 4. Change in the number of mRNA targets of the differentially 

expressed miRNA after filtration using IPA and mRNA microarray integration. 

Percentage of targets in negative interaction is the number of targets in negative interaction 

per the number of targets in breast tissues and cells. Red color denotes upregulated miRNA 

and green color denotes downregulated miRNA. Note: miRNA in the same row have 

similar seed sequence. 
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Supplementary Table 5. Dysregulated miRNA and mRNA targets in Lebanese 

samples predicted to be involved in proliferation and migration by mRNA-miRNA 

integration analysis using Ingenuity Pathway Analysis. Red denotes upregulated 

miRNA/mRNA and green denotes downregulated miRNA/mRNA. 
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CHAPTER V 

MIR-183 POTENTIAL TARGETS IN BREAST CANCER 

CELL LINES 
 

Authors: Farah J. Nassar, Rabih Talhouk, Rihab Nasr 

 

A. Abstract 

microRNA (miRNA), small non-coding RNA molecules, are aberrantly expressed 

in breast cancer and could be used as a diagnostic, prognostic and therapy prediction 

biomarker. These molecules are master gene regulators involved in breast cancer initiation, 

progression, metastasis, and therapy chemoresistance through controlling multiple signaling 

pathways. We have recently performed miRNA profiling of breast tissues taken from 

Lebanese patients with early breast cancer of invasive ductal carcinoma histotype and of 

estrogen and progesterone receptor positive profile. We have found that miR-183 was 

among the most upregulated miRNA in tumor breast tissues of all Lebanese patients. We 

evaluated selected predicted targets of miR-183 in order to elucidate its potential role in 

early breast cancer. We found using real time PCR that transfection with miR-183 mimics 

reduces the mRNA expression of AKAP12 (A kinase anchor protein 12), PDCD4 

(programmed cell death 4), TET1 (dioxygenase gene) and PP2CA (serine/threonine-protein 

phosphatase 2A catalytic subunit alpha isoform) in breast cancer cell lines (MCF-7 and 

MDA-MB 231) without any significant change in cell proliferation. These targets are 

known regulators of cell cycle, apoptosis, invasion and metastasis. This preliminary study 

is the first to report a possible inverse correlation between miR-183 and TET1 as well as 
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PP2CA. Hence, further functional studies should be performed to identify the molecular 

mechanism of miR-183 on breast cancer development.  

B. Introduction 

Breast cancer is the most prevalent cancer type among Lebanese women with high 

estimated incidence and mortality rate. Most of the Lebanese breast cancer patients are 

younger than 40 years constituting 22% of the patients as compared to 6% of the patients in 

the West. These young patients tend not to respond well to hormonal therapy and have poor 

prognosis (El Saghir et al., 2006).  Moreover, young women below 40 years of age have no 

recommended screening tests available for early breast cancer detection. Hence, search for 

biological factors that can explain early breast cancer and can be used as minimally 

invasive diagnostic or prognostic biomarker is on the rise.   

Our molecule of interest is small non-coding RNA which is microRNA (miRNA) 

and particularly miR-183. Recent miRNA profiling data in our laboratory have shown that, 

74 miRNA were significantly dysregulated in 45 tumor versus 17 normal adjacent tissues 

taken from Lebanese patients with early breast cancer of invasive ductal carcinoma and 

estrogen and progesterone receptor positive profile. Interestingly, miR-183-5p (miR-183) 

was found to be highly upregulated in the tumor tissues taken from all patients or when 

stratifying the patients according to age or menopausal state. 

In this study, we are interested in investigating miR-183 potential targets in breast 

cancer cell lines. Our preliminary findings have suggested that the elevated levels of miR-

183 decreases the mRNA expression of AKAP12, PDCD4, TET1 and PP2CA in breast 

cancer cell lines (MCF-7 and MDA-MB 231) after transfection with miR-183 mimics but 

without any significant effect on proliferation.  
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C. Materials and Methods 

1. Cell Culture 

Breast Cancer Cell lines (BT474 and AU565) were maintained in RPMI 1640 

(Lonza, Belgium) with 10% fetal bovine serum (FBS) (Sigma Aldrich, St. Louis, MO), 1% 

penicillin/streptomycin (Lonza, Belgium), 1 mM sodium pyruvate (Lonza, Belgium) and 

Kanamycin (0.1mg/ml) (Amresco, USA). MDA-MB 453, MDA-MB 231 and MCF-7 

breast cancer cells were maintained in DMEM high with 10% fetal bovine serum (FBS), 

1% penicillin/streptomycin (Lonza, Belgium), 1 mM sodium pyruvate (Lonza, Belgium) 

and Kanamycin (0.1mg/ml) (Amresco, USA).  Sum 185PE breast cancer cell line was 

cultured in Ham’s F12 with 5µg/ml insulin, 50µM Hydrocortisone (Sigma Aldrich, St. 

Louis, MO) and 5% FBS. Non-neoplastic S1 HMT-3522 human mammary epithelial cells 

were maintained in DMEM/F12 (Lonza, Belgium) supplemented with 5µg/ml prolactin 

(Sigma), 0.25µg/ml insulin (Sigma), 0.5 µg/ml Hydrocortisone, 10-10 M β -Estradiol 

(Sigma), 2.6 x10-3 µg/ml sodium selenite (BD Biosciences), 0.01 mg/ml Apo-Transferrin 

(Sigma) and 5x10-3 µg/ml epidermal growth factor (BD Biosciences). Connexin-43 (Cx43) 

silenced S1 cells (stably transfected with shRNA against Cx43) were cultured with same 

media as S1 with selection using 0.03 mg/ml Hygromycin. Invasive breast cancer HMT-

3522 cell line T4-2 was cultured with same media as S1 but with Collagen I (Sigma) 

coating the plate. Cells were incubated at 37°C with 5% CO2.  

 

 

2. RNA Extraction and miRNA Expression by RT-qPCR 



90 

 

 

Total RNA was extracted from the cells using TRI Reagent (Sigma Aldrich, St. 

Louis, MO) according to manufacturer’s instruction along with two washes with 75% 

ethanol. RNA concentration and quality was assessed using the Nanodrop ND1000 and 

then RNA was stored at -80˚C.  Reverse transcription of ten nanograms of the total RNA 

was performed using the TaqMan® MicroRNA Reverse Transcription Kit (Applied 

Biosystems, USA) according the manufacturer’s instructions.  Small nuclear RNA RNU6B 

and hsa-miR-183 primers and probes were purchased as part of the TaqMan® microRNA 

Assays Kit (Applied Biosystems, USA) with validated efficiency. cDNA synthesis and RT-

qPCR were carried out as previously described.  Using the ΔΔCt equation, the relative 

expression of the experimental miRNA was determined in breast cancer cell lines compared 

to the normal S1 cell line using RNU6B as an endogenous control.  

3. In Silico Target Prediction and Experimentally Validated Target Databases 

In order to find miR-183 targets, two predicted target database microT-CDS 

(Diana Tools) and TargetScan 6.2 and two experimentally validated databases Tarbase 

(Diana Tools) and miRWalk were utilized. Pubmed Search was performed to find validated 

miRNA-mRNA relation in breast cancer, validated miRNA-mRNA relation in other 

cancers, presence of miRNA target in breast cancer and presence of target in other cancers. 

4. Transfection of Breast Cancer Cell Lines  

MCF-7 and MDA-MB 231 were cultured in 6-well plates overnight at a seeding 

concentration 700,000 and 180,000 cells/ml to reach 60-70% confluency. Culturing media 

was replenished with antibiotic free media before 2 hrs from transfection and were 

transfected with 30 pmol of each miR-183 mimics (M) and negative control duplex (NC) 

(GenePharma, Shanghai) using Lipofectamine RNAiMAX Reagent (Invitrogen, USA) and 
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Opti-MEM® Medium (Invitrogen, USA) as per manufacturer’s instructions. Cell were 

harvested 48 hrs (for MCF-7) and 24 hrs (for MDA-MB 231) to be used in RNA extraction 

and RT-qPCR analysis.  

5. mRNA Expression by RT-qPCR 

Reverse transcription of 1 µg total RNA was performed. One microliter of random 

hexamer (5ng/μl) (Amersham Bioscience) was added to a volume of 11 μl total RNA (1μg). 

This mixture was incubated in thermal cycler at 65° for 10 minutes then chilled on ice for 

10 minutes. A 7 μl master mix was then added to the 12 μl mixture that consisted of: 4μl 5x 

First Strand Buffer (Invitrogen), 0.2 μl of 1 M Dithiothreitol, 1μl of 10 mM dNTP mix 

(Promega) and 1.8 μl of nuclease free water. A 1μl of SuperScript™ II RT polymerase 

(Invitrogen) was added to each reaction to obtain a final volume of 20 μl. The samples were 

incubated at 25°C for 10 minutes, 42°C for 50 minutes, 70°C for 15 minutes followed by a 

4°C hold. RT-qPCR was performed on (AKAP12, PTEN, SMAD4, PDCD4, FOXP1, 

RAB21, TET1, PP2CA and LATS2) with GAPDH as a reference gene using BioRad CFX96 

Real Time System, C1000 Thermal Cycler (Germany). A master mix was prepared 

containing 12.5 μl SYBR Green JumpStart Taq ReadyMix (Sigma Aldrich, St. Louis, MO) 

and variable amount of forward primer, reverse primer and nuclease free water depending 

the optimized primer concentration (Table 4). One microliter of the cDNA was added to 

24μl of master mix distributed to BioRad 96 well skirted plate samples. The cycling 

conditions were: 10 minutes at 95°C followed by 40 cycles of 15 seconds at 95°C, 60 

seconds at annealing temperature (Ta) and 1 min at 60°C as well as a melting curve of 55ºC 

to 95ºC with 0.5ºC increment. Using the ΔΔCt equation, the relative expression of the 
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experimental mRNA was determined in miR-183 transfected breast cancer cell lines 

compared to NC transfected cells using GAPDH as a reference gene.  

 

Gene Primer Name Sequence 
Concentration 

(mM) 

Ta 

(ºC) 
Reference 

GAPDH 
GAPDH-F ACAACTTTGGTATCGTGGAAGG 

500 60 
PrimerBank 

GAPDH-R GCCATCACGCCACAGTTTC   

PP2CA 
PPP2CA-F CAAAAGAATCCAACGTGCAAGAG 

450 64 
PrimerBank 

PPP2CA-R CGTTCACGGTAACGAACCTT   

AKAP12 
AKAP12-F GAGATGGCTACTAAGTCAGCGG 

100 60 
PrimerBank 

AKAP12-R CAGTGGGTTGTGTTAGCTCTTC   

PDCD4 
PDCD4-F GCAAAAAGGCGACTAAGGAAAAA 

250 60 
PrimerBank 

PDCD4-R TAAGGGCGTCACTCCCACT   

FOXP1 
FOXP1-F ATGATGCAAGAATCTGGGACTG 

500 60 
PrimerBank 

FOXP1-R GGATGGCTGAACCGTTACTTTT   

TET1 
TET1-F CATCAGTCAAGACTTTAAGCCCT 

150 60 
PrimerBank 

TET1-R CGGGTGGTTTAGGTTCTGTTT   

LATS2 
LATS2-F ACTTTTCCTGCCACGACTTATTC 

200 60 
PrimerBank 

LATS2-R GATGGCTGTTTTAACCCCTCA   

PTEN 
PTEN-F AGGGACGAACTGGTGTAATGA 

300 60 
PrimerBank 

PTEN-R CTGGTCCTTACTTCCCCATAGAA   

SMAD4 
SMAD4-F CCACCAAGTAATCGTGCATCG 

450 60 
PrimerBank 

SMAD4-R TGGTAGCATTAGACTCAGATGGG   

RAB21 
RAB-21-F CACTCTGCAGGCATCATTCT  

300 62 
Li et al., 

2014 RAB-21-R TCGCTCCATTTGAATCTCTG 

Table 4. Sequence, Concentration and Annealing Temperature (Ta) of primers for GAPDH 

and miR-183 Predicted Targets. 

6. MTT Assay 

Cell growth was measured by MTT assay after seeding MCF-7 and MDA-MB 231 

in 96-well plates (3000 cells/ml) followed by transfection of miR-183 mimics and NC 

duplex as described above. 10μl MTT dye was added 24, 48 and 72 hrs after transfection. 

The plate was incubated for 3hrs and then followed by adding 100 μl stop solution. The 
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absorbance was measured at 595nm using TriStar2 S LB 942 (Multimode reader) from 

Berthold Technologies. 

7. Statistical Analysis 

Statistical analyses were performed using GraphPad Prism 6. One sample t-test 

was used to compare the miRNA expression in the breast cancer versus the non-neoplastic 

cell line and in miR-183 mimics transfected versus NC transfected breast cancer cell lines. 

A p-value <0.05 was considered statistically significant. 

D. Results 

1. miR-183 Expression in Breast Cancer Cell lines 

In order to study miR-183 role in a suitable breast cancer setting, miR-183 

expression was examined using RT-qPCR in several breast cancer cell lines (BT474, 

AU565, MCF-7, MDA-MB 231, MDA-MB 453, sum 185PE and Cx43 silenced S1, T4-2) 

in comparison to non-neoplastic breast cell line S1 with RNU6B as an endogenous control. 

miR-183 was significantly upregulated in BT474, MDA-MB 453 and Cx43 silenced S1 cell 

lines and significantly downregulated in sum 185 PE and MDA-MB 231 which have triple 

negative receptor profile. T4-2, MCF-7 and AU565 showed non-significant overexpression 

expression of miR-183 compared to normal-like S1 cells (Figure 17). 
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Figure 17. Relative miR-183 Expression in Breast Cancer Cell Lines Compared to non-

neoplastic S1 cell line. RNU6B was used as an endogenous control. Biological replicates were six 

times and Student’s t-test was utilized (p<0.05). 

 

2. mRNA Target Prediction and Selection Process 

miR-183 targets that were assessed in this study were chosen through predicted 

target databases such as microT-CDS and through experimentally validated target databases 

as per Tarbase. Another target prediction database, TargetScan 6.2, which is based on a 

different algorithm, was also used for further confirmation. In order to make sure the 

mRNA-miRNA inverse correlation has not been validated before in breast cancer and other 

cancer types, miRWalk and a Pubmed Search were also conducted.  The targets that were 

selected were: AKAP12, PTEN, SMAD4, PDCD4, FOXP1, RAB21, TET1, PP2CA and 

LATS2 (Table 5).   
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Table 5. Selection Criteria of miR-183 Potential Targets in Breast Cancer.  

 

3. miR-183 targets mRNA of AKAP12, PDCD4, TET1 and PP2CA  

  To elucidate the role of miR-183 in breast cancer cells, MDA-MB 231 and MCF-

7 cell lines were transfected with miR-183 mimics and NC and were harvested after 24 and 

48 hrs respectively. Transfection efficiency was monitored using RT-qPCR of miR-183 

where its expression in miR-183 mimics transfected MDA-MB 231 and MCF-7 was 

compared to NC transfected cells with RNU6B as endogenous control. miR-183 was 

significantly overexpressed in both cell lines upon mimics transfection (Figure 18). To 

explore whether AKAP12, PTEN, SMAD4, PDCD4, FOXP1, RAB21, TET1, PP2CA and 

LATS2 were targeted by miR-183, mRNA expression of these genes was examined in miR-

183 mimics transfected MDA-MB 231 and MCF-7 cells compared to NC transfected cells 

with GAPDH as the reference gene. mRNA of AKAP12, PDCD4, TET1 and PP2CA were 

significantly downregulated in both cell lines. SMAD4 mRNA was significantly 

downregulated in MCF-7 but not in MDA-MB 231. As to LATS2, PTEN, FOXP1 and 

RAB21 mRNA, none of them showed any significant change in expression (Figure 19). 

Target Name

Predicted by 

microT-CDS

Predicted by 

TargetScan Tarbase

Validated relation of 

miRNA with BC

Validated relation 

of  miRNA with 

other cancers

PP2CA

Serine/threonine-protein phosphatase 2A 

catalytic subunit alpha isoform Yes Yes Yes No No

AKAP12 A kinase (PRKA) anchor protein 12 Yes Yes Yes No Yes 

PDCD4

Programmed cell death 4 (neoplastic 

transformation inhibitor) Yes Yes Yes No Yes 

FOXP1 Forkhead box P1 Yes Yes Yes No No

TET1 Tet oncogene 1 Yes Yes Yes No No

SMAD4 SMAD family member 4 Yes Yes Yes No Yes 

LATS2 Large tumor suppressor kinase 2 Yes No Yes No No

PTEN Phosphatase and tensin homolog Yes No Yes No Indirect

RAB21 Ras related protein Yes Yes Yes Yes No
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Figure 18. Transfection efficiency of miR-183 mimics in MCF-7 and MDA-MB 231. miR-183 

expression was measured by RT-qPCR in MCF-7 (A) and MDA-MB 231 (B) 48 and 24 hrs 

respectively after transfection of miR-183 mimics and negative control duplex. RNU6B was used as 

an endogenous control. Error bars represent SEM (n=6) (p<0.05). FC: Fold Change. 
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Figure 19. Relative expression of potential miR-183 targets in MCF-7 and MDA-MB 231 upon 

miR-183 mimics transfection and compared to NC transfected cells. (A) mRNA expression in 

MCF-7 48 hrs post transfection and (B) mRNA expression in MDA-MB 231 24 hrs post 

transfection. GAPDH was used as an internal control. Error bars represent SEM. (p<0.05) (n = 3). 

FC: Fold Change. 
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4. miR-183 does not affect proliferation in breast cancer cell lines 

MTT assay was used to determine the effect of miR-183 overexpression on 

proliferation of MDA-MB 231 and MCF-7. There was no significant difference in 

proliferation between miR-183 transfected cells and controls at 24, 48 and 72 hours 

indicating no effect of miR-183 on cell proliferation (Figure 20). 

 

Figure 20. Proliferation of miR-183 mimics transfected breast cancer cells compared to NC 

transfected cells at different time points measured by MTT assay. (A) MCF-7 and (B) MDA-

MB 231. Mean of two experiments is represented along with bars of standard deviation. 
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E. Discussion 

miRNA can function as a master gene regulator since a single miRNA can regulate multiple 

genes; thus, it can coordinate multiple signaling pathways. Interestingly, miRNA function 

and expression depends on cellular context (Carroll, Tooney, & Cairns, 2013). miRNA 

expression pattern is altered in breast cancer. These molecules were shown to be involved 

in the different stages of breast cancer starting from initiation, progression, invasion to 

metastasis through controlling tumor suppressors and oncogenes as well as playing a role in 

therapy resistance (Singh & Mo, 2013). Hence, investigating the role of miRNA in breast 

cancer cells could elucidate the molecular mechanisms that underline breast cancer 

development. In this study, we identified potential targets of miR-183 that require further 

confirmation. Our study focused on this miRNA since it was the most significantly 

upregulated miRNA in tumor tissues from Lebanese breast cancer patients with early stage 

invasive ductal carcinoma and positive estrogen and progesterone receptor as per 

microarray and RT-qPCR results (p. 55 and 57). miR-183 gene is located on chromosome 

7q32 and is part of a highly conserved paralogous cluster composed of miR-183, 96 and 

182 which have strong similarity in their sequence, so they are considered a family too. 

miR-183 family/cluster was found to be involved not only in normal development such as 

sensory-specific function but also in different pathologic conditions such as autoimmune 

diseases, neuronal and psychiatric disorders and cancer (Dambal, Shah, Mihelich, & Nonn, 

2015). It may function as an oncogene or tumor suppressor gene, depending on the type, 

location and stage of the cancer (P. Li et al., 2014). Interestingly, both miR-182 and miR-

183 were significantly upregulated in breast cancer tissues from Lebanese patients but miR-

96 was not significantly upregulated (Supplementary Table 1).  miR-183 was found to be 
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downregulated in human breast cancer stem cells and normal mammary stem/progenitor 

cells, and embryonal carcinoma cells but upregulated in tissues from ductal carcinoma in 

situ, invasive lobular carcinoma, and triple negative breast cancer. (Y. Y. Chang et al., 

2015; Giricz et al., 2012; Hannafon, Sebastiani, de las Morenas, Lu, & Rosenberg, 2011; 

Shimono et al., 2009). Moreover, the upregulation of miR-183 in breast cancer tissues was 

shown to be associated with poor prognosis as per a pilot study on 29 patients with 

recurrent or metastatic breast cancer (Marino et al., 2014). miR-183 family was also 

correlated with local relapse, distant metastasis and poor clinical outcomes in a recent study 

performed on 131 breast cancer tissues; thus this cluster could be used as prognostic 

biomarker for breast cancer (C. Song et al., 2016).  

Even though miR-183 was consistently upregulated in breast cancer of different 

histotypes and receptor profiles, its role has not been well studied.  In our study, miR-183 

expression was heterogeneous in the different breast cancer cell lines when compared to the 

non-tumorigenic breast cell line S1. S1 was used as a normal-like cell line instead of MCF-

10A that was not available in Lebanon. MCF-7 and MDA-MB 231 breast cancer cell lines 

were chosen to be transfected with miR-183 mimics since they had low miR-183 

expression. Overexpression of miR-183 notably downregulated the mRNA expression of 

AKAP12, PP2CA, TET1 and PDCD4 without affecting cell proliferation in both cell lines 

MCF7 and MDA-MB 231.  

Our findings validated a recently discovered target (PDCD4) and highlighted new 

potential targets (AKAP12, PP2CA and TET1) for miR-183 that require further 

confirmation in breast cancer cells. This is the first report of miR-183 inverse correlation 

with mRNA of PP2CA and TET1.  However, we found no change in the mRNA expression 
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of RAB21 that was previously proven as a target upon miR-183 mimics transfection. 

Importantly, mRNA microarray data on Lebanese patients have shown a significant 

decrease in the mRNA of AKAP12, LATS2 and FOXP1 in tumor versus normal adjacent 

tissues (Supplementary Figure 1). 

A-kinase anchoring protein 12 (AKAP12) that encodes SSeCKS (Src-suppressed 

C kinase substrate) or Gravin is a tumor suppressor gene involved in cell cycle, cell 

migration and apoptosis (Skroblin, Grossmann, Schafer, Rosenthal, & Klussmann, 2010; 

Yoon et al., 2007). It regulates mitogenesis by anchoring key signal proteins such as protein 

kinase A, protein kinase C, and cyclins. It was found to be downregulated in breast cancer 

and particularly in Lebanese patients (Supplementary Figure 1). Notably, miR-183 was 

reported to inhibit AKAP12 in hepatocellular carcinoma and lung tumorigenesis (Goeppert 

et al., 2010; J. Kang et al., 2016).  

As for Ten-eleven-translocation (TET1) gene, it encodes a dioxygenase involved 

in cytosine demethylation, and it was reported to be downregulated during breast cancer 

progression since it suppresses tumor invasion and metastasis via activating the tissue 

inhibitors of metalloproteinases (Hsu et al., 2012; H. G. Lu et al., 2014). Reduced TET1 

was associated with worse overall survival and poor prognosis in early breast cancer 

patients (H. Yang et al., 2013; L. Yang, Yu, Hong, Yang, & Shao, 2015). There has been 

no report of a relation between TET1 and miR-183 before in any type of cancer. 

PP2CA that encodes the alpha isoform of the catalytic subunit of serine/threonine-

protein phosphatase 2A (PP2A) was shown to act as a tumor suppressor by controlling 

signaling pathways involved in metastasis as in prostate cancer (Seshacharyulu, Pandey, 

Datta, & Batra, 2013). In breast cancer, low levels of PP2CA was found in breast cancer 
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but it was mainly associated with basal subtype and its low level was attributed to 

inhibitory regulators such as miRNA rather than to gene mutations (Baldacchino et al., 

2014). Similar to TET1, no relation between miR-183 and PP2CA has been reported before 

in breast cancer or in any others cancer types.  

Programmed cell death 4 (PDCD4) was found to be downregulated in ductal 

carcinoma and its loss of expression was not due to promotor hypermethylation (Wen et al., 

2007). It was suggested to have a role in apoptosis of breast cancer cells as well as 

suppressing invasion by increasing tissue inhibitor of metalloproteinases-2 expression 

(Afonja, Juste, Das, Matsuhashi, & Samuels, 2004; Nieves-Alicea, Colburn, Simeone, & 

Tari, 2009). It has been reported to be mainly targeted by miR-21 (Z. Lu et al., 2008).  As 

for being targeted by miR-183, it was reported in gastric cancer, papillary thyroid 

carcinoma, pancreatic cancer, esophageal cancer, hepatocellular carcinoma and most 

recently breast cancer (Cheng, Xiang, Meng, & Dong, 2016; W. Gu et al., 2014; C. Li et 

al., 2016; J. Li et al., 2010; Y. Y. Lu et al., 2015; L. H. Ren et al., 2014; Wei et al., 2015; 

M. Yang et al., 2014). Our data have reinforced the recent relationship of miR-183 and 

PDCD4.  

Notably, our results showed that there was no significant change in proliferation of 

breast cancer cell lines upon miR-183 overexpression. This was similar to what was 

reported by a study using T47D cell line (Lowery, Miller, Dwyer, & Kerin, 2010) but in 

contrary to other studies reporting that miR-183 increases proliferation of breast cancer 

cells (Cheng et al., 2016; P. Li et al., 2014). This could be attributed to the variability in the 

studied cell lines as well as the different mode of transfection/ miR-183 overexpression.  
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In conclusion, our preliminary data shows that miR-183 significantly reduces the 

mRNA expression of AKAP12, TET1, PP2CA and PDCD4 in breast cancer cell lines 

which are known regulators of cell cycle, apoptosis, invasion and metastasis. Hence, the 

protein level of these molecules and the direct miR-183-mRNA interaction should be 

investigated to validate them as miR-183 targets. Further functional studies should be 

performed to unveil the miR-183 function in breast cancer development. 
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F. Supplementary Figure 

Supplementary Figure 1. Validation of 4 significantly dysregulated mRNAs as per microarray 

results in tumor vs normal adjacent tissues. These dotplots show the fold change of mRNA 

expression in 6 tumor breast tissues normalized to the average of 5 normal adjacent breast tissues 

with GAPDH used as a housekeeping control. The plot represents the mean with the standard error 

of mean as error bars.  *denotes p < 0.05 for tumor versus normal adjacent tissues using Wilcoxon’s 

signed-rank sum test. 

Validation of differentially expressed mRNA  

In order to validate mRNA microarray results of Lebanese patients, RT-qPCR was 

performed to detect the levels of 4 significantly down-regulated mRNAs (AKAP12, 

FOXP1, LATS2, and TET1) on 6 tumor and 5 normal adjacent breast tissues. As shown in 



105 

 

 

Supplementary Figure 1, 3 of the 4 tested mRNAs (AKAP12, FOXP1 and LATS2) showed 

significant downregulation consistent with the microarray data using GAPDH as a 

housekeeping control. TET1 was not consistently downregulated in all the samples. 
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CHAPTER VI 

CONCLUSION 

 

Besides being the most common disease among Lebanese women, breast cancer 

affects a higher percentage of young patients below 40 years as compared to the West. 

These young patients tend to have worse prognosis and do not respond well to therapy (El 

Saghir et al., 2006). This phenomenon of early onset breast cancer was found to be not in 

correlation with BRCA mutation (El Saghir et al., 2015). Furthermore, these patients lack 

any routine screening for early breast cancer detection. Hence, we were interested to 

understand breast cancer in our Lebanese population through revealing molecular 

epigenetic mechanisms that regulates breast cancer development and/or that can be used as 

diagnostic biomarkers for early onset breast cancer. Here, we examined miRNA expression 

which has never been studied in our population. We started with screening the expression 

of certain miRNA (miR-10b, miR-148b, miR-155, miR-21 and miR-221), which were 

significantly differentiated as reported in the literature, in 57 tumor and 20 normal adjacent 

mammary FFPE tissues taken from Lebanese patients (F. J. Nassar et al., 2014). miR-21 

and miR-155 were significantly upregulated while miR-10b was significantly 

downregulated in tumor samples which was similar to what is stated in the literature. 

However, miR-148b was significantly upregulated and miR-221 showed no change in 

expression in tumor samples compared to NAT. This was in contrary to what has been 
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described in other studies. Hence, miRNA expression in our population could be different 

than that of other reported populations.   

Consequently, we performed a global miRNA microarray profiling on 45 tumor 

and 17 normal adjacent mammary FFPE tissues taken from Lebanese patients. The selected 

cohort had the least variability in subtype, histotype and ethnicity that could affect miRNA 

expression (Farah J. Nassar et al., 2017). We took into consideration only tumor samples of 

IDC histotype, of ER and PR positive receptor profile and of early stage but of different 

menopausal state and age at diagnosis. Seventy four miRNA were significantly 

dysregulated in tumor samples but interestingly 43% of the miRNA were not previously 

studied in breast cancer and 23% were never reported in any cancer type. This emphasizes 

the need to further investigate in this field particularly tackling the newly discovered 

miRNA. Upon stratifying patients according to menopausal state and age at diagnosis and 

then reanalyzing the miRNA microarray, certain miRNA were differentially expressed 

exclusively in specific patient groups. Exclusive miRNA for patients younger than 40 years 

old were mainly newly discovered miRNA as well as others including miR-126 and miR-

335 that are involved in metastasis. A panel of miRNA (miR-139-5p, 125b-2-star, 378f, 

378c, 99a, 130a, 100, 145, 381, 125b, 663b, 425, 182 and 183) was found to be 

differentially expressed in all patients groups. This panel as well as the exclusive miRNA 

should be further investigated in circulation for their potential use as diagnostic biomarker 

for early breast cancer detection in our population.  

Furthermore, a comparative analysis of miRNA microarray data of Lebanese and 

American breast cancer patients that have similar characteristics was performed. In spite of 

the similarity in miRNA profile, differences in dysregulated miRNA were noted that could 
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reflect either patient age at diagnosis (miR-1288-star/3196), or ethnic variation in miRNA 

epigenetic regulation (miR-31/362-3p/663/329/22/373/320a/34b/196a/149/203) and 

sequence variation of precursor miRNA (miR-196a/185/206).  This suggested the need for 

methylation study to explore whether miRNA genes are affected by this epigenetic 

mechanism as well as sequencing of population-exclusive miRNA genes to identify the 

presence of any specific mutations or single nucleotide polymorphisms.  Furthermore, deep 

sequencing could be performed on Lebanese samples to find if any specific miRNA 

isoforms are more prevalent than others since isoforms vary according to race and gender 

(Loher, Londin, & Rigoutsos, 2014; Salem et al., 2016; Telonis, Loher, Jing, Londin, & 

Rigoutsos, 2015). miRNA isoforms have length and/or sequence variance and might have 

different functional role.  

In addition, since target prediction databases give a lot of false positive targets for 

miRNA, integrative analysis of miRNA and mRNA microarray has been performed to 

identify the main function of miRNA in early breast cancer which was determined as 

increasing proliferation and cell cycle progression as well as decreasing migration and 

invasion. Specific examples were given in the discussion (p.66) that highlight potential 

targets of the dysregulated miRNA which require validation. 

Finally, we chose to focus on the highly upregulated miR-183 in our Lebanese 

patients. We found that miR-183 reduces the mRNA expression of AKAP12, PP2CA, 

TET1 and PDCD4 in breast cancer cell lines without significantly affecting their 

proliferation. These molecules are tumor suppressors and are mainly involved in cell cycle, 

migration and invasion. This is the first report of any inverse correlation between miR-183 

and the mRNA of TET1 as well as PP2CA. Additional functional studies will be performed 
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to examine the effect of miR-183 on cell cycle, metastasis and invasion especially in 3D 

systems that mimics breast morphology. Hence, miR-183 could be investigated as a 

diagnostic or prognostic biomarker in circulation or even as a therapeutic target directly or 

indirectly through its proven mRNA targets.   
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Figure 21. Graphical Abstract of Thesis. Chapter III covers a pilot study examining the 

expression of 5 miRNAs (miR-21,155,10b, 148b & 221) in the breast tissues of Lebanese breast 

cancer patients and resulting in a finding that some of the miRNA (miR-148b and miR-221) 

expression differ than the literature. Chapter IV covers multiple sections investigating early breast 
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cancer patients with IDC and ER+& PR+ receptor profile. miRNA microarray was performed on 

tissues taken from Lebanese patients and data was analyzed according to age at diagnosis and 

menopausal state giving age- and menopausal state- specific miRNA. A comparative analysis of 

miRNA profile of Lebanese and matched American patients was performed that resulted in 

exclusive miRNA due to hypermethylation at their promoter, sequence variance of their precursor 

or patient’s age at diagnosis. Moreover, an integration study of mRNA and miRNA microarray data 

of Lebanese patients have shown the role of miRNA in early breast cancer which is increase in 

proliferation, growth and cell cycle progression as well as decrease in movement, migration and 

invasion. Chapter V covers the preliminary investigation of miR-183 in breast cancer development 

where it was found to inhibit TET1, PDCD4, AKAP12 and PP2CA mRNA in breast cancer cell 

lines. Colors denotes the following: Blue=specimen used in experiment, Yellow and Orange= 

Experimental design, and Green=Experimental Result   
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