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ABSTRACT
miRNA EXPRESSION ANALYSIS IN BREAST CANCER

ALASSIL, Bodour
Ph.D. in Biology
Supervisor: Prof. Dr. Filiz OZBAS GERCEKER
January 2024
154 pages
The role of microRNAs (miRNAs) in breast cancer has gained significant attention.
This study explores specific miRNAs (miR-551a, miR-1238, miR-4534, miR-1294) in
breast cancer, evaluating their expression levels in 82 samples from 41 patients (41
tumor and 41 normal tissues) using real-time PCR and identifying their target genes
and pathways through bioinformatics, using tools like miRDB and TargetScan, and
databases like topGO and EnrichR. Results showed that miR-1294 and miR-551a were
lower in tumor tissues than in normal (p<0.05), while miR-4534 was overexpressed in
tumors (p<0.05). No significant difference was observed in miR-1238 levels,
excluding it from further analysis. MiR-1294, acting as a tumor suppressor, potentially
targets BRCC3, MYCL, YODI1 genes in Hippo and p53 signaling pathways. MiR-
551a, also a tumor suppressor, targets ERbB4, MEF2C, CRB2, TMPRSS?2 in pathways
like sphingolipid metabolism, Notch, MAPK, and ErbB signaling. Conversely, miR-
4534, with oncogenic function, targets SOX6, ADCY1, ESRRG, ZNF142 in ion
transport, and glutamatergic and cholinergic synapse signaling. In conclusion, miR-
551a and miR-1294 are potential tumor suppressors suitable for therapeutic
applications, while miR-4534, an oncogene in breast cancer, merits further study as a

diagnostic biomarker.
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OZET
MEME KANSERINDE miRNA EKSPRESYON ANALIZi

ALASSIL, Bodour
Doktora Tezi, Biyoloji
Damisman: Prof. Dr. Filiz OZBAS GERCEKER
Ocak 2024
154 sayfa

Meme kanserinde mikroRNA'larin (miRNA) roliine dikkat ¢ceken bu calisma, 6zellikle
miR-551a, miR-1238, miR-4534, ve miR-1294"in rollerini arastirmistir. 41 hastadan
alman 82 o6rnek (41 tiimdr ve 41 normal doku) iizerinde gercek zamanli PCR ile
miRNA ifade seviyeleri degerlendirilmis ve miRDB, TargetScan araglar ile topGO ve
EnrichR veritabanlari1 kullanilarak hedef genler ve yollar1 belirlenmistir. Elde edilen
sonuclar, miR-1294 ve miR-551a'nin tiimoér dokularinda normal dokulara kiyasla
anlamli derecede diisiik oldugunu (p<0.05), miR-4534"lin ise tiimor dokularda normal
dokulara gore asir1 ifade edildigini gostermistir (p<0.05). MiR-1238 seviyelerinde
timor ve normal dokular arasinda anlamli bir fark bulunmadigi i¢in sonraki
analizlerden ¢ikarilmistir. MiR-1294 tiimor baskilayici olarak Hippo ve p53 sinyal
yollarinda yer alan BRCC3, MYCL, YODI1 genlerini hedeflemekte, miR-551a da
tiimdr baskilayict olarak sfingolipid metabolizmasi, Notch, MAPK, ve ErbB sinyal
yolarinda etkili olan ERbB4, MEF2C, CRB2, TMPRSS?2 gibi genleri hedeflemektedir.
Buna karsilik, miR-4534'iin onkojenik islev gdsterdigi ve iyon taginimi, glutamaterjik
ve kolinergik sinaps sinyal yollarinda yer alan SOX6, ADCY'1, ESRRG, ZNF142 gibi
genleri hedefledigi diisiiniilmektedir. Sonug olarak, miR-551a ve miR-1294"in timor
baskilayici fonksiyonlariyla terapdtik uygulamalar i¢in uygun oldugu, miR-4534'in
ise meme kanseri ilerlemesinde onkojenik bir rol oynayarak tan1 biyomarker1 olarak

daha fazla incelenmeye deger oldugu ortaya ¢ikmistir

Anahtar Kelimeler: Meme Kanseri, miR-1294, miR-551a, miR-4534,

Biyoinformatik
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CHAPTER 1
INTRODUCTION

Breast cancer (BC) is a common invasive neoplasm in women and has continuously
attracted international attention because of its high mortality rate among women
worldwide (Harbeck et al., 2019). For example, in 2020, the World Health
Organization (WHO) reported that breast cancer accounted for 24.5% of all cancers,
with 2,3 million cases and 685.000 deaths among women worldwide. Researchers
expected that with the population growth in 2040, breast cancer cases might reach 3

million with a mortality of 1 million (Arnold et al., 2022).

Despite the advances in early diagnosis and treatment of breast cancer, a third of
patients still experience cancer progression and metastasis even during the treatment.
In the shed of the fact that breast cancer is heterogeneous at the molecular level, breast
cancer tumors pose formidable challenges to various therapeutic innovations. While
existing chemotherapeutic regimens have improved survival rates, there is a propensity
for some breast tumors to develop resistance post-initial response in addition to the
accompanying side effects. Consequently, it is imperative to elucidate molecular
targets within breast cancer that may be pivotal for the genetic modulation of the

disease and sensitize tumors to therapeutic agents (Leone & Leone, 2015).

MicroRNAs (miRNAs) are a class of non-coding RNA (ncRNAs), single-stranded that
include 19 to 24 nucleotides approximately, and changes in their expression levels
have been implicated in the pathogenesis of many diseases, most notably “cancer.”
Accumulating evidence has unveiled the capacity of miRNAs to induce anomalies in
gene expression, culminating in the initiation, progression, and metastasis of cancer as
well as resistance to treatment. These miRNAs are known to modulate key signaling
pathways by upregulation or downregulation, engendering alterations in the
expression profiles of critical genes such as oncogenes and tumor suppressor genes

and fostering tumorigenesis (Reddy, 2015).

It is commonly acknowledged that myriad cellular signaling pathways and molecular

networks regulate cell cycle progression, genomic stability, and gene expression



profiles. That means signaling pathways affect cellular homeostasis, survival, and
apoptosis, leading to cancer formation, progression, and metastasis (Jang & Lee,
2021). Research endeavors have shed light on the role of miRNAs in these pathways,
with several investigations unraveling correlations between miRNA dysregulation and
breast cancer phenotypes regarding cancer initiation, progression, and metastasis
(Reddy, 2015) MiR-1294, miR-551a, miR-1238, and miR-4534 have been reported to
be dysregulated in different cancer types based on previously published studies (Li et

al., 2012; Nip et al., 2016; Wu et al., 2020; Yin et al., 2019).

This study aims to explore the roles of miR-1294, miR-551a, miR-1238, and miR-
4534 in the development of breast cancer. Through bioinformatics tools, this research
seeks to provide a comprehensive overview of these microRNA target genes and better
understand their specific cellular functions, molecular targets, and mechanistic

dynamics within the broader genomic landscape of breast cancer.

1.1 Breast Cancer

Breast cancer is a heterogeneous disease on a molecular level that occurs when
abnormal cells in breast tissue grow uncontrollably, forming tumors. Types of breast
cancer can be distinguished based on their histological and clinical characteristics.
Typically, abnormal cell growths begin in the ducts or lobules of the glands, mainly in
the milk ducts, before spreading to adjacent breast tissues. At this stage, the cancer is
called “In-situ,” which is the benign form of cancer. After cancer disseminates to the
other tissues forming the invasive form of cancer is known as “Carcinoma.” The
carcinoma form might spread to lymph nodes or other organs through “metastasis,”

posing health risks and life-threatening consequences (Harbeck et al., 2019).
1.1.1 Breast Anatomy

The breasts, bilateral structures present in both males and females, are positioned
anteriorly on the chest wall, above the pectoralis major and serratus anterior muscles.
Breasts exhibit differential development in females after puberty, largely driven by
hormonal influences. Each breast is composed of the body, which constitutes the main
bulk, and the axillary tail extends towards the axilla, delimited by the lateral border of

the sternum, the mid-axillary line, between the second to sixth ribs.

The nipple is located at the center of each breast and has a cylindrical structure

surrounded by a pigmented area known as the “areola,” which is equipped with



sebaceous glands secreting an oily substance for lubrication during breastfeeding. The
areola, which surrounds the nipple, is equipped with sebaceous glands secreting an
oily substance for lubrication during breastfeeding. It also serves as the conduit for the
lactiferous ducts, responsible for milk transportation from the mammary glands to the
exterior. These mammary glands are at the core of breast anatomy, specialized sweat

glands pivotal in milk production during lactation.

Encircled by myoepithelial cells, these alveoli facilitate the expulsion of milk into the
lactiferous ducts. These ducts then converge and expand, culminating in lactiferous
sinuses, where milk is stored before excretion through the nipple to infants. The breast
is also composed of adipose tissue, connective tissue, blood vessels, nerves, and
lymphatic vessels. Adipose tissue variability determines breast size, which varies
among women, while connective tissue forms suspensory ligaments, offering
structural support. Vascular supply and venous drainage are orchestrated by branches
originating from the internal thoracic, lateral thoracic, and intercostal arteries and

veins.

Nervous innervation is derived from the anterior and lateral cutaneous branches of the
fourth to sixth intercostal nerves. Coming to the lymphatic drainage system,
approximately 75% is directed towards the axillary lymph nodes, with the remaining
25% channeling towards the parasternal and other regional nodes. This system in
breast anatomy is responsible for regulating fluid and immune function. Moreover, the
cancer cells spread through the lymph system in breast cancer metastasis, as lymphatic
vessels can help cancer cells reach regional lymph nodes and spread to other parts of

the body (Bazira et al., 2022; Darlington, 2015). Figure 1.1
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Figure 1.1. Breast anatomy (National Cancer Institute, n.d.)

1.1.2 Breast Physiology

The breast’s main function is to develop the glands that support reproduction by
producing milk and regulating hormones. The hormones, like estrogen progesterone
and growth hormone, control breast tissue growth and duct branching. When it comes
to nourishing newborns, the mammary glands are involved in the process of lactation
by an endocrine hormone “prolactin.” Prolactin, secreted by the pituitary gland,
regulates milk production after childbirth by stimulating the cells within the glands to

produce and secrete milk (Bazira et al., 2022).

The initiation of breastfeeding involves the baby suckling at the nipple, which triggers
a reflex called the “letdown reflex.” This reflex stimulates oxytocin release when
nipple stimulation causes contraction of cells around alveoli, allowing milk to flow
easily through ducts. Coming to estrogen and progesterone hormones produced by
ovaries influence breasts’ size, vascularity, and sensitivity. Moreover, these hormones
are involved in controlling cycles and can impact cyclic changes that occur in breast

tissue (Bazira et al., 2022).
1.1.3 Breast Cancer Etiology

The cause of breast cancer can result from a combination of genetics and non-genetic

factors. The inherited mutations of genes account for about 5 to 10% of breast cancer



cases, most importantly, mutations in the breast cancer gene 1 (BRCA1) and breast
cancer gene 2 (BRCA?2) in addition to other less common genes like phosphatase,

tensin homolog (PTEN), and tumor protein P53 (TP53).

Having a family history of breast cancer among relatives doubles the risk while
carrying mutations in the BRCA1 or BRCA2 gene increases the risk to reach 70%.
Race and ethnicity might be another possible risk of breast cancer; for example,
Caucasian and African American women under 45 face higher incidence and mortality

rates.

Being a woman increases breast cancer 100 times as the disease is more prevalent in
women compared to men. Furthermore, advancing age is another factor with an
increased incidence rate after reaching 50 years old. Hormonal factors such as the onset
of menstruation, menopause, never giving birth (nulliparity), and hormone
replacement therapy are recognized as crucial for initiating and increasing the risk of

breast cancer.

Factors such as lifestyle choices and personal behaviors like contraception, excessive
alcohol consumption, obesity, and smoking raise the breast cancer risk, even without
a family history of breast cancer. Furthermore, reproductive factors like not having
children, giving birth at an age, starting menstruation early, and experiencing
menopause later can also boost the chance for women to have breast cancer (Harbeck

et al., 2019).
1.1.4 Breast Cancer Epidemiology

Breast cancer remains the major cause of cancer-related fatalities in women. In 2020,
breast cancer constituted 24,5% of all cancer cases, with 2.26 million diagnosed

women and 685,000 deaths (WHO, 2023.).

As stated by the Global Cancer Repository “GLOBOCAN” report about the
prevalence of breast cancer in populations over five years “2016-2020,” stating that
breast cancer incidence was approximately 30.3% among cancer types and was
responsible for 15.5% of deaths of females worldwide. Looking into ethnicity, Asian
females were reported to have the highest breast cancer incidence rate, 42.2%,
followed by African females with a rate of 25.8% and a 7.9% incidence rate in Latin

America and the Caribbean women (Lukasiewicz et al., 2021).



Concerning mortality rates, African patients diagnosed with breast cancer experienced
12.5%, while patients from Latin America and the Caribbean had an estimated
mortality rate of 8.5% (Sung et al., 2021). Survival rates in regions with established
healthcare systems were higher over five years for localized and regional breast cancer
cases than in less developed countries, highlighting the importance of ensuring access

to high-quality healthcare services for everyone.

Projections suggest that by 2030, the breast cancer incidence rate will increase
worldwide, with approximately 2.7 million and about 0.87 million associated deaths
annually (Lukasiewicz et al., 2021), while in 2040, the cases are anticipated to reach 3

million with a mortality of 1 million (Arnold et al., 2022).

Breast cancer is also a common health problem in Tiirkiye, like the case on the global
level. According to the official statistics released in 2018 by the Turkish Ministry of
Health, 24,518 women were diagnosed with breast cancer. The incidence rate of breast
cancer was 26% of the other cancer types and is expected to reach 25,351 in 2021
(Turkish Ministry of Health, 2018). According to the Globocan report, in 2020, there
were 24,175 breast cancer cases, which accounted for 10.3% of all cancer cases (Figure
1.2) (The Global Cancer Observatory, 2021).

Lung
41264 (17.6%)

Breast
24175 (10.3%)
Other cancers

114 078 (48.8%) Colorectum

21191 (9.1%)

Prostate
19 444 (8.3%)

Thyroid
13 682 (5.9%)

Total: 233 834

Figure 1.2. Cancer Types Incidence Rate in Tiirkiye in 2020 based on Globocan (The
Global Cancer Observatory, 2021)



1.1.5 Staging in Breast Cancer

Breast cancer staging represents the cancer development that employs the (TNM)
system, a vital framework for precisely characterizing the extent and spread of the
cancer defined by the American Joint Committee on Cancer (AJCC). The TNM
acronym stands for Tumor (T), Node (N), and Metastasis (M), collectively
encompassing critical indicators for diagnosis and treatment planning. The updated
TNM system, active in 2018, utilizes pathological and clinical staging methodology.
The pathological staging expresses the process of examining tissue after surgical
removal. Clinical one relies on biomarkers in staging the cancer (American Joint

Committee on Cancer, 2018).

Tumor (T) is the element that evaluates the primary tumor’s size and extent. It ranges
from “T0,” which means no discernible tumor, to “T4”, an advanced tumor potentially
involving the chest wall or skin. While “Tis” indicates a non-invasive carcinoma
within ducts or lobules, and “T1” signifies a small invasive tumor without lymph node
involvement. Transitioning to Node (N) that refers to Node involvement pertains to
the presence and extent of cancer within nearby lymph nodes. It spans from “NO,
“meaning no regional lymph node involvement, to “N3,” which indicates extensive
lymph node involvement. For instance, NO denotes the absence of nodal metastasis,
while N1 to N3 indicates increasing degrees of lymph node involvement. Metastasis
(M) indicates whether cancer cells have spread to distant organs. “M0” signifies no
distant metastases, while “M1” denotes the presence of distant metastases. For
instance, MO indicates no distant spread, while M1 signifies the presence of metastatic
disease. The biomarkers used to identify the clinical staging are the status of estrogen
receptor, progesterone receptor, and human epidermal growth factor receptor 2
(HER2). Meaning if the value of these biomarkers is positive or negative. Also, clinical
staging considers the grade of cancer (G) represented by Ki-67, which refers to how

the cancer cells look like the normal ones (Giuliano et al., 2018).
The numeric staging (0, 1, 2, etc.) denotes the progression of the cancer as follows:

a) Stage 0 (Tis, N0, M0): Denotes non-invasive carcinoma confined to ducts or
lobules, with no evidence of lymph node involvement or distant metastasis of

cancer. This stage carries a highly favorable prognosis.



b) Stage I (T1, NO, MO): Small, invasive tumors without lymph node
involvement or distant spread are identified. Early detection and intervention
are pivotal, leading to favorable outcomes (Giuliano et al., 2018).

¢) Stage II (T2 or T3, N0, M0): Encompasses larger tumors or those with local
extension; however, still confined to the breast without involving lymph nodes
or distant sites. Treatment necessitates a comprehensive approach, including
surgery, radiation, chemotherapy, and hormone therapy (Giuliano et al., 2018).

d) Stage III (T0-3, N1-3, M0): Reflects advanced disease with extensive lymph
node involvement, yet the primary tumor may vary in size. Multimodal
therapies are essential to target the primary tumor and affected lymph nodes
(Giuliano et al., 2018)

e) Stage IV (T4, any N, M1): Indicates metastatic disease, with cancer cells
disseminated to distant organs. Treatment focuses on palliation and improving
quality of life, involving systemic therapies and targeted treatments (Giuliano

et al., 2018).
1.1.6 Breast Cancer Types

The categorization of a type of breast cancer depends on the particular cells within the
breast that experience a malignant transformation. Breast cancer is broadly classified
into two categories based on its severity: invasive/carcinoma (advanced stage),
representing the severe form, and non-invasive (early stage), which is treatable, also
known as “in situ,” refers to the early stage of cancer. Each breast cancer type has its

unique biological behavior and response to treatment modalities (Weigelt et al., 2010).
1.1.6.1. Ductal carcinoma in situ (DCIS)

DCIS is an early-stage cancer that occurs when abnormal cells are discovered within
the breast milk duct lining but have not spread beyond the ducts into the surrounding
breast tissue. It is a non-invasive form of breast cancer that makes up approximately

20% of all breast cancer cases (Weigelt et al., 2010).
1.1.6.2. Invasive ductal carcinoma (IDC)

IDC represents the most common form of breast cancer, making up about 70—-80% of
diagnoses. It takes place in the milk ducts and involves the spread of abnormal cells
away from their initial location. This type of cancer can also metastasize to other parts

of the body, which is why it is called infiltrative ductal carcinoma(Weigelt et al., 2010).



1.1.6.3. Lobular carcinoma in situ (LCIS)

LCIS is considered a non-invasive form of breast cancer, occurs when there are
abnormal cells in the lobules. Approximately 1% of all breast cancer cases are of this
type. While it seldom evolves into invasive cancer, the presence of LCIS in one breast
increases the likelihood of developing breast cancer in either one of the breasts

(Weigelt et al., 2010).
1.1.6.4. Invasive lobular carcinoma (ILC)

ILC originates in the milk-producing lobules of the breast. It can spread to surrounding
tissues and, in some cases, by way of blood and lymph systems, reaching other parts
of the body. This type makes up about 10—15% of breast cancer diagnoses, which is
why it is considered the second most common type of invasive breast (Weigelt et al.,

2010).
1.1.6.5 Triple-negative breast cancer (TNBC)

TNBC is a subtype that is identified by the inexistence of estrogen receptors (ER-),
progesterone receptors (PR-), or HER2, which causes traditional hormone therapies to
be ineffective. TNBC makes up 10-15% of breast cancer cases and usually does not
respond to hormonal therapy owing to the lack of hormone receptors (Weigelt et al.,

2010).
1.1.6.6 Inflammatory breast cancer (IBC)

IBC is an aggressive type of breast cancer whose cases account for less than 5% of all
cases. It is characterized by fast-growing cancer cells infiltrating the skin and lymph
vessels of the breast. Differing from other types, IBC lacks a distinct, palpable tumor.
Instead, symptoms become visible when cancer cells obstruct lymph vessels (Weigelt

et al., 2010).
1.1.7 Breast Cancer Diagnosis

Diagnosing breast cancer requires a manifold approach to make sure that effective
treatment and improved patient outcomes are attained. Starting with the physical
examination, health staff check breasts, lymph nodes, lumps, skin changes, nipple
discharge, and areas of hardness or tenderness. This hands-on examination is the first
attempt of inquiry into detecting any palpable abnormalities that provide instant

information about the physical traits of the breast tissue (Jafari et al., 2018).



Mammography is an essential tool for early cancer detection. It is done by low-dose
X-ray imaging of breast tissue, focusing on identifying microcalcifications and early-
stage tumors. Despite this method’s effectiveness, it may not provide sufficient
sensitivity for women with dense breast tissue; supplementary techniques are required
in these cases (Sardanelli et al., 2010). Moving to 3D mammography, known as
“Tomosynthesis,” is an advanced mammography technique. Tomosynthesis provides
a three-dimensional view of breast tissue. This technology is promising in increasing
detection rates, this being especially true in women with dense breast tissue, where
traditional mammography may prove ineffective (Jafari et al., 2018). Shifting to the
beast magnetic resonance imaging (MRI) method that utilizes strong magnetic fields
and radio waves to obtain detailed images. It especially proves valuable in assessing
high-risk patients and cases of dense breast tissue. The sensitivity of MRI compared
to mammography is greater, especially in detecting invasive cancers (Jafari et al.,

2018; Sardanelli et al., 2010).

Histopathology tests like fine needle aspiration (FNA) and core needle biopsy (CNB)
are essential techniques in diagnosing breast lesions. Cellular material is extracted
from FNA for a preliminary microscopic assessment of cell structure. CNB, on the
other hand, presents a more detailed view of the lesion’s structure and cellular
composition, which is rather helpful for complex lesions. CNB is the preferred method
for definitive diagnosis and detailed characterization of breast lesions, which provides
important information for treatment planning (Hoda, 2007). Furthermore, liquid
biopsy is an innovative and minimally invasive diagnostic approach in breast cancer
assessment. It is done by analyzing the circulating tumor markers or cell-free DNA
(cfDNA) particles found in bodily fluids, such as blood or plasma. These markers may
include mutated genes, chromosomal rearrangements, or abnormal protein
expressions, which provide critical genetic and molecular information about the tumor.
Liquid biopsy enables real-time monitoring of the tumor’s genetic profile, offering
insights into its evolution and the potential emergence of drug resistance (Garcia-

Saenz et al., 2017).

Assessing cancer metastasis is essential for staging and the treatment plan. Bone scans
and computerized tomography (CT) scan techniques are adopted for this purpose.
Other techniques, such as ultrasound and positron emission tomography (PET), may

be employed to further evaluate breast lesions and assess metastasis. Detecting any
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potential metastatic spots guarantees an extensive understanding of the disease’s reach
and guides treatment strategies accordingly (Jafari et al., 2018). Genetic testing for
inherited mutations, especially in genes like BRCA1 and BRCAZ2, offers crucial
insights for risk assessment, treatment planning, and family counseling. Diagnosing
individuals with a hereditary predisposition to breast cancer is important for
customized treatment strategies and long-term management (Jafari et al., 2018). Blood
tests in breast cancer diagnosis involve the analysis of specific biomarkers and
substances indicative of tumor presence, type, and aggressiveness. These tests provide
a non-invasive approach to gathering valuable information about the disease’s status,
aiding in early detection, treatment planning, and therapeutic efficacy monitoring

(Dufty, 2006; Jafari et al., 2018).
1.1.8 Breast Cancer Biomarkers

Tumor markers are substances produced by the body in response to cancer cells and
play a crucial role in assessing breast cancer’s progression and response to treatment.
These markers are measurable in bodily fluids like blood, offering valuable insights
into therapeutic interventions’ effectiveness (Barzaman et al., 2020). Starting with
Cancer antigen 15-3 (CA15-3), a protein produced by breast cancer cells, can be
measured in the bloodstream. In an individual, the levels of CA15 3 are typically below
or equal to 25 U/mL. However, elevated levels of CA15-3 in cases of metastatic breast
cancer indicate an advanced stage of the disease. CA15-3 is utilized to assess the
effectiveness of treatments. If the levels decrease, it suggests a response to treatment,

whereas higher levels could signal a recurrence (Song et al., 2020).

Moving to carcinoembryonic antigen (CEA), a glycoprotein found to be elevated in
various cancers, including breast cancer. CEA typically presents in low levels in the
blood of healthy adults (2.5 ng/mL) and shows elevated levels in patients with
advanced breast cancers, usually stage 3 or stage 4. Conversely, patients in the early
stages of breast carcinoma exhibit lower levels of CEA expression. This correlation
between CEA levels and breast cancer stage provides valuable insights into disease
severity. Post-effective breast cancer treatment usually gradually decreases CEA

levels (Nam et al., 2019).

In addition, cancer antigen 125 (CA-125), a crucial blood test, aids in predicting the

severity of breast cancer. High CA-125 levels indicate metastatic breast cancer and the
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likelihood of cancer recurrence. Furthermore, the CA-125 test plays a vital role in post-
treatment assessments, determining the effectiveness of the treatment protocol.
Notably, CA-125 levels show a positive correlation between breast and ovarian cancer,
making it a significant diagnostic, predictive, and prognostic biomarker in breast

cancer oncology. The normal CA-125 range is less than 35 U/mL (L1 et al., 2020).

Humanized epidermal growth factor receptor 2 (C-erbB-2), commonly known as HER
2, is an antigen protein in breast cancer. While under-expressed in normal cells, it is
overexpressed in cancerous cells, making it a crucial tumor marker for cancer
identification (Prat et al., 2020). is a pivotal protein present on the surface of breast
cells. When overexpressed, indicating an excess of the HER2 gene, it leads to
aggressive tumor growth and an elevated risk of recurrence. Approximately 20-25%
of breast cancers are categorized as HER2-positive, signifying an abundance of HER2
receptors. This often results in more aggressive tumor behavior, necessitating
specialized treatment approaches. Normal HER?2 levels are typically determined to be
0 to 2+ (negative), but values of 3+ or higher are considered HER2-positive. Testing
HER?2 status involves analyzing tissue samples from biopsies or surgical procedures.
The results of HER2 testing are instrumental in guiding treatment decisions. Targeted
therapies like trastuzumab (Herceptin) have significantly improved outcomes for
individuals with HER2-positive breast cancers (Kabakei et al., 2021; Wolff et al.,
2018).

Another biomarker known as a marker of proliferation (Ki-67), a nuclear antigen, is a
pivotal proliferation biomarker. The MKI67 gene encodes Ki-67, which is essential
for cell growth. Elevated levels of Ki-67 expression indicate extensive tumor
progression, while low levels signify early-stage cancer or the absence of cancer.
WHO categorizes Ki-67 into grades 1 (G1), 2 (G2), and 3 (G3). G1 denotes slow-
growing tumors that are less likely to spread to other areas of the breast. G2 represents
a state where tumors are more likely to grow and invade other areas. Additionally,
moderately differentiated tumors can be analyzed through G2. In G3, abnormal cells
grow rapidly, indicating poorly differentiated cancer cells. The Ki-67 index test
quantifies the level of actively dividing cells in the breast that express the Ki-67
protein. A Ki-67 index of less than 2% corresponds to G1, where 2% of cells exhibit
division. G2 indicates that 3 to 20% of cells divide in every 100 tumor cells, while a

Ki-67 index of > 20% corresponds to G3, denoting rapid cell growth. This biomarker
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is instrumental in determining the aggressiveness and progression of breast cancer.

Normal Ki-67 levels in normal breast tissue are less than 3% (Menon et al., 2019).

The status of the hormonal receptors, such as estrogen receptors (ER), is a pivotal
biomarker in assessing breast cancer. This biomarker identifies the presence of
estrogen receptors on the surface of cancer cells, signifying their responsiveness to
hormonal therapies. In breast cancer, ER-positive tumors exhibit a higher affinity for
estrogen, promoting their growth and proliferation. Conversely, ER-negative tumors
lack these receptors, rendering them less susceptible to hormone-based treatments.
Determining ER status aids clinicians in tailoring therapeutic strategies, particularly in
administering endocrine therapies like tamoxifen and aromatase inhibitors. According
to guidelines established by the American Society of Clinical Oncology (ASCO),
tumors with greater than or equal to 1% of cells demonstrating positive ER staining
are considered ER-positive, while those with less than 1% positivity are classified as

ER-negative (Nicolini et al., 2018).

Similarly, progesterone receptor (PR) is a vital biomarker in breast cancer, determined
through IHC analysis. Tumors are PR-positive if at least 1% of cell nuclei exhibit
positive staining. PR-positive tumors often respond well to endocrine therapies, while
PR-negative tumors may require different approaches. PR is found in over 50% of ER-
positive breast tumors but rarely in ER-negative ones. It is considered a key prognostic
factor, positively correlating with overall survival, treatment failure, or progression.
Lower PR levels in ER-positive tumors signal more aggressive disease, poorer

prognosis, and higher recurrence risk (Allison et al., 2020).
1.1.8 Breast Cancer treatment

Breast cancer treatment strategies vary based on factors such as the type, stage, and
size of the cancer. The available options encompass surgery, chemotherapy,
radiotherapy, and hormone therapy. In the realm of surgery, a range of approaches are
employed, each tailored to the invasiveness of breast cancer. Lumpectomy, for
instance, selectively removes the tumor and surrounding healthy cells, making it
suitable for smaller tumors. In the case of larger tumors, chemotherapy is administered
prior to lumpectomy to facilitate tumor shrinkage before removal (Mutebi et al., 2020).
Moving on to mastectomy this procedure involves the comprehensive removal of the

affected breast, encompassing lobules, fatty tissue, ducts, and skin. Additionally,
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sentinel node biopsy focuses on removing a limited number of lymph nodes to assess
metastasis. If the nodes prove clear, further removal is not deemed necessary. Axillary
lymph node dissection takes the process a step further by removing several lymph
nodes. Should cancer be detected in sentinel nodes, additional nodes from the armpit
may be excised. Moreover, individuals with a family history of breast cancer might
consider a prophylactic bilateral mastectomy to mitigate future risks (Lovelace et al.,

2019).

Meanwhile, radiation therapy deploys high-energy X-ray beams to eradicate cancer
cells. This treatment can be administered either externally or internally post-surgery,
directly targeting any remaining cancerous cells. Generally, external radiation follows
a lumpectomy. It may be provided either before (neoadjuvant) or after (adjuvant)
surgery. It is imperative to note that radiation therapy may lead to side effects such as
fatigue, skin changes, and, in rare cases, long-term effects on the heart or lungs and

potential secondary cancers in other organs (He et al., 2018).

The chemotherapy treatment method is designed to target fast-growing cells with
drugs administered via injection or orally. Neoadjuvant therapy, administered before
surgery, effectively reduces tumor size, aiding in complete removal. Adjuvant
chemotherapy, administered post-surgery, targets potentially undetectable cancer
cells, significantly reducing recurrence risk, especially for high-risk or metastatic
cases. However, it is crucial to know that chemotherapy may entail side effects,
including nausea, fatigue, hair loss, nail color changes, nerve damage, mouth sores,

and hair loss (Abotaleb et al., 2018).

Finally, hormone therapy, “endocrine therapy,” intervenes by disrupting hormone
receptors in cancer cells. This action either prevents hormones from binding or inhibits
hormone production. Currently, three types of drugs are given to hormone-sensitive
breast cancer patients: selective estrogen receptor modulators, selective estrogen
receptor down regulators, and aromatase inhibitors. The crosstalk between estrogen
receptors and growth factors causes endocrine resistance. Due to de novo resistance,
some patients with breast cancer who are estrogen receptor-positive cannot receive
endocrine therapy. Whereas acquired resistance was reported for patients who were
initially positively responding to endocrine therapy (Giuliano et al., 2019). Hormone
therapy resistance is a significant hurdle in treating hormone-sensitive breast

carcinomas. While ER and PR-targeted therapy is effective, the interplay between
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estrogen and growth factor receptors contributes to endocrine resistance. Combined
hormonal therapy targeting both receptors shows promise. Triple-negative breast
cancer that lacks estrogen, progesterone, and HER2 receptors has a challenging
prognosis as it is resistant to hormonal therapy. Current therapies rely on targeting
these receptors, highlighting the need for additional molecular markers. Endocrine
therapy faces resistance due to de novo or acquired factors, limiting effectiveness (Al-
Mahmood et al., 2018). Therefore, identifying novel target molecules and combining
therapies could illuminate resistance mechanisms, offering potential solutions in breast

cancer treatment.
1.1.9 Signaling Pathways in Breast Cancer

In the vast intricacies of cellular communication, signaling pathways serve as the
conduits for information transfer and processing, guiding every aspect of cellular
function. At its core, a signaling pathway is a sequential cascade of molecular events
initiated by external cues that facilitate communication between and within cells

(Alberts et al., 2002).

Starting with ligands, these molecular harbingers often originate from outside the
cellular environment. Their primary role is to bind specifically to cellular receptors,
instigating the entire signaling process. Receptors, typically proteinaceous in nature
and anchored on the cell surface, are tailored to recognize these specific ligands. These
receptors undergo conformational changes upon ligand binding, creating a domino

effect of intracellular events (Lemmon & Schlessinger, 2010).

Genes are central to the progression of these pathways, the foundational blueprints of
life. Genes encode for proteins, many of which are integral components of these
signaling cascades. Some genes produce the receptors that detect the initial signals,
while others might encode for intracellular molecules that relay these signals further.
Moreover, the final cellular responses, such as transcriptional changes, are governed
by the activation or repression of specific target genes, underscoring the gene-centric
nature of cellular signaling. This cascade does not just flow unidirectionally; it
comprises multiple branches, feedback loops, and checkpoints. Effector proteins, often
the terminal components of these pathways, transduce the processed signal into

tangible cellular responses. These could manifest as changes in gene expression,
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alterations in metabolic pathways, or even behavioral adjustments of the cell in

response to its environment (Alberts et al., 2002).

The span of cellular signaling is not confined to the individual cell. Cells communicate
over varying distances: from autocrine signaling, where cells respond to signals, they
produce themselves, to paracrine signaling, affecting nearby cells, and even endocrine
signaling, where molecules like hormones traverse through the bloodstream to
influence distant cells. Juxtacrine signaling adds another layer to this complexity,
necessitating direct cell-to-cell contact for information transfer (Lemmon &
Schlessinger, 2010). The ramifications of signaling pathways are monumental. They
regulate cell growth, differentiation, and even programmed cell death. They allow cells
to sense and adapt to changes, whether it is a fluctuating nutrient concentration or the
presence of a foreign toxin. In multicellular organisms, they ensure that the cacophony
of billions of cells translates into a harmonious symphony, enabling tissues and organs

to function seamlessly (Alberts et al., 2002).

Nevertheless, as in any sophisticated system, aberrations can be catastrophic.
Dysregulated signaling can culminate in unchecked cellular proliferation, a precursor
to cancer. Such misdirection might confuse the immune system, leading to self-
targeting and autoimmune disorders. Given their profound influence, it is no surprise
that signaling pathways have become the bullseye for therapeutic interventions. Drugs
meticulously designed to modulate specific components of these pathways can
potentially reverse, halt, or even prevent diseases (Lemmon & Schlessinger, 2010). In
the cancerous milieu, malignant cells employ these signaling tactics for survival,
recruiting vascular support, or eluding immune surveillance. This interaction,
reflecting an orchestra’s engagement with its audience, can dictate disease progression
or regression (Hanahan & Weinberg, 2011). Prominent signaling pathways in breast
cancer are shown in (Figure 1.3) and include the following: Phosphoinositide 3-
kinase/Protein Kinase B/ mammalian target of rapamycin (PI3K/AKT/mTOR)
pathway. A vital signaling mechanism that connects oncogenes with various receptor
types and governs numerous crucial cellular activities. This pathway is considered the

most activated signaling pathway in human cancer (Huang et al., 2014).

The Rat Sarcoma (RAS) pathway is also a crucial cellular signaling cascade that
regulates various cellular processes, such as growth, differentiation, and survival. Ras

genes are among human cancers’ most mutated oncogenes. Mutations in Ras genes
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can lead to the production of constitutively active Ras proteins. A constitutively active
Ras protein leads to continuous signaling down its pathways, even without external
growth signals, resulting in unchecked cell proliferation, resistance to apoptosis
(programmed cell death), and other cancer-associated behaviors (Stephen et al., 2014).
The Janus kinase/signal transducer and activator of transcription (JAK-STAT)
pathway consists of various intracellular molecules crucial for signal pathways
activated by growth factors and cytokines. It serves as a bridge between extracellular
signals and intracellular transcriptional responses, playing a significant role in immune
cell functions and inflammatory processes (O’Shea et al., 2015). The transforming
growth factor beta receptor 1 (TGFBR1) pathway highlights the adaptability of
signaling, especially in conditions such as hepatocellular carcinoma, showcasing its
role in modulating cellular growth and differentiation in different cancer progression

(Moore-Smith & Pasche, 2011).

The Wnt and hippo pathways are arbitrators in tissue regeneration and organ size
control, foundational for maintaining tissue equilibrium (Moya & Halder, 2018). The
tumor protein p53 (p53) pathway, often termed the “guardian of the genome,” is
indispensable for preserving genomic stability and mediates DNA repair, cell cycle
arrest, and apoptosis. P53 dysregulation is common in cancers (Kastenhuber & Lowe,
2017). The focal adhesion kinase (FAK) signaling is prominent in cell migration,
adhesion, and survival; it plays roles in processes like angiogenesis and wound
recovery (Sulzmaier et al., 2014). The sphingolipid metabolism pathway underscores
cell growth, differentiation, and stress responses, adding another dimension to the
signaling matrix (Hannun & Obeid, 2017). The notch and Erb-B2 Receptor Tyrosine
Kinase (ErbB) pathways are pivotal in cell fate determination and growth and play
central roles in development and disease states (Yarden & Pines, 2012). The
phosphatase and tensin homolog (PTEN) pathway act as a counterweight to PI3K
signaling; this pathway illustrates the delicate balance of cellular processes and is

crucial as a tumor suppressor (Song et al., 2012).
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Figure 1.3. Breast Signaling Pathways (KEGG PATHWAY: Breast Cancer - Homo
Sapiens (Human), n.d.)

1.2. MicroRNA

MicroRNAs (miRNAs) are small RNA molecules generated internally within the cell,
serving as regulators of gene expression after the transcription process. MiRNAs are
single stranded, approximately 18 to 25 nucleotides long. Unlike other RNA types,
miRNAs do not undergo translation to create proteins. Instead, they are pivotal in
controlling gene expression across a wide spectrum of physiological, developmental,
and pathological processes. MiRNAs are found in plants, green algae, animals, and
certain viruses and are actively engaged in RNA silencing and the post-transcriptional
control of gene expression (Ambros, 2004). This regulatory function is achieved
through the destabilization and degradation of target messenger RNA (mRNA)
molecules, along with the inhibition of mRNA translation (Fabian et al., 2010). The
dysregulation of miRNAs expression may lead to abnormal expression patterns of
coding genes that result in changes in the encoded protein formation and, subsequently,

the malfunctioning of the whole cellular machinery (Gebert & MacRae, 2018).
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1.2.1 Discovery of microRNAs

In 1993, two research teams investigated the developmental cycle stages of the
nematode Caenorhabditis elegans (C. elegans). During their studies, they discovered
the first miRNA, “lin-4.” The study showed that lin-4 does not code for any protein.
Instead, it produces two distinct small RNAs, with the longer one hypothesized to be
a precursor to the shorter one (Lee et al., 1993). These RNAs came from lin-4 and
showed antisense complementarity in several parts of the untranslated segment of the
lin-14 mRNA (Lee et al., 1993; Wightman et al., 1993). The discovery of let-7, the
second miRNA, also took place in C. elegans. However, homologues of let-7 were
subsequently identified in various other species (Pasquinelli et al., 2000). Soon after,
numerous miRNA genes were discovered in various species, creating a registry that
serves as a comprehensive database of documented miRNAs and a definitive reference
for miRNA nomenclature (Griffiths-Jones, 2004). This registry later evolved into
miRBase, which is now the principal reference database for discovered miRNAs. It
includes sequence information, annotations, and links to databases containing
predicted and validated target genes for miRNAs (Kozomara & Griffiths-Jones, 2014).
The elucidation of the RNA interference (RNAi1) pathway awarded a Nobel Prize in
2006 unveiled a pivotal mechanism underpinning miRNA-mediated gene silencing.
Within this context, miRNAs guide the RNA-induced silencing complex (RISC) to

target mRNA molecules, inducing their degradation or translation (Zamore, 2006).
1.2.2 MicroRNA Genomics

The discovery and identification of small RNAs have improved over the years.
MiRNAs have been identified in over 271 diverse organisms, including a broad
spectrum of animals, plants (Jones-Rhoades et al., 2006), and even viruses (Grundhoff
& Sullivan, 2011). As of the latest update miRBase version (version 23) in August
2022, the platform recorded 38,589 mature miRNAs in 271 species, including 2,742
specifics to humans. This rapid increase in the catalog is primarily attributed to the
advancement and broader accessibility of sequencing techniques (miRBase, 2022)
This suggests that approximately 3—4% of human genes are responsible for miRNA

encoding.

Evolutionarily speaking, miRNAs demonstrate a high level of conservation (Bartel,

2004). As evidence, about 55% of miRNAs found in C. elegans share similarities with
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those in humans (Ibanez-Ventoso et al., 2008). The appearance of complex, multi-
celled life seems to happen around the same time as the development of miRNA
processes. This suggests that miRNAs play a key role in the evolution of advanced life

forms (Lee et al., 2007).

In terms of genomic placement, miRNAs exhibit diversity. Nearly half of the miRNAs
neighbor other miRNAs, forming polycistronic miRNA groups that are transcribed
together. Some have distinct genomic regions with promoter areas (Kim et al., 2009).
These miRNAs or their clusters can be embedded in exons or introns of protein-coding
and non-coding genes (T. Du & Zamore, 2005). MiRNAs are expressed in all tissue
types, and their profiles differ across tissues (Krol et al., 2010); also, many miRNAs
change in expression during an organism’s growth and often mark key development
stages (Bartel, 2004). Moreover, it is widely accepted that a single miRNA type can
regulate multiple target genes. In contrast, numerous miRNAs can collaboratively

control the expression of a single target mRNA (Lewis et al., 2003).
1.2.3 MicroRNA Biogenesis and Mechanism of Action

MiRNA biogenesis is a complex, tightly regulated cellular process essential for post-
transcriptional gene expression regulation. These small, non-coding RNA molecules
play crucial roles in various biological processes, including development,

differentiation, and disease progression (Bartel, 2009).

The biogenesis of miRNAs initiates in the nucleus, as miRNAs are transcribed from
genomic DNA by RNA polymerase II to form a long primary miRNA (pri-miRNA)
molecule. The pri-miRNA molecule contains a stem-loop (hairpin) structure, with a
33-bp double-helix stem and a terminal loop, and flanking single-strand sequences,
which are several hundreds or thousands of nucleotides long (Lee et al., 2003). These
pri-miRNAs are recognized and processed by a nuclear microprocessor complex
consisting of the RNAse III enzyme, known as “Drosha” and its cofactor “DiGeorge
syndrome critical region 8 (DGCRS)” (Denli et al., 2004). The microprocessor
complex cuts the pri-miRNA near the base of the stem-loop structure, creating a
precursor miRNA (pre-miRNA) that looks like a hairpin and is about 70 nucleotides
long (Lee et al., 2004).

The pre-miRNA is then actively transported from the nucleus to the cytoplasm by the

nuclear export factor Exportin-5 (XPOS5), a member of the nuclear transport receptor
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family (Lund et al., 2004). In the cytoplasm, the pre-miRNA is further processed by
another RNase III enzyme called “Dicer,” along with its cofactor, “TAR RNA-binding
protein (TRBP),” which is not required for effective dicing of the pre-miRNA but acts
to physically bridge the Dicer to argonaute protein (Ago) (Chendrimada et al., 2005).
Dicer cleaves the pre-miRNA near the terminal loop, producing a double-stranded
RNA duplex consisting of the mature miRNA and its complementary passenger strand

known as the “miRNA*” (star strand) (Matranga et al., 2005).

The argonaute protein wraps around the duplex, creating what's known as “RNA-
induced silencing complex” or RISC. This complex includes proteins like Dicer,
TRBP, and Ago. Here, Ago works with Dicer and TRBP to untangle the duplex's
strands. It keeps one strand, called the guide strand (or miRNA), and lets go of the
other, called the passenger strand (or miRNA*), which is then broken down (Liu et al.,

2004).

The RISC, guided by mature miRNA, targets mRNA molecules through partial base-
pairing interactions, leading to translational repression or mRNA degradation,
ultimately regulating gene expression (Bartel, 2004). RISC is instrumental in RNA
interference, with Ago at its core (Filipowicz et al., 2008). Figure 1.4 provides an
overview of miRNAs modulating mRNA expression. Typically, miRNA target sites
are in the 3° UTR of mRNA but can also be in the coding region or 5° UTR repressing
mRNA translation or promoting its degradation (Bernstein et al., 2001). MiRNAs
might have alternative roles, like enhancing target mRNA translation (Vasudevan et
al., 2007), activating gene transcription (Place et al., 2008), or preventing mRNA

translation inhibition (Eiring et al., 2010).
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Figure 1.4. MicroRNA Biogenesis pathway (Si et al., 2019)
1.2.4 Mechanisms Regulating miRNA Transcription

MiRNAs control gene expression levels by targeting various genes affecting
developmental transitions and disease progression. The complexity surrounding their
regulation has been an area of focused research, given their complicated roles with

numerous cellular processes (Breving & Esquela-Kerscher, 2010).

Gene transcription is often regulated like that of typical protein-coding genes, but this
regulation varies across different tissues and developmental stages (Davis & Hata,
2009). Studies have shown that the promoter regions of miRNAs are like those of
typical genes as they have parts like the TATA box and cytosine-phosphate-guanine
(CpG) regions and are controlled by Key transcription factors (TFs) (Corcoran et al.,
2009; Ozsolak et al., 2008). On another front, miRNAs, like typical genes, have their
expression influenced by epigenetics. For instance, acetylation of the DNA coding for
miRNAs can activate their transcription, while methylation can turn off gene activity.

(Sato et al., 2011)
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Another aspect to consider in regulating miRNA transcription is the “transcriptional
start site” (TSS). The TSS is the starting point for transcription and is surrounded by
core promoters that initiate the process. MiRNAs, similar to protein-coding genes,
have varied TSSs and associated core promoters, which affect the miRNAs’

transcription patterns. (Marson et al., 2008).

Furthermore, long non-coding RNAs (IncRNAs) play a critical role in regulating
miRNA transcription. IncRNAs are a type of non-coding RNA that can affect both the
concentration and activity of miRNAs. Some IncRNAs contain miRNAs within their
structures, whereas others influence miRNA levels by interacting directly with the
transcriptional apparatus. A notable mechanism involves the competing endogenous
RNA (ceRNA) effect, wherein IncRNAs act as “sponges” to capture and regulate the
availability of miRNAs (Quinn & Chang, 2015)

1.3 MicroRNAs and Breast Cancer

MiRNAs play a crucial role in post-transcriptional regulation and silencing of mRNA
molecules by binding to complementary sequences in target mRNAs’ 3'-untranslated
region (3'-UTR). Consequently, imbalances in miRNAs expression can result in
altered gene expression, either through overexpression or underexpression (Loh et al.,
2019). MiRNAs can be classified as oncogenes “oncomiRs” if they silence tumor-
suppressor genes1.2.5, or as tumor-suppressor miRNAs “tumor suppressive miRNAs”
when they counteract oncogenes. However, this distinction is not always clear-cut, as
some miRNAs can influence both oncogenes and tumor-suppressor genes, with their

ultimate effect depending on various factors (Barbato et al., 2017)

MiRNAs, whether tumor-suppressing or oncogenic, govern various cellular pathways
critical to breast cancer development, such as the apoptotic response, cell proliferation,
and metastasis. Oncogenic miRNAs, when overexpressed, silence vital tumor
suppressor genes, leading to the formation and progression of breast cancer.
Conversely, a decrease in the expression of tumor suppressor miRNAs can elevate
oncogene levels, further promoting breast cancer. Thus, tumor suppressors and
oncogenic microRNAs significantly influence the progression and development of

breast cancer (Loh et al., 2019).

Moreover, miRNAs affect the cellular signaling pathways by modulating the
expression of essential genes, thereby guiding cellular responses from growth to

apoptosis. Any disturbance in these pathways by miRNAs can influence cell
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proliferation, differentiation, and survival, emphasizing their significant impact on cell

fate (Jang & Lee, 2021).

Oncogenic miRNAs, such as miR-21, miR-155, miR-182, miR-10b, miR-27a, miR-9,
and miR-19a, propel cancer growth by inhibiting breast cancer tumor suppressor
genes. For instance, the overexpression of miR-21 and miR-155 in breast cancer
suppresses genes like tropomyosin 1 (TPMI), timp metallopeptidase inhibitor 3
(TIMP3), programmed cell death 4 (PDCD4), and PTEN, as well as forkhead box O3
(FOXO03a), signal transducer and activator of transcription 3 (STAT3), and cascade-
3. These suppressed genes otherwise act as brakes on cell growth, so their inhibition
leads to increased cell proliferation, angiogenesis, and diminished apoptosis,
fundamental factors in tumor development. On the other hand, tumor suppressor
miRNAs, including let-7a, let-7b, let-7c, miR-145, miR-200, miR-205, and miR-335,

act to inhibit oncogenes, thus countering breast cancer growth (Wang & Luo, 2015).

miRNAs also serve as intricate molecular switches in cellular processes. By interacting
with specific mRNA targets, they can either inhibit mRNA translation or promote its
degradation. Such regulation is complex; a single miRNA can target several genes,
while multiple miRNAs might interact with a singular gene. This balance between
oncogenic miRNAs and tumor suppressor miRNAs is instrumental in determining

cancer onset, progression, and potential metastasis (Wang & Luo, 2015).
1.3.1 MicoRNAs in Cancer Metastasis

MiRNAs are recognized as key players in regulating cancer metastasis, which is
considered the leading reason for death in individuals with solid tumors. Research
indicates that certain miRNAs can inhibit the spread of various cancers, known as
“metastamiR”, while other miRNAs can promote cancer metastasis by controlling

various genes (Raval et al., 2022; Tavazoie et al., 2008)

For instance, miR-335, which has been observed to target SRY-Box transcription
factor 4 (SOX4), reduces metastasis in breast cancer, and its loss was observed to be
correlated with poorer outcomes (Tavazoie et al., 2008). In contrast, circulating levels
of miR-200c/141, a promising marker for breast tumor metastasis, have been seen to
be elevated during cancer progression (Loh et al., 2019). Moreover, the

downregulation of miR-200 promotes metastatic breast cancer by elevating the
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expression of the zinc finger E-box-binding homeobox 2 (ZEB2) gene (Singh & Mo,
2013).

1.3.2 MicroRNAs as Biomarkers in Breast Cancer

MiRNAs have recently gained prominence as potential biomarkers in cancer diagnosis
due to their crucial role in gene expression regulation and the notable dysregulation
witnessed in malignant cells (Yang & Liu, 2020). Their stability in blood, body fluids,
and other tissues makes them ideal candidates for early detection and monitoring, even

in samples stored for extended periods (Meng et al., 2013).

A specific set of miRNAs, namely miR-642b-3p, miR-1202-5p, miR-1207-5p, miR-
1225-5p, miR-4270-5p, and miR-4281-3p, showed increased presence in the blood
plasma of patients diagnosed with stage I breast cancer (Hamam et al., 2016). On the
other hand, the concentration of serum miR-1825-3p was distinctly downregulated in
initial-stage gliomas, and its downregulation was associated with the tumor’s

aggressive nature and less-than-optimal patient outcomes (Wang et al., 2018).

MiRNAs are utilized to differentiate various cancer subtypes, as miRNAs are
upregulated in one kind of breast cancer, whereas they are downregulated in other
types of breast cancer. The elevated level of miR-342 expression was observed in ER
and HER2+ breast carcinoma (Lindholm et al., 2019). Whereas underexpression of
miR-342 was identified in TNBC. Hence, miR-342 can be used as a biomarker to

identify different types of breast cancers (Romero-Cordoba et al., 2018).

Emerging techniques, like the two-dimensional analysis method, optimize the
sensitivity and accuracy of miRNA detection, enhancing the potential of early breast
cancer diagnosis. Such innovations and the understanding that genes demonstrate
tissue-specific behaviors emphasize their crucial role across various cancer types (Yan

et al., 2023).
1.3.3 MicroRNA as Therapeutic Agents and Mediated Therapy Resistance

MiRNAs have shown immense promise as therapeutic targets and tools for cancer
management. Their significance spans a range of functions in the cancer development
process, including controlling cancer stem cells and promoting or inhibiting cancer,

making their therapeutic potential quite significant (Szczepanek et al., 2022).
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For example, while miR-155 can foster tumor cell proliferation, it may also render
them more vulnerable to certain treatments. An interesting observation was made in
breast cancer patients who underwent ionizing radiation therapy. Ionizing radiation
functions by initiating double-stranded DNA breaks in tumor cells, which can be
mended through DNA homologous recombination. However, increased certain
enzymes can lead to resistance to this treatment. A breakthrough study by Gasparini
et al. showed that miR-155 hinders the activity of AD51 Recombinase (RADS51), a
pivotal protein for DNA homologous recombination. This inhibition enhances the
sensitivity of triple-negative breast cancer to ionizing radiation. Intriguingly, despite
the oncogenic properties of miR-155 in breast cancer, patients with elevated levels of

this miRNA showed a higher overall survival rate (Tavazoie et al., 2008)

In therapeutic strategies, one approach involves using miRNA analogs or synthesized
miRNAs to elevate tumor-suppressing miRNA levels or decrease oncomiRs levels in
cancer cells. Preliminary studies indicate that nanoparticles show promise as effective
delivery agents for these miRNA analogs, ensuring their stability and targeted delivery

to cancer cells (Menon et al., 2022).

Another innovative technique involves using antisense oligonucleotides (ASOs) to
target and inhibit specific oncomiRs. These synthetic nucleic acids bind to
complementary miRNA sequences, resulting in the inactivation of the oncomiRs
(Xiong et al., 2021) However, miRNA-based treatments have challenges, including
efficient delivery, stability, and safety. Ongoing research focuses on improving these
aspects, while closely monitoring potential side effects and risks (Szczepanek et al.,

2022).

MiR-1294 is known for its tumor-suppressing capabilities in various cancers and is
being investigated for its therapeutic potential (Mao et al., 2023). While MiR-551a
presents a dual role, acting as a tumor suppressor in gastric cancer while promoting
cancer progression in head and neck squamous cell carcinoma, suggesting its nuanced
potential in cancer therapies (Karanam et al., 2015; Li et al., 2012). Regarding miR-
4534 that is often upregulated in cancers and is an "oncomiR" that could be targeted
in therapy due to its role in tumor growth and metastasis (Nip et al., 2016b; Inoue et
al., 2021). Lastly, miR-1238's downregulation in glioblastoma and non-small cell lung
cancer impacts cell proliferation and invasion, highlighting its therapeutic target

potential (Shi et al., 2015; Luo et al., 2022).
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MiRNAs are instrumental in modulating drug resistance in cancer therapy. Their roles
encompass regulating drug efflux, altering drug targets, affecting DNA repair, cell
cycle regulation, and apoptosis evasion (Si et al., 2019). For example, miR-27a notably
regulates drug efflux by enhancing ATP-binding cassette transporters, decreasing
intracellular drug concentrations (Dong et al., 2019). Meanwhile, miR-125 b’s
overexpression diminishes HER2 protein levels in breast cancer cells, impacting the
effectiveness of trastuzumab (Crosby et al., 2009). DNA repair mechanisms are
amplified with elevated miR-210, increasing resistance to therapies like chemotherapy
and radiation (Kim et al., 2009). Furthermore, miR-221 and miR-222 regulate the cell
cycle, making cells less prone to treatments targeting rapid cell division (Kim et al.,
2023). Finally, miRNAs such as miR-221 and miR-222 are known to influence
radiation sensitivity via the PTEN pathway (Li et al., 2014), while others impact
pathways like PI3K/Akt related to chemotherapy resistance (Si et al., 2019).

1.3.4 The Role of Bioinformatics in microRNA Analysis in Breast Cancer

Bioinformatics refers to computational biology, where biological problems are solved
using computational techniques. Bioinformatics has started to play a role in
understanding cancer’s molecular intricacies. It aids in identifying potential
therapeutic targets, prognostic indicators, and, most importantly, in understanding the
subtle dynamics of miRNAs within the landscape of cancer (Chen et al., 2020;
Mondanizadeh et al., 2020).

Critical databases, such as miRBase and the gene expression omnibus (GEO), serve as
foundational repositories for miRNA sequences and gene expression datasets,
respectively (Barrett et al., 2013). These platforms, alongside resources like the Cancer
Genome Atlas (TCGA) and the Kyoto Encyclopedia of Genes and Genomes (KEGG),
facilitate a comprehensive analysis of tumor-related data, empowering researchers to
perform intricate differential expression and pathway enrichment analyses (Kanehisa
& Goto, 2000; Tomczak et al., 2015). The Gene Ontology (GO) database is an integral
part of these analyses, which provides a structured and controlled vocabulary to

describe gene and gene product attributes across species (Ashburner et al., 2000).

Bioinformatics is especially useful for studying miRNA-mRNA and protein
interactions. Understanding these interactions is key to grasping how diseases like

cancer develop. Tools like STRING and BioGRID help researchers learn more about
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these interactions and find ways to intervene in cancer’s progression (Szklarczyk et

al., 2019).

1.4 Objective

The study’s main objective was to clarify the roles of miR-1294, miR-551a, miR-1238,
and miR-4534 in breast cancer development. By integrating bioinformatics analyses,
the research aimed to deeply understand how these miRNAs influence the complex
nature of breast cancer. Since these miRNAs have connections to various cancers, the
study thoroughly investigated their specific functions, primary molecular targets, and

interactions within the breast cancer genome.

Bioinformatics tools were employed to pinpoint and validate the primary molecules
influenced by these altered miRNAs in breast cancer. These miRNA alterations were

then evaluated concerning cancer signals, assessing any links to treatment resistance.

Additionally, the study explored the potential of these miRNAs as indicators of the
disease’s future progression. By comparing their levels with patient outcomes, the
research sought to determine whether these miRNAs could predict disease outcomes

and treatment responses or offer new therapeutic avenues in breast cancer.
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CHAPTER 2
LITERATURE REVIEW
2.1. MicroRNA-1294 (miR-1294)
In research studies, miR-1294 has become notable for its inherent capacity to suppress
tumors across various cancer forms. Additionally, miR-1294 is under investigation as

a potential diagnostic indicator and therapeutic tool.

In the first study on the function of miR-1294 by Liu et al. in 2015, it was discerned
that miR-1294 expression was considerably downregulated in human esophageal
squamous cell carcinoma (ESCC) tissue when compared to corresponding normal
tissue. This was evidenced using quantitative qRT-PCR on samples from 79 ESCC
patients. The study revealed that lower miR-1294 expression was correlated with
poorer prognosis. In vitro analysis showed that downregulation of miR-1294
upregulated the oncogene c-MYC, suggesting c-MYC as a target gene for miR-1294.
Taken together, these findings underscore the potential prognostic implications of
miR-1294 downregulation in ESCC, which may be attributed to its diminished

inhibitory action on c-MYC protein function (Liu et al., 2015).

In 2018, Zhang et al. explored the role of miR-1294 in platinum-resistant ovarian
cancer (OC). Using qRT-PCR, they measured the expression of miR-1294 in 30 OC
tissues and cell lines. Their research involved cell transfection methods to modulate
miR-1294 levels and various assays to study cell behaviors. The results indicated that
miR-1294 dysregulation influenced OC cisplatin resistance through the regulation of
the insulin-like growth factor 1 receptor (IGF1R) gene. Notably, a reduction in IGFIR
led to reduced cell proliferation, migration, and invasion. Furthermore, elevating miR-
1294 levels combated cisplatin resistance. These findings underscore miR-1294’s
potential both as a diagnostic tool and a therapeutic strategy for OC, particularly for

those unresponsive to cisplatin (Zhang et al., 2018).

In gastric cancer (GC), Shi et al. (2018) identified a significant downregulation of miR-
1294 in GC tissues compared to their adjacent normal counterparts. Using qRT-PCR
on samples from 82 GC patients, the study reinforced this observation. The low miR-

1294 levels correlated strongly with specific clinicopathological parameters, including
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larger tumor size, lymph node metastasis, and distant metastasis. Further emphasizing
its clinical importance, the study noted that patients with reduced miR-1294 levels
faced a poorer cancer prognosis, highlighting its potential as a prognostic marker in

GC (Shi et al., 2018)

In a study by Guo et al. (2018), miR-1294 expression was analyzed in 69 epithelial
ovarian cancer (EOC) tissues and cell lines using qRT-PCR. Results showed reduced
miR-1294 expression associated with lymph node metastasis, and decreased survival
rate in EOC patients. Using cell counting kit-8 (CCKS8) and flow cytometry, the study
found that miR-1294 inhibits EOC cell growth and progression. Additionally, miR-
1294 was identified as an independent prognostic indicator for EOC, emphasizing its

potential as a therapeutic target (Guo et al., 2018).

Zhang et al. (2018) investigated miR-1294's expression in osteosarcoma (OS) cell lines
and found it to be significantly downregulated, correlating with poorer survival rates
in OS patients. In vitro tests demonstrated that miR-1294 upregulation inhibited OS
cell proliferation and invasion. Through the luciferase reporter assay and Western blot
analysis, the research proved homeobox A9 (HOXAY) as a direct target gene for miR-
1294 (Zhang et al., 2018).

MiR-1294 is notably downregulated in glioma tissues and cell lines. Overexpression
of miR-1294 reduces glioma cell growth and invasiveness while enhancing
responsiveness to temozolomide. The research identified the Xenopus kinesin-like
protein 2 (TPX2) as a target gene for miR-1294, a link further verified using a
xenograft model, underscoring miR-1294's therapeutic potential for glioma (Chen et

al., 2018).

Wang et al. (2018) studied miR-1294's role in oral squamous cell carcinoma (OSCC)
using samples from 24 patients and cell lines. The study revealed that miR-1294 was
significantly downregulated in cancer tissues and cell lines. Reduced levels of miR-
1294 in OSCC were associated with larger tumors, increased lymphatic involvement,
and venous infiltration. Importantly, miR-1294 directly targets the c-Myc oncogene,
with an evident inverse relationship between c-Myc mRNA and miR-1294 levels in
OSCC samples. Elevating miR-1294 levels inhibited OSCC cell growth and
movement, underscoring its potential to curb tumor growth by targeting c-Myc (Wang

et al., 2018).
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In 2019, following evidence proving miR-1294's role as a tumor suppressor,
researchers started to explore the regulation mechanisms of miR-1294, particularly
through circRNAs. CircRNAs are a unique type of RNA molecule that forms a
covalently closed continuous loop, differentiating them from the more familiar linear
RNAs which have 5' or 3' ends. Some circRNAs act as miRNA sponges, possessing
binding sites for miRNAs and sequestering these miRNAs to prevent them from
repressing their target mRNAs. For instance, Xu et al. (2019) found that circ_0030235
was upregulated in pancreatic ductal adenocarcinoma (PDAC) cell lines and cancerous
tissues. This circRNA proved to sponge miR-1294, which was found to be
downregulated in pancreatic ductal adenocarcinoma tissues. The reduced expression
of miR-1294 was associated with a higher tumor stage and positive lymph node

invasion (Xu et al., 2019).

In a study cell renal cell carcinoma (ccRCC) cell lines by Pan et al. (2019) found that
miR-1294 was downregulated and its reduced expression was associated with poor
patient survival. Elevating the expression of miR-1294 reduced the proliferation,
colony formation, and invasion of ccRCC cells. Furthermore, they established that
homeobox A6 (HOXAG6) is a target of miR-1294, with HOXAG6 being negatively
regulated by miR-1294 (Pan et al., 2019).

In a 2020 study by Wang et al., the role of miR-1294 in GC, particularly its
involvement in epithelial-mesenchymal transition (EMT), was explored using samples
from 60 patients and cell lines. They observed miR-1294 to be downregulated in GC,
with a higher expression linked to longer overall survival. Through methods like
Western blotting and dual luciferase assays, it was demonstrated that miR-1294
directly targets the forkhead box K1 (FOXKT1) gene, altering its expression. FOXK1,
recognized for its involvement in cell proliferation and tumorigenesis, is frequently

upregulated in various cancers (Wang et al., 2020).

Another proof of miR-1294 downregulation in gastric cancer comes from a 2020 study
by Wu et al. They examined 30 GC patients and their cancer cells, finding that the
downregulation of miR-1294 led to the upregulation of the protein kinase B (AKT1)
gene and dysregulation of the PI3K/AKT/mTOR signaling pathway (Wu et al., 2020).

In their study analyzing 15 tumor tissues, 20 normal tissues, and several cell lines,

Yang et al. (2020) identified a pronounced downregulation of miR-1294 in laryngeal
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squamous cell carcinoma (LSCC). Significantly, miR-1294 directly targets the
epidermal growth factor receptor (EGFR) gene; thus, its decreased presence leads to
enhanced EGFR expression. Overexpression or mutation of EGFR is known to
significantly propel tumor progression by stimulating cell proliferation, migration,
adhesion, and angiogenesis while concurrently inhibiting apoptosis. This relationship
emphasizes the crucial influence of diminished miR-1294 levels on LSCC progression

and behavior, especially through its modulation of EGFR (Yang et al., 2020).

In a comprehensive study conducted on cell lines, Yuan et al. (2020) identified a
marked downregulation of miR-1294 in osteosarcoma cells. Notably, when the levels
of miR-1294 were experimentally elevated, significant reductions in cellular processes
such as proliferation, migration, and invasion were observed. The main finding from
their investigation pinpointed that miR-1294 targets and modulates the pyruvate kinase
M2 (PKM2) signaling cascade - a key enzyme in glycolysis known to be frequently
overexpressed in various cancers, promoting cell growth and motility. In vivo
experiments reinforced the pivotal role of the miR-1294/PKM2 pathway in
osteosarcoma progression suggesting miR-1294's potential as a therapeutic target

(Yuan et al., 2020).

Another study on 30 esophageal cancer patients, conducted in 2020 by Zong et al.,
found that miR-1294 was downregulated in esophageal cancer and identified polo-like

kinase 1 (PLK1) as its direct target (Zong et al., 2020)

In a study carried out by Chen et al. (2020) involving 30 osteosarcoma patients and
various cell lines, it was elucidated that miR-1294 can be sponged by circRNAs
(circ_0005198). Circ_0000885, which is elevated in OS, can reduce the expression
level of FGFR1 by targeting miR-1294. This interaction subsequently activates the
RAS signaling pathway, further advancing the progression of OS (Chen et al., 2020).

Hua et al. (2020) focused on the role of miR-1294 in temozolomide-resistant glioma
cells from 30 patients. They identified that miR-1294 was downregulated in these
resistant cells. By restoring miR-1294 levels, the sensitivity of glioma cells to
temozolomide significantly increased, indicating the pivotal role of miR-1294 in

mediating drug resistance in glioma (Hua et al., 2020)

In a study on 94 hepatocellular cancer tissues, Chen et al. (2021) found that the
circRNA (circ-PRKCI) influences the behavior of HCC cells by sponging miR-1294
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in hepatocellular carcinoma (HCC) cells. Moreover, reduced levels of miR-1294 were
linked to the enhancement of tumor development and spread in HCC. Increased
expression of miR-1294 showed a decrease in cell growth and an increase in cell death
in HCC. Moreover, miR-1294 was identified as a regulator of target forkhead box K1
(FOXK1) expression levels, a gene that is upregulated in liver cancer cells and governs

glycolysis, ultimately affecting the viability of these cells (Chen et al., 2021)

The first study on miR-1294 in breast cancer was conducted by Chen et al. in 2022 on
30 patients. They found that miR-1294 was significantly downregulated in breast
cancer tissues, and its reduced expression was associated with a poorer prognosis in
patients. In vitro analysis demonstrated that miR-1294 inhibited breast cancer cell
proliferation, migration, invasion, and tumor formation in animal models. On a
molecular level, miR-1294 exerted these tumor-suppressive effects by modulating the
extracellular signal-regulated kinase (ERK) signaling pathway. Based on these
findings, miR-1294 emerges as a potential tumor suppressor in breast cancer and may

offer a new avenue for therapeutic intervention (Chen et al., 2022).

In a study of 44 patients with esophageal squamous cell carcinoma by Liang et al. in
2022, miR-1294 expression levels were decreased in tumor tissues. The target genes
of miR-1294 were linked to both cell cycle arrest and the phosphoinositide 3-kinase-
Akt signaling pathway. Reduced levels of miR-1294 in ESCC were correlated with
increased tumor size, lymphatic penetration, spread to lymph nodes, and vein
infiltration. The findings highlight miR-1294’s crucial role in limiting the malignancy
of ESCC cells, pointing to its potential therapeutic significance (Liang et al., 2022).

Li et al. (2022) found that in non-small cell lung cancer (NSCLC), a low expression
of miR-1294 was linked with advanced TNM staging and distant metastasis. Patients
with a lower miR-1294 expression had a notably reduced overall survival rate
compared to those with a higher expression. Molecular investigations indicated that
the circRNA (circPLK1) directly suppresses miR-1294 activity, thereby influencing
the progression of NSCLC via the miR-1294/high mobility group protein Al
(HMGAT) axis. When circPLK1 was overexpressed, NSCLC cells exhibited increased
malignancy characteristics, such as elevated proliferation, migration, and invasion,
while apoptosis decreased. The findings emphasize the potential of the circPLK1/miR-
1294/HMGA1 pathway as a target for therapeutic strategies in NSCLC treatment (Li
et al., 2022).
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Qin and Wang (2023) observed downregulation of miR-1294 and an upregulation of
the long non-coding RNA (ASAPI1-IT1) in 30 paired hepatocellular carcinoma and
adjacent non-tumor tissues. ASAP1-IT1 functioned as a molecular absorbent for miR-
1294, subsequently raising the levels of the transforming growth factor beta receptor
1 (TGFBR1), which miR-1294 targets. Decreasing ASAPI-IT1 levels led to
significant reductions in HCC cell behaviors, including proliferation, migration, and
invasion. Moreover, the pro-tumoral effects of ASAPI1-IT1 were reversed when the

miR-1294/TGFBR1 pathway was inhibited (Qin & Wang, 2023).

In 2023, Moa et al. discussed the relationship between miR-1294 and cancer therapy.
According to the CADDIE https://exbio.wzw.tum.de/caddie/drug-lookup, several

medications might influence 6 genes downstream of miR-1294. These include
Palifermin, Heparin, Regorafenib, Ponatinib, and Lenvatinib, which target FGFRI.
Fostamatinib acts on polo-like kinase 1 (PLK1) and proviral integration of Moloney
virus 1 (PIM1). Cetuximab, Lidocaine, Gefitinib, Erlotinib, and Lapatinib are
associated with EEGFR. Insulin and Mecasermin interact with IGF1R. Finally,
Arsenic Trioxide (ATO) and Resveratrol (RESV) influence AKT serine/threonine
kinase 1 (AKT1) (Mao et al., 2023).

Cen et al. (2023) explored the role of miR-1294 in acute lymphoblastic leukemia
(ALL) by examining samples from 15 children diagnosed with ALL as well as cell
lines. Their findings revealed a significant upregulation of miR-1294 in the bone
marrow cells of ALL patients when compared to healthy individuals. Additionally,
there was a marked reduction in the expression of the SRY-box transcription factor 15
(SOX15) gene in these ALL-bone marrow cells. Importantly, miR-1294 was found to
directly target and inhibit SOX15, leading to the activation of the Wnt/B-Catenin
signaling pathway. This activation subsequently enhances ALL cell proliferation,

decreases apoptosis, and impacts the disease's progression (Cen et al., 2023).

2.2. MicroRNA-551a (miR-551a)
In the scientific literature, miR-551a is documented to possess diverse functionalities
across different cancer types, having been reported to exhibit upregulation in some and

downregulation in others.

The first study on miR-551a, conducted by Li et al. in 2012, involved an analysis of
four normal gastric tissues alongside 30 malignant tissues, and GC cell lines for in-

depth investigation. By employing Western blotting and q RT-PCR, the researchers
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reported a significant downregulation of miR-551a in the gastric carcinoma samples
compared to normal tissue. MiR-551a was found to target and upregulate the
phosphatase of regenerating liver-3 (PRL-3) gene, known for its association with
metastasis in gastric cancer. Through the transfection of GC cell lines with miR-551a
mimics, Li et al. observed a significant suppression in cell migration and invasion,

indicating the miRNA's potential role as a tumor suppressor (Li et al., 2012).

In their 2015 study of head and neck squamous cell carcinoma, Karanam et al. focused
on a cohort of 118 patients, 41 of whom experienced distant metastasis. Notably, the
study revealed significant upregulation of miR-551a in patients who developed distant
metastasis. In vitro analysis demonstrated that overexpression of miR-551a promoted
cell proliferation, migration, and invasion, indicating its role in enhancing cancer
aggressiveness. The discovery that miR-551a targets the glioma pathogenesis-related
protein 2 (GLIPR2) gene was particularly significant, as this interaction is believed to
contribute to tumor growth. The ability of miR-551a to modulate GLIPR2 expression
highlights its importance in tumor progression and its potential as a marker for poor
prognosis. This paves the way for its use as both a biomarker and a therapeutic target

in head and neck squamous cell carcinoma (Karanam et al., 2015).

In the investigation led by Loo et al. in 2015, extensive analyses were conducted on
colorectal cancer cell lines and animal models to decode the mechanisms of liver
metastasis, a critical factor in patient mortality. Through a rigorous screening of 661
miRNAs, it was established that miR-551a found to be downregulated in colorectal
cancer, plays a crucial role in deterring the spread of cancer to the liver. The research
uncovered that miR-551a exerts its suppressive effects by targeting creatine kinase,
brain-type (CKB), a pivotal enzyme that facilitates the survival of metastasizing cancer
cells by regulating their energy metabolism. Clinically, this finding was substantiated
by the lower expression levels of miR-551a in liver metastases when compared to the
primary colon tumors. Therapeutic interventions designed to augment miR-551a levels
or to inhibit CKB function led to a significant decrease in metastatic proliferation in
their mouse model experiments. Thus, miR-551a's downregulation is intricately linked
with colon cancer progression showing its tumor suppressor role in colorectal cancer

(Loo et al., 2015).

In 2017, Du and Sha evaluated the role of miR-551a in the progression of ovarian

cancer by analyzing 15 matched pairs of tumor tissues and adjacent normal tissues
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from 15 patients, along with cell lines. The researchers found that miR-551a was
notably downregulated in ovarian cancer specimens and cell lines. Further, they
observed that increased expression of miR-551a led to reduced cell proliferation and
enhanced apoptosis rates. Significantly, miR-551a was identified to target the insulin
receptor substrate 2 (IRS2) gene, an oncogene that plays a vital role in ovarian cancer
progression through the activation of the IRS2/PI3K/Akt signaling pathway. The
research also delved into the effects of demethoxycurcumin, a derivative of curcumin
known for its instability yet potent anti-proliferative effects on various cancer cell
types in vitro. They elucidated that demethoxycurcumin was able to inhibit cell
proliferation and induce apoptosis in ovarian cancer cells, while concurrently
deactivating the IRS2/PI3K/Akt axis. Notably, treatment with demethoxycurcumin led
to an upregulation of miR-551a, culminating in the suppression of IRS2 activity and

thereby thwarting the progression of ovarian cancer cells (Du & Sha, 2017).

MiR-551a was first studied in the context of breast cancer in a 2019 study by Anuj et
al. The investigation encompassed 24 tumor tissues and cell lines, revealing that miR-
551aexpression was significantly downregulated in breast cancer tissues and cell lines.
Utilizing a suite of methodologies, including the overexpression of miR-551a in cell
lines and xenograft mouse models, along with promoter luciferase assays, the
researchers uncovered that miR-551a binds directly to the 3" UTR of focal adhesion
kinase (FAK) mRNA. This interaction leads to a reduction in FAK expression, which
is otherwise typically upregulated in breast tumors. The results highlighted a
considerable decrease in miR-551a levels within tumor samples, corresponding with
increased FAK expression. Remarkably, the overexpression of miR-551a curtailed the
invasive and migratory capabilities of cancer cells by diminishing the activity of matrix
metallopeptidase 9 (MMP-9), cementing its role as a tumor suppressor. Moreover, they
identified an intricate regulation mechanism orchestrated by c-Fos—properly named
Proto-oncogene c-Fos—which binds to the miR-551a promoter, thereby enhancing its
expression. These insights underscore the potential of miR-551a as a therapeutic
target, opening avenues for new treatments aimed at FAK in breast cancer

management (Anuj et al., 2019).

The research by Kang et al. offers valuable insights into the role of miR-551a in cancer
cell resistance to chemotherapy. The study demonstrates that the miR-551a was

overexpressed in Hep3B liver cancer cells leading to a notable increase in resistance
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to the chemotherapeutic agent 5-Fluorouracil (5-FU). This resistance is correlated with
heightened cell survival, sphere formation, and an indication of stem-like qualities in
the cancer cells, suggesting that miR-551a could be influencing the fundamental
properties that contribute to tumor aggressiveness and recurrence. Crucially, miR-551a
exerts its effects by suppressing the transcription factor myocyte enhancer factor 2C
(MEF2C). MEF2C is pivotal in the differentiation and maturation of neural
stem/progenitor cells, among other cellular functions. The study posits that targeting
the miR-551a/MEF2C interaction could enhance the effectiveness of 5-FU and
provide a novel approach to combat drug resistance in cancer therapy (Kang et al.,

2019).

In 2020, Wu et al. conducted research to explore the prognostic significance of
miRNAs in colon cancer, specifically in relation to 5-Fluorouracil (5-FU)
chemotherapy. They utilized miRNA expression data from the Broad Institute's
Genomic Data Analysis Center (GDAC) Firehose, focusing on miRNA-gene
interactions following 5-FU treatment and employing colon adenocarcinoma (COAD)
data to analyze these relationships in depth. Within this dataset, miR-551a was
identified as having a significant association with drug response and prognosis. These
findings suggest that miR-551a regulation might serve as an important prognostic
indicator for colon cancer patients undergoing 5-FU chemotherapy, underscoring the
potential of miRNAs, possibly functioning as tumor suppressor miRNAs, in colorectal

cancer therapeutic strategies (Wu et al., 2020).

Chen et al. conducted a study on hepatocellular carcinoma in 2021, to analyze the
patterns of miRNA expression in a cohort of 344 HCC patients using data from The
Cancer Genome Atlas (TCGA). They employed volcano plot analyses to identify
differentially expressed miRNAs between HCC and normal. They found that miR-
551a was upregulated in HCC and identified it as a key biomarker, with its increased
expression indicating a poor prognosis. Furthermore, bioinformatics analyses
underscored the oncogenic role of miR-551a and suggested its potential as a

therapeutic target in HCC (Chen et al., 2021).

Another study, conducted by Karanam et al. in 2023, analyzed miRNA profiles in 94
tumor specimens from patients with head and neck squamous cell carcinoma
(HNSCC) who were treated with postoperative radiotherapy. Their comparative

analysis highlighted that miR-551a was significantly overexpressed in patients with
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distant metastases and poor survival outcomes. Utilizing HNSCC cell lines, the study
elucidated the oncogenic role of miR-551a by demonstrating its effects on cell
proliferation, migration, and invasion assays. Intriguingly, miR-551a was found to
target the mRNA of glioma pathogenesis related 2 (GLIPR2), a gene known to
negatively regulate autophagy. By modulating this pathway, miR-551a not only
enhanced tumor growth and invasiveness but also increased radio-resistance in
HNSCC cells. These findings suggest that targeting miR-551a to regulate GLIPR2
expression might be a viable therapeutic strategy to inhibit tumor-promoting

autophagy in HNSCC (Karanam et al., 2023).

2.3. MicroRNA-4534 (miR-4534)

Previous scientific research has consistently indicated that miR-4534 is frequently
found to be present at elevated levels across a diverse array of cancerous tissues when
compared to normal tissues. Given its consistent upregulation in such a wide variety

of malignancies, miR-4534 is increasingly being characterized as an "oncomiR.”

The foundational study exploring miR-4534's role in prostate cancer was published by
Nip et al. in 2016. They examined 84 matched pairs of clinical samples from patients,
along with additional benign and malignant specimens. Employing qRT-PCR,
methylation-specific PCR, and a suite of functional assays, the team uncovered that
miR-4534 is consistently overexpressed in prostate cancer tissues and cell lines
compared to normal counterparts. They revealed a correlation between miR-4534
overexpression and the methylation status of cancer cells, suggesting its potential as a
biomarker for distinguishing between malignant and benign tissues. The study further
demonstrated that miR-4534 downregulates PTEN—a known tumor suppressor gene
in prostate cancer—altering pathways critical for cell proliferation, survival,
migration, cancer metastasis, and the formation of new blood vessels through the
PI3K/Akt pathway. Inhibiting miR-4534 function in cancer cells resulted in tumor-
suppressive effects such as cell cycle arrest, apoptosis, and reduced migration and
invasion highlighting miR-4534's role as an “OncomiR” and its therapeutic targeting

potential (Nip et al., 2016).

Another study on miR-4534 in prostate cancer was conducted by Jiang et al., in 2019
and involved 78 prostate cancer patients. The researchers employed qRT-PCR to
confirm the oncogenic role of miR-4534, demonstrating its upregulation in cancerous

tissues. The findings showed that miR-4534 facilitates the proliferation, migration,
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invasion, and angiogenesis of prostate cancer cells, primarily through the suppression
of its target gene, Vasohibin 1 (VASHI1). The tumor-suppressive properties of VASH1
were further evidenced by its observed downregulation in prostate cancer tissues and
cell lines. The study provided compelling evidence that the long noncoding RNA
"RBMS3-AS3" may impede the progression of prostate cancer by sequestering miR-

4534, thus reducing its oncogenic effects (Jiang et al., 2019).

In 2021, Inoue et al. examined the impact of TP53 deficiency in colorectal cancer cells
on fibroblast autophagy, with an emphasis on the miR-4534. They compared human
colorectal cancer cell lines, namely HCT116 with an intact TP53 gene and HT29 with
a mutated version of TP53. Their observations revealed that autophagy in fibroblasts
was significantly inhibited when they were co-cultured with HCT116 cells lacking
TP53. They discovered that this effect was mediated by an increase in miR-4534
within exosomes from the TP53-deficient HCT116 cells. MiR-4534 targets and
suppresses the expression of the autophagy-related gene, autophagy related 2B
(ATG2B), which is essential for the early stages of autophagosome formation, crucial
for the induction of autophagy, and for maintaining cellular homeostasis. This insight
underscores a new pathway by which TP53 mutations in cancer cells may influence
the tumor microenvironment, fostering an environment that supports cancer
progression through the suppression of autophagy in fibroblasts, mediated by miR-

4534's action on ATG2B (Inoue et al., 2021).

Oztiirk et al.'s 2022 study on 83 individuals, including 37 with prostate cancer, 31 with
benign prostatic hyperplasia (BPH), and 15 healthy controls, found elevated levels of
miR-4534 in the plasma of the cancer and BPH groups using qRT-PCR. This
overexpression, linked to lymph node metastasis, indicates miR-4534's potential as a
biomarker for these conditions. However, it's unclear if it can differentiate between
prostate cancer and BPH. The study also suggests a possible oncogenic role for miR-

4534 in disease progression (Oztiirk et al., 2022).

The study by Chai et al. in 2023 unveiled significant insights into the molecular
dynamics of triple-negative breast cancer (TNBC) by examining the roles of miR-4534
and ADAM-like Decysin-1 (ADAMDEC1). Through the analysis of RNA sequencing
data sourced from the GEO database, the researchers identified a notable upregulation
of miR-4534 in TNBC tissues. This elevation was associated with decreased survival

rates among patients, pointing to miR-4534's potential impact on the progression of
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the disease. Further exploration using the Linked Omics database revealed a
contrasting expression pattern for ADAMDECI; its upregulation appeared to be a
favorable marker in chemosensitive TNBC, corresponding with enhanced patient
survival. The interplay between miR-4534 and ADAMDECI1 was clarified by
correlation analysis, which positioned miR-4534 as a potential upstream inhibitory
regulator of ADAMDECT. This relationship underscores the influence of miR-4534
on chemotherapeutic responsiveness and, subsequently, on patient survival outcomes

(Chai et al., 2023).

2.4. MicroRNA-1238 (miR-1238)
Like the previously mentioned miRNAs, miR-1238 is also found to be aberrant in

various cancers and plays a role in disrupting the expression of essential genes.

The first study on miR-1238 was conducted by Balaguer et al. in 2011, focusing on
colorectal cancer (CRC). The study utilized 54 CRC tissues and 20 normal colonic
tissues. Employing microarray analysis and validation by qRT-PCR, the researchers

found that miR-1238 was overexpressed in colorectal cancer (Balaguer et al., 2011).

Within the realm of non-small cell lung cancer research, Shi et al. (2015) targeted the
largely unexplored role of miR-1238. Their research included 50 patient tissue samples
and revealed that miR-1238 expression was diminished in 62% of NSCLC cases. This
reduction was associated with an upregulation of LHX2 expression, indicating an
inverse relationship between the two. LHX2, recognized for its involvement in a
variety of biological processes such as hematopoiesis, neural development, and cancer
cell proliferation, was identified as a pivotal element in NSCLC pathology. The study’s
significant discovery was supported by qRT-PCR and Western blot analyses, which
demonstrated that overexpressing miR-1238 in NSCLC cell lines decreased the
mRNA and protein levels of LHX2, leading to suppressed cell proliferation. The
inverse correlation between miR-1238 and LHX?2 not only elucidates the molecular
mechanisms of NSCLC but also suggests miR-1238 as a potential biomarker and
therapeutic target, given its regulatory effect on LHX?2 expression and the consequent

impact on tumor cell growth (Shi et al., 2015)

Delving into the genetic underpinnings of primary glioblastoma (pGBM), Yan et al.'s
2015 research revealed pivotal differences in miRNA expression profiles across two
subgroups with distinct responses to temozolomide (TMZ). Utilizing microarray

analysis on 82 tissue samples and further qRT-PCR validation on 78 additional
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specimens, they distinguished the TMZ-resistant (TCR) subgroup with overexpression
of miR-1238 and unfavorable prognosis from the TMZ-sensitive (TCS) subgroup that
responded better to treatment. Notably, miR-1238 was part of a seven-miRNA
classifier that effectively differentiated between these subgroups, indicating a potential
correlation between miR-1238 overexpression and increased chemoresistance and
adverse outcomes in pGBM cases (Yan et al., 2015). In 2019, Yin et al. conducted the
same study and proved the same results by measuring miR-1238 expression in GBM
cell lines, as well as in a collection of primary and recurrent GBM tissue samples,
alongside sera from 13 patients. They observed a significant increase in miR-1238
levels in both TMZ-resistant exosomes and cells and in the sera of GBM patients. The
study added to the molecular reason by reporting that miR-1238 could counteract TMZ
resistance by targeting and suppressing the caveolin-1 (CAV1) gene that acts as a
negative regulator of EGFR activation. This suggests that miR-1238 may be involved
in the pathogenesis of glioma and could potentially serve as a therapeutic target (Yin

etal., 2019).

In a study focusing on cholangiocarcinoma (CCA), Xu et al. examined samples from
58 patients and CCA lines and found that the miR-1238 was downregulated,
suggesting a tumor-suppressive role. Their methodology encompassed a variety of
experimental approaches including qRT-PCR, cell transfection, and luciferase reporter
assays, among others, to investigate the cellular and molecular dynamics. Results
highlighted the upregulation of circular RNA circ_0005230 in both CCA tissues and
cell lines, establishing a connection with the progression and prognosis of the disease.
Specifically, they discovered that circ_0005230 acts as a molecular sponge for miR-
1238, thus influencing the expression of the gene BCL2-like 13 (BCL2L13), which
has implications for cell proliferation and apoptosis resistance. The findings propose
that targeting circ_0005230 could offer a new therapeutic strategy for CCA, potentially

impacting the disease's clinical management (Xu et al., 2019).

In the study conducted by Shan et al. (2020) on prostate cancer, they examined 90
cancer tissues and adjacent non-tumor prostate tissues, as well as cell lines. Using a
combination of bioinformatics and functional assays, and confirming with qRT-PCR,
the researchers discovered that miR-1238 was downregulated in both cancer tissues
and cell lines. They also identified that circ_0005100 (circFMN2) was overexpressed

in prostate cancer, playing an oncogenic role. Shan et al. found that circFMN2
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effectively functions as a sponge absorbing miR-1238, which facilitates an increase in
LIM-homeobox gene 2 (LHX?2) expression—a gene notably elevated in PCa tissues.
This interaction impedes the typical inhibitory effect of miR-1238 on LHX2 mRNA,
leading to its increased presence in PCa cells. The study further demonstrated that the
introduction of miR-1238 mimics could counteract the pro-proliferative effects of
excess circFMN?2, suggesting miR-1238's potential tumor-suppressive effects in PCa.
These findings support the circFMN2/miR-1238/LHX2 regulatory pathway as a
promising target for PCa therapy (Shan et al., 2020).

MiR-1238 was found to be downregulated in non-small cell lung cancer, as reported
by Luo et al. in their 2021 study. The study, which included analysis from 42 pairs of
primary NSCLC and adjacent normal tissues, utilized qRT-PCR to assess miR-1238
expression levels. The research also reported that miR-1238 targets and regulates the
expression of the claudin-14 gene (CLDN14), which appears to promote proliferation
and metastasis in cancer cells. Through luciferase reporter and RNA
immunoprecipitation assays, the team revealed that circKIF4A directly binds to and
acts as a sponge for miR-1238. Therefore, circKIF4A may regulate NSCLC
progression by sequestering miR-1238, preventing it from targeting other genes
involved in cancer development. This research not only advances our understanding
of the circKIF4A/miR-1238/CLDN 14 axis but also underscores the tumor-suppressive
capacity of miR-1238 (Luo et al., 2022).

In 2023, Mao et al through their study on miR-1238's involvement in colorectal cancer
(CRC). The study included 20 paired CRC tissues and demonstrated that miR-1238
was typically found at lower levels in CRC tissues compared to normal tissues,
indicating a potential tumor suppressive function. The researchers highlighted that
circSKA3, a circular RNA upregulated in CRC, has a binding affinity for miR-1238,
which in turn interacts with YTH N6-methyladenosine RNA binding protein 2
(YTHDF2). The study’s results showed that when miR-1238's expression was
artificially increased, there was a marked reduction in CRC cell proliferation,
migration, and invasion—processes crucial for cancer metastasis. However, this
suppressive effect of miR-1238 on cancer cells could be counteracted by the
overexpression of YTHDF2. The intricate mechanism uncovered by Mao et al.
suggests that by sponging miR-1238, circSKA3 indirectly elevates YTHDF2
expression, thus promoting CRC progression (Mao et al., 2023).
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CHAPTER 3
MATERIALS AND METHODS
3.1 Material
3.1.1. Tissue Samples

The study encompassed an analysis of 82 tumor and histologically adjacent normal
tissue samples (distance from the tumor greater than or equal to 5 cm), which were
procured from 41 female breast cancer patients who visited Gaziantep University
Sahinbey Research and Practice Hospital, Department of General Surgery between
2019 and 2021. These patients were not undergoing chemotherapy or radiotherapy at
the time of sampling. A written, signed, and informed consent was obtained from all
participants before tissue sampling. The tissue samples were preserved in tubes
containing RNA Later solution (Thermo Fisher Scientific, USA) and stored at -80 °C

until further analysis.

This study was approved by the Ethics Committee of Gaziantep University (date:
09/01/2019, decision number: 2019/20).

3.2 Methods
3.2.1. MicroRNA Extraction and Quantification

MicroRNA from fresh frozen tissue samples was extracted using the Hybrid-R™
miRNA isolation kit (GeneAll, South Korea), as shown in Table 3.1, according to the
manufacturer’s instructions. The RNA was quantified using a MaestroNano
Spectrophotometer (Maestrogen, Taiwan), and the RNA concentrations were adjusted
to a standard concentration for uniformity across samples. The samples were then

stored at -80°C until further use.

Table 3.1. Hybrid-R™ miRNA kit content

Parameters Producer

RiboEx™

Column type B
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Column type W

2 mL Collection tubes

1.5 mL Microcentrifuge tubes Catalog No:
325-150
SW1 Buffer
GeneAll,
RBW Buffer South Korea
RNW Buffer

Nuclease-free water

3.2.2 Reverse Transcription and Cyclic DNA (cDNA) Synthesis

Total RNA was reverse transcribed into complementary DNA (cDNA) using the
ABT™ Single miRNA qPCR Assay product (ABT, Tiirkiye) as per the manufacturer's

instructions, with specific details provided in Table 3.2.

Table 3.2. ABT™ Single miRNA qPCR Assay product.

Component Producer

miR-cDNA Synthesis Kit Catalog No: Q07-01-20

miR-qPCR MasterMix ABT, Tirkiye

The miR-cDNA Synthesis Kit included in the assay contains all necessary components
for the reverse transcription reactions, including reverse transcriptase, RNase inhibitor,

miRNA-specific Stem-Loop primer, and dNTPs, with volumes specified in Table 3.3.

Table 3.3. The volume of reverse transcription used per sample.

Component Volume
miR-cDNA Synthesis Kit 9 uL
miRNA Example 1 uL
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Total Reaction Volume 10 pL

The prepared samples were transferred to the PCR device and cDNA synthesis was
performed according to the protocol given in Table 3.4. The synthesized cDNA
samples obtained after the application were kept at +4 °C to be used in the Real-Time

PCR process. While stock cDNA samples were stored at -20 °C.

Table 3.4. cDNA synthesis protocol

Step Temperature (°C) Duration (min) Cycle
Step 1 25 10 one
Step 2 37 20 one
Step 3 85 5 one
Step 4 4 00 00

3.2.3 Real-Time Polymerase Chain Reaction (RT-qPCR)

The 7500 Fast Real-Time PCR system (Applied Biosystems, USA) was used for gPCR
with an ABT™ Single miRNA qPCR Assay kit (ABT, Tiirkiye). The miR-qPCR
Master Mix included in the product contains all the components required for Real-
Time PCR reactions, including antibody-mediated hot-start Taqg DNA Polymerase,
forward and reverse primers, dNTPs, MgCI2, SYBR-Green, the reference Rhodamine
X (ROX), enhancer, and stabilizer. The specific volumes of components utilized in the

Real-Time PCR reaction can be found in Table 3.5.

Table 3.5. Real-Time PCR reaction mix

Component Volume
miR-qPCR Master Mix 9 uL
cDNA Sample 1 uL
Total Reaction Volume 10 pL
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The prepared samples were subjected to Real-Time qPCR following the protocol

outlined in Table 3.6, with each sample analyzed in duplicate.

Table 3.6. Real-Time qPCR gene expression protocol

Temperature Duration (min) Cycle
Step o
(€°)
Initial 95 10 min one
Denaturation
Denaturation 95 10 sec
40
Annealing 60 25 sec
Melting Curve 60-95 2 sec/digit -

The comparative Ct method was utilized for data analysis in the Real-Time qPCR
software. The relative expression levels of miR-551a, miR-1238, miR-1294, and miR-
4534 were normalized against the endogenous control gene “RNU6NB” as using the

AACt method (Livak & Schmittgen, 2001):

AACt target gene — (Ct target gene, tUMOT tissue — Ct endogenous control gene, tUMOT tissue) — (Ct

target gene, normal tissue — Ct endogenous control gene, normal tissue).

Ct = Cycle Threshold value, Target gene = miR-551a, miR-1238, miR-1294 or miR-
4534, Endogenous control gene = RNU6B

Relative gene expression (fold change) was then calculated according to the following

method (Livak & Schmittgen, 2001);

Relative Gene Expression (fold change) = 2 24¢t

3.2.4 Statistical Analysis

The paired t-test was used to compare the expression levels of miRNAs between tumor
tissues and their normal counterparts. Moreover, the evaluation of the association
between clinicopathological factors and miRNA expression levels was performed
using Pearson’s Chi-Square and Fisher’s tests. Statistical analysis was conducted using
SPSS software (version 22.0, IBM Corp). A p-value of less than 0.05 was considered

significant.
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3.2.5 microRNA-mRNA Target Identification

To elucidate the interactions between miRNAs and their mRNA targets, a two-pronged
predictive approach was employed, leveraging the capabilities of the miRDB and
miRWalk databases. The analysis included miRNAs that exhibited significant

differential expression between tumor and normal tissues only.

miRDB served as the primary platform for predicting potential targets. This online
database utilizes high-throughput sequencing data to annotate functional miRNA-
target interactions. The results, encompassing target rank, score, gene symbol, and
descriptions, were filtered using a threshold score of >80, aligning with the database

authors' recommendations (Chen & Wang, 2020).

miRWalk toll reinforced the target identification process by providing a robust,
integrative analysis that combines machine learning predictions with experimentally
verified miRNA-mRNA interactions. It references multiple databases, including
TargetScan, miRDB, and MiRTarBase, to ensure a comprehensive target list.
Selection criteria for miRWalk included a stringent score >0.95 and cross-verification

across at least two of the mentioned databases (Sticht et al., 2018).

Subsequently, the potential targets identified from both miRDB and miRWalk were
merged, ensuring the removal of duplicates, and preserving the highest-scoring
interactions for further analysis. This combined list of potential miRNA-mRNA targets
sets the foundation for more in-depth subsequent analyses, aimed at uncovering the

regulatory roles of miRNAs in tumor biology.
3.2.6 Functional Enrichment Analysis of microRNAs

In advanced transcriptomic investigations, a vital component is the execution of
functional enrichment analysis. This process entails a thorough examination of genes
to assess their prevalence in relation to cellular operations, biological mechanisms, and
molecular pathways. This essential step is instrumental in ascertaining the potential
biological functions that may be affected as a consequence of variations in gene
expression levels. Functional enrichment analysis is to compare the enrichment of any
type of biological relevant labels such as gene ontology terms in a list of genes to
determine biological functions that are enriched which provides a better understanding
of the underlying biological process, molecular functions, and wherein the cell do

theses encoded proteins perform their functions. The entire biological systems of the
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organisms are crucially dependent on the accurate function of the proteins encoded by
their corresponding genes(Webber, 2011). Gene ontology (GO) Resource is the
world’s largest source of information on the functions of genes which are divided into
three distinct categories: molecular function (<F) cellular component (CC) and
biological process (BP). It is an initiative that provides a unified representation of a
comprehensive computational model of biological systems along with gene
knowledgebase and resources that range from molecular to organism level and across
a multi-species spectrum (Carbon et al., 2021). Furthermore, the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways analysis offers insights into the complex
network of molecular interactions and biochemical routes impacted by gene
expression alterations (Kanehisa & Goto, 2000). To perform functional enrichment
analysis on the respective target list of each miRNA, “enrichR” R package was used
and the target list was provided as input for the package to connect to the enrichR
database for the analysis (Kuleshov et al., 2016). EnrichR is a gene enrichment analysis
web-based tool and R-based package that allows various types of enrichment and
visualization of the collective functional analysis on the provided gene list. It features

various libraries including GO, KEGG, and PANTHER (Thomas et al., 2022).
3.2.7 Protein-Protein Network Analysis

Protein-protein interactions (PPIs) are fundamental to virtually every process within a
cell, influencing cellular physiology in both health and disease (Rao et al., 2014). To
elucidate the complex networks governing cellular functions, it is imperative to
analyze PPIs systematically. Protein-protein interaction networks (PPINs) provide a
mathematical and visual representation of the physical contacts between proteins,
which are critical for understanding the mechanisms underlying cellular processes
(Cho et al., 2004). The STRING database (version 11.0) was utilized for the analysis
of PPIs. STRING offers a comprehensive aggregation of known and predicted protein
interactions, including both direct (physical) and indirect (functional) associations.
These interactions are sourced from a variety of methods: genomic context prediction,
high-throughput laboratory experiments, conserved co-expression, automated text-
mining, and existing knowledge in curated databases (Szklarczyk et al., 2019). The
default parameters for network analysis in STRING, as recommended by the database
guidelines (Szklarczyk et al., 2019), were applied to ensure the broadest discovery

potential while maintaining high confidence levels.
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To identify PPIs pertinent to our study, we entered a list of differentially expressed
genes (DEGs) into the STRING database, adhering to established protocols to ensure
data integrity. The resulting networks enabled us to pinpoint key hub proteins for

subsequent investigation and validation.
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CHAPTER 4
RESULT

4.1 Clinicopathological Characteristics of Breast Cancer Patients

Drawing on hospital data for histological and biochemical analyses, the study revealed
a split in age demographics with 21 patients aged 50 years or above (51%) and 20
patients below 50 years of age (49%). A predominant segment of the cohort was
diagnosed at initial cancer stages; 28 patients were in stages I and II (68%) and 13
were in stages III and IV (32%). This detailed breakdown of the stages of cancer at

diagnosis is further illustrated in Table 4.1.

Only a marginal fraction of patients, 2 individuals (5%), engaged in smoking, and none
of the patients reported alcohol consumption. Tumor localization was nearly equally
divided, with 20 patients exhibiting right-sided tumors (49%) and 21 with left-sided
tumors (51%). Distant metastasis was absent in the majority of cases, with 38 patients
(93%) having no metastasis (M0), contrasting with 3 patients (7%) who presented with
metastatic disease (M1). Regarding tumor size, a larger proportion, 34 patients, had
tumors measuring less than 50 mm (83%), while 7 patients had tumors measuring 50

mm or larger (17%).

A small percentage, 4 patients, confirmed a family history of cancer (10%), whereas
the remaining 37 patients had no such history (90%). Hormone receptor analysis
showed that estrogen receptors were positive in 30 patients (73%) and negative in 11
patients (27%). Progesterone receptors followed a similar pattern, with 29 patients

testing positive (71%) and 12 negative (29%).

Delving into the specifics of histological categorization, invasive ductal carcinoma
was identified as the most frequent type among the patients, affecting 33 individuals
(80%). Other types included invasive lobular carcinoma in 4 patients (10%), invasive
breast carcinoma in 3 patients (7%), and invasive medullary carcinoma in 1 patient
(2%). Lymph node involvement was assessed as N1 (indicating the presence in one or

more lymph nodes or underarms) in 33 patients (80%), N2 (involvement of internal
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mammary lymph nodes) in 5 patients (12%), and N3 (indicative of widespread

metastasis) in 3 patients (7%).

Table 4.1. Characteristic features of the breast cancer patients analyzed in this study.

Clinicopathological factor Number Percentage
Phase ITand II 28 68%
III and IV 13 32%
Ace >50 years 21 51%
& <50 years 20 49%
Gender Man 0 0%
Woman 41 100%
Smokin Yes 02 5%
& No 39 95%
Yes 0 0%
Alcohol use No 41 100%
. Right 20 51%
Tumor Localization Left 21 499
. . MO (No Metastasis) 38 93%
Distant Metastasis M1 (Metastasis) 03 1%
. . Yes 04 10%
Family History No 37 90%
Tumor Size (mm) Less than 50mm 34 83%
50mm and above 7 17%
N1 33 80%
N3 3 7%
Positive 30 73%
ER (Estrogen receptor) Negative 11 7%
PR (Progesterone Positive 29 T1%
receptor) Negative 12 29%
CEA Normal 34 83%
High 7 17%
Normal 38 93%
CA-125 High 03 7%
Normal 40 98%
CA15-3 High 1 2%
+1 4 10%
+2 6 15%
C-erbB-2 +3 11 27%
Negative 20 49%
G1 (lower than 2%) 1 3%
Ki-67 G2 (3-20%) 19 46%
G3 (more than 20%) 21 51%
Invasive breast carcinoma 3 7%
Histological Type Invasive ductal carcinoma 33 80%
Invas1v.e lobular 4 10%
carcinoma
Invasive .medullary 1 2%
carcinoma
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In the realm of tumor markers, carcinoembryonic antigen (CEA) levels were found to
be within the normal range (0 to 2.5 pg/L) for 34 patients (83%), while elevated levels
were seen in 7 patients (17%). For Cancer Antigen 125 (CA-125, with a normal
reference of 0 to 35), 38 patients had normal levels (93%), with an elevated count in 3
patients (7%). The results for Cancer Antigen 15-3 (CA15-3, with a normal reference
level of 30 U/mL) were normal in 40 patients (98%), and high in 1 patient (2%).
Through evaluating the expression of receptor tyrosine-protein kinase (C-erbB-2), it
was observed that 4 patients rated at +1 (10%), 6 at +2 (15%), 11 at +3 (27%), and 20

patients were negative (49%).

Ki-67, a prognostic marker in breast cancer, showed varied levels with 1 patient
classified as G1 (less than 2%, indicating low proliferative activity), 19 as G2 (3 to
20%), and 21 as G3 (more than 20%), suggesting a higher proliferation index. These
gradings underscore the diverse nature of tumor growth rates within the studied
population.

4.2 Expression Analysis of miR-551a, miR-1294, miR-4534, and miR-1238

In our study involving 41 breast cancer patients, we utilized the fold change “2 "2
method to analyze the expression changes of various miR-1294, miR-551a, miR-4534,
and miR-1238 in tumor tissues compared to the adjacent normal tissues. This approach
provided us with valuable insights into the differential expression of miRNAs in
cancerous conditions. We conducted qRT-PCR analysis on each miRNA for all

samples from both tumor and normal tissues, using RNU6 as an internal control to

ensure the robustness of our findings.

In our findings, the average ACt value for miR-1294 in tumor tissues was (0.4+0.24),
which was lower than in normal tissues (0.1+£0.58). The fold change calculated was
(0.82+0.13), indicating a significant downregulation of miR-1294 in tumor tissues

(p=0.004), as detailed in Figure 4.1.
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Figure 4.1. Relative expression of miR-1294 in breast cancer tissues compared to
normal ones using qRT-PCR.

For miR-551a, we observed an average ACt value of (-1.36+0.38) in tumor tissues,
compared to (-1.7+0.9) in normal tissues. This resulted in a fold change of (0.84+0.38),
signifying a statistically significant decrease in miR-551a expression in tumor tissues

compared with the normal tissues (p=0.038), as presented in Figure 4.2.
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Figure 4.2. Relative expression of miR-551a in breast cancer tissues compared to
normal ones using qRT-PCR.

Regarding miR-4534, our data showed a contrasting trend with an average ACt value
of (-5.394+0.43) in tumor tissues, versus (-4.86+1.02) in normal tissues, resulting in a
fold change of (1.5+£0.43). This indicates a significant increase in miR-4534 expression

in tumor tissues (p=0.003), as documented in Figure 4.3.
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Figure 4.3. Relative expression of miR-4534 in breast cancer tissues compared to
normal ones using qRT-PCR.

Finally, for miR-1238, we recorded an average ACt value of (2.29+0.75) in tumor
tissues and (2.52+0.71) in normal tissues, with a fold change of (1.35+0.78). However,
this did not translate into a statistically significant difference in miR-1238 expression

between tumor and normal tissues (p=0.076), as represented in Figure 4.4.
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Figure 4.4. Relative expression of miR-1238 in breast cancer tissues compared to
normal ones using qRT-PCR.

4.3 Correlation of miR-1294, miR-551a, miR-4534, and miR-1238 Expression
Levels with Clinical and Pathological Data

In this study, we explored the relationship between the expression levels of miR-1294,
miR-551a, miR-4534, and miR-1238 and a range of clinicopathological factors. This
exploration was underpinned using Pearson Chi-Square and Fisher's Exact tests, which

allowed us to rigorously assess any potential associations.

We began by categorizing breast cancer into Phases I and II versus Phases Il and IV,
recognizing that the stage of cancer is fundamental to understanding its progression
and informing treatment strategies. Age was another key variable, with the division
into under 50 and 50 years and above groups to account for the varying hormonal
influences at different life stages. Smoking status was also factored into our analysis,
given its broad health implications and potential impact on cancer progression.
Additionally, tumor localization, whether right or left, was considered for its potential

influence on surgical approaches and prognosis.

Distant metastasis, a crucial marker of cancer severity, was classified as MO for none

and M1 for present, reflecting its significance in the overall cancer journey. The
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histological type of the tumor was categorized to understand the cellular characteristics
that could influence treatment and outcomes. Family history was noted for its potential
genetic implications, while tumor size was recorded as less than 50mm or S0mm and

above, given its importance in staging and gauging cancer aggressiveness.

We also included the status of Estrogen and Progesterone receptors and the expression
of biomarkers like CEA, CA-125, CA 15-3, and C-erbB-2. Each of these markers
offers insights into the biological behavior of the cancer. The Ki-67 index was also

analyzed to understand the proliferation rate of the cancer cells.

However, the results of our statistical analysis revealed that none of the studied
miRNAs' expressions showed a significant association with these clinicopathological
factors. This was indicated by p-values above 0.05 for all the studied miRNAs, as
detailed in Tables 4.2 for miR-1294, Table 4.3 for miR-551a, Table 4.4 for miR-4534,
and Table 4.5 for miR-1238. This finding suggests that the expression of these
miRNAs was not significantly different across any of the clinicopathological groups
we studied.

Table 4.2. Relationship between miR-1294 expression levels and clinicopathological
features of patients.

Clinicopathological Patients Low High
Factor 41) (39) Q) P Value
Phase 1.000
Iand II 28 26 2
IIT and IV 03 13 0
Smoking 1.000
Yes 02 2 0
No 39 37 2
Tumor
Localization 1.000
Right 21 20 1
Left 20 19 1
Distant Metastasis 1.000
MO (No) 38 36 2
M1 (Yes) 03 3 0
Histological Type 1.000
I 05 5 0
IT and III 36 34 2
Family History 1.000
Yes 04 4 0
No 37 35 2
Tumor Size (mm) 0.65
Less than 50mm 34 32 2
50mm and above 07 7 0
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EP (Estrogen
receptor)
Positive
Negative
PR (Progesterone
receptor)
Positive
Negative
Lymph Node
Metastasis
N1
N2/3
CEA
Normal
High
CA-125
Normal
High
CA 15-3
Normal
High
C-erbB-2
Positive
Negative
Ki-67
20 and below
Over 20

Table 4.3. Relationship between miR-551a expression levels and clinicopathological

features of patients.

30
11

29
12

33
08

34
07

38
03

40
01

20
21

20
21

28
11

27
12

19
20

18
21

(@l \S)

(@l \)

1.000

1.000

1.000

0.32

1.000

1.000

1.000

0.23

Clinicopathological Patients Low High
Factor 1) (33) ) P Value
Phase 1.000
Iand II 28 23 5
III and IV 13 10 3
Smoking 0.34
Yes 02 0 2
No 39 33 6
Tumor Localization 0.45
Right 20 15 5
Left 21 18 3
Distant Metastasis 1.000
MO (No) 38 30 8
M1 (Yes) 03 3 0
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Histological Type 1.000

I 05 4 1
II and III 36 29 7
Family History 0.165
Yes 04 2 2
No 37 31 6
Tumor Size (mm) 0.66
Less than 50mm 34 27
50mm and above 07 6 1
KD (iroen
Positive 30 23 7
Negative 08 1 7
PR (liz(;iiize)rone 0.34
Positive 29 22 7
Negative 12 11 1
Lymph Node
li’/[etlzlstasis 1.000
N1 33 26 7
N2/3 08 7 1
CEA 1.000
Normal 34 27 7
High 07 6 1
CA-125 1.000
Normal 38 30 8
High 01 1 0
CA 15-3 1.000
Normal 40 32 8
High 01 1 0
C-erbB-2 0.13
Positive 20 14 6
Negative 21 19 2
Ki-67 0.13
20 and below 20 14 6
Over 20 21 19 2

Table 4.4. Relationship between miR-4534 expression levels and clinicopathological
features of patients.

Clinicopathological Patients Low High
Factor (41) @) (39) P Value
Phase 1.000
[and II 28 2 26
Il and IV 13 0 13

Smoking 1.000
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Yes
No
Tumor Localization
Right
Left
Distant Metastasis
MO (No)

M1 (Yes)
Histological Type
I
II and III
Family History
Yes
No
Tumor Size (mm)
Less then 50mm
50 mm and above
EP (Estrogen
receptor)
Positive
Negative
PR (Progesterone
receptor)
Positive
Negative
Lymph Node
Metastasis
N1
N2/3
CEA
Normal
High
CA-125
Normal
High
CA 15-3
Normal
High
C-erbB-2
Positive
Negative
Ki-67
20 and below
Over 20
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1.000
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Table 4.5. Relationship between miR-1238 expression levels and clinicopathological
features of patients.

Clinicopathological Patients Low High
Factor @ a7 24) P Value
Phase 1.000
Iand II 28 11 17
III and IV 13 6 7
Smoking 0.5
Yes 02 0 2
No 39 17 22
Tumor Localization 0.41
Right 21 10 11
Left 20 7 13
Distant Metastasis 0.56
MO (No) 38 15 23
M1 (Yes) 03 2 1
Histological Type 0.38
I 05 1 4
II and III 36 16 20
Family History 0.63
Yes 04 1 3
No 37 16 21
Tumor Size (mm) 0.45
Less than 50 mm 34 12 22
50 mm and above 07 5 2
EP (Estrogen receptor) 0.74
Positive 30 13 17
Negative 11 4 7
PR (Progesterone 1.000
receptor)
Positive 29 12 17
Negative 12 5 7
Lymph Node
Metastasis 0.43
N1 33 15 18
N2/3 08 2 6
CEA 1.000
Normal 34 14 20
High 07 3 4
CA-125 0.064
Normal 38 14 24
High 03 3 0
CA 15-3 1.000
Normal 40 17 23
High 01 0 1
C-erbB-2 0.53

Positive 20 7 13
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Negative 21 10 11

Ki-67 0.74
20 and below 20 6 14
Over 20 21 11 10

4.4 microRNA-mRNA Target Identification

This investigation led to the discovery of specific target genes related to the altered
expression levels of significantly downregulated miRNAs, namely of miR-1294 and
miR-551a, and the elevated levels of miR-4534. The gene selection methodology was
rooted in the utilization of a benchmark score of over 80 in the miRDB database,
corroborated by their simultaneous presence in both TargetScan and miRDB, as
verified by mi Walk. This methodology facilitated the formation of unique gene

clusters for in-depth analysis by amalgamating data from these databases.

Concerning miR-1294, the initial screening in miRDB identified a potential list of 163
genes. This list was refined through cross-validation with Mir Walk, which pinpointed
44 overlapping genes, ultimately leading to an expanded list of 168 genes. Among
these, genes like BRCA1/BRCA2-containing complex subunit 3 (BRCC3), MYC
proto-oncogene, bHLH transcription factor (MYC), MYCL proto-oncogene, bHLH
transcription factor (MYCL), cyclin D2 (CCND?2), and deubiquitinase YOD1 (YOD1)
were prominent. Regarding miR-551a, an initial exploration in miRDB yielded 5 gene
targets, and further examination using miRWalk highlighted 56 genes that were
consistent with those in both TargetScan and miRDB, resulting in a focused group of
18 target genes. This group prominently featured genes such as crumbs cell crumbs 2
(CRB2), myocyte-specific enhancer factor 2C (MEF2C), and Human Epidermal
Growth Factor Receptor 4 (ERbB4). In the case of miR-4534, the exploration in
miRDB uncovered 168 genes, and a subsequent cross-referencing with miRWalk
refined this to 124 overlapping genes, culminating in a comprehensive list of 193 target
genes, including notable ones like SRY-box transcription factor 6 (SOX6) and
adenylate cyclase 1 (ADCY1).

4.5 Gene Ontology Analysis
Functional enrichment analysis was performed individually for the target genes of each

dysregulated miRNA.

62



4.5.1 Gene Ontology Analysis for miR-1294

In this section of the analysis, we present the gene ontology analysis results for miR-
1294, focusing on biological processes (BP), molecular functions (MF), and cellular

components (CC) with a p-value less than 0.05.

Starting with biological processes, miR-1294 shows significant enrichment in the
regulation of lipid biosynthetic processes, Wnt signaling pathways, including both
canonical and non-canonical aspects, and regulation of cholesterol storage. Gene
silencing by RNA, a critical mechanism for gene expression control, also appears as a
target, with post-transcriptional gene silencing by RNA and mRNA cleavage in gene
silencing showing notable involvement. Additionally, processes involved in cell cycle
regulation, such as the positive regulation of G1/S transition, are highlighted, along

with aspects of renal system development as shown in Figure 4.5.

miR-1294 Targets - GO Biological Process
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Wnt signaling pathway, calcium modulatin...
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Figure 4.5. Biological process GO classification analysis of miR-1294 target genes.

Moving to molecular functions, miR-1294 target genes are significantly enriched in
metallopeptidase activity and Wnt-activated receptor activity. Binding activities,
including GTPase, ATP, and adenylyl ribonucleotide binding, are also prominently

affected. The data shows the miRNA's influence on protein interactions, as indicated
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by the enrichment in protein heterodimerization activity. Furthermore, the miRNA's
role extends to RNA processing and regulation, with functions such as double-stranded
RNA binding and RNA polymerase II transcription regulator activity being

significantly involved as stated in Figure 4.6.

miR-1294 Targets - GO Molecular Function
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Figure 4.6. Molecular Function MF classification analysis of miR-1294 target genes.

In terms of cellular components, miR-1294 targets show a significant association with
the RISC complex and RISC-loading complex, which are integral to RNA-induced
silencing. The nucleus and various cellular projections like actin-based cell projections
and filopodia are also significantly enriched. Structures associated with protein
transport and sorting, such as Coat Protein Complex II (COPII) vesicle coat, and those
involved in cellular responses to stress, like cytoplasmic stress granules and

autophagosomes, are affected by miR-1294 as mentioned in Figure 4.7.

64



miR-1294 Targets - GO Cellular Component

RISC complex (GO:0016442)

collagen type IV trimer (GO:0005587) 1

RISC-loading complex (GO:0070578) 1
intracellular membrane-bounded organelle... q

serinefthreonine protein kinase complex ... -

actin-based cell projection (G0:0098858) 1 P value
u
£ nucleus (G0:0005634)
& 0.01
= COPIl vesicle coat (30:0030127)
S 0.02
= filopodium (G0O:0030175)
e 0.03

cytoplasmic stress granule (GC:0010494)
autophagosome (GO:0005776)

endocytic vesicle (GO:0030139)

adherens junction (GC:0005912)
cyclin-dependent protein kinase holoenzy... q

Cul3-RING ubiquitin ligase complex (G0:0...

=
b

0.2
Gene ratio

=
=1
=]
-

Figure 4.7. Cellular Component CC classification analysis of miR-1294 target genes.
4.5.2 Gene Ontology Analysis for miR-551a

In the present analysis, miR-551a has been linked with distinct cellular processes,
molecular functions, and cellular components with p-values falling below the

threshold of 0.05, indicating significant enrichment.

For biological processes, miR-551a appears to play a crucial role in the regulation of
cardiac muscle cell development and differentiation, with a clear emphasis on the
positive regulation of these processes. This involvement extends to the broader scope
of circulatory system development. The miRNA also shows a significant influence on
chondrocyte differentiation, underlining its potential role in skeletal development.
Moreover, the data points to miR-551a's participation in the intricacies of cell adhesion
and neuron differentiation, essential for tissue organization and nervous system

development as per Figure 4.8.
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Figure 4.8. Biological process GO classification analysis of miR-551a target genes.

In the molecular function category, miR-551a targets are notably enriched in activities
related to enzyme inhibition, such as aspartic-type endopeptidase inhibitor activity,
indicating a regulatory control over proteolytic processes. The binding activities to
specific DNA regions and various enzymatic activities, including those related to the
metabolism of hyaluronan, are also markedly involved. Additionally, the miRNA's
targets are implicated in crucial binding interactions essential for transcription and
post-transcriptional regulation, including RNA polymerase binding and mRNA 3'-
UTR AU-rich region binding as illustrated in Figure 4.9.
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Figure 4.9. Molecular Function MF classification analysis of miR-551a target genes.

Considering cellular components, miR-551a target enrichment is significant in
structures like the organelle outer membrane and the nuclear outer membrane, pointing
to a role in the regulation of intracellular transport and compartmentalization. The
involvement extends to components critical for cellular architecture and
communication, such as the axon and myofibril, as well as to the nucleus itself, which

is central to cellular function as per Figure 4.10.
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Figure 4.10. Cellular Component CC classification analysis of miR-551a target genes.

4.5.3 Gene Ontology Analysis for miR-4534

In biological processes, miR-4534 target genes show significant enrichment in the
regulation of cation channel activity and neuromuscular synaptic transmission,
suggesting a crucial role in the control of ion flux across membranes and neuronal
communication, respectively. These processes are essential for the proper functioning
of both the nervous and muscular systems. Also noteworthy is the miR-4534
association with the regulation of sodium ion transmembrane transport, a fundamental
aspect of maintaining cellular ion balance and generating action potentials as per

Figure 4.11.
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Figure 4.11. Biological process GO classification analysis of miR-4534 target genes.

Turning to molecular functions, miR-4534 displays a strong influence on voltage-
gated sodium channel activity, indicating a potential regulatory role in neuronal
excitability and muscle contractions. The significant enrichment in sialyltransferase
activity points to a role in the modification of glycoproteins, affecting a variety of
cellular interactions and signaling pathways. These molecular functions are integral to
the proper execution of complex cellular responses, particularly in the nervous system

as shown in Figure 4.12.
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Figure 4.12. Molecular Function MF classification analysis of miR-4534 target genes.

Regarding cellular components, the analysis reveals a pronounced enrichment of miR-
4534 targets within the Golgi membrane, which is central to protein processing and
trafficking. There is also a significant association with the postsynaptic density, a
specialized area of the cell essential for signal transduction in neurons. The
involvement of miR-4534 in these components suggests its importance in the

regulation of synaptic activity and neuronal plasticity as illustrated in Figure 4.13.
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Figure 4.13. Cellular Component CC classification analysis of miR-4534 target genes.

4.6 KEGG Pathway Analysis
The KEGG pathway analysis elucidated a distinct profile of biological pathways

enriched for targets of miR-1294, miR-551a, and miR-4534, underscoring its potential

regulatory breadth across various physiological and pathological processes. In the

KEGG analysis depicted in the accompanying photos, the bar graph illustrates a subset

of enriched pathways characterized by significant gene ratio involvement. These

pathways have P values below the threshold of 0.05, indicating statistical significance.

4.6.1 KEGG Pathway Analysis for miR-1294

The KEGG pathway analysis has revealed a compelling landscape of biological

pathways that are significantly associated with the targets of miR-1294 shown in

Figure 4.14. Foremost, the Hippo signaling pathway stands out with the highest gene

ratio, illuminating miR-1294’s possible pivotal role in the regulation of cell

proliferation, apoptosis, and organ size control. This pathway's significance is further

underscored by its strong statistical association, denoted by the red color coding for a

P value less than 0.001.

Adjacent to this, the generic pathways in the cancer category reflect a broad
involvement of miR-1294 across oncogenic processes, suggesting a role in

tumorigenesis and cancer progression. This is complemented by significant
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enrichments in the Wingless (Wnt) signaling pathway, a crucial mediator of cellular
communication and differentiation, and hepatocellular carcinoma, indicating a
potential specificity of miR-1294 in liver cancer pathophysiology. The graph further
delineates miR-1294’s association with discrete cancer types, including breast cancer
and gastric cancer, highlighting its potential as a biomarker or therapeutic target in
these malignancies. Notably, the gene ratios in these pathways are substantial, and the
P values are well below the 0.05 threshold, reinforcing the robustness of these
associations. Additionally, the signaling pathways regulating pluripotency of stem
cells show significant enrichment, presenting miR-1294 as a factor in stem cell
maintenance and differentiation, which could have far-reaching implications for

developmental biology and regenerative medicine.

The advanced glycation end-products - receptor for advanced glycation end-products
(AGE-RAGE) signaling pathway in diabetic complications and the mammalian target
of rapamycin (mTOR) signaling pathway are also statistically significant, the former
suggesting involvement of miR-1294 in the molecular mechanisms underlying
diabetic complications, and the latter implicating it in key processes of cell growth and
metabolism. Moreover, the analysis identifies significant associations with basal cell
carcinoma and acute myeloid leukemia, providing a potential link between miR-1294
and these specific cancer types, while adherents junction signifies its role in cell-cell

adhesion and signal transduction.
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Figure 4.14. KEGG pathways analysis of miR-1294 target genes. Red color pathways
are significant.

4.6.2 KEGG Pathway Analysis for miR-551a

Moving to the KEGG pathway analysis for miR-551a targets has delineated a series of
pathways that are significantly associated with the interaction of miR-551a, as depicted
in Figure 4.15. The bar graph elucidates the gene ratio and P value of each pathway,

with a lower P value indicating a stronger association with miR-551a targets.

The analysis revealed a notable enrichment of miR-551a targets in the parathyroid
hormone synthesis, secretion, and action pathway, suggesting a potential regulatory
role of miR-551a in calcium homeostasis and bone metabolism. This pathway
displayed the highest gene ratio, with a corresponding P value in the most significant
range, less than 0.025. Another pathway with a significant association with miR-551a
targets was the mitogen-activated protein kinase (MAPK) signaling pathway, well-
known for its role in various cellular processes, including proliferation, differentiation,
and apoptosis. The sphingolipid metabolism pathway also showed a substantial gene
ratio, pointing towards miR-551a's involvement in the complex lipid signaling

mechanisms and possibly in cell death and survival.

miR-551a's influence extends to the Notch signaling pathway, which is crucial for cell-
cell communication and embryonic development. The mitophagy pathway,

responsible for the selective degradation of mitochondria by autophagy, also exhibited
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a noteworthy association, suggesting a role for miR-551a in cellular energy
homeostasis and quality control. The Erb-B2 Receptor Tyrosine Kinase (ErbB)
signaling pathway, implicated in the development and progression of various cancers,
displayed a significant enrichment of miR-551a targets. Likewise, the morphine
addiction pathway indicated an association with miR-551a, potentially affecting neural

pathways involved in addiction and pain perception.

The tumor necrosis factor (TNF) signaling pathway, a mediator of inflammation and
immune response, along with the purine metabolism pathway, central to cellular
energy transfer, also showed significant associations with miR-551a targets.
Interestingly, the analysis highlighted the breast cancer pathway, where miR-551a
targets were significantly enriched, suggesting a noteworthy link between miR-551a
and the molecular etiology of breast cancer. This could have implications for
understanding the disease's pathogenesis and for the development of targeted

therapies.

Other pathways such as the apelin signaling pathway, implicated in cardiovascular
homeostasis, and fluid shear stress and atherosclerosis pathway, relevant to vascular
biology, were also represented. The enrichment of miR-551a targets in the breast
cancer pathway is particularly significant, providing a potential molecular link that

warrants further investigation into the role of miR-551a in breast cancer biology.
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Figure 4.15. KEGG pathways analysis of miR-551a target genes. Red color pathways
are significant.

4.6.3 KEGG Pathway Analysis for miR-4534

Finally, the results of the KEGG pathway analysis for miR-4534, as illustrated in
Figure 4.16, provide a comprehensive profile of miR-4534 target enrichment across
various biological pathways. The accompanying bar graph displays the gene ratio and
P value for each pathway, with varying color intensities indicating different levels of

statistical significance.

Prominently, the glutamatergic synapse pathway, which is central to the most
prevalent neurotransmitter system in the brain, shows a high gene ratio with a P value
less than 0.02, suggesting a significant regulatory potential of miR-4534 in neural
signaling and synaptic plasticity. The Kaposi sarcoma-associated herpesvirus infection
pathway and the human cytomegalovirus infection pathway, both critical in viral
pathogenesis and host-pathogen interactions, are markedly enriched for miR-4534
targets. These findings highlight a possible role for miR-4534 in the modulation of

host responses to these viral infections.

Additionally, the cholinergic synapse pathway, which mediates key physiological

processes including muscle activation and cognition, and the phosphatidylinositol 3-
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kinase-Akt (PI3K-Akt) signaling pathway, a fundamental route for cell cycle
progression and survival, show substantial enrichment of miR-4534 targets. This
suggests an involvement in processes ranging from cellular communication to cancer
progression. The enrichment within the gamma-aminobutyric acid (GABAergic)
synapse pathway points to a potential influence of miR-4534 on inhibitory
neurotransmission, with implications for neurological disorders. Similarly, the
presence of miR-4534 in the morphine addiction pathway could indicate a role in pain
pathways and addictive behaviors. Further analysis reveals significant enrichment in
the Wnt signaling pathway, which is essential for cell proliferation and differentiation,
and the ascorbate and aldarate metabolism pathway, suggesting a role in antioxidant

processes and cellular metabolism.
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Figure 4.16. KEGG pathways analysis of miR-4534 target genes. Red color pathways
are significant.

4.7 Protein-Protein Interaction (PPI) Analysis
4.7.1 Protein-Protein Interaction (PPI) Analysis for miR-1294

The protein-protein interaction (PPI) analysis, conducted using STRING to explore
the functional partners of proteins targeted by the downregulated miR-1294, revealed

an intricate network as shown in Figure 4.17.
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The PPI network features a detailed map, annotating the complex interactions between
miRNA targets and other proteins. This network differentiates between various types
of interactions. Interactions that are known from curated databases are displayed with
light blue lines, while those that have been experimentally determined are shown with
purple lines. Additionally, the network illustrates predicted interactions based on gene
neighborhood, gene fusions, and gene co-occurrence, represented by green, orange,
and red lines, respectively. In the heart of the network are central nodes, depicted as
colored spheres, which are direct targets of miR-1294. These central nodes are
encircled by two layers of interactors: the first shell is represented by colored nodes,
and the second shell by white nodes, each layer indicating subsequent tiers of protein
interactions. The diverse colors of these nodes signify the presence or absence of
known 3D structures for the respective proteins. The network effectively showcases
the intricate relationships and predictive modeling aspects, providing a comprehensive
view of the interaction dynamics within the PPI network. Central to the network are
several nodes representing proteins known to play critical roles in cellular processes.
These include MYC, BRCA1/BRCA2-containing complex, subunit 3 (BRCC3),
cyclin D2 (CCND2), MYC-like (MYCL), and YOD1 deubiquitinase (YODI1).

Of particular interest is the gene CCND2, a major target of miR-1294, which is linked
to a variety of genes including CDK6 (Cyclin-dependent kinase 6), SKP2 (S-phase
kinase-associated protein 2), CDK2 (Cyclin-dependent kinase 2), and CDK4 (Cyclin-
dependent kinase 4). Also, the STRING analysis showed interactions among the
identified proteins and the p53 signaling pathway. This association was highlighted by
the presence of specific proteins within the network that are documented in the

STRING database for their involvement in the p53 pathway.
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Figure 4.17. Protein-Protein Interaction analysis of miR-1294. CCND2 has many
contacts with various other proteins.

4.7.2 Protein-Protein Interaction (PPI) Analysis for miR-551a

The PPI network analysis pertaining to miR-551a targets has yielded a complex
interaction map as illustrated in Figure 4.18. Central to the network is the human
epidermal growth factor receptor 4 (HER4) or ERbB4. The network displays multiple
interactions between ERbB4 and members of the neuregulin family, including
neuregulin 1 (NRG1), neuregulin 2 (NRG2), neuregulin 3 (NRG3), and SCHI.
Additionally, ERbB4 interacts with discs large homolog 4 (DLG4), Growth Factor
Receptor-Bound Protein 2 (GRB2), and heparin-binding EGF-like growth factor
(HBEGF). Other top target genes of miR-551a are myocyte enhancer factor 2C
(MEF2C), crumbs cell polarity complex component 2 (CRB2), and transmembrane
protease, serine 2 (TMPRSS2). STRING analysis showed that these target genes are
implicated in the negative regulation of the Interleukin-15 (IL-15)-mediated signaling
pathway, ERbB signaling pathway, and Epidermal Growth Factor Receptor (EGFR)
signaling pathway.
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Figure 4.18. Protein-Protein Interaction analysis of miR-551a. ERbB4 has many contacts
with various other proteins, especially the NRG family.

4.7.3 Protein-Protein Interaction (PPI) Analysis for miR-4534

The PPI network for miR-4534, illustrated in the Figure 4.19, presents a detailed map
of protein interactions, providing insights into the potential biological roles of miR-
4534. This network identifies several key proteins and complexes that could be integral

to understanding the functional impact of miR-4534 on cellular processes.

This analysis shows that at the heart of the network is B-catenin (CTNNB1), which is
essential in the Wnt signaling pathway. Its interaction with disheveled segment
polarity proteins (DVL1 and DVL2) and DAAM family RhoGEFs (DAAM?2) suggests
a potential mechanism by which miR-4534 might influence Wnt signaling and,
consequently, various developmental and pathological processes. The network also
showed adenylate cyclases 1 (ADCY 1) and its family (ADY?2, ADCY9) connects with
a central node is a cluster of proteins consisting of guanine nucleotide-binding proteins
(G proteins) like GNAS, GNAI2, GNAI3, and GNBI1. This cluster forms a dense
network of interactions indicative of miR-4534's potential involvement in G protein-
coupled receptor signaling pathways, which mediate a variety of physiological
responses. Furthermore, the network includes the SRY-box transcription factor 6
(SOX6) and the forkhead box protein O1 (FOXO1). The presence of zinc finger
protein 142 (ZNF142) suggests additional regulatory layers that might be influenced

by miR-4534 in gene expression dynamics.
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Figure 4.19. Protein-protein Interaction analysis of miR-4534. ADCY1 has many
connections with various other ADCY protein family and G-proteins family.
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CHAPTER 5
DISCUSSION

Our study represents a pioneering effort in breast cancer research, with a special focus
on the microRNAs miR-1294, miR-551a, miR-4534, and miR-1238, particularly
within the Turkish population. Despite the global scarcity of research on the impact of
these specific miRNAs in breast cancer tissues, our research has utilized a novel,
asymmetrical pipeline of experimental technologies, applicable both in vitro and in
vivo, to delve into their roles in breast cancer progression and metastasis. Employing
advanced bioinformatics tools, we systematically analyzed the dysregulation of miR-
1294, miR-551a, and miR-4534 in breast cancer tumors. This comprehensive analysis
was aimed at identifying their target genes and understanding the resultant protein-
protein interactions. Such understanding is crucial for elucidating the mechanisms
through which these miRNAs influence biological pathways, particularly those
contributing to the proliferation and metastasis of cancer cells. A central aspect of this
study was to explore the potential of these dysregulated miRNAs as therapeutic agents
or diagnostic biomarkers in breast cancer. The feasibility of using these miRNAs in
early disease detection and their impact on the metastatic behavior of breast cancer
cells were critically examined. This exploration included assessing whether these
miRNAs could be effectively utilized as therapeutic factors in treatment strategies,

thereby offering new avenues in breast cancer management and treatment.

5.1. MiR-1294 Downregulation in Breast Cancer
This investigation notably demonstrates a significant reduction in miR-1294
expression within breast cancer tissues compared to adjacent normal tissues, evidenced

by a statistically significant P-value of 0.004.

Our findings echo the pattern of pronounced downregulation of miR-1294 in breast
cancer, a trend also noted in other malignancies. The decreased expression of miR-
1294 has been documented in several cancers, such as esophageal squamous cell
carcinoma, ovarian cancer, gastric cancer, osteosarcoma, glioma, oral squamous cell
carcinoma, non-small cell lung cancer, hepatocellular carcinoma, and specifically, in

breast cancer (Chen et al., 2022; Chen et al., 2020; Guo et al., 2018; Hua et al., 2020;
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Lietal., 2022; Liu et al., 2015; Qin & Wang, 2023; Shi et al., 2018; Wang et al., 2020;
Wang et al., 2018; Wu et al., 2020; Yuan et al., 2020; Zhang et al., 2018; Zhang et al.,
2018).

In contrast, a study investigating acute lymphoblastic leukemia in a pediatric cohort of
15 children noted an anomalous increase in miR-1294 levels, targeting the SOX15
gene (Cen et al., 2023). This finding deviates from our observations and suggests the
need for caution in generalizing results due to the small sample size of the leukemia

study.

Overall, the downregulation of miR-1294 in our study supports its classification as a
tumor suppressor, aligning with previous research in various cancers. However, it's
important to note a key divergence in our results compared to prior studies.
Predominantly, miR-1294 downregulation has been associated with poorer prognosis
and adverse clinical outcomes. For instance, in esophageal squamous cell carcinoma,
a decrease in miR-1294 correlates with a poorer prognosis (Liu et al., 2015). Similarly,
in ovarian cancer, its dysregulation affects cisplatin resistance and cellular activities
like proliferation, migration, and invasion (Zhang et al., 2018). Gastric cancer studies
have shown that lower levels of miR-1294 are linked with larger tumor sizes and more
advanced stages (Shi et al., 2018), and in osteosarcoma, its downregulation is linked
to poorer survival rates, while upregulation inhibits cancer cell growth and invasion
(Zhang et al., 2018). Oral squamous cell carcinoma also shows reduced miR-1294
levels associated with more aggressive tumor characteristics (Wang et al., 2018). In
glioma, overexpression of miR-1294 could reduce cell growth and enhance
responsiveness to treatment (Chen et al., 2018). This pattern is somewhat mirrored in
non-small cell lung cancer and hepatocellular carcinoma, where low expression of
miR-1294 is linked with advanced stages of the disease and enhanced tumor
development, respectively (Chen et al.,, 2022; Li et al., 2022). These studies
collectively indicate a strong link between miR-1294 expression and cancer prognosis.
Our findings, however, did not demonstrate a significant correlation between
clinicopathological factors and the downregulation of miR-1294. This discrepancy
may largely be attributed to the small sample size and specific characteristics of our
study cohort. For instance, our study included only three cases of metastasis, and the
majority of the tumors were less than 50 mm in size. Such a sample composition limits

the generalizability of our results, particularly in establishing relationships between
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tumor characteristics and miR-1294 expression. It's crucial to acknowledge that our
findings do not negate the possibility of a correlation; rather, they highlight the
necessity of conducting studies with larger and more varied sample sizes. Our study's
constraint emphasizes the importance of more extensive research to fully understand
the implications of miR-1294 downregulation and its interactions with various genes

and signaling pathways in cancer.

Examining the role of miR-1294 as a tumor suppressor reveals its interaction with
various genes and key signaling pathways across different cancers. In esophageal
cancer, its downregulation leads to the overexpression of the oncogene c-MYC (Liu et
al., 2015) Similarly, in ovarian cancer, miR-1294 influences IGF1R expression (Zhang
et al., 2018), while in osteosarcoma, it modulates HOXA9 and PKM2 (Yuan et al.,
2020; Zhang et al., 2018). The effects of miR-1294 downregulation extend to TPX?2 in
glioma (Chen et al., 2018) and to c-Myc in oral squamous cell carcinoma (Wang et al.,
2019a). Its influence in non-small cell lung cancer impacts HMGAT1 (C. Li et al.,
2022), and in hepatocellular carcinoma, it focuses on FOXK1 (Chen et al., 2021).
Additionally, in acute lymphoblastic leukemia, miR-1294 modulates SOX15 (Cen et
al., 2023).

Beyond these gene interactions, miR-1294 significantly modulates key pathways in
various cancers. It affects cell cycle arrest and the PI3K/AKT signaling pathway in
esophageal squamous cell carcinoma (Liang et al., 2022) and impacts the epithelial—
mesenchymal transition in gastric cancer (Wang et al., 2019b). In hepatocellular
carcinoma, it modulates the PI3K/AKT/mTOR pathway (Wu et al., 2020b). The
influence of miR-1294 in acute lymphoblastic leukemia is observed in the Wnt/f-
Catenin signaling pathway (Cen et al., 2023). Moreover, miR-1294 is crucial in
affecting pathways like RAS and JAK/STAT across these cancer types. The
dysregulation of these essential pathways, influenced by miR-1294, is pivotal in

modulating cancer initiation and progression (Mao et al., 2023).

In this research, we conducted a comprehensive bioinformatics analysis to elucidate
the mechanistic role of miR-1294 in breast cancer, a domain where such information
was previously lacking. Our extensive analysis, which included identification of target
genes, KEGG pathway mapping, Gene Ontology (GO) assessment, and protein-
protein interaction (PPI) analysis, revealed that miR-1294 regulates several key genes

in breast cancer, including BRCC3, CCND2, MYC, MYCL, and YODI.
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Particularly, BRCC3, a component of the DNA damage response mechanism within
the BRCAI-BRCA2 complex, exhibits upregulation in tumor tissues and has been
linked with cancer metastasis (Zhang & Zhou, 2018). Elevated levels of CCND?2,
MYC, and MYCL, commonly observed in breast cancer and other malignancies, are
known to play roles in cancer progression (Flem-Karlsen et al., 2018; Li et al., 2019;
Xu et al.,, 2010). YODI, although not previously reported in breast cancer, is
overexpressed in various other cancers (Zhang et al., 2022). This aligns with earlier

research identifying MYC as a miR-1294 target (Wang et al., 2018).

Our study indicates that the downregulation of miR-1294 in breast cancer might lead
to the increased expression of these genes. The GO and functional analysis connected
miR-1294's potential target genes with processes integral to cancer development such
as lipid synthesis, cholesterol storage, Wnt signaling, GTPase activity,
metallopeptidase activity, and cyclin binding (Fields & Stawikowski, 2016; Litan &
Langhans, 2015; Sevinsky et al., 2018; Sukocheva & Wadham, 2014; Tauro & Lynch,
2018). KEGG pathway analysis further emphasized the involvement of these genes in
critical pathways like the Hippo and mTOR signaling pathways (Mao et al., 2023).
The Hippo pathway's role in breast cancer, vital for colonization, molecular biology,
and treatment response, was particularly highlighted (Kyriazoglou et al., 2021).
Disruption in Hippo signaling has been implicated in the progression of breast cancer

through interaction with the P53 oncogenic pathway (Duffy et al., 2018).

Additionally, the PPI analysis elucidated that genes in the network are enriched in the
pS3 signaling pathway, a key player in various cancers including breast cancer.
Mutations in this pathway are known to drive cancer onset, growth, and metastasis
(Duffy et al., 2018). CCDNZ2, targeted by miR-1294 and a part of the Hippo pathway,
interacts with several genes such as CDK6, SKP2, CDK2, and CDK4, involving the
cullins family essential for the formation of ubiquitin ligases (E3). These E3 ligases,
crucial in tumor suppression, have been associated with breast cancer cell invasion and

migration through the p53 pathway (Ohta & Fukuda, 2004; Wang et al., 2021).

However, it is important to acknowledge the limitations of our analysis, primarily the
reliance on existing databases and the need for experimental validation of these
findings. Future studies should focus on experimental validation of these targets in

clinical samples.
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In conclusion, this research not only enhances our understanding of miR-1294’s role
in breast cancer but also emphasizes the importance of detailed bioinformatics
analyses in uncovering complex molecular interactions in cancer biology. Our findings
offer potential new targets for therapeutic intervention and could guide the
development of more effective treatment strategies for breast cancer. In the broader
context of cancer research, this study contributes to the intricate mosaic of
understanding breast cancer's molecular biology, underscoring the P53 pathway's
involvement in miR-129 regulation and revealing the previously unrecognized
targeting of the Hippo signaling pathway and its associated gene CCND2 by miR-
1294.

5.2. MiR-551a downregulation in breast cancer

In our analysis of miR-551a's expression in breast cancer tissues, we observed a
notable decrease in its expression in breast cancer samples compared to the adjacent
normal tissues. This downregulation, statistically significant with a p-value of 0.038,
aligns with findings from various cancer research studies, yet also presents important

contrasts, emphasizing miR-551a's multifaceted role.

Echoing our findings, previous research in ovarian cancer reported a reduction in miR-
551a in breast cancer, linking it to its role in inhibiting cell growth, movement, and
invasive capabilities. This is evidenced by targeting the IRS2 gene, which is involved
in the PI3K/AKT signaling pathway (Du & Sha, 2017). Similar patterns of
downregulation were observed in gastric and colorectal cancers, where miR-551a's
levels were reduced in tumor tissues associating with tumor-suppressive effects,
targeting PRL-3 and CKB genes, respectively (Li et al., 2012b; Loo et al., 2015). In
the context of breast cancer, miR-551a's decrease was further attributed to the
activation of the FAK pathway (Anuj et al., 2019), paralleling findings about reduced

miR-551a levels in breast cancer (Kang et al., 2019).

In stark contrast, studies on metastatic head and neck squamous cell carcinoma
(HNSCC) presented divergent outcomes. MiR-551a was found to be upregulated in
patients with distant metastasis, acting as an oncogene and promoting processes such
as cell proliferation, migration, invasion, and radio-resistance, with GLIPR?2 identified
as a target gene (Karanam et al., 2015). Additionally, hepatocellular cancer research
demonstrated miR-551a's upregulation, where it functioned as a carcinogen and

correlated with poor overall survival (Chen et al., 2021).
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These diverse findings underscore the complexity of miR-551a's function in cancer
biology. While our study and others suggest miR-551a as a tumor suppressor in certain
types, the contrasting evidence in HNSCC and hepatocellular cancers indicates a more
nuanced, context-specific role. MiR-551a's function appears to vary significantly
across different cancer types, influenced by the specific molecular and cellular
environments. This duality, acting as both a tumor suppressor and an oncogene,
highlights the need for a deeper understanding of miR-551a's role, considering the

unique characteristics of each cancer type.

In this bioinformatics investigation, we extensively analyzed the molecular dynamics
associated with miR-551a in breast cancer, focusing on identifying its potential target
genes. Our findings highlight ERbB4, MEF2C, CRB2, and TMPRSS?2 as key targets.
ERDbB4, a gene encoding an epidermal growth factor receptor family member, is linked
to proliferative breast tumors and various other cancers (Hu et al., 2021; Kawahara &
Simizu, 2022; Schubert et al., 2023) The study also shed light on CRB2, a component
of the crumbs cell polarity complex, which is upregulated in glioblastoma and could
act as a carcinogenic factor (Wang et al.,, 2022). Additionally, TMPRSS2, a
transmembrane serine protease, has been found overexpressed in breast cancer,
correlating with poor prognosis in ER-positive patients (Kang et al., 2019). The gene
MEF2C was also identified as a significant target of miR-551a in breast cancer (Kang

etal., 2019).

Gene Ontology analysis revealed the involvement of miR-551a's target genes in
critical biological processes, particularly in cell differentiation and circulatory system
development. This suggests that miR-551a downregulation might lead to the
upregulation of key genes involved in cardiac muscle development, possibly
contributing to cardiac dysfunction in breast cancer patients (da Costa et al., 2021;
Demissei et al., 2020). The molecular function analysis linked these genes to activities
such as endopeptidase inhibition and hyaluronan glucosaminidase activity, both

associated with breast cancer progression (Sarkar et al., 2023).

KEGG pathway analysis indicated that miR-551a downregulation affects pathways
like Sphingolipid metabolism, Mapk signaling, Notch signaling, and ErbB signaling.
Disturbances in the Sphingolipid metabolism pathway is known to contribute to tumor
growth in various cancers, including breast cancer (Companioni et al., 2021; Pani &

Dasgupta, 2023). The aberrant activation of the Notch signaling pathway, essential for
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cell differentiation, is observed in breast cancer, influencing tumor initiation,
progression, and stem cell activity (Pandey et al., 2023). Both Mapk and ErbB
signaling pathways are also excessively active in breast cancer cases (Naik, 2019;

Wang, 2017)

PPI analysis identified a noteworthy interaction between ERbB4 and the NGR gene
family, highlighting its overexpression in breast cancer and potential as a target for
diagnosis and therapy (Vulf et al., 2023). This study emphasizes ERbB4 as a primary
target of miR-551a, especially within the Mapk and ErbB signaling pathways, and
underscores the role of miR-551a as a tumor suppressor. The downregulation of miR-
551a could lead to the upregulation of ERbB4. Overall, this research underscores the
downregulation of miR-551a in breast cancer, affecting key signaling pathways and
highlighting its potential targeting of CRB2 and TMPRSS2, with a particular emphasis
on ErbB4.

5.3. MiR-4534 Upregulation in Breast Cancer

The notable increase of miR-4534 in tumor tissues compared to adjacent normal ones
in our breast cancer study, which is indicated by a p-value of 0.003, reinforces its
classification as an "oncomiR." This consistent elevation of miR-4534 in various

malignancies is further supported by its upregulation across a broad range of cancers.

In prostate cancer, the overexpression of miR-4534 in cancer, as demonstrated in
previous studies, parallels our results. This overexpression, associated with changes in
the methylation status of cancer cells and the downregulation of the PTEN gene,
highlights miR-4534's influence on key cellular pathways such as PI3K/Akt (Jiang et
al., 2019; Nip et al., 2016).

Further supporting our results, a study involving prostate cancer and benign prostatic
hyperplasia patients indicated elevated miR-4534 levels in plasma, suggesting its
biomarker potential (Oztiirk et al., 2022). This is consistent with our findings,

highlighting miR-4534's role in cancer biology and its potential as a diagnostic marker.

Similarly, in colorectal cancer, research has shown that miR-4534 is upregulated in
TP53-deficient cells targeting and suppressing the autophagy-related gene ATG2B
(Inoue et al., 2021). This finding echoes our observation of miR-4534's upregulation
and offers insights into its potential impact on the tumor microenvironment,

particularly in the context of autophagy modulation.
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In triple-negative breast cancer, a significant upregulation of miR-4534 was also noted
(Chai et al., 2023), aligning with our breast cancer study. This upregulation, associated
with decreased survival rates, reinforces the role of miR-4534 in the progression of

aggressive cancer types and is in line with our observations.

Collectively, these findings across various cancer studies resonate with our research,
underscoring the pivotal role of miR-4534 as an oncogenic factor. The consistency of
miR-4534 upregulation across different cancer types not only confirms its critical role
in oncogenesis but also suggests its potential as a therapeutic target and a biomarker
for cancer diagnosis and prognosis. These studies not only support our findings but
also provide a deeper understanding of miR-4534's role in promoting oncogenic

Processes.

In our comprehensive analysis of breast cancer at the molecular level, we identified a
set of top target genes for miR-4534, including SOX6, ADCY1, DAAM2, ESRRG,
FOXQI, and ZNF142. These genes, integral to various cellular functions and cancer

development, present a nuanced understanding of miR-4534's role in oncogenesis.

SOX®6, pivotal in organogenesis and cell differentiation, is recognized for its tumor-
suppressive properties in breast cancer. This gene is notably downregulated in breast
cancer contexts, implicating a crucial role in tumorigenesis (Wei et al., 2022). ADCY 1,
known to be promoter-methylated and downregulated in breast cancer, is associated
with improved clinical outcomes when its mRNA levels are elevated, suggesting its
potential as a prognostic marker (Li et al., 2017). DAAM2, whose downregulation has
been documented in pancreatic adenocarcinoma, may play a similar role in breast
cancer (Zhu et al., 2017). ESRRG serves as a tumor suppressor and is implicated in
metabolic regulation, specifically in inhibiting glycolysis and promoting oxidative
phosphorylation; its downregulation in breast cancer further signifies its functional
importance (Eichner et al., 2010). FOXQ1's expression level inversely correlates with
overall survival in breast cancer, making it a key factor in patient prognosis (Elian et
al., 2021). Finally, ZNF142, marked by a significant mutation burden, is observed in
a considerable fraction of breast cancer cases, highlighting its potential role in cancer

pathophysiology (Aravind et al., 2018; Yan et al., 2021).

Our findings suggest that the upregulation of miR-4534 in breast cancer may lead to

the suppression of these top target genes. Gene Ontology analysis reveals that miR-
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4534's target genes are predominantly involved in regulating cation channel activity,
protein complex oligomerization, and sodium ion transmembrane transport. This is
particularly relevant, as alterations in ion channel function, especially cation channels,
are increasingly recognized for their roles in cancer development, including breast
cancer (Jiang et al., 2021). KEGG pathway analysis further delineates miR-4534's
impact on several critical signaling pathways, including PI3K-Akt, glutamatergic
synapses, cholinergic synapses, and relaxin signaling, with the PI3K-Akt pathway
already identified as a target for miR-4534 (Zhao et al., 2020). Disruptions in
glutamatergic and cholinergic synapse signaling pathways are linked to cellular
growth, tumor proliferation, and endocrine resistance in breast cancer, emphasizing
the significance of ion channels in these processes (Garcia-Gaytan et al., 2022; Jiang

et al., 2021; Willard & Koochekpour, 2013).

Protein-protein interaction analysis reveals that ADCY, as a target gene of miR-4534,
interacts with the adenylate cyclase and G-protein families, crucial in regulating
various cellular processes associated with tumorigenesis, angiogenesis, and metastasis.
The involvement of ADCY1 in glutamatergic and cholinergic synapse signaling
pathways further underscores its role in these critical biological processes (Fan et al.,

2019; Zou et al., 2019).
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

6.1. Conclusion

In summary, our study proposes that the oncogenic potential of upregulated miR-4534
in breast cancer manifests through the disruption of key signaling pathways, most
notably the glutamatergic and cholinergic synapses signaling pathways. This
disruption, along with the modulation of top target genes like ADCY1, aligns with
existing literature, reinforcing the need for further investigations, particularly in vivo
studies, to confirm these targets and pathways influenced by miR-4534 and to explore

potential therapeutic interventions in breast cancer.

In conclusion, the findings of this study contribute significantly to our understanding
of the roles played by microRNAs, specifically miR-1294, miR-551a, and miR-4534,
in the pathophysiology of breast cancer. The observed downregulation of miR-1294
and miR-551a in breast cancer specimens underscores their potential function as tumor
suppressive agents. This study posits that miR-1294 likely targets and regulates genes
such as BRCC3, MYCL, and YOD1, which play pivotal roles in the regulation of the
Hippo and p53 signaling pathways. Similarly, the reduced expression of miR-551a in
breast cancer tissue implicates its involvement in the modulation of genes including
ERbB4, MEF2C, CRB2, and TMPRSS2, which are integral to various critical cellular
pathways, namely cardiac muscle regulation, Sphingolipid metabolism, Notch

signaling, Mapk signaling, and ErbB signaling.

Conversely, this study identifies an oncogenic attribute in miR-4534, as evidenced by
its heightened expression in breast cancer tissues. This upregulation suggests its
involvement in the regulation of genes associated with ion transport, and glutamatergic
and cholinergic synapse signaling pathways, thereby highlighting its potential as a
novel therapeutic target in breast cancer treatment. The study further proposes that
miR-4534 may target genes such as SOX6, ADCY 1, ESRRG, and ZNF142, suggesting
these as key areas for future research. Collectively, these findings offer a nuanced
understanding of the molecular mechanisms underlying breast cancer and pave the

way for the development of targeted therapeutic strategies.
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6.2. Recommendations

This research provides a solid foundation for further experimental exploration of the
target genes proposed, beyond the scope of the bioinformatics analysis utilized here.
While the computational analysis has been invaluable, empirical validation is
imperative for confirming the involvement of miR-1294, miR-551a, and miR-4534 in
gene regulation. Advancing these studies into in vivo environments, especially using
mouse models, would enable a detailed examination of the impact of these miRNAs
and their targets on tumor development, metastasis, survival rates, and their
interactions within the tumor microenvironment. For future research, it is
recommended to increase the sample size and diversify the sample characteristics,
including variations in metastasis, tumor dimensions, and cancer-related biomarkers.
Such an approach would facilitate a more thorough investigation into the correlation
between these miRNAs and clinicopathological attributes, enhancing our
understanding of their biological roles and their specific effects on breast cancer

progression.
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BOLUM 7
GENISLETILMIiS TURKCE OZETI
7.1 Giris
7.1.1 Meme Kanseri Epidemiyolojisi
Meme kanseri, kadinlarda kansere bagl 6liimlerin baslica sebeplerinden biri olmaya
devam etmektedir. 2020 yilinda, meme kanseri tiim kanser vakalarinin %24,5'ini
olusturmus, 2,26 milyon kadin teshis edilmis ve 685.000 oliimle sonuglanmistir

(WHO, 2023).

Global Kanser Deposu "GLOBOCAN" raporu, bes yil boyunca "2016-2020" meme
kanseri yayginlig1 hakkinda su ifadeleri igermektedir: Meme kanseri vakalari, kanser
tiirleri arasinda yaklasik %30,3 oraninda goriilmiis ve diinya genelinde kadin
Olimlerinin %15,5'inden sorumlu olmustur. Etnik koken agisindan bakildiginda,
Asyali kadinlarda meme kanseri vaka orani en yiiksek olup %42,2 olarak rapor
edilmis, onu %25,8 ile Afrikali kadinlar ve Latin Amerika ile Karayipler'deki

kadinlarda %7,9 oraninda vakalar takip etmistir (Lukasiewicz et al., 2021).

Oliim oranlarina iliskin olarak, meme kanseri teshisi konulan Afrikali hastalar %12,5
oraninda, Latin Amerika ve Karayipler'den hastalar ise tahmini %8,5 oraninda dlim
oran1 yasamistir (Sung et al., 2021). Gelismis saglik sistemlerine sahip bolgelerde,
yerel ve bolgesel meme kanseri vakalarinda bes yillik hayatta kalma oranlari, daha az
gelismis iilkelerden daha yiiksektir. Bu durum, herkes i¢in yiiksek kaliteli saglik

hizmetlerine erisimin saglanmasinin 6nemini vurgulamaktadir.

Tahminlere gore, 2030 yilina kadar diinya genelinde meme kanseri vaka orani
artacaktir, ve buna gore yillik yaklasik 2,7 milyon vaka ve yaklasik 0,87 milyon iligkili
olim beklenmektedir (Lukasiewicz et al., 2021), 2040 yilinda ise vakalarin 3 milyona

ulagmasi ve 1 milyon 6liimle sonuglanmasi dngoriilmektedir (Arnold et al., 2022).

Meme kanseri, Tiirkiye'de de diinya genelinde oldugu gibi yaygin bir saglik sorunudur.
Tirkiye Saglik Bakanligi'nin 2018 yilinda yayinladigi resmi istatistiklere gore, 24.518
kadina meme kanseri teshisi konulmustur. Meme kanseri vaka orani, diger kanser

tiirlerinin %26's1n1 olusturmustur ve 2021 yilinda 25,351'e ulasmasi1 beklenmektedir
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(Turkiye Saglik Bakanligi, 2018). Globocan raporuna gore, 2020 yilinda, 24.175
meme kanseri vakasi, tiim kanser vakalarinin %10,3"inii olusturmustur (Sekil 1.2)

(The Global Cancer Observatory, 2021).
7.1.2 Meme Kanserinde Siniflandirma
Meme kanseri iki ana kategoride incelenir: invaziv ve noninvazivdir.

A. Invaziv meme Kkanserleri: Olusmaya basladigi bolgede kalmayarak yayilim
gosteren meme kanserleridir.

e Duktal invaziv meme kanseri: Aym zamanda “Memenin Invaziv Duktal
Karsinomu” olarak bilinir ve en yaygin meme kanseri ¢esididir. Yiiz meme
kanseri vakasindan 70 -80'inde goriiliir. Siit kanallarinin duvarindaki hiicrelerden
baslayarak cevre meme dokusuna yayilan kanser tiiriidiir. invazif duktal meme
kanseri, hiicrelerin kanallardan ¢ikip lenf diiglimlerine veya viicudun diger

bolgelerine yayilma potansiyeline sahiptir.

e Lobiiler invaziv meme Kkanseri: Ayn1 zamanda “Memenin Invaziv Lobiiler
Karsinomu” olarak adlandirilir ve her 10 meme kanserinden birinde goriiliir.
Genellikle 45-55 yas arasinda tan1 konulan kanserlerde rastlanir. Meme loblarinin
duvarindaki hiicrelerden baglayarak cevre meme dokusuna yayilan kanser

tiridiir.

B. Noninvaziv meme kanseleri: Basladiklar1 yerde kalan ve yayilmayan kanserlerdir.
Meme kanserinde baska bir siniflandirma daha vardir. Nadiren rastlanan kanserler 6zel

tip, sik rastlananlar ise 6zel olmayan tip olarak tanimlanir (Weigelt et al., 2010).

7.1.3 Meme Kanserinde Evrelendirme
Kanserde tan1 konulduktan sonra evrelendirme en iyi tedavinin secilebilmesi agisindan

onemlidir. Kanserin evrelendirilmesi amaci ile TNM sistemi gelistirilmistir.
e T tiimor boyutu, meme i¢inde ve ¢evre organlara yayilimi,
e N lenf benzlerinin durumunu,
e M kanserin metastaz durumunu ifade eder.

T. N ve M'den sonra gelen bazi rakam ve harfler tiimor, lenf nodu ve metastaz

hakkinda detaylar i¢in kullanilir (American Joint Committee on Cancer, 2018).
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7.1.4 MikroRNA

MikroRNA (miRNA)’lar yiiksek seviyede korunan DNA bolgelerinden kodlanan,
transkripsiyon sonrasi gen ekspresyonunu kontrol eden, kiigiik kodlanmayan RNA
molekiilleridir. Ilk miRNA (Lin-4), 1993 yilinda Lee vd. ile Wightman vd.
tarafindan ayr1 laboratuvarlarda es zamanli olarak kesfedilmistir. Ortalama 20 ile 23
niikleotidden olusan bu miRNA’larin insan genomundaki sayisinin binlerce oldugu
tahmin edilmektedir. miRNA’larin hiicre boliinmesi, hiicre tipinin farklilagmasi,
hiicrenin gelisimi ve hiicrenin 6liimii gibi olaylarda diizenleyici olarak islev gordiigii
bilinmektedir. Bu yiizden miRNA’nin ekspresyonundaki degisimlerin hastalik
gelisiminde etken oldugu disiiniilmektedir. miRNA’lar hiicre igerisindeki sinyal
yolaklarina etki etmektedirler. Genel anlamda hiicre igerisindeki sinyal yolaklar
hiicresel fonksiyonlar iizerine anahtar gorevi lstlenirken, ¢evresel etmenler ve gen
ekspresyonlari ile kontrol edilmektedirler. Sinyal yolaklar1 hiicrelerin normal bir
sekilde gelisimi ve tamiri i¢in oldukca onemlidir. Bundan dolay1 bu yolaklarda
meydana gelebilecek herhangi bir diizensizlik ya da aktivite bozuklugu basta kanser

gibi bir¢ok hastaliga neden olabilmektedir (Gebert & MacRae, 2018).

7.1.5 MikroRNA Biyogenezi

miRNA’lar, kisa kodlanamayan RNA’lar sinifindan olup, gen ekspresyonunun
diizenlenmesinde rol oynarlar. Ilk basta DNA sekansindan pri-miRNA’lar (primer
miRNA) olarak transkript edilir daha sonra da pre-miRNA’ya, son olarak da
fonksiyonel yapidaki miRNA’ya doniislirler. miRNA biyogenezi, ¢ekirdekte RNA
polimeraz II enzimi vasitasiyla transkripsiyon sonucunda pri-miRNA eldesi ile
baslamaktadir. Olusan bu pri-miRNA hairpin yapisinda yani sa¢ tokasi seklindedir.
Hairpin yapist RNaz III enzimi ve onun ko-faktorii olan DGCRS pasha vasitast ile
olusan mikroprosesor ile etkilesim gostererek 60-70 niikleotidlik pargalar haline
dontiserek pre-miRNA olustururlar. Niikleusta pre-miRNA olusmasi isleminden sonra
pre-miRNA XPOS5 molekiilii araciligi ile sitoplazmaya taginir ve bir RNaz III enzimi

tarafindan ortalama 20-25 niikleotidlik ¢ift sarmal halinde olgun miRNA’ya gevrilir.

Helikaz enzimi tarafindan agilan miRNA, daha sonra olgun miRNA’ya baglanacak
olan 1iplik RISC ile RNA’ya vyiklenerek uyarilmis susturma komleksini
olusturmaktadir. mRNA’ya baglanan bolge cekirdek olarak isimlendirilen bolge ile
hedefe baglanirken miRNA ve mRNA’ya baglanan proteinler hedef se¢ciminde 6nemli

rol oynamaktadir.
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Mikro RNA'lar, genellikle hedef mRNA'larin 3'UTR (gevrilmeyen bdlge) gibi
translasyona ugramayan bdlgelerine baglanarak mRNA yikimini tetikler ve sonug
olarak translasyonu baskilarlar. Bununla birlikte, miRNA'larin 5'UTR, kodlama
dizileri ve gen promotorleri gibi diger bolgelerle de etkilesimde bulundugu
belgelenmistir. Ozel kosullar altinda, miRNA'lar sadece translasyon baskilama ve
mRNA yikimini indiiklemekle kalmaz, ayn1 zamanda translasyonu aktive ederek gen
ekspresyonunu diizenlerler. Hedef genlerle miRNA'larin dinamik etkilesimi, bu
molekiillerin konsantrasyonlar1 ve subhiicresel konumlar1 gibi faktorlere baghdir ve
bu faktorler, miIRNA-mRNA etkilesimlerinin affinitesini ve hedef mRNA miktarini
etkiler. Ek olarak, miRNA'lar hiicre dis1 sivilarla salgilanabilir ve eksozomlar gibi
vezikiiller araciligiyla veya Argonaute gibi proteinlere baglanarak hedef hiicrelere
taginabilirler. Hiicre disina salinan miRNA'lar, hiicreler arasi iletisimde rol alan
kimyasal haberci molekiiller olarak islev goriirler. Bu siire¢ler, miRNA'larin biyolojik
islevlerinin ve hiicre i¢i iletisim mekanizmalarinin anlasilmasinda kritik 6neme

sahiptir, Sekil 1.4 (Bartel, 2004).

7.1.6 MikroRNA ve Kanser

Bugiine kadar, farkli meme kanseri tiirlerinde miRNA profilleme ¢aligsmalari yapilmis
olup ifade diizeyi 6nemli derecede farklilik gosteren miRNA’ lar bildirilmistir. Mikro
RNA'lar, meme kanseri basta olmak {izere bir¢cok insan kanseri ile iliskilendirilen
anormal ifadeler sergilemektedir. Bunlar, hiicre ¢cogalmasi, farklilagma ve apoptoz gibi
siirelerde kritik roller iistlenmektedir. Ornegin, bazi miRNA'larin meme kanseri
hiicrelerinin invazif ve metastatik 6zelliklerini diizenledigi tespit edilmistir. Timor
baskilayic1 oOzellikler gosteren miRNA'lar, meme kanserinin invazyonunu ve
metastazini inhibe edebilmektedir. Ayrica, cesitli miRNA'larin hiicre dongiisiinii
modiile ederek hiicre ¢ogalmasimi etkiledigi veya apoptoz siireclerini diizenledigi
gozlemlenmistir (Barbato et al., 2017).

Meme kanserindeki miRNA ekspresyon diizeylerinin incelendigi c¢alismalarda
degisken sonuglar elde edilmis olup, bu heterojenite klinikopatolojik faktorlerle iliskili
olabilir. Arastirmalar, miRNA'larin onkogenezde rol oynayabilecegini gostermektedir.
Omegin, miR-21 ve miR-155'in artan ifadesi ve miR-200 serisi, miR-10b, miR-125b
ve miR-145"in azalan ifadesi, miRNA'larin tiimor baskilayict veya onkogenik roller
iistlenebilecegine isaret etmektedir. Proonkogenik veya prometastatik miRNA'larin

artan ifadesi veya antionkogenik veya antimetastatik miRNA'larin azalan ifadesi,
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timoOr metastazin1 tesvik edebilir. miR-7, miR-128a, miR-210 ve miR-51-3p gibi
miRNA'lar meme kanserinin ilerlemesi lizerinde etkili olabilmektedir. miR-373 ve
miR-520c'nin artan ifadesi, CD44 ifadesini inhibe ederek metastaz siirecini
desteklerken, miR-21'in tropomiyosin 1 gibi antionkogenik islev gosteren hedeflere

odaklanmasi, bu alanin karmasikligini ve 6nemini vurgulamaktadir (Loh et al., 2019).
7.1.7 Meme Kanserinde Biyobelirte¢ Olarak MikroRNA'lar

MikroRNA'lar, kanser teshisinde énemli biyobelirtecler olarak kendini gdstermistir.
Gen ifadesinin diizenlenmesindeki kritik rolleri ve kotii huylu hiicrelerde gozlenen
belirgin diizensizlikler, miRNA'lar1 erken teshis ve izlem icin ideal adaylar haline
getirmektedir (Yang & Liu, 2020; Meng et al., 2013). Ozellikle, miR-642b-3p, miR-
1202-5p ve digerleri gibi belirli miRNA'lar, erken evre meme kanseri hastalarinin kan
plazmasinda tespit edilmistir (Hamam et al., 2016), miR-1825-3p gibi digerleri ise
gliomalarda farkli modeller gdstermektedir (Wang et al., 2018). MiRNA ifadesi
araciligiyla kanser alt tiplerinin ayrimi, 6zellikle miR-342 ile ilgili tanisal i¢goriiler
sunmaktadir (Lindholm et al., 2019; Romero-Cordoba et al., 2018). Gelismis tespit
teknikleri, miRNA'larin tan1 potansiyelini artirmaya devam etmektedir (Yan et al.,

2023).

7.1.8 Terapotik Ajanlar ve Tedavi Direnci Aracihigiyla MikroRNA

MiRNA'lar, kanser kok hiicrelerini kontrol etmekten, kanser ilerlemesini etkilemeye
kadar kanser yonetiminde hayati bir rol oynamaktadir (Szczepanek et al., 2022). MiR-
155'in, ti¢lii negatif meme kanserinin iyonlastirici radyasyona duyarliligini etkilemesi
orneginde oldugu gibi, terapotik hedefler olarak da hizmet etmektedirler (Tavazoie et
al., 2008). MiRNA analoglar1 ve antisan anlamli oligoniikleotitler (ASQO'lar) gibi
yaklasimlar, terap6tik uygulamalar igin aragtirilmaktadir (Menon et al., 2022; Xiong
et al., 2021). MiR-1294, miR-551a, miR-4534 ve miR-1238, ¢esitli kanserlerdeki
miRNA'larin ¢esitli rollerini gostererek, yeni terapotik yollar sunmaktadir (Mao et al.,
2023; Karanam et al., 2015; Li et al., 2012; Nip et al., 2016b; Inoue et al., 2021; Shi et
al., 2015; Luo et al., 2022).

Tedavi direnci baglaminda, miRNA'lar, ilag atilimin1 diizenleyerek, ilag hedeflerini
degistirerek ve DNA onarmmi ile hiicre dongiisii diizenlenmesi gibi ¢esitli
mekanizmalarla ila¢ direncini modiile eder (Si et al., 2019; Dong et al., 2019; Crosby

et al., 2009; Kim et al., 2009; Li et al., 2014). Bu karmasik etkilesim, miRNA'larin
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hem terapétik ajanlar, hem de tedavi direnci faktorleri olarak potansiyelini
vurgulamakta ve meme kanseri tedavi ve yonetimindeki gelisen manzara ig¢indeki

Onemlerini ortaya koymaktadir.

7.1.7 Arastirmanin Amaci

Bu calisma, miR-1294, miR-551a, miR-1238 ve miR-45341Un meme kanseri
baglaminda rollerini, bu miRNAlarin ¢esitli kanser tiirlerindeki bilinen katilimlarinin
Otesine gecerek incelemeyi amaglamaktadir. Bu arastirma, s6z konusu miRNAlarin
0zel hiicresel islevlerini, molekiiler hedeflerini ve meme kanseri genel genomik
manzarasi i¢erisindeki mekanistik etkilesimlerini daha iyi anlamay1 hedeflemektedir.
Dahasi, bu miRNAlar ile ana kanserle iligkili sinyal yollar1 arasindaki potansiyel
iliskileri ortaya ¢ikarmay1 ve terapotik direng iizerindeki etkilerini degerlendirmeyi
hedeflemektedir. Bu aragtirma, 6nemli bir bilgi eksikligini gidermeyi ve meme kanseri
patogenezinin daha kapsamli bir incelemesine katkida bulunmay1 amaglamakta olup,
potansiyel olarak yeni terapétik yaklasimlarin ve prognostik biyobelirteglerin

tanimlanmasina onculiik edebilir.

7.2 Kaynak Ozetleri

7.2.1. MikroRNA-1294 (miR-1294)

Liu ve arkadaslar1 2015 yilindaki miR-1294 islevi {izerine yaptiklar ilk ¢aligmada,
miR-1294 ifadesinin insan yemek borusu yass1 hiicreli karsinomu dokusunda, karsilik
gelen normal dokuya gore onemli dlciide diisiik oldugu tespit edildi. Bu durum, 79
kanser hastasindan alinan 6rneklerde RT-PCR kullanilarak kanitlandi. Caligsma, diisiik
miR-1294 ifadesinin kétii prognoz ile iligkili oldugunu ortaya koydu. In vitro
analizlerde, miR-1294"iin diisiiriilmesinin onkojen c-MYC'i yiikselttigi, bu durumun
c-MYC'i miR-1294 icin bir hedef gen olarak Onerdigi gosterildi. Toplamda, bu
bulgular, kanserde de miR-1294 diisiiriilmesinin prognozik etkilerinin potansiyelini
vurgulamakta ve bunun c-MYC protein fonksiyonu iizerindeki inhibe edici etkisinin

azalmasina baglanabilecegini one siirmektedir (Liu et al., 2015).

2018'de Zhang ve arkadaslar, platin direncli over kanseri iginde miR-1294"iin roliinii
incelediler. qRT-PCR kullanarak, 30 kanser dokusu ve hiicre hattinda miR-1294
ifadesini Olctiiler. Arastirmalari, miR-1294 seviyelerini modiile etmek icin hiicre
transfer etme yoOntemlerini ve hiicre davraniglarini incelemek igin cesitli testleri
iceriyordu. Sonuclar, miR-1294 diizensizliginin kanserde sisplatin direncini, IGF1R

geninin diizenlenmesi yoluyla etkiledigini gosterdi. Ozellikle, IGF1R'de bir azalmanin
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hiicre proliferasyonunu, migrasyonunu ve invazyonunu azalttig1 gézlemlendi. Dahasi,
miR-1294 seviyelerini yiikseltmek, sisplatin direnciyle miicadele etti. Bu bulgular,
ozellikle sisplatine yanit vermeyen durumlar i¢cin miR-1294'in kansere iliskin hem bir
tan1 arac1 hem de terapoétik bir strateji olarak potansiyelini vurgulamaktadir (Zhang et

al., 2018).

Zhang ve arkadaslar1 (2018), osteosarkom (OS) hiicre hatlarinda miR-1294'tin
ifadesini incelemis ve bu ifadenin 6nemli 6l¢iide diisiik oldugunu, OS hastalarinda
daha diisiik hayatta kalma oranlaryla iliskili oldugunu bulmustur. in vitro testler, miR-
1294'tin yiikseltilmesinin OS hiicrelerinin ¢ogalmasini ve invazyonunu engelledigini
gostermistir. Luciferaz raportor deneyi ve Western blot analizi aracilifiyla arastirma,
miR-1294 icin dogrudan hedef gen olan homeobox A9 (HOXA9)1 kanmtlamistir
(Zhang et al., 2018).

miR-1294, glioma dokularinda ve hiicre hatlarinda belirgin sekilde diisiik ifade
edilmektedir. miR-1294'iin asir1 ifade edilmesi, glioma hiicrelerinin biiylimesini ve
invazivligini azaltirken, temozolomideki yanit verme yetenegini artirmistir. Arastirma,
miR-1294 i¢in hedef gen olan Xenopus kinesin benzeri protein 2 (TPX2)'yi
tanimlamistir ve bu baglanti, miR-1294'iin glioma icin terapodtik potansiyelini

vurgulayan bir ksenogreft modeli kullanarak dogrulanmistir (Chen et al., 2018).

Wang ve arkadaglar1 (2018), 24 hastadan ve hiicre hatlarindan alinan Grnekleri
kullanarak oral skuam6z hiicreli karsinom (OSCC)'da miR-1294n roliinii
incelemigtir. Calisma, miR-1294'iin kanser dokularinda ve hiicre hatlarinda 6nemli
Olctlide diisiik ifade edildigini ortaya ¢ikardi. OSCC'de miR-1294 seviyelerinin diisiik
olmasi, daha biiylik timorler, artmis lenfatik katilim ve vendz infiltrasyon ile
iliskilendirildi. Onemli olarak, miR-1294, c-Myc onkogenini dogrudan hedef aliyor ve
OSCC orneklerinde c-Myc mRNA ve miR-1294 seviyeleri arasinda agik bir ters iliski
bulunmaktadir. miR-1294 seviyelerini yiikseltmek, OSCC hiicrelerinin biiyiimesini ve
hareketini engellemis, c-Myc'i hedef alarak tiimor biiylimesini engelleme potansiyelini

vurgulanmaktadir (Wang et al., 2018).

2019'da, miR-1294"lin tiimor baskilayict bir rol oynadigini kanitlayan bulgularin
ardindan, aragtirmacilar 6zellikle circRNA'lar araciligiyla miR-1294'in diizenleme

mekanizmalarin arastirmaya bagladi. CircRNA'lar, 5' veya 3' ucglara sahip daha
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tanidik dogrusal RNA'lardan farkli olarak, kovalent olarak kapali stirekli bir dongii
olusturan benzersiz bir RNA molekiilii tiirtidiir. Baz1 circRNA'lar, miRNA siingerleri
olarak hareket eder ve miRNA'larin hedef mRNA'lar1 baskilamalarini engellemek icin
bu miRNA'lar i¢in baglanma yerlerine sahiptir. Ornegin, Xu ve arkadaslar1 (2019),
circ 0030235'in pankreatik duktal adenokarsinom (PDAC) hiicre hatlarinda ve
kanserli dokularda yiikseldigini bulmaktadir. Bu circRNA, pankreatik duktal
adenokarsinom dokularinda diisiik bulunan miR-1294" siingerledigi kanitlanmustir.
miR-1294'tin azalmis ifadesi, daha yiiksek tiimor evresi ve pozitif lenf diglimii

invazyonu ile iligkilendirilmektedir (Xu et al., 2019).

2019 yilinda Pan ve arkadaslar1 tarafindan yapilan bir ¢alismada, bobrek hiicreli
karsinom (ccRCC) hiicre hatlar1 tizerinde miR-1294'iin diistik ifade edilmesinin kétii
hasta sagkalimi ile iligkili oldugu bulunmustur. Arastirmada, miR-1294 ifadesinin
artirllmasinin ¢ccRCC hiicrelerinin ¢ogalmasini, koloni olusumunu ve invazyonunu
azalttig1 gézlemlenmistir. Ayrica, homeobox A6 (HOXA6)nin miR-1294'iin bir hedefi
oldugu ve HOXA6'm miR-1294 tarafindan negatif olarak diizenlendigi belirlenmistir
(Pan et al., 2019).

Cen ve arkadaslar1 (2023 tarafindan yapilan bir ¢alismada, Akut Lenfoblastik Losemi
(ALL) tanis1 almis 15 ¢ocuk ve hiicre hatlar1 izerinde miR-1294"in rolii incelenmistir.
Bulgular, ALL hastalarinin kemik iligi hiicrelerinde saglikli bireylere gére miR-1294
seviyelerinde dnemli bir yiikselis oldugunu gdstermistir. Bu hiicrelerde ayrica SOX15
gen ifadesinde belirgin bir azalma saptanmistir. Arastirmacilar, miR-1294'in
dogrudan SOX15'1 hedef alarak inhibe ettigini ve bunun sonucunda Wnt/p-Katenin
sinyal yolunun aktivasyonuna yol actigini bulmuglardir. Bu aktivasyonun, ALL
hiicrelerinin ¢ogalmasini artirdigi, apoptozisi azalttigi ve hastaligin ilerlemesini

etkiledigi saptanmigtir (Cen et al., 2023).

7.2.2. MikroRNA-551a (miR-551a)
Bilimsel literatiirde, miR-551a'nin farkli kanser tiirlerinde ¢esitli islevleri oldugu
belgelenmistir ve bazilarinda yukar1 yonlii diizenlenme, digerlerinde ise asag1 yonlii

diizenlenme gosterdigi bildirilmistir.

miR-551a lizerine yapilan ilk ¢alisma, 2012 yilinda Li ve arkadaslar1 tarafindan

gercgeklestirildi ve bu ¢alisma, dort normal mide dokusu ile 30 tiimor doku ve GC hiicre
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hatlarinin derinlemesine incelenmesini igermektedir. Western blot ve qRT-PCR
kullanan arastirmacilar, mide karsinomu 6rneklerinde normal dokuya kiyasla miR-
551a'nin 6nemli ol¢iide diisiik diizeyde ifade edildigini bildirmistir. miR-551a'nin,
mide kanserinde metastazla iligkili bilinen karaciger yenilenmesi fosfatazi-3 (PRL-3)
genini hedef alarak yukar1 yonlii diizenledigi bulunmustur. GC hiicre hatlarinin miR-
551a benzerleriyle transfekte edilmesiyle, hiicre migrasyonu ve invazyonunda énemli
bir azalma gozlemlendi, bu da miRNA'nin bir tiimdr baskilayicisi olarak potansiyel

roliinii gostermektedir (Li et al., 2012).

Karanam ve arkadaglarinin 2015 yilindaki ¢alismasinda, bas ve boyun skuamoz hiicreli
karsinomu olan 118 hastanin bir kohortu incelenmis ve bunlardan 41'inin uzak
metastaz yasadigi belirlenmistir. Calisma, uzak metastaz gelistiren hastalarda miR-
55la'min 6nemli dlgiide yukari yonlii diizenlendigini ortaya koymustur. in vitro
analizler, miR-551a'nin asir1 ifadesinin hiicre proliferasyonu, migrasyon ve
invazyonunu tesvik ederek kanser agresifligini artirdigini gostermistir. Bu baglamda,
miR-551a'nin GLIPR2 genini hedef aldigi ve bu etkilesimin timdr biiylimesine
katkida bulunduguna inanildig1r kesfi ozellikle 6nemlidir. miR-551a'min GLIPR2
ifadesini diizenleme yetenegi, timor ilerlemesindeki 6nemini vurgulamakta ve bas ve
boyun skuamoz hiicreli karsinomunda potansiyel bir biyobelirteg ve terapdtik hedef

olabilecegini isaret etmektedir (Karanam et al., 2015).

Loo ve arkadaglar1 tarafindan 2015'te yiiriitiilen arastirmada, hasta 6liimlerinde kritik
bir faktor olan karaciger metastazinin mekanizmalarini ¢6zmek i¢in kolorektal kanser
hiicre hatlar1 ve hayvan modelleri izerinde genis analizler yapilmistir. 661 miRNA'nin
titiz bir taramasindan sonra, kolorektal kanserde asag1 yonlii diizenlenen ve kanserin
karacigere yayilmasini engellemede dnemli bir rol oynayan miR-551a'nin belirlendigi
tespit edilmistir. Aragtirma, miR-551a'nin, metastaz yapan kanser hiicrelerinin enerji
metabolizmasini diizenleyerek hayatta kalmasini saglayan kritik bir enzim olan kreatin
kinaz, beyin tipi (CKB) hedef alarak baskilayic1 etkilerini ortaya koymustur. Klinik
olarak, bu bulgu, karaciger metastazlarinda miR-551a'nin ifade diizeylerinin primer
kolon tiimorlerine kiyasla daha diisiik oldugu ile desteklenmistir. miR-551a
seviyelerini artirmaya veya CKB islevini inhibe etmeye yonelik terapotik miidahaleler,
fare modeli deneylerinde metastatik proliferasyonda énemli bir azalma saglamistir.

Boylece, miR-551a'nin diisiik diizeyde ifade edilmesi, kolorektal kanserde tiimor
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baskilayici rol oynadigini ve bu durumun kolon kanseri ilerlemesiyle yakindan iligkili

oldugunu gostermektedir (Loo et al., 2015).

2017 yilinda, Du ve Sha, 15 hastadan alinan 15 eslesen tiimor dokusu ve bitisik normal
dokularin yani sira hiicre hatlari {izerinde yapilan analizlerle miR-551a'nin yumurtalik
kanserindeki ilerlemesindeki roliinii degerlendirmistir. Arastirmacilar, miR-551a'nin
yumurtalik kanseri 6rnekleri ve hiicre hatlarinda belirgin bir sekilde diisiik diizeyde
ifade edildigini bulmustur. Ayrica, miR-551a'nin artan ifadesinin hiicre
proliferasyonunu azalttigi ve apoptoz oranlarini arttirdifi gézlemlenmistir. Onemli
olarak, miR-551a'nin IRS2/PI3K/Akt sinyal yolunun aktivasyonu yoluyla yumurtalik
kanseri ilerlemesinde 6nemli bir rol oynayan bir onkojen olan insiilin reseptor substrati
2 (IRS2) genini hedefledigi belirlenmistir. Arastirma ayrica, in vitro ¢esitli kanser
hiicre tiplerinde gii¢lii anti-proliferatif etkilere sahip olmasina ragmen kararsizlig ile
bilinen demetoksikurkuminin etkilerini de incelemistir. Demetoksikurkuminin
yumurtalik kanseri hiicrelerinde hiicre proliferasyonunu inhibe ettigi ve apoptozu
indiikledigi, ayn1 zamanda IRS2/PI3K/Akt eksenini devre dis1 biraktig1 agiklanmustir.
Ozellikle, demetoksikurkumin tedavisi ile miR-551a'nin yukar1 yonlii diizenlenmesi,
IRS2 aktivitesinin baskilanmasi ve bdylece yumurtalik kanseri hiicrelerinin

ilerlemesinin engellenmesi ile sonuglanmistir (Du & Sha, 2017).

Karanam ve arkadaslar tarafindan 2023 yilinda gerceklestirilen baska bir c¢alisma,
postoperatif radyoterapi goren bas ve boyun skuamoz hiicreli karsinom (HNSCC)
hastalarindan almman 94 timor ornegindeki miRNA profillerini analiz etmistir.
Karsilagtirmali analizleri, miR-551a'nin uzak metastazlar1 olan ve kotii sagkalim
sonuglarina sahip hastalarda 6nemli Olgiide fazla ifade edildigini vurgulamistir.
HNSCC hiicre hatlarini kullanarak yapilan bu ¢aligma, miR-551a'nin hiicre ¢ogalmasi,
migrasyon ve invazyon deneylerindeki etkilerini gostererek onkogenik roliinii agikliga
kavusturmustur. Ilging bir sekilde, miR-551a'nin gliom patogenezinde iliskili 2
(GLIPR2) adli mRNA'y1 hedef aldigi bulunmustur. Bu gen, otofajiyi negatif olarak
diizenlemesiyle bilinir. Bu yolu modiile ederek miR-551a, sadece tiimor biiyiimesini
ve invazivligini artirmakla kalmamis, aynt zamanda HNSCC hiicrelerinde radyo-
direngliligi de artirmistir. Bu bulgular, miR-551a'y1 hedef alarak GLIPR2 ifadesini
diizenlemenin, HNSCC'de tiimor tesvik edici otofajiyi inhibe etmek i¢in uygulanabilir

bir tedavi stratejisi olabilecegini onermektedir (Karanam et al., 2023).
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7.2.3. MikroRNA-4534 (miR-4534)

Onceki arastirmalar miR-4534'{in, normal dokulara kiyasla ¢esitli kanserli dokularda
siklikla yiiksek seviyelerde bulundugunu gostermistir. Boyle genis ¢esitlilikteki
malignitelerde siirekli olarak artan diizeyleri géz 6niinde bulundurularak, miR-4534

giderek bir "onkomiR" olarak nitelendirilmeye baslanmustir.

miR-4534"in prostat kanserindeki roliinii inceleyen temel ¢alisma, 2016 yilinda Nip
ve arkadaslar1 tarafindan yayimlanmistir. Arastirmacilar, hastalardan alinan 84
eslesmis klinik 6rnek yaninda, normal ve tiimor 6rnekleri incelemislerdir. qRT-PCR,
metilasyon-spesifik PCR ve bir dizi fonksiyonel deney kullanarak, miR-4534'lin
prostat kanseri dokularinda ve hiicre hatlarinda normal karsiliklarina gore stirekli
olarak asir1 ifade edildigini kesfetmislerdir. miR-4534'iin asir1 ifadesi ile kanser
hiicrelerinin metilasyon durumu arasinda bir baglant1 ortaya ¢ikararak, normal ve
tiimdr dokular arasinda ayrim yapmak i¢in bir biyobelirte¢ olarak potansiyelini 6ne
siirmiiglerdir. Aragtirma ayrica, miR-4534'n PTEN'i—prostat kanserinde bilinen bir
tiimor baskilayic1 gen—azaltarak hiicre ¢ogalmasi, migrasyonu, kanser metastazi ve
PI3K/Akt yoluyla yeni kan damarlarinin olusumu i¢in kritik yollar1 degistirdigini
gostermistir. Kanser hiicrelerinde miR-4534 fonksiyonunu engellemek, hiicre dongiisii
durmasi, apoptoz ve migrasyonun ve invazyonun azalmasi gibi tiimér baskilayici
etkilerle sonuglanmis ve miR-4534'l1n "OncomiR" olarak roliinii ve terapdtik

hedefleme potansiyelini vurgulamistir (Nip et al., 2016).

Oztiirk ve arkadaslar1 'ni 2022'deki calismasi, 37'si prostat kanseri, 31'i iyi huylu
prostat hiperplazisi (BPH) ve 15'1 saglikli kontrol olmak iizere 83 birey iizerinde
yapilmistir. Caligma, qRT-PCR kullanarak kanser ve BPH gruplarinda miR-4534'tin
plazma seviyelerinin yiikseldigini bulmustur. Lenf nodu metastazi ile baglantili olan
bu asir1 ifade, miR-4534'n bu durumlar i¢in bir biyobelirte¢ olarak potansiyelini igaret
etmektedir. Ancak, prostat kanseri ile BPH arasinda ayrim yapabilme konusunda
belirsizlik bulunmaktadir. Calisma ayrica, miR-4534'"lin hastalik ilerlemesindeki olas1

onkojenik roliinii dne siirmektedir (Oztiirk et al., 2022).

Chai ve arkadaslar1 'nin 2023'teki calismasi, {icli negatif meme kanseri (TNBC)
molekiiler dinamiklerine dair 6nemli i¢goriiler sunarak, miR-4534 ve ADAM-benzeri
Decysin-1 (ADAMDECI1) rollerini incelemistir. GEO veritabanindan alinan RNA

dizileme verilerinin analiziyle, arastirmacilar TNBC dokularinda miR-4534"in
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belirgin bir sekilde artan diizeylerini tespit etmislerdir. Bu artis, hastalar arasinda
azalmis hayatta kalma oranlariyla iliskilendirilmis, béylece miR-4534'tin hastaligin
ilerlemesine potansiyel etkisine isaret etmistir. Linked Omics veritabani kullanilarak
yapilan daha ileri arastirmalar, ADAMDECI] i¢in zit bir ifade modelini ortaya
cikarmistir; kemoterapiye duyarli TNBC'de yiikselmesi, hastalarin artan hayatta kalma
oranlartyla uyumlu goériinen olumlu bir belirteg olarak goriilmiistiir. miR-4534 ve
ADAMDECI arasindaki etkilesim, korelasyon analiziyle acikliga kavusturulmus ve
miR-4534, ADAMDECI1'in olas1 bir yukari1 akis inhibe edici regiilatorii olarak
konumlandirilmistir. Bu iliski, miR-4534"n kemoterapotik yanit verilebilirligi ve
ardindan hastalarin hayatta kalma sonugclari tizerindeki etkisini vurgulamaktadir (Chai

et al., 2023).

7.2.4. MikroRNA-1238 (miR-1238)
Daha 6nce bahsedilen miRNAlar gibi, miR-1238 de cesitli kanserlerde anormal

bulunmus ve temel genlerin ifadesini bozma rolii oynamaistir.

miR-1238 iizerine ilk ¢alisma Balaguer ve arkadaglari tarafindan 2011 yilinda,
kolorektal kanser (CRC) tizerine odaklanarak yapilmistir. Caligmada, 54 CRC dokusu
ve 20 normal kolon dokusunu kullanilmistir. Mikroarray analizi ve qRT-PCR ile
dogrulama yaparak, aragtirmacilar miR-1238'in kolorektal kanserde asir1 ifade

edildigini bulmustur (Balaguer et al., 2011).

Kiicgiik hiicreli olmayan akciger kanseri arastirmalarinda, Shi ve arkadaslar1 (2015)
biiylik 6lciide kesfedilmemis miR-1238'in roliine odaklanmistir. Arastirmalari 50 hasta
dokusu 6rnegini igerir ve miR-1238 ifadesinin %62 NSCLC vakasinda azaldiginm
ortaya koyar. Bu azalmay1, LHX2 ifadesinin yiikselmesiyle iliskilendirirler ve bu iki
arasinda ters bir iligkiyi ortaya koyarlar. Buna gore, hematopoez, noral gelisim ve
kanser hiicresi ¢ogalmas1 gibi ¢esitli biyolojik siireglerde rol alan LHX2, NSCLC
patolojisinde 6nemli bir unsur olarak tanimlanir. Calismanin bulgusu, qRT-PCR ve
Western blot analizleriyle desteklenmis ve NSCLC hiicre hatlarinda miR-1238'in asir1
ifade edilmesinin LHX2'nin mRNA ve protein seviyelerini azalttigi, bdylece hiicre
cogalmasini baskiladigi gosterilmistir. miR-1238 ve LHX2 arasindaki ters korelasyon,
miR-1238' i NSCLC'nin molekiiler mekanizmalarin1 aydinlatmanin yam sira, ayni

zamanda, LHX?2 ifadesi lizerindeki diizenleyici etkisi ve tiimor hiicre biiylimesi
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tizerindeki sonuglari goéz Oniinde bulundurularak, potansiyel bir biyobelirte¢ ve

terapotik hedef olarak 6nermektedir (Shi et al., 2015).

Primer glioblastoma'nin (pGBM) genetik temellerine dair detayli bir inceleme yapan
Yan ve arkadaglarinin 2015 tarihli arastirmasi, temozolomid (TMZ)'e farkl tepkiler
veren iki alt grup arasinda miRNA ifade profillerinde belirgin farkliliklar oldugunu
ortaya koymustur. 82 doku 6rneginde mikroarray analizi ve 78 ek 6rnek tizerinde qRT-
PCR dogrulamasi yapan arastirmacilar, miR-1238'in asir1 ifade edildigini ortaya
koymustur. Yine aragtirmacilar, olumsuz prognoza sahip TMZ-direngli (TCR) alt
grubu, tedaviye daha iyi yanit veren TMZ-duyarli (TCS) alt gruptan ayirmuistir.
Ozellikle, miR-1238'in, bu alt gruplar arasinda etkili bir sekilde ayrim yapabilen yedi
miRNA siniflandiricisinin bir pargasi olmasi dolayisiyla, miR-1238'in agir1 ifadesi ile
artan kemoterapi direnci ve pGBM vakalarindaki olumsuz sonuglar arasinda

potansiyel bir iliski oldugunu gdstermistir (Yan et al., 2015).

2019 yilinda Yin ve arkadaslar1 ayni ¢alismay1 yiirtitmiis ve GBM hiicre hatlarinda ve
birincil ve tekrarlayan GBM doku 6rnekleri yani sira 13 hastadan alinan serumlarda
miR-1238 ifadesini 6lgerek ayni sonuglart dogrulamistir. TMZ direncli ekzosomlar ve
hiicrelerde ve GBM hastalarinin serumlarinda miR-1238 seviyelerinde 6nemli bir artig
gbzlemlenirken, calisma, ayni zamanda miR-1238'in EGFR aktivasyonunun negatif
diizenleyicisi olan caveolin-1 (CAV1) genini hedefleyerek ve baskilayarak TMZ
direncine kars1 koyabilecegini bildirerek molekiiler nedeni genisletmistir. Bu, miR-
1238'in glioma patogenezinde yer aldigin1 ve potansiyel olarak bir terapotik hedef

olarak hizmet edebilecegini gostermektedir (Yin et al., 2019).

Kolanjiokarsinom (CCA) lizerine odaklanan bir c¢alismada, Xu ve arkadaslari 58
hastadan ve CCA hatlarindan almman ornekleri incelemis ve miR-1238'in diisiik
diizeyde ifade edildigini, bu durumun tiimoér baskilayici bir rolii oldugunu one
stirmistiir. Arastirmacilar qRT-PCR, hiicre transfeksiyonu ve lusiferaz raporlayici
deneyleri dahil olmak {iizere ¢esitli deneysel yaklasimlar1 kullanarak hiicresel ve
molekiiler dinamikleri incelemislerdir. Sonuglar, hem CCA dokularinda hem de hiicre
hatlarinda dairesel RNA circ_0005230'un yiikselmesini vurgular ve hastalifin
ilerlemesi ve prognozuyla bir baglanti kurar. Arastirmacilar, o6zellikle,
circ_0005230'un miR-1238 i¢in bir molekiiler siinger islevi gordiiglinii ve bdylece

hiicre ¢ogalmast ve apoptoz direnci ile ilgili BCL2 benzeri 13 (BCL2L13) geninin
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ifadesini etkiledigini kesfettiler. Bulgular, circ_0005230'u hedeflemenin CCA igin
yeni bir terapOtik strateji  sunabilecegini ve hastaligin  klinik ydnetimini

etkileyebilecegini dnermektedir (Xu et al., 2019).

Shan ve arkadaglari (2020) tarafindan prostat kanseri (PCa ) lizerine yiiriitiilen
calismada, 90 kanser dokusu ve bitisik olmayan tiimor prostat dokular: ile hiicre
hatlarin1 incelemistir. Biyoinformatik ve fonksiyonel testlerin bir kombinasyonunu
kullanarak ve qRT-PCR ile dogrulayarak, arastirmacilar hem kanser dokularinda hem
de hiicre hatlarinda miR-1238'in diisiik diizeyde ifade edildigini kesfetmislerdir.
Ayrica, circ_0005100 (circFMN2) adli genin prostat kanserinde asir1 ifade edildigini
ve onkojenik bir rol oynadigini belirlemislerdir. Shan ve arkadaslari , circFMN2'nin
miR-1238'i emen bir slinger gibi islev gordiiglinii ve bdylece LIM-homeobox gen 2
(LHX2) ifadesinde bir artisa olanak tanidigini bulmuslardir; bu gen, PCa dokularinda
belirgin bir sekilde yiikselmistir. Bu etkilesim, miR-1238'in LHX2 mRNA {izerindeki
tipik inhibe edici etkisini engelleyerek, PCa hiicrelerindeki varligini artirmistir.
Calisma, miR-1238 taklitlerinin uygulanmasinin, fazla circFMN2'nin pro-proliferatif
etkilerini dengeleyebilecegini ve miR-1238'in PCa'daki potansiyel tlimor baskilayici
etkilerini One siirerek, circFMN2/miR-1238/LHX2 diizenleyici yolunun PCa tedavisi
i¢in umut verici bir hedef oldugunu desteklemektedir (Shan et al., 2020).

miR-1238'in, 2021 yilinda Luo ve arkadaslar tarafindan ytriitiilen ¢alismada kiiciik
hiicreli olmayan akciger kanserinde diistik diizeyde ifade edildigi bulunmustur. 42 ¢ift
primer NSCLC ve bitisik normal dokularin analizini igeren ¢alisma, miR-1238 ifade
diizeylerini degerlendirmek icin qRT-PCR kullanmistir. Arastirma ayrica, miR-
1238'in kanser hiicrelerinde ¢ogalma ve metastazi tegvik eden bir gen olan kladin-14
genini (CLDN14) hedefledigini ve diizenledigini bildirmistir. Luciferase raporlayici
ve RNA immiinopresipitasyon testleri yoluyla ekip, circKIF4A'nin miR-1238'e
dogrudan baglandigini ve onu bir siinger gibi islev gordiiglinii ortaya koymustur. Bu
nedenle, circKIF4A, miR-1238'i hapsederek ve kanser gelisiminde yer alan diger
genleri hedeflemesini engelleyerek NSCLC ilerlemesini diizenleyebilecegi
saptanmistir. Bu arastirma, sadece circKIF4A/miR-1238/CLDN14 ekseninin
anlagilmasi ilerletmekle kalmaz, ayni zamanda miR-1238'in tiimor baskilayici

kapasitesini de vurgulamistir (Luo et al., 2022).
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2023 yilinda, Mao ve arkadaglar1 miR-1238'in kolorektal kanser (CRC) iizerindeki
etkisiyle ilgili calismalarini yiiriitmiislerdir. 20 ¢ift CRC dokusu i¢eren ¢aligma, miR-
1238'in CRC dokularinda normal dokulara kiyasla genellikle daha diisiik seviyelerde
bulundugunu, bu durumun potansiyel bir timor baskilayici islevi oldugunu
gostermistir. Arastirmacilar, CRC'de yiikseltilmis bir dairesel RNA olan circSKA3'iin
miR-1238 i¢in baglanma afinitesine sahip oldugunu ve bu durumun YTH N6-
metiladenozin RNA baglama proteini 2 (YTHDF2) ile etkilesime girdigini
vurgulamislardir. Calismanin sonuglari, miR-1238'in ifadesinin yapay olarak
artirlldiginda, kanser metastazi i¢in kritik olan CRC hiicre ¢ogalmasi, migrasyonu ve
invazyonunda belirgin bir azalma oldugunu gostermistir. Ancak, miR-1238'in kanser
hiicreleri {izerindeki bu baskilayict etkisi, YTHDF2'nin asir1 ifade edilmesiyle
dengelenebilir. Mao ve arkadaglar1 tarafindan ortaya ¢ikarilan karmasik mekanizma,
miR-1238'i siingerleyerek circSKA3'iin dolayli olarak YTHDEF2 ifadesini yiikselttigini

ve boylece CRC ilerlemesini tesvik ettigini 6ne stirmektedir (Mao et al., 2023).

7.3 Materyal ve Yontem

7.3.1 Doku Ornekleri

Bu calisma, Gaziantep Universitesi Sahinbey Arastirma ve Uygulama Hastanesi,
Genel Cerrahi Anabilim Dali’nda 2019-2021 yillar1 arasinda 41 kadin meme kanseri
hastasindan temin edilen 82 tiimor ve histolojik olarak yanindaki normal doku

orneklerinin (timdrden 5 cm veya daha fazla mesafede) analizini kapsamaktadir.

Bu hastalar 6rnek alinma zamaninda kemoterapi veya radyoterapi tedavisine
baslamamis durumdadirlar. Doku 6rneklemesi 6ncesinde tiim katilimcilardan yazili,
imzal1 ve bilgilendirilmis onay alinmistir. Doku 6rnekleri, RNA Later ¢6zeltisi igeren
tiiplerde korunmus ve daha sonraki analizlere kadar -80 °C'de saklanmistir. Bu ¢aligsma
Gaziantep Universitesi Klinik Arastirmalar Etik Kurulu tarafindan onaylanmistir

(Karar no: 2019/20).

Bu ¢aligmada, Tablo 4.1'de belirtildigi gibi, 21 hasta (%51) 50 yas veya iizerindeyken,
20 hasta (%49) 50 yasin altindadir. Hastalarin ¢ogu kanserin erken evrelerindedir. 28
hasta (%68) evre I ve IlI'de smiflandirilirken, 13 hasta (%32) evre III ve IV'tedir.
Yalnizca iki hasta (%5) sigara igtigini bildirmis ve higbiri alkol tiiketicisi degildir.
Tiimor lokalizasyonu esit sekilde dagilmistir: 21 hasta (%51) sag tarafta ve 20 hasta
(%49) sol tarafta timorlere sahiptir.
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Hastalarin ¢ogunda (38, %93) uzak metastazi (MO0) yokken, yalnizca 3 hastada (%7)
metastatik kanser (M1) vardir. Tiimor boyutu agisindan, ¢ogu hasta (34, %83) 50
mm'den kii¢lik tiimorlere sahipken, yedi hasta (%17) 50 mm ve iizeri tiimorlere
sahiptir. Bu hastalar arasinda, 4'ii (%10) ailede kanser vakas1 bildirirken, 37'si (%90)

bildirmemistir.

Hormon reseptdr durumu i¢in, 30 hasta (%73) pozitif 6strojen reseptorii (ER), 11 hasta
(%27) negatif gostermistir. Progesteron reseptorleri (PR) icin, 29 hasta (%71)
pozitifken, 12 hasta (%29) negatiftir. Meme kanserinin histolojik tipleri agisindan,
cogunlukla 33 hasta (%80) invaziv duktal karsinoma, dort hasta (%10) invaziv lobiiler
karsinoma, ii¢ hasta (%7) invaziv meme karsinomasi ve 1 hasta (%2) invaziv mediiller
karsinoma sahiptir. Lenf diiglimii metastazi i¢in, 33 hasta (%80) N12 evresinde, 5

hasta (%12) N2 ve 3 hasta (%7) N3 evresindedir.

Kanser belirtecleri agisindan, 34 hasta (%83) normal karsinoembriyonik antijen (CEA)
seviyelerine sahipken, 7 hasta (%17) anormal seviyelerdedir. Kanser Antijeni 125
(CA-125) seviyeleri 38 hastada (%93) normal ve 3 hastada (%7) yiiksektir. Kanser
antijeni 15-3 (CA15-3) seviyeleri 40 hastada (%98) normalken, yalnizca 1 hasta (%2)

yiiksek seviyeler gostermistir.

Reseptor tirozin-protein kinazi (C-erbB-2) i¢in, 4 hasta (%10) +1, 6 hasta (%15) +2,
11 hasta (%27) +3 ve 20 hasta (%49) negatif olarak puanlanmistir. Ki-67 indeksi
agisindan, 1 hasta (%3) G1 derecesinde, 19 hasta (%46) G2 ve 21 hasta (%51) G3'tedir.

7.3.2 MikroRNA izolasyonu

Taze donmus doku 6rneklerinden toplam RNA, iiretici talimatlarina gore Tablo 3.1'de
belirtildigi gibi Hybrid-R™ miRNA izolasyon kiti (GeneAll, Giiney Kore)
kullanilarak ekstrakte edilmistir. RNA, bir MaestroNano Spektrofotometre
(Maestrogen) kullanilarak kuantifiye edilirken ve RNA konsantrasyonlari, drnekler
arasinda birliktelik saglamak icin standart bir konsantrasyona ayarlanmistir. Daha

sonra Ornekler, ileri kullanimlar ic¢in -80°C'de saklanmustir.

7.3.4 cDNA Sentezi ve Real-Time PCR
Bu calismada A.B.T.™ Single miRNA qPCR Assay iiriinii kullanilarak hem cDNA
cevrimi hem de Real-Time PCR calismas1 gerceklestirilmistir. Uriin icerigi Tablo

3.2’de verilmistir.
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Bu agamada kullanilan Single miRNA qPCR Assay iirlinliniin i¢erisinde hazir halde
bulunan miR-cDNA Synthesis Kit, reverse transkripsiyon reaksiyonlarini
gerceklestirmek icin gerekli olan tiim bilesenleri (reverse transkriptaz, RNaz

inhibitori, miRNA’ya 6zgii Stem-Loop primer, dNTP) icermektedir (Tablo 3.2).

Hazirlanan 6rnekler PCR cihazina aktarilarak Tablo 3.3 ve 3.4’te verilen protokole

gore cDNA sentez islemi gergeklestirilmistir.

Uygulama sonrasi elde edilen cDNA 6rneklerinin bir kismi Real-Time PCR isleminde
kullanilmak tizere +4 °C’de bekletilmistir. Stok cDNA ornekleri -20 °C’ye alinarak

saklanmistir.

7.3.5 Real-Time PCR Calismasi

Real-Time PCR uygulamalar1 Single miRNA qPCR Assay kiti kullanilarak
yapilmugtir. Uriiniiniin icerisinde bulunan miR-qPCR Master Mix, Real-Time PCR
reaksiyonlarmi gergeklestirmek icin gerekli olan tiim bilesenleri (antikor aracili hot-
start Taqg DNA Polimeraz, forward ve reverse primer, dNTP, MgClz2, SYBR-Green,
ROX, enhancer ve stabilizatdr) icermektedir. Kontrol gen olarak RNU6NB
kullanilmigtir. Real-Time PCR reaksiyonu i¢in kullanilan bilesen hacimleri Tablo

3.5’da verilmistir.

Hazirlanan ornekler Real-Time PCR cihazina aktarilarak Tablo 3.6’de verilen
protokole gore gen ekspresyonu islemi gerceklestirilmistir. Bu asamada ornekler 2

tekerriirlii olarak analiz edilmistir.

7.3.6 Veri Analizi
Real-Time PCR yazilimindaki verileri analiz etmek i¢in karsilastirmali Ct yontemi

kullanilmustir.

Endojen kontrol genine (RNU6B) normalize edilen hedef genlerin ekspresyon

seviyelerinin hesaplanmasi, AACt yontemi uygulanarak yapilmaistir.

Tumorli ve normal dokulardaki miR-551a, miR-1238, miR-1294 ve miR-4534
ekspresyon diizeylerini karsilastirmak ve farki ortaya koymak igin Paired t testi
uygulanmistir. Kategorik degisken olarak gruplandirilan klinik ve patolojik veriler ile
miR-551a, miR-1238, miR-1294 ve miR-4534 ekspresyon diizeyleri arasindaki iligki

Pearson Ki-Kare ve Fishers’ Exact testleri kullanilarak belirlenmistir. Analizler SPSS
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(Versiyon 22.0; IBM Corp.) programi kullanilarak yapilmistir. 0,05’den kiigiik p

degerleri anlamli olarak kabul edilmistir.

7.3.7 mikroRNA-mRNA Hedef Tanimlamasi

Biyoinformatik analizi sadece, daha once uygulanan ifade analizinde, timor ve
normal dokular arasinda Onemli farkliliklar gdsteren miRNAlar iizerinde
gerceklestirilmistir. MikroRNA'larin hedefleri, miRWalk (Stichtet al., 2018) ve
miRDB (Chen & Wang, 2020) olmak iizere iki ¢evrimici veritabani kullanilarak
belirlenmistir. miRDB tarafindan 6nerildigi gibi, 80'den biiyiik bir hedef puan esigi
kullanilmistir. 0.95'ten yiiksek puan alan ve en az iki veritabaninda listelenen hedefler
secilmistir. miRDB ve miRWalk'tan elde edilen hedeflerin birlestirilmis listesi

olusturulmus ve daha sonraki analizler i¢in kullanilmistir.

7.3.8 mikroRNA'larin Fonksiyonel Analizi

Transkriptomik calismalarin temel bir adimi olan fonksiyonel zenginlestirme analizi,
cesitli biyolojik islevler ve siireglerdeki genlerin zenginlesmesini degerlendirmek i¢in
yapilmistir (Webber, 2011). Bu analiz i¢in EnrichR R paketi, olusturulan hedef
listesini girdi olarak kullanir. Zenginlestirme i¢in parametreler, Gene Ontolojisi (GO),
Kyoto Gen ve Genom Ansiklopedisi (KEGG) ve PANTHER (Thomas et al., 2022)

gibi kiitiiphaneleri icerecek sekilde ayarlanmustir.

7.3.9 Protein-Protein Ag Analizi

Protein-protein etkilesim aglar1 (PPIN'ler), bilinen ve tahmin edilen protein-protein
etkilesimleri hakkinda bilgi saglayan STRING veritabani kullanilarak analiz edilmistir
(Nadaradjane et al., 2018).

7.4 Bulgular
7.4.1 miR-551a, miR-1294, miR-4534 ve miR-1238"1n ifadesi ve Klinikopatolojik
Faktorlerle Iliskisi

miR-551a'nin ortalama ACt degeri, tiimor dokularinda -1.36+0.38, normal dokularda
ise -1.7£0.9 olarak not edilmistir ve buna karsilik gelen katlanma degisimi
0.84+0.38'dir. Dikkat ¢ekici bir sekilde, miR-551a ifadesi, tiimor dokularinda normal
dokulara kiyasla anlamli bir sekilde diisiik seviyededir (p=0.038) (Sekil 4.1). Buna
karsin, miR-1294'lin ortalama ACt degeri timér dokularinda 0.4+0.24, normal
dokularda ise 0.1+0.58 olarak gézlemlenmis ve buna karsilik gelen katlanma degisimi

0.82+0.13 olarak saptanmistir. miR-1294 ifade seviyesindeki istatistiksel olarak
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anlaml disiis, timor dokularinda normal dokulara gore belirgindir (p=0.004) (Sekil
4.2). Bu, tiimoér mikrogevresinin potansiyel olarak miR-1294 ve miR-551a'y1
baskilayabilecegini ve tiimoér Orneklerinde normal Orneklerle kiyaslandiginda
ifadelerinin azalmasina neden olabilecegini gostermektedir. miR-4534 ile ilgili olarak,
ortalama ACt degeri tiimor dokularinda -5.394+0.43 ve normal dokularda -4.86+1.02
olarak kaydedilmis, katlanma degisimi ise 1.5+0.43'tlir. miR-4534 ifade seviyesindeki
istatistiksel olarak anlamli artis, tiimor dokularinda normal dokulara gore
belgelenmistir (p=0.003) (Sekil 4.3), bu da timér orneklerinde bir yiikselise isaret
etmektedir. miR-1238 i¢in, ortalama ACt degeri tiimor dokularinda 2.29+0.75, normal
dokularda 2.524+0.71 olarak kaydedilmis ve hesaplanan katlanma degisimi
1.35+0.78'dir. miR-1238 ifade seviyesi arasinda tiimor ve normal dokular arasinda

istatistiksel olarak anlamli bir fark bulunmamaistir (p=0.076) (Sekil 4.4).

miR-1294, miR-4534 ve miR-1238 hakkindaki bilgiler 6ncii niteliktedir, ¢iinkii bu
miRNAlar daha 6nce meme kanseri baglaminda incelenmemistir ve bu durum, anilan
mikroRNA'larin bu hastalik i¢in yeni biyobelirtecler olarak kullanilabilecegini ortaya
koymaktadir. miR-551a, miR-1294, miR-1238 ve miR-4534"in ifade diizeyleri ile
meme kanseri hastalarindaki gesitli klinikopatolojik faktorler arasindaki potansiyel
iliskiyi incelemek icin bir iki-kare testi yapilmistir. Analizde dikkate alinan faktorler
arasinda yas, sigara kullanimi, alkol kullanimu, aile 6ykiisii, evre, histolojik tip, timor
boyutu, tiimor lokalizasyonu, uzak metastaz, lenf nodu metastazi ve ER, PR, CEA,
CA-125, CA 15-3, C-erbB-2 ve Ki-67 gibi diger meme kanseri biyobelirtegleri

bulunmaktadir.

Analiz sonuglari, klinikopatolojik faktorler ile miR-551a, miR-1294, miR-1238 ve
miR-4534"n ifade diizeyleri arasinda istatistiksel olarak anlamli bir iliski olmadiginm
gostermistir (p > 0.05). Bu bulgular, incelenen klinikopatolojik faktorlerin, caligilan
meme kanseri hastast drneginde bu miRNAlarin ifade diizeylerini énemli 6l¢iide

etkilemeyebilecegini diistindiirmektedir (Tablo 4.2, 4.3, 4.4, 4.5).

7.4.2 MikroRNA-mRNA Hedef Tammmlama

Bu ¢alisma, ekspresyonu azaltilmis miRNAlar olan miR-1294 ve miR-551a ile birlikte
yiikseltilmis miRNA olan miR-4534 ile iliskili hedef genleri tanimlamistir. Se¢im
kriterleri, miRDB veritabaninda 80'in lizerinde bir hedef puani kullanmay1 ve genlerin

hem TargetScan hem de miRDB veritabanlarinda bulunmasini, miRWalk veritabani
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tizerinden dogrulanmasini icermektedir. Bunun ardindan, ilgili veritabanlarindan elde
edilen gen listelerini entegre ederek benzersiz hedef gen setleri sentezlenmistir. miR-

1294 icin, miRDB'den 163 hedef genin basglangic havuzu ¢ikarilmistir.

miRWalk ile karsilagtirildiginda, 44 genin ortak oldugu bulunmustur. Bu birlestirme,
BRCA1/BRCA2 igceren kompleks alt birimi 3 (BRCC3), MYC, MYCL, siklin D2
(CCND2) ve deubiquitinase YOD1 (YOD1) dahil olmak tizere toplam 168 hedef gene
ulasilmasimi saglamistir. miR-551a i¢in, miRDB 5 hedef gen katkida bulunmus,
miRWalk ise TargetScan ve miRDB veritabanlariyla ortak olan 56 geni ortaya
¢ikarmistir. Bu, Crumbs Hiicre crumbs 2 (CRB2), miyosit 6zgiil arttiric1 faktor 2C
(MEF2C), Erb-b2 reseptor tirozin kinaz 4 (ERbB4), transmembran protein 2 (TREM?2)
ve transmembran proteaz, serin 2 (TMPRSS2) gibi dikkate deger 6rnekler iceren 18

hedef genin kesin bir koleksiyonunu olusturmustur.

miR-4534 ile ilgili olarak, miRDB veritabaninda 168 hedef gen tanimlanmuistir.
miRWalk araciligiyla yapilan capraz dogrulama, 193 hedef gene ulasan bir
koleksiyonu olusturan, ortak 124 geni gostermistir: SRY-kutu transkripsiyon faktorii
6 (SOX6), adenilat siklaz 1 (ADCY1), morfogenez 2'nin dagilmis aktivatorii
(DAAM?2), 6strojenle ilgili reseptor gamma (ESRRG) ve catal kafa kutu Q1 (FOXQI1),
cinko parmak protein 142 (ZNF142).

7.4.3 Gen Ontolojisi ve KEGG Analizi

Meme kanserinin altinda yatan mekanizmalar1 anlama ¢abasinda olan bu arastirma,
miR-1294, miR-551a ve miR-4534"n etkilerini, detayli GO ve KEGG yol
analizleriyle ortaya koymustur. Sunulan sonuglar, 0.05'ten diisiik p-degerine sahip

bulgular1 dikkate almaktadir.

miR-1294 {izerine yapilan ¢calisma, RNA-endiiklii sessizlestirme kompleksi (RISC) ve
kolajen tip IV trime gibi farkli hiicresel bilesenleriyle iligkili genler dizisini ortaya
koymustur (Sekil 4.5, 4.6, 4.7). Molekiiler fonksiyon analizi, protein tirozin fosfataz
aktivitesi ve transkripsiyon korepresdr baglanmasinin miR-1294 tarafindan
diizenlenen genlerde 6nemli Olciide zenginlestigini gostermistir. Ayrica, KEGG yol
analizi, miR-1294'in azalmasinin, Hippo sinyal yolu ve kanser yollar1 dahil olmak

tizere ¢oklu biyolojik yollarda sapmalara yol agtigini ortaya koymustur (Sekil 4.14).
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miR-551a'nin rollerini inceleyen ¢aligmalar, kardiyak kas hiicresi ¢ogalmasinin pozitif
diizenlenmesi ve doku biiylimesi gibi biyolojik siireclerde zenginlesme oldugunu
ortaya cikarirken; miR-551a'nin hedef genleri, aspartik-tip endopeptidaz inhibitor
aktivitesi, kardiyak kas diizenlemesi, hiicre farklilagsmasi, dolagim sistemi gelisimi,
adenin-timin zengin DNA'nin mindr oluguna baglanma ve hiyaliironan
glukozaminidaz aktivitesinde dnemli dl¢iide zenginlesme gostermistir (Sekil 4.8, 4.9,
4.10). KEGG yol analizi, miR-551a'nin azalmasinin, mitojen-aktive protein kinaz
(Mapk) sinyal yolu, Notch sinyal yolu, eritroblastik 16semi viral onkojen homologu
(ErbB) sinyal yolu ve Sfingolipid metabolizma yolunda yer alan genlerin
yiikseltilmesiyle iliskili oldugunu gostererek, bu yollarda onemli bir etkiye isaret

etmektedir (Sekil 4.15).

miR-4534%1n GO sonuglari, néromuskiiler sinaptik iletim ve kondroitin siilfatin
biyosentetik siireci gibi c¢esitli biyolojik siireclerde zenginlestigini ortaya koyar.
Gerilim kapili sodyum kanal aktivitesi, protein kompleksi oligomerizasyonu ve
sialiltransferaz aktivitesi, miR-4534 tarafindan diizenlenen genler arasinda 6nemli
Olciide yaygindir (Sekil 4.11, 4.12, 4.13). KEGG yol analizi, miR-4534'"n,
Glutamaterjik sinapslar, Wnt, relaksin ve PI3K-Akt sinyal yollar1 dahil olmak {izere

cok sayida kritik biyolojik yola potansiyel etkileri oldugunu gostermistir (Sekil 4.16).

7.4.4 Protein-Protein Etkilesim (PPI) Analizi
miRNAlarin meme kanseri ilerlemesindeki roliinii aragtirmak, aragtirmanin ayrilmaz
bir yonii olmaya devam etmektedir. Bu ¢alisma, miRNAlar ve hedef genleri arasindaki

etkilesimi PPI analizi yoluyla inceleyerek, dikkat ¢ekici bulgular ortaya koymaktadir.

Diisiik diizeyde ifade edilen miR-1294'i arastirmak, monosit diferansiyasyonunun
negatif regililasyonu, histon detibikitinasyonu, lys63-spesifik detibikitinaz aktivitesi ve
siklin baglanmasi gibi kritik siire¢lerde yer alan BRCC3, CCND2, MYC, MYCL ve
YODI1 gibi iist hedef genleri ortaya ¢ikarmistir. miR-1294'in {ist hedef proteinleri
arasinda sikca karsilagilan CCND2, Siklin-bagimli kinaz 6 (CDK®6), S-faz kinaz iligkili
protein 2 (SKP2), Siklin-bagimli kinaz 2 (CDK2) ve Siklin-bagiml kinaz 4 (CDK4)
gibi cesitli genlerle iliskilendirilmistir, Sekil 4.17. Ayrica, analiz bu genlerin p53

sinyal yoluyla 6nemli bir iligkisi oldugunu gdstermistir.

Diisiik diizeyde ifade edilen miR-551a'nin {ist hedef genleri, ERbB4, MEF2C, CRB2
ve TMPRSS2 olarak belirlenmis ve bu genlerin Interldkin-15 (IL-15) aracili sinyal
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yolu, ERbB sinyal yolu, epidermal biiyiime faktorii reseptorii (EGRF) baglanmasi gibi
en zararli islevlerle iligkili aglara sahip oldugu tespit edilmistir. miR-551a'nin iist hedef
proteinleri arasinda yer alan ERbB4, biiyiik diskler homolog 4 (DLG4), biiylime
faktorii reseptoriine bagli protein 2 (GRB2), heparin baglayict EGF-benzeri biiyiime
faktoriic (HBEGF), nororegiilinler (NRG) gen ailesi ve SCH1 gibi ¢esitli genlerle
iliskilendirilmistir, Sekil 4.18. ERbB4'lin etkilesimlerinin ¢ogu, NRG protein ailesinin
Immiinoglobulin (Ig)-benzeri bolgesiyle gerceklesmektedir.

Artmis miR-4534in st hedef genleri olan SOX6, ADCY1, DAAM?2, ESRRG,
FOXQI1 ve ZNF142, kanonik Wnt sinyal yolu, cAMP biyosentetik siireci, GTPaz
aktivitesi, G-protein beta/gama-alt birimi kompleksi baglanmasi ve lipoliz
regiilasyonu gibi ¢ogunlukla islevlerle iligkili aglara sahip oldugu belirlenmistir.
ZNF142 ve FOXQl'lin ag iginde birbirleriyle veya diger proteinlerle etkilesimi
olmadig1 bulunmustur (Sekil 4.19).

SOX6'in katenin beta 1 (CTNNBI) ile etkilesimleri oldugu ve CTNNBI1'in diger
proteinlerle, 6rnegin dishevelled segment polarite protein 1 (DVLI1), dishevelled ile
iligkili morfogenez aktivatorii 2 (DAAM?2) ve dishevelled segment polarite protein 2
(DVL2) ile etkilesimleri oldugu tespit edilmistir. Ote yandan, adenilat siklaz 1
(ADCY1), adenilat siklaz protein ailesiyle ve G protein ailesiyle, G protein alt birimi

alfa I2 (GNAI2) ve digerleriyle etkilesimleri oldugu bulunmustur.

7.5 Tartisma

Meme kanseri dokularinda miR-1294, miR-551a ve miR-4534"tn etkisi tizerine sinirlt
sayida c¢alisma bulunmaktadir. Bu calismada, in vitro ve in vivo deneysel
teknolojilerden olusan asimetrik bir boru hatti birlestirerek, bu miRNAlarin meme
kanseri ilerlemesi ve metastazinda oynadigi rol incelenmistir. Ayrica, meme kanseri
tiimdrlerindeki diizensizlesmis miRNAlar1 incelemek i¢in biyoinformatik analizler;
hedef genlerini, protein-protein etkilesimlerini, bu etkilesimlerin biyolojik yollar1 nasil
etkiledigini ve kanser hiicrelerinin ¢ogalmast ve metastazina nasil katkida

bulundugunu belirlemeye yonelik kullanilmistir.

Calismamiz, meme tiimor dokularinda miR-1294'tin normal dokulara gére onemli
Olciide diisik oldugunu acikga ortaya koymaktadir. Bu gozlem, yemek borusu

skuamoz hiicreli karsinomu, mide kanseri, epitelyal yumurtalik kanseri, pankreatik
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duktal adenokarsinom ve kiigiik hiicreli olmayan akciger kanseri gibi 15 farkl koti
huylu hastalikta miR-1294'tin tutarli bir sekilde diisiik oldugunu gosteren Onceki
raporlarla uyumludur. miR-1294 i¢in bildirilen yollar PI3K/AKT/mTOR, RAS ve
JAK/STAT yollaridir. Bu baglamda tanimlanan miR-1294 hedef genleri,
PI3K/AKT/mTOR, RAS ve JAK/STAT yollar1 gibi hayati sinyal kaskadlarim
diizenlemede 6nemlidir. Ayrica, diisitk miR-1294 ifadesi, sisplatin ve temozolomide

artan direng ile iligkilidir (Mao et al., 2023).

Bu ¢alismada elde ettigimiz bulgulara benzer sekilde, literatiirde miR-1294'tin meme
kanserinde diisiik oldugunu ve hiicresel ¢ogalmayi, migrasyonu ve invazyonu hiicre
dist sinyal diizenlenmis kinaz (ERK) sinyal yolunu modiile ederek inhibe ettigini
gosteren bir ¢alisma daha bulunmaktadir (Chen et al., 2022). Bu gézlemlerle uyumlu
olarak, yapilan arastirmalar, hepatoselliiler karsinomda saglikli dokulara kiyasla miR-
1294'in diisiik oldugunu vurgulamistir. miR-1294"iin diisiik ifade diizeyi, onkogenik
hedeflerine olan inhibe edici etkileri azaltarak hepatoselliiler kanserin ilerlemesine
olanak tanir. Bu baglamda, miR-1294 hepatoselliiler karsinomda tiimor baskilayici bir
rol iistlenmektedir (Qin & Wang, 2023). Dikkate deger olarak, akut lenfoblastik 16semi
olan 15 g¢ocuk tizerinde yapilan bir calismada, beklenmedik bir miR-1294 yiikselmesi
ve SOX15'1 hedef almasi gozlemlenmistir (Cen et al., 2023). Bu ¢alismada kullanilan

kiigiik 6rneklem kullanimi nedeniyle, sonuglarin giivenilirligi siiphelidir.

Bu calisma, cesitli kanser tiirlerinde miR-1294'"lin tiimor baskilayict 6zelliklerine dair
kanitlar sunmaktadir. Meme kanserinde miR-1294'{in mekanistik roliinii anlamak i¢in,
bioinformatik analizler gergeklestirilirken, BRCC3, CCND2, MYC, MYCL ve
YODI'i miR-1294 icin hedef genler olarak belirlenmistir. DNA hasar tepkisinde rol
alan BRCA1-BRCA2 kompleksinin bir alt birimi olan BRCC3, tiimér dokularinda
artmistir ve kanser metastaziyla iligkilendirilmistir (Zhang & Zhou, 2018). CCND2,
MYC ve MYCL'in meme kanseri ve diger kanser tiirlerinde asir1 ifade edildigi ve
kanser ilerlemesine katkida bulundugu bildirilmistir (Xu et al., 2010; Flem-Karlsen et

al., 2018; Li et al., 2019).

YODI1, meme kanserinde rapor edilmemis olmasina ragmen, diger kanser tiirlerinde
asir1 ifade edilmistir (Zhang et al., 2022). MY C'nin daha 6nce miR-1294 i¢in bir hedef
olarak bildirildigi belirtilmistir (Wang et al., 2018). Arastirma bulgulari, meme
kanserinde miR-1294'iin azaldigin1 ve bunun sonucunda BRCC3, CCND2, MYC,
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MYCL ve YODI genlerinin artis gosterdigini ortaya koymaktadir. miR-1294"in
onerilen hedef genlerinin GO ve fonksiyonel analizi, lipid sentezi, kolesterol
depolama, Wnt sinyalizasyonu, GTPaz aktivitesi, metallopeptidaz aktivitesi ve siklin

baglanmasini diizenlemede rol aldigin1 gostermektedir.

Bu siirecler ¢esitli ¢calismalarda kanser gelisimiyle iliskilendirilmistir (Sukocheva &
Wadham, 2014; Litan & Langhans, 2015; Fields & Stawikowski, 2016; Sevinsky et
al., 2018; Tauro & Lynch, 2018; Wang et al., 2020). Ayrica, yiiriitiillen KEGG yolak
analizi, bu genlerin Hippo sinyalizasyon yolu, mTOR sinyalizasyon yolu, kanser
yollar1 ve Wnt sinyalizasyon yolu gibi yollardaki rollerini pekistirmektedir. miR-
1294'tin Wnt sinyalizasyon yolu ve mTOR sinyalizasyon yolundaki rolii daha 6nce
bildirilmistir (Li et al., 2023; Mao et al., 2023). Hippo yolunun meme kanseri
tizerindeki etkisi, kolonizasyon, molekiiler biyoloji ve tedavi yaniti agisindan énemli

oldugu vurgulanmaktadir (Kyriazoglou et al., 2021).

Hippo sinyalizasyonunun diizensizligi, P53 onkojenik yolakla etkileserek meme
kanseri ilerlemesine ve tiimorijenez potansiyelini artirarak katkida bulunmaktadir (Raj
& Bam, 2019). Yapilan PPI analizi, agdaki genlerin, meme kanseri dahil pek ¢ok
kanserde hayati 6neme sahip olan p53 sinyalizasyon yolunda zenginlestigini ortaya
koymustur. Bu yolaktaki sapmalar, meme kanserinin baglangicini, biiylimesini ve

yayilmasini tetikleyebilir (Duffy et al., 2018).

miR-1294 tarafindan hedeflenen ve Hippo sinyalizasyon yolunda yer alan protein
CCDN2, CDK6, SKP2, CDK2 ve CDK4 gibi ¢esitli genlerle etkilesime girer.
CCDN2'nin etkilesimlerinin ¢ogu, ubiquitin ligazlar1 (E3) i¢in iskeleler olarak gorev
yapan cullins ailesini icerir. Bu E3 ligazlari, tiimor baskilayicilar i¢in hayati 6neme
sahip olup, tiimoérijenezde 6nemli bir rol oynamaktadir. Ayrica, E3'in p53 yolaklar
tizerinden meme kanseri hiicre invazyonu ve migrasyonuyla iligkili oldugu

bildirilmistir (Ohta & Fukuda, 2004; Wang et al., 2021).

Bu ¢alisma, miR-1294'lin azalmasinin, meme kanserinde tiimor baskilayici olarak
islev goren ve dnemli biyolojik yollar1 ve islevleri etkileyen miR-1294'tiin BRCC3,
MYCL, CCND2 ve YODI1 gibi potansiyel hedeflerini vurgulamaktadir. Ayrica,

arastirma P53 yolaklarinda miR-1294 diizenlemesinin roliini ve daha Once
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taninmamis olan Hippo sinyalizasyon yolu ve iliskili gen CCND2'nin miR-1294

tarafindan hedeflenmesini ortaya koymaktadir.

Bu calisma, farkli agilardan belli sinirliliklar tasir. Ozellikle klinikopatolojik
faktorlerin analizinin sinirl 6rnek sayist gbz Oniline alindiginda, klinikopatolojik
faktorler ile miR-1294 ifadesi ve diger incelenen miRNAlar arasinda giivenli bir iliski
kurulamamaktadir. Gelecekte, 6zellikle in vivo deneyler kullanilarak yiiriitiilecek olan
daha fazla aragtirmanin, miR-1294 ile iligkili hedef genlerin ve yollarin belirlenmesi
acisindan hayati oldugu vurgulanmalidir. Bu durum, bu ¢alismanin odak noktasi olan

diger miRNAlar i¢in de gegerlidir.

Bu calismada, miR-551a'nin ekspresyon analizi, meme kanseri dokularinda, bitisik
normal dokulara gore anlamli bir diisiiriicii diizenleme gosterdigi saptanmistir. Bu
bulgu, yumurtalik kanserinde yapilan 6nceki bir ¢alismayla uyumludur; bu ¢alismada
miR-551a'nin disiiriildigli ve hiicre proliferasyonunu, migrasyonu ve invazyonunu
inhibe ederek bir tiimor baskilayict olarak hareket ettigi gosterilmistir. Belirlenen
hedef gen IRS2 olup, PI3K/AKT sinyal yolunda rol oynamaktadir (Du & Sha, 2017).
Benzer sekilde, meme kanserinde miR-551a'nin diisiik diizeyde ifade edildigi ve Fokal
adezyon kinazi1 (FAK) yolunu hedef alarak bu yolun yukari yonlii diizenlenmesine
katkida bulundugu bulunmustur. FAK yolu, meme karsinomunda ortaya ¢ikan

terapotik hedeflerden biri olarak degerlendirilmektedir (Anuj et al., 2019).

Bu calismayla uyumlu olarak, meme kanseri iizerine yapilan arastirmalar, meme
kanserinde miR-551a ifade diizeyinin diisiik oldugunu kanitlamistir (Kang et al.,
2019). Bu bulgularin aksine, metastatik bas ve boyun skuaméz hiicreli karsinomu
(HNSCC) olan hastalarda miR-551a iizerine yapilan bir caligma farkli sonuglar
sunmustur. Arastirma, miR-551a'nin bu kanserde yukari regiile edildigini ve hiicre
proliferasyonu, migrasyonu, invazyonu ve radyo-direng gibi siirecleri tesvik eden bir
onkojen olarak belirtmistir. Arastirmacilar, HNSCC baglaminda miR-551anin hedef
geni olarak GLI patogenez ile iliskili 2'yi (GLIPR2) Tespit edilmistir (Karanam et al.,
2023).

Bir karsit ¢alisma, miR-551a'nin hepatoselliiler kanserde ylikseltilmis bir ifade
diizeyine sahip oldugunu, bir kanserojen olarak hareket ettigini ve kotii genel sagkalim

oranlar1 ile iligkili oldugunu go6stermistir (Chen et al., 2021). miR-551a'nin
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fonksiyonunun karmagik yapisi, onkolojik ve timor baskilayici ozellikler de dahil
olmak tizere, farkli kanser tiirlerindeki c¢esitli davranislarina atfedilebilir. Bu
davranislar, her malignitenin igsel olarak sahip oldugu doku 6zgiilii baglam tarafindan
belirlenir. miR-551a'nin meme kanseriyle iligkili molekiiler mekanizmalar1 kapsamli

bir sekilde anlamak i¢in biyoenformatik analizler yapilmistir.

Bu arasgtirma, miR-551a tarafindan potansiyel olarak hedef alinan en iist genler olarak
ERbB4, MEF2C, CRB2 ve TMPRSS2'yi belirlemistir. Epidermal biiyiime faktorii
(EGFR) reseptor ailesi liyesini kodlayan ERbB4, proliferatif meme tiimorleri ve diger
kanser tiirleriyle iligkilendirilmistir (Hu et al., 2021; Kawahara & Simizu, 2022;
Schubert et al., 2023). Embriyonik gelisimi diizenleyen ve kirmnti hiicre kutup
karmasasinin bir bileseni olan CRB2'in, glioblastomada ifadesinin yukar1 yonlii
diizenlendigi tespit edilmistir. Bu bulgu, CRB2'nin bir kanserojen olarak islev
gorebilecegine isaret etmektedir (Wang et al., 2022). Transmembran bir serin proteaz
olan TMPRSS2, meme kanseri hiicrelerinde asir1 derecede ifade edilmekte ve bu
durum potansiyel olarak karsinogenez siirecini tesvik edebilmektedir. Bunun yani sira,
ER-pozitif hastalarda TMPRSS?2 ifadesinin kotii prognostik bir gosterge ile iliskili
oldugu belirlenmistir (Ozyurt et al., 2023).

MEF2C, meme kanserinde miR-551a i¢in bir hedef gen olarak da taninmistir (Kang et
al., 2019). Onerilen miR-551a hedef genlerinin Gen Ontolojisi (GO) analizi, bu
genlerin kritik biyolojik stireclerde, 6zellikle hiicre farklilasmasi ve dolagim sistemi
gelisiminde rol aldiklarint gostermistir. Bu bulgular, miR-551a'nin diigiik ifade
diizeyinin, kalp kas1 gelisimi ve farklilagsmasinda yer alan 6nemli genlerin ifadesinin
artmasina yol agabilecegini ve bu durumun meme kanserinde kardiyak disfonksiyona
potansiyel katkida bulunabilecegini diisiindiirmektedir (Demissei et al., 2020; da Costa
etal., 2021). miR-551a'nin hedef genlerinin molekiiler fonksiyon analizi, endopeptidaz
inhibitor aktivitesi ve hiyaluronan glikozaminidaz aktivitesi gibi islevleri ortaya
cikarmustir. Bu islevler, meme kanseri ilerlemesiyle iliskilendirilmistir (Sarkar et al.,

2023).

KEGG yolak analizi, miR-551a'nin diisiik diizeyde ifade edilmesinin Sfingolipid
metabolizma yolunu, Mapk sinyal yolagini, Notch sinyal yolagim1 ve ErbB sinyal
yolagin1 diizensiz hale getirdigini gostermistir. Sfingolipid metabolizma yolunun

diizensizligi, meme kanseri de dahil olmak iizere c¢esitli kanser tiirlerinde timor
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biiylimesine katkida bulunmakta oldugu bilinmektedir (Companioni et al., 2021; Pani

ve Dasgupta, 2023).

Hiicre farklilasmasi igin kritik olan Notch sinyalizasyon yolaklari, meme kanserinde
anormal sekilde aktive edilmistir. Bu yolaklarin etkileri, tiimdr baslangicina,
ilerlemesine ve meme kanseri kok hiicre aktivitesine kadar uzanmaktadir (Pandey et
al., 2023). Mapk ve ErbB sinyalizasyon yolaklari, meme kanserinde asir1 aktive

edilmis olarak bilinmektedir (Wang, 2017; Naik, 2019).

PPI analizi, ERbB4'iin NGR gen ailesiyle baglanti1 kurdugunun tespit edildigini
gostermistir. ERbB4 ile NGR ailesi arasindaki baglant1 daha 6nce de rapor edilmis ve
bu baglantinin meme kanserinde asir1 ifade edildigi ve tani ile tedavi hedefleri olarak
belirlendigi gosterilmistir (Vulf et al.,, 2023). Bu calismadan elde edilen
biyoinformatik analiz, ErbB4'i Mapk ve ErbB sinyalizasyon yolaklar1 i¢inde miR-
551a'nin birincil hedef geni olarak belirlemistir. Ayrica, ErbB4'iin NGR ailesi ile
etkilesimi, miR-551a'nin meme kanserinde bir timor baskilayicisi olarak Onemli
rollinii daha da vurgulamaktadir ve bu durumun ErbB4'iin artisina yol agabilecegini
diisiindiirmektedir. Sonuc¢ olarak, bu c¢alisma, miR-551a'nin meme kanserinde
diistiriildiigiinii ve boylece meme kanserinde birgok kritik sinyalizasyon yolaklarinin
diizensizlestigini belirtmektedir. Ayrica, miR-551a'nin CRB2 ve TMPRSS2'y1 hedef

alabilecegini ve 6zellikle ErbB4'liin 6nemli oldugunu 6ne siirmektedir.

Bu caligma, meme kanseri dokularinda normal dokulara kiyasla miR-4534"in 6nemli
Olciide yiikseltilmis bir ifade dilizeyine sahip oldugunu bildirmistir. Literatiire
dayanarak yapilan arastirmalarda, kanserle iligkili tiim caligmalarda miR-4534'lin
ifade diizeyinin siirekli olarak arttig1 tespit edilmistir. Bu arastirmadaki gézlem, miR-
4534 hakkindaki dnceki bulgularla gesitli kanser tiirleri arasinda tutarlidir. Ornegin,
prostat kanseri lizerine genis capta yapilan arastirmalar bu sonucu siirekli olarak
desteklemektedir. Bir calisma, miR-4534'"lin prostat kanseri dokularinda arttigini ve
VASH1'1 baskilayarak prostat kanseri anjiyojenezi tesvik ettigini géstermistir (Jiang
et al., 2020).

Bu gortisii daha da giiclendiren baska bir ¢alismada, prostat kanserinde miR-4534"in
asir1 ifadesine dikkat ¢ekilmistir. Onkolojik etkilerinin bir boliimii, PTEN yolunun

diisiik diizeyde ifade edilmesine baglanmistir. Bu baskilama, kanser hiicrelerinde
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hiicre ¢ogalmasini ve hayatta kalma oranini artirabilir, bu da mevcut arastirmada
gozlemlenen miR-4534'in onkolojik etkilerini yansitmaktadir (Nip et al., 2016). Ek
olarak, miR-4534'in artis1, saglikli kontrollere kiyasla benign prostat hiperplazisinde
de acikca goriilmektedir. Calisma ayrica, artan miR-4534 ifadesinin lenf nodu
metastaz1 ile iliskisini rapor etmis ve kanser ilerlemesindeki kritik roliinii
vurgulamistir (Oztiirk et al.,, 2022). Mevcut arastirma bulgularmi destekler bir
bicimde, kolorektal timoér olusumu baglaminda, p53 eksikligi gosteren dokularda
miR-4534'iin ifadesinin artti@1 tespit edilmistir. Bu c¢alisma, miR-4534'lin timor
stromasinda ATG2B'yi baskilayarak otofajiye olan diizenleyici etkisini 6n plana

¢ikarmaktadir (Inoue et al., 2021).

Benzer bir baglamda, RNA dizileme metodolojisi kullanilarak gergeklestirilen diger
bir caligma, iiclii negatif meme kanserinde miR-4534'{in diizeylerinin arttigin1 ve bu
durumun mevcut bulgularla uyumlu oldugunu tespit etmistir. Ayrica, s6z konusu
arastirma miR-4534'ti, ADAMDECI geninin yukar1 yonlii diizenlenmesinde etkili bir
faktor olarak belirlemistir. Bu baglamda, miR-4534in bagisiklik gostergeleri ile
negatif korelasyon gostermesi, olumsuz prognoz i¢in potansiyel bir agiklama olarak
degerlendirilmekte ve bu bulgular mevcut literatiirle uyumlu bir goriinim
sergilemektedir (Chai et al., 2023). Cesitli kanser tlirlerinde miR-4534'iin diizeylerinin
artisi, bu molekiiliin kanser gelisimi ve prognozunda kritik bir biyomarker olarak

potansiyelini vurgulamaktadir.

MiR-4534"in meme kanseri biyolojisindeki roliiniin daha detayli bir sekilde
kesfedilmesi amaciyla yapilan biyoinformatik analizler, SOX6, ADCY1, DAAM?2,
ESRRG, FOXQI ve ZNF142 genlerinin miR-4534 i¢in potansiyel hedefler oldugunu
ortaya koymaktadir. SOX6, organ gelisimi ve hiicre farklilasmasi, dahil olmak {izere
kok hiicre olusumu igin kilit bir rol olarak taninmaktadir. Onceki ¢alismalar, dzellikle
meme kanserinde SOX6'min tiimor baskilayici iglevlerine isaret etmis ve meme
kanserinde asagi1 yonlii diizenlendigi bildirilmistir (Wei etal., 2022). Ayrica, ADCY1,
meme kanserinde promotdr metilasyonu ve diisiik ifade diizeyleri gdsteren bir gen
olarak bilinmektedir. ADCY1'in artmis mRNA seviyeleri ile meme kanseri
hastalarinda gézlemlenen olumlu sonuglar arasinda énemli bir iliski bulunmaktadir.

(Lietal., 2017).
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Ayrica, DAAM?2'nin pankreatik adenokarsinomda diisiik diizeyde ifade edildigi rapor
edilmistir (Zhang et al., 2022). ESRRG, bir tiimor baskilayici olarak tanimlanmis ve
meme kanserinde asagi yonlii diizenlendigi gosterilmistir. Mekanizmasi, glikolizi

inhibe ederek ve oksidatif fosforilasyonu gii¢lendirerek isler (Eichner et al., 2010).

Ayrica, FOXQI1'in diistik ifadesinin, meme kanserinde daha kotii genel sagkalimla
iliskili oldugu bildirilmistir, bu da onu prognozda 6nemli bir faktér haline
getirmektedir (Elian etl., 2021). Son olarak, ZNF142, meme kanseri orneklerinin
dortte birinden fazlasinda bildirilen bir mutasyon yiikii ile 6ne ¢ikmaktadir (Aravind
et al., 2018; Yan et al., 2021). Sonuglar, miR-4534'{in meme kanserinde yiikseldigini
ve SOX6, ADCY1, DAAM2, ESRRG, FOXQI ve ZNF142'yi diislirdiigiinii 6ne

surmektedir.

GO analizi araciligryla yapilan aragtirma, miR-4534 tarafindan 6nerilen hedef genlerin
kation kanal aktivitesini diizenleme, protein kompleksi oligomerizasyonunu ve
sodyum iyonunun transmembran tasimasini diizenleme konularinda sorumlu oldugunu
belirtmektedir. Iyon kanallarinda meydana gelen degisiklikler, 6zellikle kation kanal
aktivitesindeki degisiklikler, meme kanseri dahil olmak {izere malignitelerle
iligkilendirilmistir (Jiang et al., 2021). KEGG yol analizi, miR-4534'iin PI3K-Akt,
glutamaterjik sinapslar, kolinergik sinapslar ve relaksin sinyal yollar iizerindeki
etkisini vurgulamaktadir. PI3K-Akt sinyal yolu daha 6nce miR-4534 i¢in bir hedef yol
olarak tanimlanmistir (Zhao et al., 2020).

Onemli bir nokta olarak, glutamaterjik sinaps ve kolinergik sinaps sinyal yollarmin
diizensizliginin, hiicre biiylimesi, timor proliferasyonu ve meme kanserinde endokrin
direncini etkiledigi bilinmektedir. Ayrica, glutamaterjik ve kolinergik yollarin
isleyisinde iyon kanallarinin oynadigt kritik roliin altinin ¢izilmesi de onemlidir

(Willard & Koochekpour, 2013; Jiang et al., 2021; Garcia et al., 2022).

PPI analizi, miR-4534'lin hedef geni olan ADCY1'in, adenilat siklaz ve G-protein
aileleriyle etkilesime gectigini gostermektedir. Bu aileler, tiimdrogenez, anjiyogenez
ve metastaz ile baglantili bir dizi hiicresel siireci yonetmektedir. Onemli olarak, bu
arastirma, ADCY 1'in glutamaterjik ve kolinergik sinaps sinyal yollarinda bir hedef
gen oldugunu ifade etmektedir (Fan et al., 2019; Zou et al., 2019).
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Sonug olarak, ¢alisma, artan ifade olan miR-4534'tin onkojenik olabilecegini ve farkli
sinyal yollarmin karmagik agimi bozarak meme kanserinin ilerlemesine sebep
olabilecegini belirlemistir. Ozellikle glutamaterjik sinaps ve kolinergik sinaps sinyal
yollart en 6nemli olanlardir. Ayrica, ¢esitli genler iizerindeki etkisi, 6zellikle ADCY 1
hedef geni iizerindeki etkisi daha 6nce bildirilmistir. Sonu¢larimiz, meme kanserinin
yonetiminde miR-4534 seviyelerini diizenlemenin potansiyel terapotik etkilerini
vurgulamakla birlikte, 6zellikle in vivo arastirmalar yaparak miR-4534'lin hedef

genlerini ve yollarin1 dogrulamanin gerekliligine de dikkat ¢ekmektedir.

7.6 Sonug ve Oneriler

7.6.1 Sonug

Sonug olarak, bu ¢alisma miR-1294, miR-551a ve miR-4534 gibi miRNAlarin meme
kanserindeki rolleri hakkinda degerli bilgiler sunmaktadir. miR-1294 ve miR-551a'nin
meme kanseri dokularinda gézlemlenen diisiik diizeyde ifade edilmesi, bunlarin timér
baskilayici olarak potansiyellerini vurgulamaktadir. Ozellikle, ¢calisma miR-1294'in,
Hippo ve p53 sinyal yollarinda énemli rol oynayan BRCC3, MYCL ve YOD1 gibi
genleri hedef aldigin1 6ne stirmektedir. Ayrica, meme kanserinde diisiik seviyede ifade
edilen miR-551a'nin ERbB4, MEF2C, CRB2 ve TMPRSS2 gibi genleri

hedefleyebilecegi bulunmustur.

Bu genler, kardiyak kas diizenlemesi, Sfingolipid metabolizmasi, Notch sinyallemesi,
Mapk sinyallemesi ve ErbB sinyallemesi gibi ¢esitli yollarinda 6nemli roller
oynamaktadir. Caligma, meme kanserinde artmis ifadesi nedeniyle miR-4534'tin
onkojenik bir rolii oldugunu belirtmektedir. Iyon tagmmasi, glutamaterjik ve
kolinergik sinaps sinyal yollarinda yer alan genleri hedef alarak, terap6tik bir hedef
olarak potansiyelini vurgulamaktadir. Calisma, miR-4534'in potansiyel hedefleri

olarak SOX6, ADCY1, ESRRG ve ZNF142 gibi genleri 6nermektedir.

7.6.2 Oneriler

Bu ¢alismadan elde edilen i¢gdriiler, arastirmacilara dnerilen hedef genleri laboratuvar
ortaminda daha detayli incelemek i¢in saglam bir baslangi¢ noktasi sunmaktadir. Bu
calismada gerceklestirilen biyoenformatik analizler paha bigilmez olsa da, miR-1294,
miR-551a ve miR-4534 tarafindan potansiyel olarak diizenlendigi belirlenen hedef
genlerin deneysel dogrulamasi hayati dnem tagimaktadir. Bu arastirmalari canli

modellerde, ozellikle fare modellerinde genisleterek, bu miRNAlarin ve hedef
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genlerinin tiimdr biiylimesi, metastaz, genel sag kalim ve tiimor mikrogevresindeki

rollerini inceleme imkan1 saglanacaktir.

Gelecekteki ¢aligmalar, 6rnek sayisini arttirmayr ve metastaz, timor bilylikligi ve
kanser biyokimyasal igaretcileri gibi farkli patolojik 6zelliklere sahip 6rnekleri dahil
etmeyi diistinmelidir. Bu, incelenen miRNAlar ile klinikopatolojik faktorler arasindaki
iliskinin kapsamli bir degerlendirmesini saglayacak ve bdylece bu miRNAlarin
biyolojik islevlerini ve meme kanseri iizerindeki etkilerini daha iyi anlamamiza

yardimci olacaktir.
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