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ABSTRACT
OF THE THESIS OF

Adnan Mohamad Joumaa for Master of Science
Major: Physiology

Title: Investigating the Role of miR-187-3p in Molecular Apocrine Breast Cancer

Background: Breast cancer (BC) is a health problem that is reported to have the highest
incidence and mortality rates of cancer among females worldwide and in Lebanon.
Moreover, BC heterogeneity renders it from being diagnosed or treated as a single entity.
As such, there has been several attempts to classify BC. The expression of hormonal
receptors is one of the methods being used for subtyping BC. These receptors are estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor
2 (HER2). Thus, based on the expression of these receptors, BC is classified into 4
molecular subtypes. The most aggressive subtype is negative for the three receptors and
is called triple negative BC (TNBC). TNBC itself is also heterogenous and it overlaps
with distinct subtypes, namely Molecular Apocrine (MA) and Luminal Androgen (LAR)
BCs. These subtypes which overexpress Androgen receptor (AR) are, even today, still
misdiagnosed and poorly treated. The discovery of new biomarkers that can help in
differentiating subtypes might serve as a helpful tool. A significant amount of research
has proved these micro-RNAs (miRNAS) are dysregulated in different types of cancers
including BC, and consequently could be involved in cancer initiation and/or progression.
Moreover, some miRNAs exhibit distinct dysregulation patterns across BC subtypes,
offering potential diagnostic value. Using publicly available data and in silico analysis
done on a cohort of ER-negative tissues, our lab found that miR-187-3p is significantly
upregulated in samples classified as MABC compared to non-MABC samples. In
addition, miR-187-3p is reported as a key player in the tumorigenesis of several types of
cancer by controlling proliferation, invasiveness, migration, and aggressiveness of
cancerous cells. Building upon these findings, we investigated the role of miR-187-3p in
the tumorigenesis of MABC using in vitro BC cellular models.

Methods and Results: The resemblance of MDA-MB-453 and MDA-MB-231 to MABC
and non-MABC tumors respectively, was checked by determining AR expression and
basal expression of miR-187-3p in both cell lines. Then miR-187-3p were significantly
modulated in the chosen cell lines by transfection either with mimic or inhibitors.
Proliferative ability of cells was determined by doing MTT assay. Downregulation of
miR-187-3p reduced MDA-MB-453 cell proliferation and its upregulation promoted cell
proliferation of MDA-MB-231 cells. miR-187-3p increased the invasive ability of MCF-
10A, MDA-MB-453, and MDA-MB-231 cells significantly. Then miR-187-3p predicted
targets were selected based on databases and literature review. Of these targets, MBNL1
and AGO1 were determined to be as potential targets of miR-187-3p.

Conclusion: Overall, our results suggest that miR-187-3p could play the role of an
oncomiR in MABC and non-MABC, increasing their invasive and proliferative abilities
by potentially targeting MBNL1 and AGO1. However, further studies should be done to



validate its role and to validate the miRNA-mRNA interaction with potential targets. This
research may yield promising insights into MABC, advancing the development of
specific diagnostic and therapeutic strategies.
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CHAPTER 1
INTRODUCTION

1.1. Overview on Breast Cancer
1.1.1. Epidemiology and Risk Factors of Breast Cancer

1.1.1.1.Worldwide

Breast cancer (BC) is the uncontrolled growth of malignant breast cells forming a
tumor. This disease continues to be a critical health concern that can occur in both men
and women, but more common in women. According to GLOBOCAN, in 2022, BC
was reported as the most common and deadly cancer among females worldwide
occupying 23.8% of all incident cancer cases and 15.4% of all cancer mortality rates [1]
(Figure 1 A). The incidence rate of BC exceeds other types of cancer not only in
developed countries (54.1 per 100,000), but also in developing ones (30.8 per 100,000)
[2]. These high rates could be attributed to increased detection or prevalence of BC risk
factors that include demographic, reproductive, hormonal, genetic, and lifestyle factors
[2]. Demographically, females are affected more than males, and elderly are affected
more than young individuals. Moreover, the reproductive risk factors are early age of
menarche and late menopause. Also, hormonal factors like taking contraceptive pills
and postmenopausal therapy have a role in increasing the risk of developing BC [2]. In
addition, BRCA1 and BRCAZ2 (breast cancer genes) gene mutations increase the risk of
BC especially in individuals having a family history of BC. Studies have also shown the
positive correlation between developing BC and smoking, consuming alcohol, and

being obese. Other risk factors include diabetes, air pollution, and radiation [3].
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1.1.1.2. In Lebanon

In Lebanon, similar to the global status, BC is the most frequently reported
malignancy and major cause of cancer deaths among females throughout the years. A
study done on BC among Lebanese females between 2005 and 2015 concluded that BC
Is the most prevalent cancer accounting for 37% of all cancer cases among females [4].
Still in 2022, BC is the most common cancer among Lebanese females with a 33.6%
incidence and 23.3% mortality rate [1] (Figure 1B). In addition, the incidence rate in
Lebanon is considered the highest among regional countries like Egypt, Tunisia, and
Saudi Arabia [4]. The cause of this high percentage can be attributed to the spread of
awareness and BC screening among the Lebanese population [5]. Other factors also
have a role in increasing the incidence like younger menarche age, older menopause
age, obesity, smoking, and excessive use of hormonal replacement therapy [6-8].
Moreover, protective factors like breast feeding and traditional Mediterranean diet are
less prevalent in Lebanon compared to regional countries [7]. However, genetic
mutations leading to BC like BRCA gene mutations, are not common among Lebanese
females having BC. El Saghir et al. conducted a study on 250 young Lebanese females
having BC that are considered at a high risk of having BRCAL or BRCA2 gene
mutations. The results showed that only 14 out of 250 (5.6%) of the patients carried a
deleterious BRCA gene mutation [9]. Therefore, it is pivotal to find another gene
mutation or other factors that contribute to the development and tumorigenesis of BC

among Lebanese females.
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Figure 1. Breast Cancer Incidence and Mortality among females Worldwide (A)
and in Lebanon (B). Adapted from GLOBOCAN 2022 [1]

1.1.2. Breast Development and Anatomy

To better understand the occurrence and progression of BC, it is essential to know
the anatomy, location, and development of the breast. The female breast lies between
the second and sixth rib of the anterior side of the thoracic wall [10]. The breast is a

complex organ made up of 15-20 lobes of glandular tissue (mammary glands), ducts,
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connective tissue, adipose tissue, lymphatic and blood vessels. Connective tissue
separates the lobes and help in supporting the breast [11, 12] (Figure 2 A). At birth,
only the ductal system represented by the main lactiferous duct is developed. However,
the mammary glands start developing at puberty under the effect of female sex
hormones, estrogen and progesterone. Estrogen surge at puberty stimulates the
development of the glandular tissue. Moreover, progesterone stimulates the
development of the rest of the ductal system. Mammary glands branches into lobules
that drain into lactiferous ducts that end at the nipple [13]. These lobules are made up of
alveoli that contain secretory epithelial cells. Upon pregnancy, prolactin and
progesterone initiate alveologenesis, which is the growth of milk-producing secretory
cells. Milk travels through lactiferous duct to reach the lactiferous sinus and exits the
breast through the nipples [14, 15] (Figure 2B). By knowing the anatomy of the breast,

it is easier to understand the origin and evolution of BC.

Lobule

Lobe |

: s .\‘
yA M land >
\ ammary glan Mammary /’\

secretory—s/
epithelial cell {1 “J

Lactiferous duct

Figure 2. A cross-section of the breast and its contents (A), Lobules’ Anatomy
(B) adapted from Osmosis [16]
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1.1.3. Breast Cancer Origin and Evolution

The breast has the ability to remodel during adulthood due to its cellular
plasticity, which increases its susceptibility to carcinogenesis [17]. The initiation of
cancer starts by the genetic and epigenetic alterations that affect the signaling pathways
of normal breast cells. These pathways control cells’ proliferation, migration, and
survival among others. Therefore, mutations that activate proto-oncogenes or deactivate
tumor suppressor genes, hyperactivate these signaling pathways [18]. Cancerous cells
start to proliferate and develop either in the ducts or in the lobules. Thus, BC can be
split into ductal carcinoma in situ (DCIS) or lobular carcinoma in situ (LCIS) (Figure
3). However, both carcinomas start in situ as non-invasive but can become invasive due
to several reasons like late detection or inadequate therapy. Invasive breast carcinoma
can metastasize at late stages affecting near organs like lymph nodes in the armpit or

distant organs like the brain lungs, liver, and bone [19-22].

Lobular Carcinoma In Situ (LCIS) Ductal Carcinoma In Situ (DCIS)

Lobe \ Lobe

. S ) ocis ’
2 3 normal
g~ cells

~—Lobules

Fatty tissue L2t
Fatty tissue

Figure 3. Lobules and Ducts in LCIS and DCIS respectively; adapted from
Cancer Care Brevard [23].
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1.1.4. Breast Cancer Classification

BC cannot be classified or treated as a single entity due to its heterogeneity that
classifies it into several subtypes. Therefore, it is subtyped based on the tumor’s
histopathology, immunopathology, and mMRNA expression [24]. Histopathological
classification includes two broad categories; ductal or lobular which can be further
classified as in situ or invasive [25, 26]. The most frequent subtypes of in situ and
invasive types are ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC)
respectively. Followed by lobular carcinoma in situ (LCIS) and invasive lobular
carcinoma (ILC) [26] [25]. Other less frequent subtypes include apocrine,
micropapillary, papillary, medullary, tubular, mucinous, and cribriform [25].

Three hormone receptors are used as markers in immunopathological subtyping of
BC; estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2). Based on these markers, BC cases can be assigned into 4
main categories, ER+ (ER+/HER2-), HER2+ (ER-/HER2+), triple positive
(ER+/PR+/HER2+), and triple negative (TNBC) (ER-/PR-/HER2-) [24]. These
subtypes have different clinicopathological features and outcomes [27]. HER2+ and
TNBC showed more aggressive clinicopathological features and poorer overall survival
compared to ER+ and triple positive tumors [27].

Molecularly, BC can be divided into 5 intrinsic subtypes based on mRNA
expression (Figure 4). ER+ BC cases are subtyped into luminal A (ER+, PR+, HER2-),
luminal B (ER+ and/or PR+, HER2+ or HER2-), and normal-like subtype that has
similar gene expression to normal breast epithelial cells [28, 29]. ER- tumors are
classified as HER2-enriched BC (ER-/HER2+), or basal-like similar to TNBC. These 5

subtypes differ in survival, demographics, tumor characteristics and prognosis [30-33]

19



(Figure 4). The majority of tumors are classified as luminal A (40%). These tumors

have lower grade, better prognosis, and lower expression of proliferation related genes

compared to luminal B tumors (20% of BC tumors) [29]. Normal-like (2-8% of BC

tumors) have a better prognosis than luminal B but lower than luminal A [28]. HER2-

enriched tumors (10-15% of BC tumors) have a high histologic grade, poor prognosis,

and a good response to HER2-monoclonal targeted therapy. Basal-like tumors or TNBC

(15-20% of all

BC tumors) have the worst prognosis among the other subtypes and are

associated with BRCA1 mutations [28, 29]. Having accurate classification criteria of

BC tumors can help in the development of accurate diagnostic tools and treatment

strategies.
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1.1.5. Breast Cancer Diagnosis and Treatment Strategies

Early detection of diseases, including BC, is always the best strategy to decrease
the aggressiveness and mortality rates. Therefore, early-stage screening methods are
being used in the diagnosis of BC cases. These methods include mammaography,
ultrasound, and magnetic resonance imaging (MRI). Screening mammography reduced
mortality rate by 19% especially for women in their 60s [34]. However, it is not suitable
for patients having dense breasts. Ultrasound can be recommended as a supplement for
patients that cannot have mammaography, but it sometimes fails in detecting tumors due
to the similarities between healthy and cancerous cells. MRI is recommended for
patients at high risk of developing BC, but it is expensive and results in many false
positive results [35]. Proteomic and gene biomarkers can also be used in monitoring
tumor growth. However, these biomarkers are present at low concentration in early
stages of BC, so they cannot be used for early detection [35, 36]. Therefore, new
diagnostic tools that have minor disadvantages should be investigated to have more
accurate diagnosis of BC.

Treating local BC tumors can be done by surgical removal of the tumor.
Hormonal therapy can be used for ER+ and PR+ tumors targeting hormonal receptors.
For HERZ2 positive tumors, targeted therapy using HER2 antibodies can serve as a
possible treatment strategy. The most aggressive subtype is TNBC and is characterized
by large tumor size, involvement of lymph nodes, high rates of recurrence, and poor
prognosis [37, 38]. Therefore, TNBC patients are being subjected to chemotherapy in
most of the cases. Radiation can also serve as a treatment strategy to decrease

recurrence [39].
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The difficulty of early diagnosis, treatment selection, and prognosis prediction
increases due to the heterogeneity of BC [40]. For example, TNBC patients are
developing therapeutic resistance to chemotherapy resulting in cancer metastasis and
recurrence [40, 41]. Tumors considered as TNBC have shown diverse histologic
patterns [42]. Thus, TNBC is considered a heterogenous group that needs to be further
subtyped. Accurately classifying and understanding these subtypes, can help in

developing accurate diagnostic tools and more effective treatment strategies.

1.1.6. Breast Cancer heterogeneity: ER- Breast Cancers

In 2012, Gued;j et al. divided BC into six subgroups based on transcriptomic
gene cluster. They had very significant differences in tumor grade, metastatic sites, or
response to chemotherapy. Four of the subgroups were (ER+ /PR+ /AR+). The other 2
were both ER-; one was (ER-/PR-/AR+) and the other was triple negative (ER-/PR-
IAR-) [43]. HER2 expression was amplified among a subgroup of ER+ tumors and a

subgroup of ER- (ER-/PR-/AR+) tumors [43].

1.1.6.1. Triple Negative Breast Cancers

TNBC:s are clinically, pathologically, and molecularly distinct, resulting in
several different behaviors and treatment responses. Additionally, TNBCs have higher
risks of recurrence and metastasis to the lungs and brain compared to other BC subtypes
[44]. This metastasis is rapid, appearing during the first 3 years of diagnosis, tending to
poor prognosis [44]. Therefore, due the diverse differences between TNBCs and their
aggressive behavior, it is crucial to better classify TNBCs for having finer treatment

strategies. Initially, Lehmann et al subdivided TNBC into six subtypes: basal-like 1
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(BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal like (MES),
mesenchymal stem like (MSL), and luminal androgen receptor (LAR). These subtypes
were determined by cluster analysis of the gene expression of TNBC cases reported in
21 publicly available data sets [45]. In 2016, Lehmann et al refined TNBC subtypes
from 6 subtypes to 4 (BL1, BL2, MES, and LAR) by using histological evaluation,
isolation of homogenous cell populations, and gene expression analysis on a panel of
TNBC tumors. They proved that IM and MSL had distinct profiles only due to the
infiltration of lymphocytes and tumor associated mesenchymal cells respectively, and
not because they are distinct subtypes [46]. These subtypes differ in response to
chemotherapy, yet they are not used in clinical practice [44]. Considering LAR subtype,
it is the most distinct among TNBC subtypes. Although it is ER-, it is highly regulated
by hormonal pathways due to the high expression of androgen receptor (AR), and

downstream AR targets and coactivators [45].

1.1.6.2. Molecular Apocrine Breast Cancer

Initially, apocrine breast carcinomas were classified based on their specific
histological and morphological features. These features include abundant granular
eosinophilic cytoplasm, nuclei located centrally to eccentrically, prominent nucleoli,
and distinctive cell borders [47]. Apocrine breast carcinomas are corelated with high-
risk recurrence and poor prognosis, but they have poor gene signature that describes
them molecularly [47, 48].

Using transcriptomic profiling on BC, Farmer et al. classified BC into three main
subtypes. Based on ER and AR expression in BC tumors the subtypes are: Luminal

(ER+ and AR+), basal (ER- and AR-), and molecular apocrine breast cancer (ER- and
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AR+). The newly discovered subtype, molecular apocrine breast cancer (MABC), was
given the term “apocrine” due to the presence of apocrine features [49]. Another group
identified MABC as a separate entity by using other BC datasets [50]. By observing
gene expression in ER- tumors, a differential cluster having AR expression was
identified [50]. Moreover, this new subtype coincides with Lehmann TNBC LAR
subtype (both ER- and AR+). However, Guo et al. found that more than 50% of MABC
are considered as HER2+ [51]. Knowing that LAR tumors are TNBC tumors, these
tumors are considered as HER2- negative. Therefore, a confusion arises due to the
overlap between TNBC LAR subtype (ER-, HER2-, AR+) and HER2- MABC (Figure
5). Thus, MABC/LAR tumors should be considered as a new entity distinct from other
BC subtypes. However, it is still difficult to identify this subtype because the extent to
which it has been studied is insufficient. Therefore, accurate methods of identification
are required to improve its diagnosis, prognosis, and treatment. Novel biomarkers like
microRNA (miRNA) could serve as a helpful tool for better classifying and

understanding the tumorigenesis of MABC/LAR tumors.
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Figure 5. Hormonal receptors expression and aggressiveness of BC subtypes.
Adapted from [44].

1.2. Overview on microRNASs
1.2.1. miRNAs Definition

MicroRNAs (miRNAs) are small noncoding RNA sequences of 17-25 nucleotides
[52]. According to Bartel, miRNAs account for 1-3% of the human genome and have a
role in regulating physiological processes like cellular development, proliferation,
metabolism, differentiation, and homeostasis [53, 54]. In 1993, Lee et al, at Harvard
University, discovered lin-4, the first miRNA in Caenorhabditis elegans nematode [55].
They found that lin-4 gene does not code for any protein, but it produces small RNAs.
These RNAs have an antisense complementary strand to multiple sites in the 3’
untranslated region (3’UTR) of the lin-14 gene. This region was previously shown to
mediate the repression of the lin-14 gene [56]. Therefore, they concluded that lin-4

reduces the translation of lin-14 mRNA into LIN-14 protein [53, 55]. After which,
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several studies discovered hundreds of miRNAs found in humans that are coded within

protein coding genes and non-coding RNA units [57].

1.2.2. miRNAs Biogenesis and Mechanism of Action

miRNA genes are either intergenic (within genome exons) or intronic (within
genome introns). Intronic mMiRNAs are transcribed by the same promoter that
transcribes the host gene which they are located within. However, intergenic miRNAS
rely on their own promoters [58].

Biogenesis and maturation of miRNAs is considered a two-step process that starts in
the nucleus and ends in the cytoplasm. In the nucleus, RNA Pol Il transcribes miRNA
genes into primary miRNAs (pri-miRNAS) [59]. Then the biogenesis continues in either

of the two pathways: canonical or non-canonical [59] (Figure 6).

1.2.2.1. The Canonical Pathway

It is the dominant pathway by which most of the miRNAs are processed [59]. In this
pathway, a microprocessor complex composed of an RNA binding protein DiGeorge
Syndrome Critical Region 8 (DGCRS8) and a ribonuclease 111 enzyme (Drosha), cleaves
pri-miRNA into a hairpin shaped precursor miRNA (pre-miRNA) of 60-80 nucleotides
in length [60]. Then these pre-miRNAs are exported to the cytoplasm by an exportin 5
(XPO5)/RanGTP complex. In the cytoplasm, an RNase 11l endonuclease (Dicer) and its
cofactor transactivation-responsive RNA binding protein (TRBP) continue the
processing of pre-miRNAs by cleaving its terminal loop, resulting in a mature miRNA
duplex [60-62]. The duplex now has two strands: the “guide” which has a relatively

unstable 5° end or that has a 5 Uracil at nucleotide position 1, and the “passenger”
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strand [58]. In an ATP dependent manner, both strands are loaded into the Argonaute

protein family (AGO) forming the RNA-Induced Silencing Complex (RISC) [63].

1.2.2.2. The Non-canonical Pathway

This pathway is divided into Drosha/DGCR8-independent and Dicer-independent
pathways. In the Drosha-independent pathway, Mirtrons are generated from the
cleavage of short introns. Then they are exported to the cytoplasm by Exportin 5, to be
processed by Dicer and loaded onto AGO protein. However, in the Dicer-independent
pathway, pre-miRNASs are generated from short hairpin RNA (shRNA) molecules then

loaded onto AGO2 protein to be processed further [64-66].
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Figure 6. Canonical and non-canonical pathways of miRNA biogenesis.

In the canonical pathway of miRNA biogenesis, pri-miRNAs are transcribed from
MIRNA genes by RNA polymerase Il and are then cleaved by Microprocessor
(Drosha+DGCRS) to form pre-miRNAs. Pre-miRNAs are then exported to the
cytoplasm, where they are once again cleaved by Dicer, forming miRNA
duplexes. One strand of this miRNA duplex is loaded into Argonaute protein
(AGO) to form RISC, which takes part in mRNA regulation. In the non-canonical
pathway of miRNA biogenesis, miRNAs bypass the Drosha- or Dicer-dependent
cleavage step, and this step is replaced by another cleavage reaction carried out by
different proteins. Adapted from [67]
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In both pathways, RISC functions as a guide to direct the silencing of target
MRNA [68]. Mature miRNAs are denoted with a -5p or -3p suffix based on the
precursor arm they originate from, either 5 or 3 respectively [69]. It was previously
thought that only one pair is active, but recent studies showed that both pairs can be
active and target common genes [70]. miRNAS repress gene expression by interfering in
posttranscriptional modifications by two main mechanisms [71] (Figure 7). They can
bind to the complementary mRNA, preventing the mRNA from being translated, thus
decreasing gene expression [72]. Another way miRNAS can repress gene expression is

by deadenylation, and exonucleolytic digestion of the mRNA, thus degrading it [73-77].

mRNA degradation: 4/5 of all mRNA targets A
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Figure 7. Mechanism of miRNA action on target mRNA.

According to the complementarity between miRNA and 3' untranslated region
(UTR) of target mMRNA, there are two mechanisms of miRNA action: (A) when
MIRNA is near-perfectly complementary with target mRNA, deadenylation and
subsequent degradation of the target MRNA occurs (major mechanism of miRNA
action); (B) when miRNA is only partially complementary to its target mRNA,
translational inhibition occurs. Adapted from [78].
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1.2.3. miRNAs in Biological Processes

miRNAs play several roles in various biological processes such as cell proliferation,
differentiation, survival, development, and homeostasis [79]. For example, miR-96
causes developmental defects in humans when mutated [80]. Also, miRNAs play a
critical role in the regulation of the immune system. Thus, their dysregulation results in
severe defects in immune cell development leading to autoimmune disorders. For
instance, in monocytes, miR-132, miR-146, and miR-132 regulate immune responses
after pathogen recognition [81]. Moreover, miRNAs play a role in the development and
differentiation of cardiac and skeletal muscles. It has been validated that miR-1 is

abundantly expressed in muscle progenitor cells and differentiating muscle cells [82].

1.2.4. miRNAs Role in Cancer

miRNA dysregulation was suspected to have a role in tumorigenesis. The first study
that proved the correlation between miRNA dysregulation and cancer was done by Dr.
Croce’s group in 2002 [83]. They were interested in investigating the role of the genes
in the 13q14 chromosomal region which is frequently deleted in Chronic Lymphocytic
Leukemia (CLL) cases [84]. The results showed that 2 miRNA genes, miRNA 15-a and
miRNA 16-1, were found in this region which is deleted or downregulated in majority
of B-cell CLL. These miRNAs were found then to act as tumor suppressors that induce
apoptosis by repressing the expression of B-cell lymphoma 2 (BCL2) gene, a gene that
enhances cell survival and inhibits apoptosis [85, 86]. Another study reported that miR-
17-92 gene cluster was amplified in B-cell lymphomas and lung cancer resulting in an

over-expression of these miRNAs [87, 88].
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Therefore, based on their role in cancer and the genes they target, miRNAs are
classified as either oncomiRs or tumor suppressor miRNAs (Figure 8) [89]. In lung
cancer, miRNA let-7, which acts as a tumor suppressor, was found to be involved in the
pathogenesis of the disease due its reduced expression in both in vivo and in vitro
models what caused shortened postoperative survival [90] . In addition, let-7 was found
to target and repress the translation of two oncogenes RAS and MY C which are
significantly overexpressed in lung tumor tissues [91]. However, miR-17-92 cluster is
highly expressed in lung cancer and it enhances tumor growth [87]. Therefore, miR17-9
acts as an oncomiR by repressing the expression of two predicted tumor suppressing
genes, PTEN and RB2 [92]. Also, miR-221, miR-222, and miR-146 are overexpressed
in thyroid tumors and are considered as oncomiRs that are predicted to target KIT
mMRNA which is downregulated in thyroid carcinoma [93]. Interestingly, some miRNAs
target both oncogenic and tumor suppressor factors thus the net effect determines
whether the miRNA acts as an oncomiR or tumor suppressor based on the ratio of the
targeted oncogenic/tumor suppressor genes expression [94]. To illustrate, miR-125b
acts as an oncomiR by targeting proapoptotic factors (TP53, BAK1, BMF, BBC3, and
MAPK14), and metastasis inhibitors (STARD13, TP53INP1, and TP53) and acts as
tumor suppressor by targeting pro-proliferative factors (JUN, STAT3, E2F3, IL6R, and
ERBB2/3), metastasis promoters (MMP13, LIN28B, and ARID3B) [95, 96]. The net
effect of miR-125b is tumor suppressing since it targets BCL6 gene, the hallmark of
CLL [97, 98]. Another interesting miRNA is miR-155, which acts as an oncomiR or
tumor suppressor based on the type of cancer [94]. It is considered as oncomiR due to
its oncogenic properties in a large number of solid and hematologic malignancies [99,

100]. However, experiments showed that miR-155 inhibited proliferation in melanoma
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cell lines by targeting SKI, an oncogene overexpressed in melanoma [101]. Other
examples include the experiment done on gastric cancer (GC) and ovarian cancer (OC)
that showed the tumor suppressive role of miR-155 by targeting SMAD2 and CLDN1
respectively [102, 103].

Moreover, studies validated that miRNAs genes are dysregulated in cancer due to
their location in fragile sites or cancer-associated genomic region (52.5% of the genes
are located in these sites) that are susceptible to chromosomal abnormalities (deletion,
translocation, duplication) suggesting an important role in tumorigenesis [104]. In
addition, epigenetic factors like DNA hypermethylation of the promoter region of
miRNA can play a role in downregulating its expression like miR-9-1 downregulated
expression in BC [105, 106]. On the other hand, miRNAs can be upregulated through
histone acetylation of their genes. A study done on hepatocellular carcinoma (HCC)
showed that miR-224 is upregulated due to increased histone acetylation and
downregulated with the addition of a histone deacetylase [107]. Additionally, p53, a
tumor suppressor factor, has shown a role in altering miRNAs expression by regulating
their transcriptional process. In fact, miRNAs are important factors in the pathway p53
follows to suppress tumorigenesis. We can see this with miR-145, whose expression is
induced by p53, negatively regulating oncogene c-Myc [108, 109]. Posttranscriptional
modifications can also be regulated by p53. For instance, posttranscriptional maturation
of miRNAs that have growth suppressive functions like miR-16-1, miR-143, and miR-
145 were enhanced by p53 [110]. Moreover, downregulation of factors involved in
processing MiRNA like DROSHA and DICER as reported in breast cancer, lung cancer,
and ovarian cancer can have a role in the dysregulation of miRNAs [111, 112].

Interestingly, miRNAs’ profiles have shown a difference between subtypes of a cancer.
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For example, miR-205 expression is used to discriminate between squamous and non-
squamous non-small cell lung carcinoma [113-115]. The early diagnosis of the tumor
provides better survival in cancer patients. Several reports proved that miRNAs can
serve as a new potential early diagnostic marker. In pancreatic ductal adenocarcinoma,
miR-205 and miR-21 are overexpressed preceding any phenotypic changes in the ducts,
suggesting possible use of these miRNAs in early detection of this type of cancer [115,
116]. Another possible use in determining survival time, low miR-191 and high of miR-
193 was shown to be associated with shorter survival time in melanoma [115, 117].
Considering the use of miRNA as a prognostic biomarker, it was shown that
determining the levels of miR-26 does not serve as an indicator of survival in HCC.
However, patients with low levels of miR-26 had improved survival by responding well
to interferon-alpha treatment. Therefore, quantifying miRNAs can serve as a marker to
differentiate between patients in giving treatment based on how well they are going to
respond and benefit [115, 118].

We can conclude that miRNAs action is tissue and context specific. Eventually,
miRNA profiling can be used in accurately discriminating between different types of
cancer, between normal and cancerous tissue, and identifying subtypes of a cancer [115,

119, 120].
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Figure 8. miRNA dysregulation in Cancer and acting as either oncomiRs or
tumor suppressor miRNAs, created by BioRender.

1.2.5. miRNAs Role in Breast Cancer

Dysregulation of miRNA in BC was first discovered by lorio et al in 2005. They
found different miRNAs profile between breast tumor tissue and normal tissue [121].
Several miRNAs are consistently dysregulated in all BC types. For example, miR-21
and miR-155 are upregulated and miR-125b and miR-145 are down regulated in all BC
types compared normal tissue [122]. However, a study done by Blenkiron et al analyzed
miRNA profiles in BC tumors which demonstrated a distant miRNA profile between
molecular subtypes of BC (luminal A, luminal B, basal-like, HER2+ and normal-like)
[123]. Therefore, due to the heterogeneity of BC, miRNASs can be considered as a
potential marker in diagnosis and subtyping BC tumors. A study showed that several
mMiRNAs are overexpressed in luminal tumors (ER+ tumors) but not ER- tumors like

miR-26, miR-5681a, miR-5695, miR-887, miR-149, miR-375, miR-342, miR-190b,
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miR-29c, and miR-29b. Also, some miRNAs like miR-455-3p, miR-934, miR-135b and
miR-577 are downregulated among ER+ samples compared to normal tissue. However,
basal like tumors are characterized by high expression of miR-584, miR-138, miR-
135b, miR-455, miR-577, and miR-934. Interestingly, they have a low expression of
some miRNAs that are upregulated in ER+ tumors like miR-29c, and miR-190b. In
HER2-enriched tumors, miR-34a, miR-2115, miR-4728, and miR-7158 have a high
expression with miR-7158 being strongly associated with HER2-enriched tumors.
Moreover, the difference in expression of miR-99a, let-7c, miR-125b helped in
differentiating between luminal A and B tumors [124].

As discussed before, miRNAs act as either oncomiRs or tumor suppressor miRNAsS.
Therefore, they affect BC tumorigenesis by regulating oncogenic and tumor suppressor
pathways that regulate apoptosis, invasion, metastasis, angiogenesis, and epithelial to
mesenchymal transition (EMT) [125].

miR-125a promotes apoptosis by targeting gene coding for HuR protein (Human
antigen R). Therefore, the downregulation of miR-125a in human breast tissue
contributed to breast carcinogenesis [126, 127]. Also, it was confirmed by a study that
the overexpression of miR-21 in BC tissues stimulates cell proliferation by targeting
and inhibiting a tumor suppressor factor PDCD4 (programmed cell death protein 4)
[128, 129].

Moreover, miR-205 is downregulated in MDA-MB-231 (TNBC model) and MCF-7
(ER+ BC model) BC cell lines when compared to MCF-10A (non-cancerous model of
human mammary epithelial cells) cell line. To investigate its role, miR-205 was

upregulated in MDA-MB-231 cells what suppressed their invasive ability [130].
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Tavazoie et al. concluded after a study done on miR-126 and miR-335, that
these two miRNAs have low expression in BC tissues compared to normal ones. In the
study they found that miR-126 reduces tumor growth and proliferation while miR-335
inhibits metastatic cell invasion by targeting factors that promote metastasis like cell
transcription factor SOX4 and extracellular matrix component tenascin C [131].
Another study quantified miRNAs that are associated with metastatic BC. Results
proved that 15 miRNAs are overexpressed and 17 miRNAs are downregulated in
metastatic BC tissues compared to non-metastatic BC tissues. These results suggest that
the role of miRNAs involved in metastasis is variable between being an oncomiR or
tumor suppressor miRNA [132].

Dysregulation of miRNA in cancer plays a role also in angiogenesis. Cancer
cells utilize maximally nutrients and oxygen to help in their rapid growth, so they need
more blood supply, initiating angiogenesis. This process can be accomplished due to the
downregulation of miR-205 in BC [130]. This miRNA inhibits angiogenesis by
suppressing angiogenesis promoters like HER and VEGF-A (vascular endothelial
growth factor A) [130].

EMT is an important process in the formation of the body, by inducing the
differentiation of tissues and organs, and its involvement in tissue repair. However,
EMT dysregulation may promote carcinoma by giving cancer cells the ability to invade,
migrate, and survive [133]. It was first discovered in 1989 by Boyer and colleagues that
cancer cells can transform into mesenchymal cells prior to metastasis by losing cell-to-
cell adhesions [134]. EMT can be measured and detected by certain markers like E-
cadherin (expressed in epithelial phenotype), N-cadherin (expressed in mesenchymal

phenotype), and transforming growth factor-beta (TGF-f), which is a cytokine that
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induces EMT (Figure 9). After reporting EMT in BC, the downregulation of some
miRNAs like miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-
429) and miR-205 promoted EMT. Experiments showed that these miRNAs inhibited
EMT by targeting ZEB1 and ZEB2 (Zinc finger E-box binding homeobox) genes.
These two genes promote EMT by repressing E-cadherin, thus detaching cells from

each other and giving them migratory freedom [135-138].
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Figure 9. EMT illustration showing epithelial and mesenchymal different
characteristics and markers Created by BioRender

1.2.6. miRNAs Role in AR+ tumors

Studies proved that there is an interplay between miRNAs and AR expression. The
first correlation was proved in prostate cancer (PCa). Fletcher et al. suggested that in
PCa, AR expression modulated the levels of an oncomiR miR-27a. This miRNA
suppressed the expression of Prohibitin (an AR repressor). Thus, by positive feedback
loop miR-27a and AR expression promoted PCa cell growth and maintained the

oncogenic phenotype [139]. Considering the interaction between AR expression and
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miRNAs in BC, a study proved that miRNAs are differentially expressed between AR+
and AR- cell lines [140]. Therefore, it is important to investigate if there is any crucial
role for miRNAs in AR function.

No studies have been done yet to determine the interaction between miRNAs and
MABC/LAR tumors. Knowing that the main feature of these tumors is the high AR
expression, miRNAs could have a role in their tumorigenesis. Lyu et al. validated the
role of let-7a in inhibiting cell proliferation of MDA-MB-453 (MABC cellular model,
ER-/PR-/AR+). Also, this miRNA is upregulated due to the androgen induced AR
activating signal [141]. Thus, the relation between miRNAs and MABC/LAR tumors
should be further studied and investigated.

Using publicly available data on The Cancer Genome Atlas Breast Invasive
Carcinoma Collection (TCGA-BRCA) and in silico analysis, our lab was able to
classify the samples into their corresponding molecular subtypes. Then differential
expression analysis identified dysregulated miRNAs in MABC samples compared to
non-MABC samples. These findings were further validated in a cohort of French BC
samples. The cohort was composed of 111 ER-negative samples characterized into 68
MABC samples and 43 non-MABC samples. Characterization criteria included AR,
FOXAL, and AR-related gene expressions. After that, using miRNA PCR assay was
done for a panel of differentially expressed miRNAs. Interestingly, miR-187-3p had a
significant upregulation in MABC samples compared to non-MABC samples (Figure
10). These results raised our interests in investigating the role of miR-187-3p in MABC

tumorigenesis.
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Figure 10. miR-187-3p expression in non-MABC and MABC tissue samples
using MiRCURY Kkit.

Box plot representing the log2 relative ratio of miR-187-3p expression (delta CT to
mean of sno48 and sno49) non-MABC (n=43) and MABC (n=68). *** represents p-
value<0.001

1.2.7. miR-187-3p Dysregulation in Cancer and its Role in Tumorigenesis

miR-187-3p is being studied more frequently in recent years. The gene coding
miR-187-3p is located at the 18q12.2 chromosome of the human genome [142]. miR-
187-3p is downregulated in several types of tumors and being considered as a tumor
suppressor. Considering male genitourinary tumors, miR-187-3p showed a reduced
expression in PCa compared to benign hyperplasia [143]. In cancers occurring in the
digestive system like HCC and colorectal cancer (CRC), miR-187-3p also showed a
reduced expression [144, 145]. The downregulation of miR-187-3p in HCC is due to

hypoxia. S100A4 was validated to be a downstream target of miR-187-3p. S100A4 is a
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gene that promotes proliferation and metastasis [146]. Thus decreasing the expression
of S100A4, inhibited EMT progression and the promoting effects of hypoxia on
metastasis [147]. In CRC results showed that miR-187-3p impaired cell migration and
invasion through repressing its target gene Sprouty RTK Signaling Antagonist 1
(SPRY1). However, high levels of miR-187-3p in CRC tumors was correlated with
inflammatory conditions resulting in poor prognosis [145]. In non-small cell lung
cancer (NSCLC), miR-187-3p, was downregulated in tumor tissues compared to normal
tissues and very low in NSCLC cell lines. Functional assays done showed that miR-
187-3p inhibited cell proliferation, migration, invasion, and promoted apoptosis by
targeting oncogenic BCL6. Moreover, measuring the expression of miR-187-3p can
help in determining the prognosis of cancer where it is dysregulated. It was determined
that metastatic HCC had a lower expression of miR-187-3p than non-metastatic HCC
tumors. Therefore, low level of this miIRNA is associated with metastasis and cancer
progression [147]. In clear cell renal cell carcinoma (ccRCC), miR-187-3p is
downregulated compared to normal tissue and is corelated with poor prognosis. That is
due to the ability of miR-187-3p in restraining cell proliferation, migration and invasion

capacities by targeting LRFN1 gene [148].

1.2.8. miR-187-3p Dysregulation in BC and its Role in Tumorigenesis

In BC, miR-187-3p has not been studied much and is poorly investigated.
However, available data reveals that miR-187-3p is dysregulated in BC tumors [149].
Therefore, miR-187-3p should be further studied in BC since it might be used in
differentiating BC subtypes, determining tumor progression, and affecting drugs

sensitivity. A study compared the expression of miR-187-3p in monolayer culture and
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multicellular tumor spheroids (MCTS) BC models of MCF-7 cells. The results revealed
that miR-187-3p is upregulated in MCTS BC model compared to monolayer BC model.
Therefore, it can be concluded that miR-187-3p has a role in promoting aggressive and
invasive tumor ability. Thus, determining the expression of miR-187-3p can help in
differentiating between high-risk tumors (high levels of miR-187-3p) and low risk
tumors (low levels of miR-187-3p) [142, 150]. However, another study proved that
miR-187-3p is downregulated in BC by comparing its expression in 30 pairs of BC
tumors and corresponding non-tumor tissue samples. Then using MDA-MB 231 cell
line as a model, the authors were able to determine the role of miR-187-3p in
tumorigenesis by upregulating its expression. Overexpression of miR-187-3p reduced
cell viability and increased apoptosis when compared to untreated cells. For that reason,
the authors concluded that miR-187-3p reduces cancer progression by inducing
apoptosis, opposing the results of previous study mentioned earlier [149]. Other than
using miR-187-3p as a tumor progression marker, it can be used in predicting drug
response and sensitivity. Differentially expressed gene elimination strategy (DEGES)
analysis was done between patients having metastatic BC that are considered as
responders to drugs and non-responders to determine miRNAs associated with systemic
treatment. The analysis revealed 12 miRNAs as oppositely regulated between
responders and non-responders. Of which miR-187-3p exhibited a significant
upregulation in responders compared to non-responders. Moreover, miR-187-3p
upregulation has shown association with increased overall survival (OS) and
progression free survival (PFS) because it regulates Mitogen-activated protein kinase
(MAPK) signaling pathways. Therefore, miR-187-3p can be used as a marker to

determine the response of patients having metastatic BC to treatment [151-153].
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Considering drug sensitivity, miR-187-3p has shown a role in regulating the sensitivity
of chemotherapy drugs such as gemcitabine. In the experiment previously discussed, the
overexpression of miR-187-3p in MDA-MB-231 cells increased the sensitivity to
gemcitabine by enhancing its anti-proliferative and pro-apoptotic effects. Thus, this
study revealed an important potential use of miR-187-3p as a therapeutic target in BC
[149]. In conclusion, miR-187-3p is dysregulated in BC and has a role in tumorigenesis.
However, its expression and role in MABC is not yet studied and should be further

investigated.

1.3. Aim of the Study

The heterogeneity of BC renders its classification, prognosis, diagnosis, and
treatment as challenging. Specifically, MABC tumors that are not well studied and are
being misdiagnosed as TNBC tumors. Therefore, the main aim of our work is to find
markers that can aid in refining the classification criteria. Since miRNAs have been
reported to be dysregulated and to have a role in tumorigenesis, we were interested in
investigating the role of differentially expressed miRNAs between MABC and non-
MABC tumors. One of the miRNAs as per previous data at our lab, was reported to be
upregulated in MABC samples compared to non-MABC samples. This miRNA is miR-
187-3p that is reported to be implicated in several cancer related pathways altering
cancer proliferation, invasion, migration, and aggressiveness. These findings were
described in other cancers or BC subtypes but not in MABC. Thus, in this study we aim
to investigate the role miR-187-3p in MABC tumorigenesis. For this purpose, we will
first try to find the best in vitro cellular models that resemble MABC and non-MABC

by determining AR and miR-187-3p basal expressions. Then miR-187-3p will be
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upregulated or downregulated in the chosen cell lines. Invasion and proliferation assays
will be done to determine the role of miR-187-3p in tumorigenesis. By using in silico
analysis by miRtargterlink 2.0 database and literature review, potential targets of miR-
187-3p will be chosen. Further selection will be performed on target genes where the
ones downregulated in MABC compared to non-MABC based on TCGA-BRCA data
will be chosen. After that the effect of the modulated expression of miR-187-3p on the

selected potential targets will be assessed by RT-gPCR.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Bioinformatics Analysis: In Silico miRNA-mRNA integration analysis

miRtargetlink 2.0 was used as a database to search for predicted and weakly
validated targets of miR-187-3p. This database reported predicted targets that are
mentioned in all databases. Therefore, 34 predicted targets, mentioned in at least 2
databases, were selected. Also, 16 weakly validated targets were reported in
miRtargetlink 2.0, thus selected. Based on literature review, 7 targets were selected as
being reported to be miR-187-3p targets. Further selection depended on the targets’
significant downregulation in MABC samples compared to non-MABC samples based
on TCGA-BRCA database. PubMed was used as a searching engine to determine
miRNA-mRNA interaction and the role of selected targets in cancer as follows: (“breast
neoplasms”[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR
"breast neoplasms”[All Fields] OR ("breast"[All Fields] AND "cancer"[All Fields]) OR
"breast cancer"[All Fields]) AND "mir-187-3p"[All Fields], "mir-187-3p"[All Fields]
AND ("cancer s"[All Fields] OR "cancerated"[All Fields] OR "canceration"[All Fields]
OR "cancerization"[All Fields] OR "cancerized"[All Fields] OR "cancerous"[All Fields]
OR "neoplasms”[MeSH Terms] OR "neoplasms”[All Fields] OR "cancer"[All Fields]
OR "cancers"[All Fields]), "mir-187-3p"[All Fields] AND ("target"[All Fields] OR
"targetability”[All Fields] OR "targetable"[All Fields] OR "targeted"[All Fields] OR
"targeting”[All Fields] OR "targetings"[All Fields] OR "targets"[All Fields] OR
"targetted"[All Fields] OR "targetting"[All Fields]), and "name of the target"[All Fields]

AND ("cancer s"[All Fields] OR "cancerated"[All Fields] OR "canceration"[All Fields]
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OR "cancerization"[All Fields] OR "cancerized"[All Fields] OR "cancerous"[All Fields]
OR "neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "cancer"[All Fields]

OR "cancers"[All Fields]).

2.2. Cell Culture

MDA-MB-231 (ER-, PR-, HER2-) and MDA-MB-453 (AR+, ER-, PR-, HER2-)
BC cell lines were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) high
glucose (Sigma Aldrich) with 10% Fetal Bovine Serum (FBS) (Gibco), 1% sodium
pyruvate and 1% penicillin/streptomycin. The non-tumorigenic cell line MCF-10A was
maintained in DMEM F-12 (Sigma Aldrich) with 5% Horse Serum (STEM CELL
Technologies), 20 ng/ml Epidermal Growth Factor (EGF), 0.5 pug/ml hydrocortisone,
100 ng/ml choleratoxin, 10 pg/ml insulin, and 1% penicillin/streptomycin. Cells were

incubated at 37°C with 5% CO2 (Table 1).
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Table 1. Characteristics of the Used BC Cell Lines (ATCC)

Cell line Organism Origin Primary Receptors
and Age tumor
MDA-MB-231 | Human, 51 Mammary gland, Basal type ER-
I ived f .
years old breast, derived from Adenocarcin | PR-
metastatic site; oma
pleural effusion HER?2-
MDA-MB-453 | Human, 48 Mammary gland, Invasive AR +
years old breast, derived from | apocrine ER- PR-
metastatic site; breast
pericardial effusion | carcinoma HER2-
MCF-10A Human, 36 Mammary gland, N/A N/A

ears old
y Breast

2.3. Total RNA Extraction

Total RNA was extracted from the cells using TRI Reagent (Sigma Aldrich)
according to the manufacturer’s instructions. 1 ml of TRI Reagent was added per
sample, and samples were incubated for 5 minutes at RT to ensure that cells are totally
lysed. Then, 200 pl of chloroform was added per 1 ml TRI Reagent, mixed by inverting
the tubes for 15 seconds, and centrifuged at 12,000xg for 15 minutes at 4°C. After
centrifugation, the mixtures separate into a lower red phenol-chloroform phase, a DNA
rich interphase, and a colorless aqueous phase containing the RNA. Then, the aqueous
phase from each sample was transferred to a new tube by angling the tubes by 45°. 500
pl of 100% isopropanol was added per 1 ml TRI Reagent, vortexed for 2 seconds, and

incubated at RT for 10 minutes. After that, the samples were centrifuged at maximum
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speed (21,100xg) for 15 minutes at 4°C to collect the RNA. The supernatants were
removed and two steps of washing with 75% ethanol prepared in DEPC (RNase-free
water) were done. Each step was followed by centrifugation at maximum speed
(21,100xg) for 5 minutes at 4°C. Pellets were air-dried for at least 10 minutes to remove
any residuals of ethanol. Pellets were then re-suspended in 40 pl DEPC water and
incubated for 15 minutes at 55°C on a heat block. RNA concentration and purity were
measured by Denovix Blue Spectrophotometer. Samples with a good quality ratio were

stored at -80°C to be used in further experiments. The process is illustrated in Figure 11.

RNA Extraction
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Homoges I ,., a’ ed ‘,:i,i - ’a.{l:ﬂ’ 4 ) m“i’ g::“, " Centrifuge & remove
centnfuge phase (o new ude emove supe/nala supanal.\m & alr d'_V
4 Cell pellet #— RNA pellet
Cell lysis and Addition of Isolation of the RNA- Precipitation Wash Resuspension
sample preparation chiorof g aqueous phase of RNA x2 of RNA pellet

7\
(7)

Incubate on heat (B

block for 12 it
Created in BioRender.com bio

minutes
Figure 11. Hlustration showing RNA extraction steps. Adapted and modified
from BioRender
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2.4. miRNA Expression by Reverse Transcription Quantitative Real Time PCR
(RT-gPCR)

Reverse transcription of 10 ng of RNA was completed using TagMan microRNA
Reverse Transcription Kit (Applied Biosystems). Multiplex cDNA master mixes were
produced on ice. 2pul of DEPC treated water, 0.1ul of 100 mM dNTPs, 1 ul of 10x
Reverse Transcriptase Buffer, 0.13 pl of RNase Inhibitor, 0.67 pl of Multiscribe
Reverse Transcriptase enzyme, and 1 pl of each 5x microRNA primers -RNU6B(ID-
001093) as an endogenous control and miR-187-3p (ID-241073), for a total volume of
6.9 ul, were added per reaction sample. 3.1 pl of the 10 ng RNA diluted in DEPC was
put to each reaction tube on ice. Reaction samples were well mixed and loaded in the
BioRad T100 thermal cycler. The protocol is as follows: 30 minutes incubation at 16°C
(priming), 30 minutes incubation at 42°C (reverse transcription), 5 minutes incubation
at 85°C (RT inactivation), and infinite hold at 4°C. cDNA samples were diluted by
adding 57 ul DEPC water and stored at -20°C for later use in RT-gPCR.

RT-gPCR for miR-187-3p expression was accomplished using TagMan microRNA
Assays and 2x TagMan Universal Master Mix with no Amperase Uracil N-glycosylase
(UNG) (Applied Biosystems). The master mixes were prepared as follows: 5Sul of 2x
Universal Master Mix, 0.5 pl of the corresponding 20x microRNA probes, and 2pul of
DEPC water. 7.5l of the master mix followed by 2.5ul of each cDNA sample were
dispersed in each reaction well of a BioRad 96 well skirted PCR plate. Plate was spun
shortly at 2,000xg for 1 minute and then filled into the gPCR 96 machine. The
following steps were run: 10 minutes hold at 95°C, 40 cycles of 15 seconds at 95°C
(denaturing step), and 60 seconds at 60°C (annealing and extension step). miR-187-3p

expression was normalized according to the endogenous control RNU6B. Then, the
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relative expression of the corresponding miRNAs was determined in the transfected

cells compared to the negative control (NC inhibitor and NC mimic) transfected cells.

2.5. Transfection of Cells

275,000 cells of MDA-MB-231 and MDA-MB-453, were seeded per well in a
6-well plate to reach 60-80% confluency for RNA extraction. Cells were seeded in
duplicates for each of the 3 conditions: control cells (untransfected), cells transfected
with miR-187-3p mimic to upregulate miR-187-3p or miR-187-3p inhibitor to
downregulate miR-187-3p, and cells transfected with negative control (NC) mimic or
NC inhibitor respectively to using mimics or inhibitors (GenePharma, Shanghai), all of
which are FAM-labeled. 5,000 cells were seeded per well in a 96-well plate to measure
cell viability by MTT assay. Three plates were seeded for the following time points: 24,
48, and 72 hours. Cells were incubated overnight to reach 60-80% confluency. Finally,
for the invasion assay, 55,000 cells were seeded per well in 24 well plates and incubated
overnight. Media was replaced with antibiotic-free media two hours prior to transfection
for all assays. Once the cells were ready, the transfection was done using Lipofectamine
RNAIMAX Reagent (Invitrogen) and Opti-MEM Medium (Gibco) according to the
manufacturer’s instructions. Lipofectamine and miR-187-3p mimic/NC or inhibitor/NC
were diluted in opti-MEM to reach the final concentration of 12nM and 100 nM
respectively. Then, the mix is incubated for 5 minutes and then transferred to the diluted
lipofectamine in a 1:1 ration and incubated for 10 minutes at RT. 100 ul of the complex
was added to the plates in a circular motion to ensure proper dispersion of the liquid.
After 24 hours, the cells are processed or stored at -80°C. However, the 96 well plates

were incubated for 24, 48, and 72 hours to perform MTT assay.
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2.6. Transfection Efficiency

Cells were transfected and harvested as previously described. 300 ul per condition
were transferred to 1.5 ml tubes and resuspended in 400 ul of 1X PBS. Cells were
analyzed on Guava EasyCyte8 Flow Cytometer (Millipore) to determine the
transfection efficiency by detecting green fluorescence of FAM. Fluorescence intensity
was adjusted according to the negative control sample. Green fluorescence (GRN-
HLog) versus Side Scatter (FSC-HLin) was measured and 10,000 events were collected.

The percentages of transfected cells were quantified by the GUAVASOFT 2.7 software.

2.7. MTT Assay

MDA-MB-231 and MDA-MB-453 cells were seeded in 96-well plates to measure
cell growth and transfected as previously mentioned. 10 pl of 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT), a yellow dye which is reduced by cellular
enzymes to the blue product formazan, was added per well 24, 48 and 72 hours after
transfection. Then, each plate was incubated for 4 hours at 37°C and 5% CO; followed
by the addition of 100 pl DMSO as a stop solution and incubation for 15 minutes. The
absorbance was measured at 595 nm using Multiskan EX from Thermo Fisher

Scientific.

2.8. Invasion Assay

To perform the invasion assays, 24-well tissue culture plates were fitted with
inserts (8 um pore size, BD Falcon) coated with growth factor-reduced Matrigel (1:1
dilution with serum- free medium). MDA-MB-231, MDA-MB-453, and MCF-10A each

with the densities mentioned earlier were then seeded on top of the matrigel and left at
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37°C until they reach confluency. Then cells were transfected with mimics or inhibitors
and their corresponding NC as per manufacturer’s instructions detailed earlier. After 24
hours, cells were labeled with Calcein-AM, and incubated for 1 hour at 37°C after
which inserts were fixed with 4% paraformaldehyde (PFA). Next, cells were
counterstained with DAPI. Fluorescent cells, which successfully invaded through the
matrigel, were photographed and counted at 40X magnification using laser scanning
microscope (LSM) 710 confocal microscope (Figurel2). At least five fields were
counted in z-stacks and reported as percentage of invaded cells as compared to the

control, cells transfected with NC.

Cells Seeded on Matrigel then Incubation with Calcein-AM after
Transfected after 24hrs Invasion
FBS-free Media M ! = = ‘
| | |

Transwell insert ‘ ‘
[
Seeded Cells ‘ [ I [ Insert Layer fixed and
Monolayer ‘ e e = | Non-invasive counterstained with DAPI

Extracellular Matrix ‘

Chemoattractant
Mcdia (FBS)

Imaged by Confocal Microscope

Figure 12. Matrigel Invasion Assay

Cells are allowed to invade through a matrigel where they have been seeded onto a
semi-permeable membrane cell culture insert with chemoattractant added below the
membrane. Invaded cells can then be quantified by staining cells with Calcein-AM
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2.9. Primers Optimization of the Selected mRNA Targets

Primers of the selected MRNA targeted genes by miR-187-3p were designed using
National Center for Biotechnology Information (NCBI). The specificity, amplicon size,
and melting temperature (Tm) were checked on PrimerBlast. Primers were optimized on
un-transfected MDA-MB-231 or MDA-MB-453 cells depending on the expression of

each gene in a specific cell line based on The Human Protein Atlas.

2.9.1. cDNA Synthesis for mMRNA Expression

Reverse transcription of 1000 ng of RNA was performed using the iScript
cDNA synthesis kit. cDNA master mixes were prepared on ice. 4 ul of 5x iScript
Reaction Mix and 1 pl of iScript Reverse Transcriptase were added to a total of 15 pl of
1000 ng RNA diluted in DEPC water. No Reverse Transcriptase (NRT) was included as
a negative control. Reaction samples were well mixed and loaded in the BioRad T100
thermal cycler. The following steps were run: 5 minutes incubation at 25°C for the
priming step, 20 minutes incubation at 46°C for the reverse transcription step, 1 minute
incubation at 95°C for RT inactivation, and an infinite hold at 4°C. cDNA samples were

diluted by adding 20 pl DEPC water and stored at -20°C for later use in RT-qPCR.

2.9.2. Primers Optimization by RT-gPCR

Different gradients of temperature were used for the optimization of primers.
The master mixes were prepared by mixing 5 pl of SYBER, 0.2 pl of each primer
(forward and reverse), and 3.6 of diethyl pyrocarbonate (DEPC). 9 ul of each master
mix was added per well of a BioRad 96 well skirted PCR plate followed by the addition

of 1 ul of the cDNA sample. The concentration of the forward and reverse primers of all

52



the genes was 10 uM for each primer. The plate was briefly centrifuged at 2,400xg for 1
minute to recover the full volume that needs to be in the bottom of the well. Then, the
plate was loaded into the Real-time PCR Biorad CFX96 machine, and the following
protocol was followed: 10 minutes hold at 94°C, 40 cycles of 15 seconds at 94°C. Then
a varying gradient for each gene: a gradient of 60.8-64.9 for CENPA, MBNL1, AGO1,
SOX4, INPP5B, and ITPR2 genes and a gradient of 61.3-67 for AR, BCL2, C1S and
SPRY1 genes for 1 minute (Table 2). In addition to a melt curve 55°C to 95°C with an
increment 0.5°C for 0.05 seconds. The optimal temperature per primer was selected
based on the highest and most overlapping melting peaks of the forward and reverse

primers.

Table 2. Primer Optimization Performed on Different Temperatures

Primer Temperature Gradient °C
CENPA 60.8-64.9
MBNL1 60.8-64.9
AGO1 60.8-64.9
SOX4 60.8-64.9
INPP5B 60.8-64.9
ITPR2 60.8-64.9
AR 61.3-67
SPRY1 61.3-67
BCL2 61.3-67
C1S 61.3-67
TBP No Gradient
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2.10. Gene expression of the Selected mRNA Targets by RT-gPCR

RT-qPCR for targets expression was executed using iTag™ Universal SYBR
Green Supermix (BioRad). Using AACq, the relative expression of the mRNA targets
was determined in miR-187-3p inhibitor and miR-187-3p mimic transfected cells
compared to NC inhibitor and NC mimic transfected cells, respectively. Protocol was
followed according to manufacturer’s constructions. TBP was used as an endogenous

control.

2.11. Statistical Analysis

Student’s T-test was used to analyze differences between the two groups. Data
presented are the means +/- SEM of two or three different experiments as noted in the

figure legends. A p value<0.05 was considered significant.
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CHAPTER 3
RESULTS

3.1. AR expression in BC cell lines

In order to determine if the cellular models we are using resemble MABC and non-
MABC samples, AR expression in MCF-10A, MDA-MB-231, and MDA-MB-453 was
determined by performing RT-gPCR and using TBP as an endogenous control. The
results revealed overexpression of AR in MDA-MB-453 cell line compared to MCF-

10A and MDA-MB-231 cell lines (Figure 13).
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Figure 13. Relative Expression Ratio of AR in MDA-MB-231 and MDA-MB-453
Compared to MCF-10A.

TBP was used as an endogenous control. Error bars represent SEM (n=3). ** denotes
p<0.01
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3.2. miR-187-3p Basal Expression in BC cell lines

The expression of miR-187-3p in BC cell lines was assessed by performing RT-
gPCR compared to the normal non-tumorigenic epithelial cell line MCF-10A and using
RNUGB as an endogenous control. Results proved that miR-187-3p is significantly
upregulated in MDA-MB-453 cells but not in MDA-MB-231 cells (Figure 14). These
data were consistent with previous lab work that proved that miR-187-3p is upregulated
in MABC compared to non-MABC tissues. Therefore, MDA-MB-453 was chosen as an

MABC in vitro model and MDA-MB-231 as a non-MABC in vitro model.

miR-187-3p

3.5 *%

Relative Expression Ratio

MCF-10A MDA-MB-231 MDA-MB-453

Figure 14. Relative Expression Ratio of miR-187-3p in MDA-MB-231 and MDA-MB-
453 Compared to MCF-10A.

RNUG6B was used as an endogenous control. Error bars represent SEM (n=3). ** denotes
p<0.01
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3.3. miR-187-3p Downregulation in MDA-MB-453 and Upregulation in MDA-MB-
231 upon Transfection with miR-187-3p FAM-labeled Inhibitor and Mimic,
respectively.

To unveil the role of miR-187-3p in BC models, transfection of MDA-MB-453
cells was performed with miR-187-3p inhibitor and negative control (NC) inhibitor
while MDA-MB-231 cells were transfected with miR-187-3p mimic and NC mimic.
Transfection efficiency for both conditions and for NC conditions was validated by flow
cytometry compared to un-transfected cells, 24 hours post transfection (Figure 15A and
16A). MDA-MB-453 cell line was significantly transfected with miR-187-3p inhibitor
(98.3%) and NC inhibitor (99.2%) (Figure 15B) compared to un-transfected cells. Also,
MDA-MB-231 cell line was significantly transfected with miR-187-3p mimic (78.8%)
and NC mimic (82.2%) (Figure 16B) compared to un-transfected cells. In addition, the
levels of miR-187-3p were detected as compared to the corresponding NC in both
transfected cell lines by RT-gPCR and using RNUG6B as an endogenous control. The
downregulation of miR-187-3p was significant in miR-187-3p inhibitor-transfected
MDA-MB-453 cells as compared to NC inhibitor (Figure 15C). miR-187-3p was
significantly overexpressed in MDA-MB-231 cells transfected with miR-187-3p mimic

as compared to NC mimic (Figure 16C).
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Figure 15. Transfection Efficiency measured by Flow Cytometry and RT-qPCR
in MDA-MB-453 transfected with miR-187-3p inhibitor and NC inhibitor.

(A) Representative figure showing the shift in mean fluorescence intensity upon
transfection of MDA-MB-453 with FAM-labelled miR-187-3p inhibitor and NC
inhibitor as compared to un-transfected cells. (B) Transfection Efficiency was
measured by Flow Cytometry and the graph shows percentage of FAM-labelled miR-
187-3p inhibitor and NC inhibitor transfected cells as compared to un-transfected
cells. (C) RT-gPCR analysis of miR-187-3p levels in miR-187-3p inhibitor
transfected cells as compared to NC inhibitor. RNU6B was used as an endogenous
control. Error bars represent SEM (n=4, n=3 respectively). ** Denotes p<0.01, ****

Denotes p<0.0001
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Figure 16. Transfection Efficiency measured by Flow Cytometry and RT-qPCR
in MDA-MB-231 transfected with miR-187-3p mimic and NC mimic.

(A) Representative figure showing the shift in mean fluorescence intensity upon
transfection of MDA-MB-231 with FAM-labelled miR-187-3p mimic and NC mimic
as compared to un-transfected cells. (B) Transfection Efficiency was measured by
Flow Cytometry and the graph shows the percentage of FAM-labelled miR-187-3p
mimic and NC mimic transfected cells as compared to un-transfected cells. (C) RT-
gPCR analysis of miR-187-3p levels in miR-187-3p mimic transfected cells as
compared to NC mimic. RNUGB was used as an endogenous control. Error bars
represent SEM (n=4, n=3 respectively). * Denotes p<0.05, **** Denotes p<0.0001
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3.4. Downregulation of miR-187-3p inhibits MDA-MB-453 Cells Proliferation

To determine the effect of miR-187-3p on MDA-MB-453 proliferation, MTT
assay was done. Also, transfection efficiency of cells seeded in 96-well plates was
determined by Flow Cytometry. Results show that MDA-MB-453 cells were
significantly transfected with miR-187-3p inhibitor and its respective NC inhibitor
(Figure 17). Upon the downregulation of miR-187-3p, proliferation of MDA-MB-453
cells decreased significantly at 48 (p=0.05) and 72 (p=0.008) hours but not at 24 hours

compared to cells transfected with NC inhibitor (Figure 18).
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Figure 17. Transfection Efficiency measured by Flow Cytometry in MDA-MB-
453 in cells seeded in 96 well plates and transfected with miR-187-3p inhibitor
and its corresponding NC inhibitor.

Percentage of FAM-labelled miR-187-3p inhibitor and NC inhibitor MDA-MB-453
transfected cells as compared to un-transfected cells. Error bars represent SEM (n=3).
** Denotes p<0.01, **** Denotes p<0.0001
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Figure 18. Proliferation of MDA-MB-453 upon the downregulation of miR-187-
3p as compared NC inhibitor and NC mimic 24, 48, and 72 hours post
transfection

Line graph representing metabolic activity for 72 hours of MDA-MB-453 upon the
downregulation of miR-187-3p compared to NC inhibitor. Error bars represent SEM
(n=3). * Denotes p<0.05, ** denotes p<0.01.

3.5. miR-187-3p promotes MDA-MB-231 Cells Proliferation

To determine the effect of miR-187-3p on MDA-MB-231 proliferation, MTT
assay was done. Also, transfection efficiency of cells seeded in 96-well plates was
determined by Flow Cytometry. Results show that MDA-MB-231 cells were
significantly transfected with miR-187-3p mimic and its respective NC mimic (Figure
19). Upregulation of miR-187-3p in MDA-MB-231 cells increased cell proliferation
significantly at 24 (p=0.022) and 48 (p=0.03) hours but not at 72 hours compared to NC

mimic transfected cells (Figure 20).
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Figure 19. Transfection Efficiency measured by Flow Cytometry in MDA-MB-
231 seeded in 96 well plates transfected with miR-187-3p mimic and its
corresponding NC mimic.

Percentage of FAM-labelled miR-187-3p mimic and NC mimic MDA-MB-231
transfected cells as compared to un-transfected cells. Error bars represent SEM (n=3).
*** Denotes p<0.001
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Figure 20. Proliferation of MDA-MB-231 upon the upregulation of miR-187-3p
as compared NC mimic transfected cells 24, 48, and 72 hours post transfection

Line graph representing metabolic activity for 72 hours of MDA-MB-231 upon the
upregulation of miR-187-3p compared to NC mimic. Error bars represent SEM (n=3).
* Denotes p<0.05.
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3.6. miR-187-3p promotes the invasive ability of MCF-10A, MDA-MB-453, and
MDA-MB-231 cells.

To determine the effect of miR-187-3p on the invasive ability of MCF-10A, MDA-
MB-453, and MDA-MB-231, Matrigel invasion assay was done. Upon the upregulation
of miR-187-3p in MCF-10A and MDA-MB-231, the invasive ability of transfected cells
increased significantly as compared to NC mimic transfected cells (Figures 21 and 22
respectively). Moreover, the downregulation of miR-187-3p in MDA-MB-453 cells
decreased their invasive ability as compared to cell transfected with NC inhibitor

(Figure 23).
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Figure 21. Invasion of MCF-10A cells upon the upregulation of miR-187-3p as
compared to NC mimic transfected cells 24 hours post transfection.

(A) Representative immunofluorescence z-stack images of NC, or miR-187-3p
mimic, transfected cells stained with Calcein (Green) and counterstained with DAPI
(Blue). Micro-graphs are representative of at least 5 regions. Scale represents 10 pm.
(B) Representative depth analysis of z-stack images reconstructed to a 3-D image
using Zen software. (C) Bar graphs representing % of invading cells in NC, or miR-
187-3p mimic as compared to initially seeded cells. Error bars represent SEM (n=3).
*** denotes p<0.001
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Figure 22. Invasion of MDA-MB-231 cells upon the upregulation of miR-187-3p
as compared to NC mimic 24 hours post transfection.

(A) Representative immunofluorescence z-stack images of NC, or miR-187-3p
mimic, transfected cells stained with Calcein (Green) and counterstained with DAPI
(Blue). Micro-graphs are representative of at least 5 regions. Scale represents 10 um.
(B) Representative depth analysis of z-stack images reconstructed to a 3-D image
using Zen software. (C) Bar graphs representing % of invading cells in NC, or miR-
187-3p mimic as compared to initially seeded cells. Error bars represent SEM (n=3).
* Denotes p<0.05
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Figure 23. Invasion of MDA-MB-453 cells upon the downregulation of miR-187-
3p as compared to NC inhibitor 24 hours post transfection.

(A) Representative immunofluorescence z-stack images of NC, or miR-187-3p
inhibitor, transfected cells stained with Calcein (Green) and counterstained with
DAPI (Blue). Micro-graphs are representative of at least 5 regions. Scale represents
10 um. (B) Representative depth analysis of z-stack images reconstructed to a 3-D
image using Zen software. (C) Bar graphs representing % of invading cells in NC, or
miR-187-3p inhibitor as compared to initially seeded cells. Error bars represent SEM
(n=3). *** denotes p<0.001

3.7. Selection of mMRNA targets of miR-187-3p

miR-187-3p predicted and weakly validated targets were selected through
miRtargetlink 2.0 database. PubMed search was used to determine validated targets that
are mentioned in literature but not in mMiIRNA-mRNA interactions databases. Then the

expression of the targets was checked in TCGA-BRCA data. Targets whose expression
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is significantly decreased in MABC samples (mApo) compared to non-MABC samples
(basL) were selected (Figure 24). Then PubMed search was done to determine the role
of selected targets in cancer (Table 3). As such the following targets were selected:

SOX4, INNP5B, ITPR2, MBNL1, C1S, AGO1, BCL2, and CENPA.
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Figure 24. Differentially expressed target genes of miR-187-3p in TCGA-BRCA
samples.

Box plots of the log2(TPM+1) normalized expression for the target genes were
plotted using ggplot2 R package p-value<0.05 were considered as significantly
dysregulated genes.

Table 3. miR-187-3p selected targets and their role in BC or other types of Cancers

Suffix | Targets | Role in BC or other cancers Reference

3p AGO1 | promotes proliferation, migration, and invasion of lung [154]
cancer cells

3p C1S increased proliferation and viability of clear cell renal cell [155]
carcinoma

3p MBNLL1 | suppresses invasion, metastasis and transendothelial [156]
migration

3p INPP5B | inhibits the proliferation and metastasis of lung [157]
adenocarcinoma

3p ITPR2 | regulate the expressions of some cancer-related genes [158]

3p CENPA | promotes cell proliferation and migration of BC [159]

NA SOX4 increased BC cell viability, migration, invasion [160],[161]

NA BCL2 Better survival of patients with (BCL2+) [162]
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3.8. Expression levels of miR-187-3p targets in MDA-MB-453 cells

Primers of the selected target genes were designed by National Center for
Biotechnology Information (NCBI) and checked on Primer Blast. The respective melting
temperature and sequences of the primers are showed in Table 4.

AR primer was chosen to determine its expression in the chosen cell lines. SPRY1
primer was chosen as a control to determine miRNA-mRNA interaction.

The annealing temperatures of the selected target genes were first optimized by RT-
gPCR. Analysis showed that all target genes functioned at 10 uM. The optimal
temperature is 60.8°C for MBNL1, CENPA, AGO1, INPP5B, ITPR2, and SOX4.

62.9°C for SPRY1, 63.4°C for BCL2, 63.9°C for C1S and 63.1°C for AR.

Table 4. The Sequence and Melting Temperature (Tm) of Primers of TBP, SPRY 1,
AR, and Predicted miR-187-3p targets Designed on NCBI

Gene Primer Sequence Tm | Optimized
(°C) | Tm (°C)

TBP TBP-F 5’-TGTATCCACAGTGAATCTTGGTTG-3’ 61.9 | 60
TBP-R 5’-GGTTCGTGGCTCTCTTATCCTC-3’ 63.7

AGO1 AGO1-F 5’-ACAGTGTCGAGAAGAGGTGCTC-3’ 63.4 | 60.8
AGO1-R 5’-GAGTAGGTGTTCTTGAGATBCCG-3’ 62.1

INPP5B INPP5B-F | 5’-ATGATACGGGCTCTGACGACTG-3’ 63.2 | 60.8
INPP5B-R | 5’-CATGTGGCTCTGGTAACTCAGC-3’ 62.3

ITPR2 ITPR2-F 5’-GCACCTTGGGGTTAGTGGAT-3’ 62.9 | 60.8
ITPR2-R 5’-GTGTGGTTCCCTTGTTTGGC-3’ 62.6

CENPA | CENPA-F | 5’-CACTCGTGGTGTGGACTTCA-3’ 62.6 | 60.8
CENPA-R | 5>-GCCAGTTGCACATCCTTTGG-3’ 62

C1S C1S-F 5’-GGAGAGAGGGAACTGACCCA-3’ 66.1 | 63.9
C1S-R 5’- CTGCCTGTCTCTTGGTCCTG-3’ 63.9

SOX4 SOX4-F 5’- CCCAGCAAGAAGGCGAGTTA-3’ 62.3 | 60.8
SOX4-R 5’- CATCGGCCAAATTCGTCACC-3 62

MBNL1 | MBNL1-F | 5>-CCCATGACAAGGAGCTGACA-3’ 62.8 | 60.8
MBNL1-R | 5°- GAGACGTCAGGAAAGGCACT-3’ 62.1

BCL2 BCL2-F 5’- CATGTGTGTGGAGAGCGTCA-3’ 62.1 | 63.4
BCL2-R 5’- AGCCCAGACTCACATCACCA-3 63.9

SPRY1 SPRY1-F 5’-GAAAGAGGACCTGACACAGCAC-3’ 63 62.9
SPRY1-R | 5>-CTCTCAGCAGAGCAAAGGCACT-3’ 63.6

AR AR-F 5’-ATGGTGAGCAGAGTGCCCTATC-3’ 59 63.1
AR-R 5’- ATGGTCCCTGGCAGTCTCCAAA-3’ 60.2
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To discover if miR-187-3p targets SOX4, INNP5B, ITPR2, MBNL1, C1S, AGO1,
BCL2, and CENPA, RT-qPCR was done on transfected cells harvested 24 hours post
transfection using TBP as an endogenous control. A previously validated target SPRY'1
of miR-187-3p was used as a control to validate miRNA-mRNA interaction [145].
Upregulation of SPRY1, AGO1 and MBNL1 expression was observed in MDA-MB-
453 cells upon the downregulation of miR-187-3p when compared to NC inhibitor
transfected cells. This indicates that these targets may be potential targets for miR-187-
3p. Other genes had no significant change in expression upon the downregulation of

miR-187-3p (Figure 25).
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Figure 25. Expression Levels of SPRY1 and miR-187-3p potential targets upon
the downregulation of miR-187-3p in MDA-MB-453 cells as compared to NC
inhibitors transfected cells, 24 hours post transfection by RT-qPCR.

(A) SPRY1, (B) MBNL1, (C) INPP5B, (D) BCL2, (E) SOX4, (F) ITPR2, (G)
CENPA, (H) AGO1, (I) C1S. Error bars represent SEM (n=3). * Denotes p<0.05, **
Denotes p<0.01
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3.9 Expression levels of miR-187-3p targets in MDA-MB-231 cells

To discover if miR-187-3p targets SOX4, INNP5B, ITPR2, MBNL1, C1S, AGO1,
BCL2, and CENPA, RT-gPCR was done on transfected cells with miR-187-3p mimics
and NC mimic transfected cells harvested 24 hours post transfection using TBP as an
endogenous control. A previously validated target SPRY1 of miR-187-3p was used as a
control to validate miRNA-mRNA interaction [145]. Downregulation of SPRY1,
AGO1 and MBNL1 expression was observed in MDA-MB-231 cells upon the
upregulation of miR-187-3p when compared to NC mimic. This indicates that these
targets may be potential targets for miR-187-3p. Other genes had no significant change

in expression upon the downregulation of miR-187-3p (Figure 26).
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Figure 26. Expression Levels of SPRY1 and miR-187-3p potential targets upon
the upregulation of miR-187-3p in MDA-MB-231 cells as compared to NC
mimic, 24 hours post transfection by RT-gPCR.

(A) SPRY1, (B) MBNLY, (C) INPP5B, (D) BCL2, (E) SOX4, (F) ITPR2, (G)
CENPA, (H) AGO1, (1) C1S. Error bars represent SEM (n=3). * Denotes p<0.05, **
Denotes p<0.
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CHAPTER 4

DISCUSSION

BC is the most common and deadliest cancer among females worldwide and in
Lebanon [1]. It has been difficult to diagnose and treat BC cases due to its
heterogeneity. Several studies tried to better classify BC, especially the ER- tumors.
This led to the identification of MABC and LAR tumors, which overlap [43] [46] [49].
Therefore, novel biomarkers could serve as a tool to classify MABC as a distinct entity.
Recent studies proved that several miRNAs are dysregulated in cancer and act as
oncomiRs or tumor suppressor miRNAs. In BC, miRNAs play a critical role in
carcinogenesis by altering several pathways involved in cancer initiation and/or
progression like apoptosis, angiogenesis, metastasis, and other pathways and were
shown to potentially classify BC into the different molecular subtypes [123, 125].
Therefore, our lab is interested in using miRNAS as diagnostic tool to classify MABC
from non-MABC tumors thus yielding better prognostic outcomes. Therefore, based on
publicly available data, an in-silico analysis revealed miR-187-3p as upregulated in
MABC samples, compared to non-MABC samples. This was further validated in a
cohort of French ER- tumor samples. miR-187-3p was reported in literature as a tumor
suppressor miRNA based on its role in several types of cancers. miR-187-3p was also
reported to be downregulated in BC tumor samples compared to non-tumor samples.
Also, its role was proved in reducing cell viability and promoting apoptosis of MDA-
MB-231 cells [149]. However, another study corelated miR-187-3p with aggressiveness
of MCF-7 cells [142, 150]. Knowing that miRNAs are tissue and context specific, we

wanted to investigate the role of miR-187-3p in MABC.
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We started our study by checking BC cellular models that resemble MABC and
non-MABC. Therefore, we determined the expression of AR and confirmed that it is
overexpressed in MDA-MB-453 compared to MDA-MB-231 and MCF-10A cell lines.
These results were in accordance with the description of cell lines provided by ATCC
(Table 1) [163]. Then we checked the basal expression of miR-187-3p in MDA-MB-
453 and MDA-MB-231 and compared them to MCF-10A cell line. Results proved the
upregulation of miR-187-3p in MDA-MB-453 as compared to MCF-10A and MDA-
MB-231, and this is in accordance with our findings in BC patients. This led to the
selection of MDA-MB-453 as a MABC model and MDA-MB-231 as a non-MABC
model.

After choosing our cellular models, we decided to modulate the expression of
miR-187-3p by transfecting the models with either mimic or inhibitors. Therefore,
MDA-MB-453 was transfected with miR-187-3p inhibitor while MDA-MB-231 was
transfected with miR-187-3p mimic. Flow cytometric results showed that cells were
significantly transfected with mimics or inhibitors and their respective NC mimics or
inhibitors. Also, transfection validation was done by RT-gPCR. miR-187-3p was
overexpressed or downregulated in cells transfected with mimic or inhibitor compared
to cells transfected with NC mimic or NC inhibitor respectively.

Considering the functional assays, we did MTT assay to determine the effect of
modulated expression of miR-187-3p on the cells’ proliferative ability. After
confirming the transfection efficiency, upon the downregulation of miR-187-3p in
MDA-MB-453, we found that the proliferative ability of cells was reduced compared to
NC inhibitor transfected cells. Our group was the first to determine the effect of miR-

187-3p on the proliferative ability of MDA-MB-453 cells. Regarding MDA-MB-231
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cells, the upregulation of miR-187-3p increased cells’ proliferative ability. However, by
checking literature review, our results contrasted with the results of a study that
concluded that miR-187-3p reduced cell viability after 100 hours using 50nM
concentration of mimics and promoted apoptosis upon its upregulation in MDA-MB-
231 cells [149].

To determine the effect of modulated expression of miR-187-3p on the invasive
ability of BC cell, Matrigel invasion assay was done. Knowing that both MDA-MB-231
and MDA-MB-453 are invasive, we did the assay also on MCF-10A cell line. The
upregulation of miR-187-3p in MCF-10A cells induced an invasive ability to the cells.
Moreover, its downregulation significantly reduced the invasive ability of MDA-MB-
453 cells compared to NC inhibitor. Although MDA-MB-231 cells have a high invasive
ability, upon the upregulation of miR-187-3p, the invasive ability increased
significantly as compared to NC mimic. Moreover, according to a study comparing
monolayer (2D model) and multicellular layer (3D model) cellular models, miR-187-3p
expression was correlated with inducing invasive ability of MCF-7 BC cells [150].
However, a study done on HCC in vitro cellular models, reported miR-187-3p as an
invasion suppressor. Also, they validated their result in an in vivo model, revealing
miR-187-3p as an anti-metastatic miRNA [144]. Other studies done on PCa and CRC in
vitro cellular models also concluded that miR-187-3p represses cells’ invasive ability
[44, 145]. Therefore, we conclude that miR-187-3p exerts different invasive role on
different types of cancer.

To determine possible miIRNA-mRNA interaction between miR-187-3p and its

selected potential targets, we first selected targets using miRtargetlink 2.0 tool and
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PubMed search. Then we checked their expression in TCGA-BRCA data to select
targets downregulated in MABC tumors compared to TNBC tumors.

Finally, we checked the effect of modulating miR-187-3p expression on the
expression of selected targets. We first determined the expression of SPRY1, a
validated target of miR-187-3p, in our cellular models [145]. SPRY 1 was overexpressed
upon the downregulation miR-187-3p in MDA-MB-453 cells as compared to NC
inhibitor. In addition, a decreased expression of SPRY1 was detected upon the
upregulation of miR-187-3p in MDA-MB-231 cell compared to NC mimic. Therefore,
we proved the presence of an inverse correlation between miR-187-3p and SPRY1 in
our cellular models. Out of the selected targets that we studied, MBNL1 and AGO1 had
an overexpression upon the downregulation of miR-187-3p and a reduced expression
upon its upregulation showing an inverse correlation between miR-187-3p levels and
these two genes, thus suggesting potential mMIRNA-mRNA interaction. These results are
in accordance with the in-silico analysis done on TCGA-BRCA that determined an
inverse correlation between miR-187-3p and the two genes. Other targets had no
significant change in both conditions. Results are summarized in Figure 27.

MBNL1 (Muscleblind-like 1) is a gene coding for an RNA-binding protein that
regulates RNA alternative splicing, localization, and integrity. It has been proved that
MBNLJ1 has a critical role in regulating alternative splicing in the fetal to adult heart
transition. Also, it is important for the differentiation process of the brain and skeletal
muscles. Downregulation of MBNL1 may result in myotonic dystrophy [164, 165].
Considering its role in cancer, it has been reported that MBNLL1 is overexpressed in
esophageal cancer, associated with poor prognosis, and promotes migration [166].

However, overexpression of MBNLL1 in Skin Squamous Cell Carcinoma suppressed cell
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growth, metastasis, and migration. Moreover, overexpression of MBNL1 in in vivo BC
models reduced the metastatic ability of cancerous cells. Furthermore, knockdown of
MBNL1 from MDA-MB-231 cells, significantly increased their invasive ability but had
no effect on their proliferative ability. This tumor suppressive role is accomplished by
the binding of MBNL1 protein to the 3’UTR two tumor suppressive proteins DBNL1
and TACC1, thus enhancing their stability. To support these findings, analysis of
MBNLL1 expression in breast tumor samples was performed. Results confirmed a
significant association between the expression of MBNL1 and metastasis-free survival
[167]. No association between MBNL1 and miR-187-3p was reported in literature.
However, our lab results proved possible miRNA-mRNA interaction between miR-187-
3p and MBNLL1. In addition, upregulation of miR-187-3p which led to decrease in
MBNL1 level, promoted the invasive ability of MDA-MB-231 cells. We conclude that
our lab findings are in accordance with literature where we suggest that miR-187-3p
increases the invasive ability of MDA-MB-231 by targeting MBNLL1. Also, the
downregulation of miR-187-3p decreased the invasive ability of MDA-MB-453 cells
potentially due to the overexpression of MBNL1.

The other potential target is AGO1 (argonaute RISC component 1). This gene
encodes a member of the argonaute family of proteins. AGO proteins bind to mature
miRNA forming RISC complex that guides miRNA in its mRNA silencing process. It
has been reported previously that AGOL1 play a role in the transcription of oncogenic
genes [168]. Moreover, its role as an oncogene or tumor suppressor gene is
controversial. In lung cancer, AGO1 promoted proliferation and migration of cancer cell
in both in vivo and in vitro models [169]. In addition, AGOL1 activated TGF- pathway

in HCC and OC, thus promoting cancer metastatic behavior [170, 171]. However, in
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neuroblastoma, AGOL1 reduced cancer cells migration and proliferation [172]. In BC,
patient poor survival has shown an association with low expression of AGO1 [173].
However, the role of AGOL1 in BC tumorigenesis was not reported neither an interaction
with miR-187-3p. Moreover, our lab results suggest AGOL1 as a potential target of miR-
187-3p. Also, by this interaction, miR-187-3p is increasing cell proliferation which is in
accordance with the results of the study done on neuroblastoma. However, miR-187-3p
silencing AGOL1 increased the invasive ability of BC cell, which is in contrast with

studies done on HCC and OC.
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Figure 27. Results Summary

4.1. Limitations and Future Perspectives

In our experiments, cellular models were transfected transiently. In this

transfection, miRNA we are transfecting are not integrated into the genome, thus they
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are degraded after a short period of time. Therefore, the results we obtained represented
short-term effect of miR-187-3p and not long-term effect. For later experiments, we
recommend stable transfection of cell lines for us to observe long-term effect of miR-
187-3p.

Considering the potential targets MBNL1 and AGO1, we determined an inverse
correlation between their expression and the expression of miR-187-3p. however, RT-
gPCR is not considered a validation experiment, since it does not determine direct
interaction. Therefore, we aim in future experiments to validate the interaction between
miR-187-3p and targets using the dual luciferase assay. Moreover, we can perform
western blotting to validate the effect at the protein level and to prove if miR-187-3p is
targeting these genes and inhibiting their translation. Also, we can modulate the
expression of the genes in our cell lines to determine their direct effect on invasion and
proliferation.

Although we did two functional assays, we didn’t perform an assay to show the
effect of modulating miR-187-3p on the migration ability of our cellular models. It is
reported in literature that miR-187-3p has a role in the migration ability of cancerous
cells. Also, the potential targets are reported as key players in the process. Therefore, its
critical to perform a migration assay.

Finally, all our experiments were done on in vitro cellular models. Therefore,
the next step for our project is to establish an in vivo model, that better resembles
MABC disease state. Then modulate the levels of miR-187-3p in this model and

determine its role in the tumorigenesis of MABC.
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In conclusion, miR-187-3p plays an active role promoting the invasive and
proliferative ability of MABC by targeting MBNL1 and AGO1. Further studies and

experiments should be done to validate these results and prove their significance.
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