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OZET

OVARYUM KANSERINDE MiRNA’LARIN OTOFAJi UZERINE ETKISI
Stephen Damola ARIYELOYE
Biyokimya Anabilim Dali
Anadolu Universitesi, Saglik Bilimleri Enstitiisii, Subat 2023
Danisman: Prof. Dr. Zerrin SELLER

Ovaryum kanseri, diinya genelinde kadinlarda en sik teshis edilen kanser tipleri
arasinda sekizinci sirada yer almaktadir. Mevcut tedavi yontemlerinin efektif bir sekilde uygu-
lanmasina ragmen,, ovaryum kanser hastalarinin yaklasik yarisi teshisten sonra ortalama bes
yil hayatta kalabilmektedir. Bu nedenle, bu 6liimciil hastalikla miicadele etmek i¢in yeni
ilaglarin, yeni tedavi yontemlerinin kesfedilmesine ve ovaryum kanserinin mekanizmasinin de-
tayli bir sekilde ortaya konmasi gerekmektedir. Bu baglamda,tez ¢calismasi kapsaminda ova-
ryum kanser hiicrelerinin (SKOV-3) miRNA-155 ile transfeksiyonu sonrasinda hiicre 6lim
mekanizmasi olan otofajinin arastirilmasi amac¢lanmistir.

Bu tez calismasi kapsaminda, miRNA-155 mimik ya da miRNA-155 inhibitor trans-
feksiyonu gerceklestirilmis SKOV-3 ovaryum hiicre modelleri olusturulmustur. Ayrica,
SKOV-3 transfekte edilmis hiicre gruplari normoksik ya da hipoksik ortam kosullarinda
inkiibasyona maruz birakildiktan sonra farkli konsantrasyonlarda Klorokin ya da Kamptotesin
uygulamasi yapilmistir. Olusturulan bu hiicre gruplarinda daha sonra hiicre go¢ii oranlari, hiicre
proliferasyonu, otofaji akis1 ve morfolojik degisiklikler arastirilmistir. MiRNA-155'in asir1 ek-
spresyonu SKOV-3 hiicrelerinde proliferasyonu anlamli bir sekilde arttirken, miRNA-155’in
baskilanmasi ya da Klorokin ya da Kamptotessn uygulammalar1 hiicre proliferasyonunu belir-
gin bir sekilde inhibe etmistir. Ayn1 sekilde SKOV-3 hiicrelerinin hiicre gé¢ oranlart miRNA-
155"in agir1 ekspresyonu sonrasinda 6nemli derecede artis oldugu tespit edilmistir. Normoksik
ve hipoksik kosullar altinda, SKOV-3 hiicrelerinde miRNA-155 miRNA'nin asir1 ek-
spresyonunun otofaji oranini azalttig1 bunun tersine miRNA-155"in baskilanmasi ise otofajik
yolagin tetiklenmesine neden olmustur.

Bu nedenle elde edilen sonuglar, miRNA-155'in SKOV-3 hiicrelerinin proliferasyonu
dahiicre go¢ oran1 da ve otofaji mekanizmasinin tetiklenmesinde 6nemli bir anti-kanser role
sahip oldugunu gostermektedir. Bu baglamda miRNA-155’in baskilanmasi ile tetiklenen
SKOV-3 hiicrelerinin otofaji mekanizmasinin molekiiler diizeyde incelenmesi igin detayli den-
eysel caligmalarin yapilmasi 6ngoriilmektedir.

Anahtar Sozciikler: Ovaryum kanseri, Otofaji, miRNA-155, Klorokin, Kamptotesin.



ABSTRACT
THE EFFECT OF MiRNAs ON AUTOPHAGY IN OVARIAN CANCER
Stephen Damola ARIYELOYE
Department of Biochemistry
Anadolu University, Graduate School of Health Sciences, February 2023
Supervisor: Prof. Dr. Zerrin SELLER

Ovarian cancer ranks eighth among the most frequently diagnosed cancer types in
women worldwide. Despite the effective application of current treatment methods, about half
of ovarian cancer patients survive for an average of five years after diagnosis. Therefore, it is
necessary to discover new drugs and new treatment methods to combat this deadly disease and
to reveal the mechanism of ovarian cancer in detail. In this context, within the scope of the
thesis, it was aimed to investigate autophagy, which is a cell death mechanism, after the trans-
fection of ovarian cancer cells (SKOV-3) with miRNA-155.

Within the scope of this thesis study, SKOV-3 ovarian cell models with miRNA-155
mimic or miRNA-155 inhibitor transfection were created. In addition, transfected SKOV-3 cell
groups incubated under normoxic or hypoxic conditions were treated with different concentra-
tions of Chloroquine or Camptothecin. Cell migration rates, cell proliferation, autophagy flux
and morphological changes were investigated in these cell groups. Overexpression of miRNA-
155 significantly increased proliferation in SKOV-3 cells, whereas suppression of miRNA-155
or administration of Chloroquine or Camptothecin significantly inhibited cell proliferation.
Likewise, cell migration rates of SKOV-3 cells were found to increase significantly after
miRNA-155 overexpression. Under normoxic and hypoxic conditions, overexpression of
mMiRNA-155 in SKOV-3 cells decreased the rate of autophagy, whereas suppression of
miRNA-155 triggered the autophagic pathway.

Therefore, the obtained results show that miRNA-155 has an important anti-cancer role
in the proliferation of SKOV-3 cells, the rate of cell migration and the triggering of the autoph-
agy mechanism. In this context, detailed experimental studies are envisaged to examine the
autophagy mechanism of SKOV-3 cells triggered by suppression of miRNA-155 at the molec-

ular level.

Keywords: Ovarian cancer, Autophagy, miRNA-155 mimic, Chloroquine, Camptothecin.
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1. INTRODUCTION

Cancer is a major world problem. It is of a huge concern globally. Statistics shows that
it's a leading cause of morbidity globally. As reported by the World Health Organization, more
than 17 million people worldwide suffer from this disease and about 10 million deaths from
cancer were documented globally in 2018. Sadly, up till now, cancer chemotherapy has not
proven most effective. It's been repeatedly shown to give some side effects that aren't too ben-
eficial to the health of patients and also linked to poor patient outcomes (Ashrafizadeh et al.,
2021; Khaiwa et al., 2021).

Ovarian cancer takes the eight places in the ranking of the most diagnosed tumors.
There has been a record of about 185,000 women in the world who die as a result of this disease
yearly. There is a little difference in the survival rate of different ovarian cancer type. Serous
ovarian carcinoma has 43% survival rate, endometrioid 82%, clear cell 66%, and mucinous
71% (Provencher et al., 2000; Barnes et al., 2020).

Hypoxia has been reported to be connected with poor prognosis because it encourages
resistance to chemotherapy or immunotherapy, increases malignancy potential, and also the
occurrence of metastasis. The tumor microenvironment composes of signaling molecules,
blood vessels, an extracellular matrix, and non-malignant cells such as immune cells fibro-
blasts, and stromal cells. In contrast with normal tissues, the vasculature of solid tumors is
dysfunctional. Immune cell functions in tumors are hindered by the hypoxic environments of
tumors which are formed from vasculature pathology, tumor growth rate, and the composition
of the stroma (Boulefour et al., 2021).

In addition, hypoxia encourages cells with the potential for malignancy as a result of
altered genetic makeup to grow due to the pressure it exerts on these cells. Hypoxia, therefore,
stimulates the motility and metastasis of cells because it facilitates epithelial-to-mesenchymal
cell transition (EMT). Hypoxia also induces cell quiescence by disturbing the metabolism of
tumor cells. It can lead to the Frapy resistance by altering the distribution and/or transport of
immunotherapy, chemotherapy, and radiotherapy. Numerous studies are currently focusing on
how tumor cells, therapies, and clinical outcomes are being affected by hypoxia. Some strate-
gies to overcome hypoxia are currently being developed (Boulefour et al., 2021).

MicroRNAs (miRNAs) are a type of small non-coding RNAs with a primary function
of regulating the expression of targeted messenger RNA (mRNA) transcripts. Cancer develops
once these miRNAs have impaired expression and this includes ovarian cancer (Lopacinska-

Jorgensen et al., 2021). MiRNAs have a part to play as an important regulator in very many
1



physiological phenomenon such as cellular metabolism, signaling pathways regulation, embry-
onic development and tissue differentiation (Zou et al., 2021). MiRNAs are now being em-
ployed as signatures to detect certain types of diseases and to develop various therapies. Esti-
mates are suggesting that miRNAs have the potential to regulate up to 60 % of human genes.
The most recent finding on miRNAs reported that 1917 annotated hairpin precursors can be
derived from the human genome and 2654 mature sequences can be generated from these pre-
cursors (Zou et al., 2021).

The number of true mature miRNAs in humans has been reported to be around 2300
and each of these has the capacity to target thousands of mMRNAs and thus, thousands of bio-
logical events. MiRNA biogenesis is not a single event (Hyttinen et al., 2021).

A major challenge betiding the clear assertion of the roles of miRNAS in tumorigenesis
is the absence of many methods that help with the identification and validation of miRNA-
mMRNA pairing and consequence. Although many tools are currently being developed and im-
proved upon for the computational prediction of miRNA targets, some of the obtained results
may be wrongly interpreted. Due to the cost, time and perhaps energy demands attached, it still
looks unlikely to be able to validate experimentally all of the predicted potential miRNA-
MRNA pairs (Lopacinska-Jergensen et al., 2021).

Autophagy is a self-degradative process happening mostly in eukaryotic cells and it
occurs to clear up proteins or organelles in cells that are damaged or that aren't functioning
properly. It is such a dynamic process that is able to help maintain the homeostasis of cells and
also regulate metabolic stress response (Zhou et al., 2020). Autophagy acts differently depend-
ing on certain factors. It may result into unintended consequence such as; to some cancer sup-
pressing effects or some cancer promoting effects. One effect might come from the genomic
instability and degradation of important cellular component that causes autophagy to inhibit
the growth of tumors and lead to abnormal transformations that ultimately results in apoptosis.
The other effect might result from the recycling and clearance of damaged or dysfunctional
proteins and organelles that serve as an energy resource for tumor cells. This allows cellular
homeostasis to be maintained and allows the cancer cells to develop resistance against chemo-
therapy and radio therapy (Zou et al., 2021).

It is therefore important to target autophagy as a way to overcome resistance to drugs
and improve the outcomes of anticancer therapies for patients. Tumor cells exploit the autoph-
agy pathway to compensate for survival. Targeting autophagy has been a long central part of

combinational cancer therapeutic strategy (Zhou et al., 2020).
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A consortium of studies that would help to provide a more comprehensive insight into
the relationship between the different signaling networks that contribute to the sustenance of
sensitivity or resistance to drugs is crucially needed at this time (Ashrafizadeh et al., 2021). In
the quest to find inhibitors of autophagy, chemical inhibitors such as Chloroquine (CQ) and
hydroxyl chloroquine (HCQ) are now under clinical trials. But as it is, each of these candidate
drugs lacks enough capacity to significantly inhibit autophagy alone and be employed as a
monotherapy. As a result of this, the race still continues in the search for more effective ap-
proaches to inhibiting autophagy (Liang et al., 2020).

A notable approach that has been recently reported to have a promise of specifically
inhibiting autophagy is the miRNA-based approach. In this thesis, we focused on the modula-
tory role of miRNA-155 on autophagy in ovarian cancer SKOV-3 cells (Liang et al., 2020; Lin
etal., 2022).



2. LITERATURE REVIEW
2.1. Cancer Biology

Today, many definitions could be lent to describe cancer based on its complex modality
and form. Oncology, the study of cancer, a major and leading cause of human death, is very
important and must continually be studied until it is fully understood and conquered. An early
detection, coupled with appropriate intervention can go a long way in facilitating cancer sur-
vival. Despite the many progresses recorded in cancer treatment, treatment ineffectiveness,
constitutive side effects, the inability to tailor treatment regimens to address individual patient
need and drug resistance make up the current cancer therapy critical challenges (Sabzpoushan,
2020).

Cancer is marked by many events, some of which includes; angiogenesis, metastasis,
invasion, tumor-supported inflammation, apoptosis, uncontrolled growth, programmed cell
death, immune attack and growth suppressors evasion, unrestrained energy use, continued pro-
liferation and genomic mutation or compromise and instability (Sabzpoushan, 2020). Several
machineries could be implicated in cancer etiology, such as unfavorable environmental or ex-
ogenous conditions, cell cycle errors, viral infection. such as Hepatitis B infection, Hepatitis C
infection, Human Papilloma Virus infection, certain kinds of lifestyles (Diori Karidio and San-
lier, 2021). One of the open questions that could be exploited for therapeutic development is
how to manage metastasis, since primary tumors or neoplasms are considerably manageable
(Diori Karidio and Sanlier, 2021).

The balance and or regulated expression of certain type of genes such as the oncogenes,
proto-oncogenes and tumor suppressor genes are very critical for normal homeostasis. An al-
teration in this has been implicated in various cancer types. Identifying and characterizing these
genes, their products, their behaviors under certain conditions as well as their interactions with
other elements provides a wealth of information for cancer diagnosis, prognosis and therapeutic
development. Examples of such important genes include p53 gene, Her2/neu gene, APC, ras,
myc, DCC and Rb (Kontomanolis et al., 2021). Over the years and despite the increasing efforts
made to combat cancer, from many quarters, cancer has successfully widened its scope; type,
form, mechanism and resistance to therapy. The past decade has recorded a whooping percent-
age of over 25% novel cancer therapies ratified by the Food and Drug Administration, sur-
mounting the previous records from the 1980s, the beginning of the upsurge of genomic tech-
nologies. There has been a chase for the invention of new therapeutic strategies that borders

around chemo, immune, targeted molecular therapy, surgery and radiation such as addressing
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undruggable targets that results in degradation (proteolysis targeting chimera (PROTAC), us-
ing improvised or adaptive strategies for hematological-cum-solid tumors (novel chimeric an-
tigen receptor (CAR)-T, and manipulating part of the RNA transcription facilities to achieve
mechanistic epigenetic control for tumor growth and resistance (Guan et al., 2020 ; Ruggeri,
2021).

2.2. Ovarian Cancer

Ovarian cancer is known as a ‘deadliest gynecological cancer’. Only about 48.8% of its
patients survive it in 5 years- post development. This is due to its asymptomatic tendencies of
its early stages of development. One of the major predicaments of ovarian cancer is its late
diagnosis. Most (~90%) of the women with epithelial ovarian cancer are diagnosed when the
cancer is in its advanced stages. However, if diagnosis is made earlier, such as the stage I
ovarian cancer without metastasis, the rate of survival in 5 years could be as high as ninety
percent (90%) (Carey et al., 2021). There are two major precursor cells to ovarian cancer; the
first is the ovarian surface epithelium and the other is the fallopian tube epithelium. The precise
route by which these two precursor cells are mutationally transformed has yet to be unraveled.
It remains an enigma (Hallas-Potts et al., 2019; Shukla and Singh, 2021; Hallas-Potts et al.,
2019).

At the onset of ovarian cancer development, the loss or change of the normal epithelial
cell phenotype constitute the most critical step of the process initiation. Usually, a normal ovar-
ian surface epithelium cell is characterized by its possession of both epithelial and mesenchy-
mal configuration, and a normal fallopian tube epithelium possesses only an epithelial config-
uration. However, as ovarian cancer developmental process begins, both ovarian surface epi-
thelium and fallopian tube epithelium cells through the process of epithelial-mesenchymal tran-
sition (EMT) gain a more stable mesenchymal phenotype. The epithelial microcosm is made
up of cells conjoined by lateral cell-cell connections that contain the desmosomes, adherens
and tight junctions that help sustain the epithelial integrity and regulate movements. The con-
nection of tight and adherens junctions results in a belt formation between epithelial cells
(Hallas-Potts et al., 2019; Shukla & Singh, 2021).

One of the earliest markers of the EMT process is the breakdown of the tight junction
assembly causes the transmembrane proteins anchored in the epithelial cells to be re-arranged.
Moreover, the adherens junction assembly is also compromised and this results in further
events that ultimately rearrange the cytoskeleton and lead to a less stable phenotype acquisition.

Mesenchymal phenotypes have been reported to have an increased rate of migration, invasion,
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and production of Extracellular matrix constituents. It has been established through reports that
the mesenchymal transformation of a cell is enough for the metastasis of cancerous cells. As
E-cadherin a major epithelial cell marker is lost, vimentin and N-cadherin mesenchymal pro-
teins are gained. This transition comes with a cuboidal to elongated spindle conformational
changes in cell shapes (Hallas-Potts et al., 2019; Shukla & Singh, 2021).

In ovarian cancer metastasis, a strong adhesion of ovarian cancer cells to the mesothe-
lial monolayer that borders the peritoneum is observed. Several proteins have been implicated
in this facilitation, such as the mucin 16 surface-associated protein that houses the Cal125 anti-
gen. After the establishment of metastatic environment adherence, aniokis-resistant cells of the
ascites changes configuration and becomes prolific. A state that enables them to relate with the
microenvironment of the omentum and peritoneum, by exploiting the mesenchymal-epithelial
transition process. A good invasion of cells is predicated on the smooth interaction of metastatic
cancer cells and the tumor microenvironment. Furthermore, in the later course of ovarian can-
cer cells metastasis, new blood vessels are created from already existing vasculature, a process
termed as angiogenesis. This critical step in metastasis, enables both primary and metastatic
tumor growth to grow beyond the diffusion-limited largest size of about 2mm? (Carey et al.,
2021) has revealed that several metalloproteases are involved in this progression (Carey et al.,
2021).

2.2.1. Ovarian cancer risk factors

Ovarian cancer is implicated by various risk factors and could be ameliorated by other
factors. Examples of risk factors for ovarian cancer include ageing, menopause, post meno-
pause hormone therapy (e.g estrogen and progesterone use has a relative risk of 1.53 and con-
fidence interval of 1.40-1.66), hormone imbalance, obesity, weight gain, endocrine disruptors,
chemical substances, occupational risk factors, gene mutation, environmental risk agents, he-
reditary maladies having a germline disruption of BRCAland BRCAZ2 genes predisposes not
only to ovarian cancer, but to other cancer types, such as breast cancer. Sometimes, some
women have no maternal family record of ovarian cancers, yet they still inherit these BRCA
gene mutations from their fathers. About 25% of ovarian cancers have been reported to host
mutations in either or both of these two genes. Hereditary colon cancer, metabolic syndrome,
adenine DNA glycosylase (MUTYH)- associated polyposis syndrome, polycystic ovary syn-

drome, Peutz-Jeghers syndrome, and many more are other ovarian cancer related hereditary



maladies. Lynch syndrome with mutations in the PMS2, MSH2, MSH6, mismatch repair sys-
tem genes are also some examples of genetic risk factors of ovarian cancer (Falzone et al.,
2021; lbragimova et al., 2021).

Developed regions of the world such as Europe and North America has been reported
to have the highest number of cases. Ovarian cancer in Europe and the United States of Amer-
ica, is ranked fifth, in the cause of women's death. The mortality from this disease depends
many factors such as the availability and access to diagnostic and therapeutic options, with the
African populations having to suffer the most death cases. Lack of recreational activities, age
at menarche, poor diet, and many more have been also noted as a factor in ovarian cancer
disease. Of these, a high body mass index (BMI) and smoking were discovered to exacerbate
the survival rate. White-skinned people are non-Hispanic record the highest ovarian cancer
cases of about 5.2 per 100,000 while those who are black-skinned non-Hispanic and Asians/Pa-
cific Islanders record the lowest number of cases or incidence of about 3.4 per 100,000 (lbra-
gimova et al., 2021; Gaitskell et al., 2022).

A wide difference has been documented between African American (AA) and Cauca-
sian American (CA) women with ovarian cancer. While Hispanic and Asian women are not
largely diagnosed with advanced ovarian cancer but at a younger ages, with more END and CC
subtypes than CA/AA women, AA women have a higher death rate due to ovarian cancer. AA
women are also diagnosed lately, with more recurrence and less disease-free survival rate
(Shukla & Singh, 2021). This disparity could also be as a result of variations in the mitochon-
drial genetic composition of these races (Shukla & Singh, 2021) . Use of tobacco smoking, talc
powder, diet and androgens make up some other unratified ovarian cancer risk factors. Mean-
while, pregnancy and breastfeeding has been identified as a major factor for reduced ovarian
cancer incidence. Women with full-term pregnancies before the age of 26 have been observed
to have a considerable minimal risk of developing the disease. This is further reduced by the
time used to breastfeed. Oral contraceptives, tubal ligation, use of the intrauterine devices for
birth control have also been noted to reduce ovarian cancer incidences (Falzone et al., 2021).
2.2.2. Symptoms of ovarian cancer

Early or mild stage ovarian cancer symptoms can be easily confused with other condi-
tions that are benign, such as benign ovarian lesions (Fibromas, ovarian cysts and teratomas),
gastrointestinal and urogenital disorders. It must be noted that, when ovarian cancer symptoms
develop truly, they are persistent and they usually get worse with time. Examples of these

symptoms may include pelvic and abdominal pain, urgent and frequent passing of urine, pelvic
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distention. Back pain, pain during sex, weight loss, altered menstruation, fatigue and constipa-
tion are also further examples if ovarian cancer symptoms (Falzone et al., 2021).

There are several prognostic and diagnostic employed for detecting ovarian cancer or
its possible occurrence, especially in case of abdominal pain and presence of other benign pa-
thologies. A fast resource to quickly consort is the patients’ medical and family history. In
addition to physical examination, certain laboratory tests are also of great importance in ovarian
cancer diagnosis. A good example apart from testing for the typical hematochemical parame-
ters is testing for the cancer antigen (CA) 125 and human epididymis protein 4 (HE4) which
are purported markers found in the blood of ovarian cancer patients. CA 125 is well reported
as a major serum marker used for diagnosing patients with ovarian cancer. It is highly elevated
in early-stage patients (50%) and in patients with fully developed tumor (over 80%). After
assertion has been made by these and other preliminary tests, imaging tests are further per-
formed such as ultrasound, magnetic resonance imaging (MRI) scan, computed tomography
(CT) scan etc. Furthermore, molecular tests that screen for mutations in BRCAL, BRCAL,
MLH1 and other genes are employed to comprehensively diagnose, counsel and/or manage
ovarian cancer (Falzone et al., 2021).

2.2.3. Treatment of ovarian cancer

Recently, several therapeutic routes are being employed in the management of ovarian
cancer. These therapeutic options depend on the cancer stage, response to and or relapse. Ex-
amples include minimally invasive and open surgeries, use of first, second and third-line chemo
and or immune targeted therapies like platinum and non-platinum-based treatments. Car-
boplatin, gemcitabine, bevacizumab, topotecan, doxorubicin, and many others are now popu-
larly used therapeutic agents in ovarian cancer management. These treatment options have over
the decades proven, to say the least, to significantly improve the quality of life and the life
expectancy of those with the disease. A popular trend has been a combined use of these options
(Falzone et al., 2021; Pundir et al., 2022). More recently, in the treatment of advanced ovarian
cancers, novel therapeutic options such as adoptive cellular therapy, T cell transfer, therapeutic
vaccines, and chimeric antigen receptor T-cell therapy are being developed and their safety
level is being evaluated (Falzone et al., 2021; Pundir et al., 2022).

Formerly, ovarian cancer was been managed stereotypically by surgeons, pathologists
and medical oncologists, without a collaborative effort for better treatment regimens. However,
this individualized treatment option limits ovarian cancer treatment. More recently, a collabo-

rative-cum-integrative approach has been employed in ovarian cancer management. Besides
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the aforementioned specialist, a multidisciplinary team has proven to improve treatment out-
comes. More specialist such as the nutritionist, urologist, geneticist, vascular surgeon and many
more are being employed to together manage the disease and from records, it turned out to pay
off. While the patient is kept at the center, a network of treatment specialist is formed, who
share information based on their competence and expedite the most effective treatment imple-
mentation with personalized medicine (Falzone et al., 2021). Figure 2.1 gives an overview of

the reproductive system of women and the ovarium biology.
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Figure 2.1. Cancer biology of the ovary and anatomy of the reproductive system (Hallas-
Potts et al., 2019)

2.2.4. SKOV-3 cell line

SKOV3 cells were found by Hallas-Potts et al., 2019 to be one of the most invasive out
of the 11 ovarian cancer cell lines analyzed in their study. It was also grouped as a non-serous
ovarian cancer type, together with the likes of A2780, OVCARS8, TOV21G and OAW42.
SKOV3 has its origin from ascitic fluid and its high invasive character stems from the highly
invasive nature of ascites, which are usually formed at advanced disease state (Hallas-Potts et
al., 2019). SKOV3 cell line has been in the forefront of use in most ovarian cancer studies. This
is in turn followed by the A2780, ovarian cancer cell line, then the OVCAR-3 cell line, the
IGROV-1, CAOV-3, 59M cell lines and lastly in order of most usage, OVCAR-8 (Hallas-Potts
etal., 2019).



2.3. Autophagy

Autophagy basically is a catabolic pro-survival or cell death mechanism characterized
by lysosomal degradation or destruction of foreign entities in the cell and/or cytoplasmic com-
ponents such as proteins, damaged cellular organelles and other macromolecular structures.
Autophagy literally translates to” to eat oneself”. This cell death mechanism is made possible
when the autophagosome interacts with the lysosome to bring about the degradation of its
cargo, most times releasing energy for cell consumption. For this function and its control, au-
tophagy related genes are employed (Wu et al., 2020; Santagostino et al., 2021; Miller et al.,
2020; Tilija Pun et al., 2020).

Several factors have been documented to bring autophagy to bear, a few examples of these
include; hypoxia, ER stress, nutrient and growth factor deficiency or starvation, drug treatment,
reactive oxygen species (Patil et al., 2020). Autophagy with cell death could be reviewed under
three contexts:

a. Cell death in which autophagy connects with apoptosis at the same time or in parallel,

called autophagy associated cell death.

b. Cell death where autophagy precedes other cell death kinds, referred to as autophagy

mediated cell death.

c. Cell death that is totally dependent on autophagy, referred to as autophagic death or

autophagy dependent cell death (Chen and Gibson, 2021).

The autophagy at cellular level could be summarized as follows; after autophagy has been
stimulated in the cells by various autophagic stimulating factors, a double membraned phago-
phores which originates from the lipid bilayers of structures such as the plasma membrane,
mitochondria, Golgi apparatus is formed. This newly formed phagophore further expands to
enwrap contents of the cell such as proteins, ribosomes and other organelles. Once these car-
goes are loaded into the phagophore, a double membraned structure called autophagosome is
formed. The autophagosome further interacts with the lysosome to produce an autolysosome,
and this interaction facilitates the breakdown or degradation of the autophagosomal contents
by the lysosomal acid proteases resident in the lysosome. Lastly, after degradation, the de-
graded byproducts through the agencies of transporters and permeases in the lysosome are re-
cycled back into the cytoplasm. These degraded products can now be used for metabolism or
for the construction of new macromolecules (Tilija Pun et al., 2020).

In molecular terms, autophagy can be graphically illustrated in five stages, namely; () in-

itiation, (b) elongation, (c) maturation, (d) fusion, and (e) degradation.
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(a) Initiation: The Unc-51-like kinase (ULK) complex made up of ULK, Atg13, FIP200 and
Atg101, molecularly speaking is responsible for initiating autophagy. Changes in ULK1
via auto or dephosphorylation and in Atgl3 triggers the autophagy pathway. On the con-
trary, ULK1/2 and Atg13 are inactivated once the mammalian target of rapamycin (mTOR)
complexl (mTORC1) is activated. This intrinsically results in autophagy inactivation. An
important element in autophagy Beclin1-Vps34-Atgl4L-p150 complex, upon ULK1 acti-
vation is subsequently activated when ULK1 phosphorylates Beclin 1. The result of this
process produces phosphatidylinositol-3-phosphate, a very important autophagic vesicle
nucleation element (Tilija Pun et al., 2020).

(b) Elongation: Once autophagy has been triggered by the activation of the foremost men-
tioned autophagic elements, two ubiquitin-like conjugation systems come into play,
namely; Atgl2 System and a light chain (LC3) system also referred to as microtubule-
associated protein 1 light chain 3. First, with the help of two enzymes E1 (Atg7) and E2
(Atg3) enzymes, Phosphatidylethanolamine (PE) is conjugated by LC3 to form an LC3-
Phosphatidylethanolamine (PE) conjugate which is soluble. The soluble LC3-Phosphati-
dylethanolamine (PE) conjugate then becomes non-soluble and hence referred to as the
non-soluble (LC3-I1) form. This new form is further inserted firmly into the autophagosome
membrane (Tilija Pun et al., 2020).

Second, E2 Enzymes (Atg5byAtg7andAtgl0) are conjugated to the Atgl2 system and re-
sult in the formation of Atgl2-AtgSheterodimer. Atgl2-Atg5Sheterodimer in turn forms a com-
plex through its interaction with Atg16L. This new complex has an important role in the elon-
gation of the autophagic membrane. The cellular element or cargo to be engulfed is usually
selected partly by a phenomenon called targeted ubiquitination. The LC3-interacting region of
p62 subsequently directs the integration of the cargo of choice into the autophagosome. Fur-
thermore, the incorporation into the outer and inner membrane of the autophagosome of phos-
phatidylethanolamine lipidated LC3 (LC3I1) takes place after which the intraluminal LC3I1 is
digested together with the cargoes, while the cytosolic LC3I1 are de-lipidated (Tilija Pun et al.,
2020).

(c) Maturation and (d) fusion: After the formation of the autophagosome and its maturation,

the autophagosome via molecules such as Rubicon, SNAREs, UVRAG, LAMP, Rab7, etc.

fuses with the lysosome and the early and late endosome. This is termed autophagy flux or
autophagosome maturation. SNAP receptors complex (SNARESs), Rab GTPases and tethering
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factors are 3 important proteins that have been documented to aid effective autophagosome-
lysosome fusion (Tilija Pun et al., 2020).

(e) Degradation: Finally, the cargos delivered to the lysosomes are degraded via lysosomal
hydrolases. The end products are further recycled into the cytosol via lysosomal permeases for

reuse by the cell. Figure 2.2 gives an overview of the stages involved in autophagy.
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Figure 2.2. Stages of autophagy (Patil et al., 2020)

2.3.1. Types of autophagy

Autophagy could be further classified into different types, based on how the cellular
cargo is made available to the lysosome for destruction. Examples include the macroautophagy,
microautophagy, the chaperone- mediated autophagy (CMA). Macroautophagy is the most
prevalent of these subtypes, it spans from delivering the cytoplasmic components into the au-
tophagosome and later degraded by lysosomal enzymes (Chen and Gibson, 2021). Under mi-
croautophagy, the cytoplasmic cargo directly invades the lysosome to be delivered. CMA on
the other hand employs heat shock cognate protein (hsp70) to selectively give proteins with
KFERQ-like pentapeptide to the lysosome (Tilija Pun et al., 2020).

Parallel to the cytotoxicity that hypoxia causes in cells, it also modifies the metabolic
profile of cells under its influence. Various cellular components under hypoxic stress as re-

ported in many cases are being degraded by autophagy to produce different autophagy types
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based on the components affected, including ribosomes (ribophagy), mitochondria (mitoph-
agy), lipids (lipophagy), peroxisomes (pexophagy), nucleus (nucleophagy), and ER (ERphagy
or reticulophagy). Unfortunately, the significance and precise mechanism governing the differ-
ent forms of selective autophagy under hypoxic stress are still not clear and need to be studied
for clarification (Tilija Pun et al., 2020).
2.3.1.1. Selective autophagy

Selective autophagy works to control how a number of specific cell elements are de-
graded. It does this through the action of some particular autophagic receptors such as the nu-
clear dot protein 52 kDa (NDP52), p62/SQSTML1, valosin-containing protein (VCP) e.t.c.
These receptors that are autophagy related have a specific recognition capacity for cargos that
have been ubiquitinated and thereby allows for their elimination via the LC3/ GABA-
RAP/Gatel6 protein interaction on the phagophore membrane. Selective autophagy has been
found to function as a tumor-suppression mechanism at the earlier stages of cancer develop-
ment. However, it is also being reported to exhibit some tumor survival and protective func-
tions through its prosurvival mechanism (Rakesh et al., 2022).
2.3.1.2. Macroautophagy

Macroautophagy involves the formation of phagophores and autophagosomes upon the
interaction with the organelles with a LC3-11 form. The damaged organelles in the phagophore
is carried by the autophagosome to the lysosome where it fuses to form the autophagolysosome.
The damaged organelles are subsequently lysed in the lysosome through the activity of acid
hydrolases (Rakesh et al., 2022).
2.3.1.3. Microautophagy

Microautophagy undertakes the selective and non-selective autophagy paths. While the
selective pathway requires chaperones to interact with substrate proteins and move into the
lysosome, non-selective autophagy rather requires both the organelles and proteins to enter the
lysosome where acid hydrolases detoxify them (Rakesh et al., 2022).
2.3.1.4. Mitophagy

Mitophagy utilizes either the Parkin dependent or parkin independent pathways to de-
stroy defective mitochondria. PINK1 interacts with PARL during the Parkin dependent path-
way and after its ubiquitination, it interacts with MFN2 and p62. PARKIN along with Ambral
trigger these proteins to facilitate autophagy. In the case of parkin independent pathway, a dif-

ferent protein called the atgl3 is phosphorylated upon interaction with ULK1, Cdc31 and
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Hsp30. This causes Atgl3 to induce both ROS activation and ATP depletion. mTOR which
gets inhibited thereby prevents autophagy from taking place (Rakesh et al., 2022).
2.3.1.5. Pexophagy

Pexophagy has been reported to occur via two different pathways in mammals and
yeast. Atg36, Pex3 and Atg30 bind with peroxisome in yeast and Hrr25 causes autophagy to
be induced by activating increased expression of Atg36. The interaction of Atgll and Atg8
with Atg36 results in the formation of pexophagosome after binding of the resulting complex
with Pex11Bp. However, the p62, NBR1 and SQSTM1 bind with the peroxisome. Pexophago-
some is therefore formed when pex5 and ABCD1 proteins induce the interaction of peroxi-
somes with the Pex12, LC3II and Pex10 proteins (Rakesh et al., 2022).
2.3.1.6. ER-phagy

ER-phagy has been studied to occur through two different pathways in mammals and
yeast. In mammals, autophagy can occur in three ways: in the tubular, various proteins are
required for autophagy to occur such as the RTN3, CCPG1, and ATL3. When CNX binds with
ATZ and FAM134B, ER derived vesicle is formed and this binds with VAMP8, leading to the
formation of a phagosome. In the sheet of ER, the CCPG1, Sec62, FAM134B and TEX264 are
required for autophagy to occur. In yeast however, ER-phagy requires the following proteins
for autophagy formation: Lst1, Nvj1, Atg40, VAMPS8, Sec23 and Atg39 (Rakesh et al., 2022).
2.3.2. Autophagy regulation

Autophagy is regulated in many ways and on its different system elements. In yeast, for
example, the initiation and formation of phagosome components are controlled by the Atgl-
Atgl13-Atgl7-Atg31-Atg29 kinase complex while in mammals, this same process is regulated
by the Unc-51 like autophagy activating kinase 1 (ULKZ1). In addition to this, the kinase com-
plex’s regulatory function is further impacted when the main regulator of autophagy which is
the mechanistic target of rapamycin complex 1 (MTORCL), interacts with it in close associa-
tion. MTORCI s activation is fully dependent on the availability of nutrients in the cell (Tilija
Pun et al., 2020).

When nutrients are present in a normal state, the interaction of MTORC1 with ULK1
and Atg13 which serve as the induction complex makes for their phosphorylation and inacti-
vation. Therefore, the phagophore induction and autophagy formation are hindered. But when
there is nutrient depletion due to increased metabolic demands or when deprivation of nutrient
occurs in the cells, reduced signaling from the phosphoinositide3 kinase (PI3K)/Akt pathway

and the Mitogen Activated Protein Kinase (MAPK) makes for the deactivation of MTORC1
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and its subsequent release from its binding to the induction complex. Eventually, the induction
complex is dephosphorylated and simultaneously activated. This therefore results into the ac-
tivation of the downstream pathways of autophagy (Tilija Pun et al., 2020).
2.3.3. Autophagy and cancer

It has been reported that autophagy has the capacity to behave differently in different
cell or pathological contexts as either a death inducing or cell survival path. This is sometimes
referred to as the “autophagic paradox”. Some are of the opinion that blocking autophagy flux
can contribute to cancer death in some cancers and as such, the specific cause of a context
specific behavior or role of autophagy must be investigated (Chmurska et al., 2021). For ex-
ample, once the UV radiation resistance-associated gene (UVRAG) and Beclin 1 (BECN1)
genes are mutated or other autophagy related genes such as ATG7, ATG3, and ATG5 are de-
pleted, an increase in cell survival is of highest probability in various cancers (Rakesh et al.,
2022). Several studies suggest that autophagy seems to have a suppressive role at the early
stage of most cancer types, however, once a cancer has been established, it serves as a purveyor
at its late stages- serving the cancer cell with its needs (Rakesh et al., 2022; Tilija Pun et al.,
2020).
2.4. Micro RNA

MiRNAs are endogenously expressed small, single-stranded RNAs that are made up of
about 21-25 nucleotides and function to regulate the expression of genes post-transcriptionally.
They mostly bind to the 3> UTR of an mRNA target with a particular region called the seed
region and thereby either inhibit the level of the gene’s expression or maybe initiate its degra-
dation. miRNA identification started with the discovery of the developmental regulator LIN-4
in Caenorhabditis elegans’ developmental process. LIN-4 was found to be preserved amongst
several organisms including in humans. This suggests a more general regulatory ability across
different organisms. Over 30% of human genes could be regulated by miRNAs. MiRNAs can
either regulate multiple targets or a group of miRNAs may be needed to regulate just one
mMRNA. That means they can each regulate more than one target individually or act collectively
to regulate a single mRNA. This property of miRNAs implicates them in the regulation of
several fundamental pathways in the body such as cell proliferation, cell cycle, and apoptosis.
When the expression or activity of these miRNAs are disturbed in living systems, various dis-
ease outcomes are probable including neurodegenerative and cardiovascular diseases and can-
cer (Catani et al., 2021).
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Other functions of miRNAs are still inconspicuous. To unravel how a gene works, typ-
ically, the gene is knocked down and the perceived changes before and after the knockdown
are compared. But when you want to know how miRNAs work, we generally would not knock
down its expression. Rather, we would either over-express it or limit its expression. MiRNA
inhibitors are basically chemically arranged inhibitors with a specific targeting capacity for a
specific miRNA. Once it hits its target, it lessens the endogenous amount of such miRNAs. It
is also used in analyzing the impact of the loss of genes. MiRNA mimics and miRNA inhibitors
have recently garnered so much keen attention for studying gene functions and providing new
insights into drug clinical research and treatment (Zou et al., 2021). Figure 2.3 gives a sche-

matic overview of how miRNAs work.
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Figure 2.3. Mechanism of microRNA action (Rani et al., 2022)

2.4.1. Micro RNA biosynthesis

About half of the newly discovered miRNAs are intragenic and that means that they are
usually transcribed from the introns and sometimes from the exons of genes that code for pro-
teins. The rest of the miRNAs are intergenic and that means, they have their own genes and
therefore they do not need a host gene to be transcribed. They have their own promoters and
with these, they can be regulated. Also, some miRNAs are produced from genes as a single
long transcript and these kinds of miRNAs are called clusters. They usually have similar seed

regions and are mostly grouped as families (Rani et al., 2022).
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MiRNA synthesis starts with the transcription of genes encoding the different miRNA
types by RNA polymerase Il. Only in certain conditions does RNA polymerase Il play a sim-
ilar role in transcribing miRNAs. The primary miRNA which is also known as the pri-miRNA
is usually produced upon transcription in the nucleus and also takes up a double-stranded spiral
shape. Drosha, an Rnase which is about 160kDa in weight and has an endonuclease activity act
along with the factor DGCR8 (Di George Syndrome Critical Region Gene 8), and together they
attach to the stem-loop structure of the pri-miRNA and afterward cut at a specific site to release
a pre-miRNA. This process is known as cropping. Pre-miRNAs are usually 60-80 nucleotides
long and they have a loop in their structure and a double-stranded stem which are complemen-
tary to each other and are made up of 33 nucleotide sequences. The pre-miRNA also has 2-3
nucleotides protruding at position 3’ of their nucleotide sequence and also a phosphate group
at position 5°. Once the pre-miRNA has been produced in the nucleus, it moves directly into
the cytoplasm with the help of an exporter called the Exportin-5. In the cytoplasm, it continues
its maturation process (Catani et al., 2021).

Once in the cytoplasm, an enzyme called the Dicer enzyme which is complexed with
the TRBP (TAR RNA binding protein) attaches to the pre-miRNA and produces an 18-25 nu-
cleotide long duplex RNA molecule. This miRNA duplex then activates two components to
help direct it to recognize the mRNA target. RISC (RNA-Induced Silencing Complex) and the
Argonaute 2 protein (AGO-2) are the two components. The two strands that make up the
miRNA duplex have different fates. The thermodynamically less stable strand at the 5’-end
position of the duplex is used as a guide strand which is complementary to the target messenger
and facilitates its degradation (Catani et al., 2021).

If however, both stands at the 5° end-position have similar stability, any of the stands
can therefore proceed to be the ripe miRNA. So, in naming each of these strands, a tag is added
to tell from which of the filament was the miRNA formed. The miRNA formed is tagged with
3p if it was derived from the 3’ precursors and 5p if it came to form the 5’ precursors (Catani
etal., 2021).

There are two pathways that lead to the biogenesis of miRNAs; the canonical and the
noncanonical pathways. The canonical and non-canonical pathway of autophagy is represented

in Figure 2.4.

17



Non-canonical

shRNA “ Mirtron Pri-miRNA <

Ovosha Spliceosome

\\ . MRNA
3 .- -® degradation
= S, o ——

Figure 2.4. Biosynthesis of miRNA (Rani et al., 2022)
2.4.2. MicroRNA-mRNA interaction
MiRNAs target sites on mRNAs are not distributed evenly within the 3" UTR, rather

PAN2/D

Gwis2

they are mostly grouped at both ends of 3" UTR. In most cases, genes that have short 3" UTRs
tend to have their miRNA target sites located at the 5’ part of 3' UTR. Different miRNAs could
regulate alternative transcripts having varied 3’ UTR lengths. A lot of mRNAs host more than
one target site for the same miRNA. When an mRNA has multiple sites, it provides the en-
hancement of the downregulation degree. Several target prediction algorithms are taking ad-
vantage of this property in their scans and scoring. There can be synergy between closely lo-
cated target sites of the same or different miRNAs. Almost all the known miRNA-mRNA in-
teraction in animals is characterized with the presence of bulges, strict complementarity areas
and mismatches (Rani et al., 2022).

A region called the “seed” region is contained in each of the miRNA duplexes and it is
found at the 5’ part of miRNA around the second to seventh position. It has a strict or nearly
strict Watson—Crick pairing with its target site and is best conserved among miRNA sequences.
It is worth noting that miRNAs are relatively heterogeneous and as such, no single model can

be developed to explain the entire scope of their interaction with mRNAs (Rani et al., 2022).
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MiRNA target sites on mMRNAs may be classed into three according to the complemen-
tarity within the 5’ (the seed region) and 3’ area of the miRNA, namely: Canonical, 3’-compen-
satory and 3'-supplementary sites. Most of the known target sites are canonical. They typically
possess a perfect pairing within the seed region that determines how certain the interaction is.
Three types of the canonical sites have been discovered: The first is the 8mer that matches
adenine in position 1 and 8. The second is 7merlA with an adenine in the position 1 at the
5’end of miRNAs and the last type is the 7mer-m8 which matches in position 8. Most of the
validated conserved target are mostly canonical sites. The 7mer sites are very much in place
for very conserved miRNAs and the degree of gene silencing is improved upon by the adenine
opposite position 1 of mMiIRNA (Rani et al., 2022).

2.4.3. MiRNA and autophagy

The number of newly identified miRNASs is growing increasingly. Earlier, it has been
reported that about 30 to 50% of protein-coding genes found in mammals have a regulatory
impact by miRNAs. It has also been reported in various previous studies that miRNAs play
some crucial roles in autophagy regulation. For example, miRNA-21 was reported to target
rablla in renal ischemia/reperfusion and therefore block autophagy. Both miRNA-16 and
miRNA-15a have also been reported to promote Camptothecin-mediated sensitivity. MiR-21
is needed in the arsenite induction of autophagy. miRNA-199-3p, miRNA-99a, and miRNA-
100 have been found to directly inhibit the growth and migration of tumor cells through their
inhibitory influence on the 3’ UTR of mTOR. miRNA-155 is a major player in the progression
of some diseases and in certain signaling paths’ regulation such as autophagy, inflammation,
and immunity. Autophagy is induced under hypoxia as miRNA-155 negatively regulates some
of the mTOR signaling components e.g Rictor and Rheb (Zou et al., 2021).

Hundreds of the already discovered thousands of miRNAs have been linked with au-
tophagy regulation. It was found that these miRNAs target genes of proteins that work in the
different steps of the autophagy path. Also, some miRNAs have been found to target more than
one of the genes that code for autophagy-related proteins. For example, several miRNAs have
been found to target a central element required for regulating autophagy. miRNA100, miRNA
128, miRNA 338-3p, miRNA7, and miRNA96 have been described to target mTor. Even
though we have talked about the regulation of autophagy by miRNAs, it is worth to also note
that autophagy has a way of also regulating miRNAs. They have crosstalk and a mutual form

of control over each other. Autophagy and autophagy-facilitated degradation is actively regu-
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lating miRNAs and their machinery components. For example, miRNA 224 acting as an onco-
gene was selectively delivered for degradation in the lysosome. MiRNA18A has also been
reported to be targeted by autophagy for degradation. In addition, elements in the miRNA mat-
uration pathway such as DICER, DROSHA, and AGO have been discovered to be degraded
by autophagy. It has also been discovered that free and miRNA-loaded AGO proteins are also
degradable by autophagy. Therefore, there is some form of reciprocal connection between
miRNA machinery and the autophagy pathway components. In this reciprocal control mecha-
nism, we often find that a group of miRNAs act in concert to regulate the autophagy pathway
but autophagy activity itself is enough to directly target miRNAs and their machinery compo-
nents. This observation still needs to be elucidated for a clearer understanding (Akkoc & Go-
zuacik, 2020).

2.4.4. MiRNA use and application

The understanding of miRNA’s functionality may be harnessed in creating new thera-
peutic options. Oncogenic MiRNA activities may be inhibited with the help of miRNA inhibi-
tors while the miRNA mimics may be employed to act instead of lost tumor suppressor mi-
croRNAs. Locked nucleic acids (LNA) antisense oligonucleotides (ASO) such as antagomirs
and anti-mir oligonucleotides (AMO) can be used to block oncogenic miRNAs. MiRNAs ac-
tivities may also be restored by introducing microRNAs coded by expression vectors or
mIiRNA mimics (Szczepanek et al., 2022).

A number of anticancer therapies are currently harnessing the potential of tumor sup-
pressor miRNAs. This approach is called miRNA replacement therapy and it involves the re-
activation of pro-therapeutic pathways in cells after the introduction of these microRNAs. New
therapeutic concepts now make use of miRNAs for the regulation of genes that are important
for cancer progression. They are being used like the RNAI and antisense mRNAs to control
cancer-related gene expressions. One of the key factors that drive cancer initiation is its high
expression. Artificial miRNAs act based on their complementarity to the target mMRNAs and
thereby can be designed to block the expressions of selected oncogenes. It has been reported
in a mouse study that when the miR-17-92 cluster is overexpressed, the c-Myc- induced apop-
tosis is strongly inhibited and this intensified the tumor development. The ability of this class
of drugs to significantly repress the expression of target genes has been validated through clin-
ical trials. VVarious antisense oligonucleotides with different nucleic acid analogs such as AMO,

PNAs, and LNA, as well as nano-encapsulated PNAs may be used to silence miRNAS in vivo.
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Other strategies for delivering anti-miRNAs and targeting are also in development (Szczepanek
etal., 2022).
2.4.5. MiRNA and cancer

The screening for potential key targets of miRNAs is crucial for cancer research partic-
ularly because a single miRNA may control hundreds of target genes. One of the most intri-
guing areas of the many types of research currently in place is the identification of single or
multiple sets of miRNAs with regulatory functions on the proliferation and death of cells. It
has been reported that some miRNAs may negatively control the expression of oncoproteins in
noncancerous cells and once their expression is affected, then it could result in the development
and progression of cancer. microRNAs have been classed into 3 depending on what roles they
play in cancer. Metastasis miRNAs that play some roles in metastasis, oncomiRs function as
oncogenic miIRNAs while we also have tumor suppressor miRNAs. If oncomiRs get over-ex-
pressed, then signatures of neoplastic diseases may be observed ranging from its initiation to
its development or from its progression to its invasion. It is also challenging to classify miR-
NAs because many miRNAs may function as tumor suppressors and also play some roles in
tumor development (Szczepanek et al., 2022).

Numerous studies have reported the essential roles of miRNA in cancer pathology. If
the expression patterns of specific tumor cell phenotypes are identified, then cancers may be
diagnosed and treated much earlier. Some studies have reported specific miRNAs expression
patterns in leukemia, brain, breast, colorectal, and liver cancer. Once the signatures that are
specific to miRNA activities are well understood, then these findings may be employed in the
development of new therapies and prevention strategies for cancer. While miRNAs have been
reported to be particularly involved in cancer pathology, the exact mechanism by which it reg-
ulates the many stages of cancer such as cancer initiation, metastasis, progression, and malig-
nant conversion is still widely unclear. MiRNAs serve as good biomarkers because they are
very stable and are easy to be identified in blood and other body fluids (Szczepanek et al.,
2022).

2.4.6. MIRNA-155

MiIRNA-155 can be found in the human chromosome 21g21.3. It was previously re-
ported as an avian leucosis virus integration site. MiRNA-155 is hosted by mir155hg host gene.
The mirl55hg is also called the B-cell Integration Cluster (BIC) gene and it has three exons

along a 13kb region which is situated in the human chromosome 21g21. It is transcribed to
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produce the pri-miRNA-155 in exon 3 and pre-miRNA-155 is 1500bp in weight. It gets ma-
tured to produce the mature miRNA-155. Depending on how pri-miRNA-155 is processed, the
mature sequence could either be designated as miRNA-155-5p or miRNA-155-3p. The first
report that suggested that miRNA-155 has some roles to play in inflammation showed its high
expression in B-cell lymphoma. MiRNA-155 is greatly conserved and has been reported to
have some vital functions in mammalian immunity. It has been reported severally to be in-
volved in the regulation of helper T cells’ differentiation and also in helping to regulate mac-
rophagic response through cytokine production (Catani et al., 2021; W. Chen et al., 2016).

MiRNA-155 plays a lot of functions in living systems. Initially, it was believed to be
an immunomodulator and therefore act in several innate and adaptive immune responses. It is
also functional in the regulation of numerous physiological processes such as apoptosis, cell
proliferation, cell differentiation, and cell metabolism. It also plays some roles that are closely
related to cancer. It was found that in patients with alcoholic liver and hepatitis C virus, miR-
155 was greatly upregulated. It is active in the transforming growth factor-p-dependent epithe-
lial-to-mesenchymal transition and growth of cells during hepatocarcinogenesis. It has been
reported that miRNA-155, by targeting the rapamycin-insensitive companion of mammalian
target of rapamycin (Rictor) and RAS homolog enriched in the brain (Rheb), in hypoxic con-
ditions, regulates autophagy. MiRNA-155 has turned out to become a major regulator of the
autophagy pathway. Furthermore, in alcoholic liver disease, miRNA-155 blocks the autophagy
flux by targeting Lamp2 and Rheb/mTOR which leads to impaired lysosomal functionality
(Zou et al., 2021).

MiRNA-155 has been reported to play huge roles in hematopoiesis, cardiovascular dis-
eases, immunity, and inflammation. MiRNA-155 however, has a dual role in cancers either as
an oncosuppressor-miRNA or an oncomiR depending on the context. MiRNA-155 has the abil-
ity to control cell survival, chemosensitivity, and growth upon FOXO3a targeting. It could also
target VHL, RhoA signaling, and TGF-p signaling to promote tumor angiogenesis. It can also
promote the proliferation of glioma through its regulation of MX11. SOCS1 is targeted by
miRNA-155 in colon cancer and the invasiveness and tumorigenicity of colon cancers through
the AKT and NF-kB pathways may be reduced once miRNA-155 is blocked. Furthermore,
MIiRNA-155 has been found to be oncogenic (an oncomiR) in other cancer types such as oral
squamous cell carcinoma, nasopharyngeal carcinoma, and pancreatic cancer. On the other
hand, miRNA-155 has been found to suppress tumorigenesis in certain reports. For example,

in melanoma, miRNA-155 was found to be proapoptotic and antiproliferative. The metastasis
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of gastric cancer was weakened upon the downregulation of miRNA-155. Ovarian cancer-ini-
tiating cells (OCIC) adhesion and invasion are promoted by CLDN1. miRNA-155 can target
CLDNL1 but their expression is downregulated in these cancer cells. The drug resistance and
apoptosis targets of miR-155 in ovarian cancers are, however, not completely known (W. Chen
etal., 2016).
2.5. Hypoxia

Oxygen deficiency, a major hallmark of hypoxia in cells affects the function of cells.
The past decade has been confronted with enormous efforts to elucidate the very complex pro-
cess of hypoxia, how cells respond under a deprived oxygen state. A major highlight of these
efforts which also serves as a breakthrough and impacted the world of physiology and disease
is the discovery of Hypoxia-Inducible Factors (HIF) early in the 1990s (lvan et al., 2022). Fig-
ure 2.5 gives a schematic representation of the hypoxia and normoxia signaling (Pereira et al.,
2021).
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Figure 2.5. Hypoxia signaling (lvan et al., 2022)

2.5.1. Hypoxia and ovarian cancer

HIF-1 is a heterodimer. It has HIF-1a as its regulatory part while the HIF-13 subunit is
always expressed (constitutively). When hypoxia takes place in tissues, HIF-1a gets stabilized,
accumulated, and moves to the nucleus. After it translocates to the nucleus, it activates genes

that are sensitive to hypoxia or conserved hypoxia response elements such as VEGF through
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its binding to their promoter region. HIF-1a. and VEGF expressions are simultaneously in-
creased in ovarian cells cultured under hypoxic conditions but if HIF-1a is inhibited, VEGF
production and tumor angiogenesis are significantly decreased (Pereira et al., 2021).

More than 70% of human cancers including ovarian cancer has been shown to have an
increased HIF-1a expression. So, HIF-1a is a major player in many ovarian cancer pathways.
By acting as a transcription factor, HIF-1a promotes ovarian tumor development by regulating
a spectrum of proteins. Many factors may influence the expression of HIF-1a in normal cells
in the ovarian cancer microenvironment and this would also influence tumor cells characters.
A lot of drugs have been developed based on the precision medicine concept to target tumor
properties. One of these are the antiangiogenic agents with a major focus on VEGF, thereby
helping address many pathophysiological states driven by VEGF to help lessen the burden of
tumor patients such as those diagnosed with breast or ovarian cancer. Since VEGF operates
below HIF-1a sequentially, the inhibition of HIF-1a leads to a concomitant reduction in VEGF
expression. It is therefore promising to target HIF-1a for a reduction in tumor development
(Wang et al., 2021) .

2.6. Camptothecin

Natural products are of great resource in the quest for new molecules that can help treat
cancer. A lot of plant metabolite-derived compounds are frequently used in chemotherapy such
as camptothecin, teniposide, and paclitaxel. The use of these drugs in clinical settings is how-
ever limited by their side effects on normal tissues and their ability to be easily resisted by
cancer cells (Jin et al., 2017) .

Camptothecins are a group of compounds with close structures to the natural product
Camptothecin (CPT). CPT was initially an extract of the Camptotheca acuminata tree which is
native to southern china. A number of these family members have entered into clinical trials
owing to their ability to inhibit topoisomerase | and serve as anti-cancer agents. Irinotecan
which is a member of this family received approval for use by FDA in 1996 (D. Liang et al.,
2018). Some studies have recently demonstrated that CPT and its derivatives have some potent
anticancer effects in ovarian cancer, lung cancer, breast cancer and colorectal cancer both in
vivo and invitro. CPT has been mechanistically studied to effectively induce cellular processes
such as apoptosis, cell cycle progression etc. For example, CPT is able to stimulate mitotic

arrest via Mad2-Cdc20 complex by JNK-facilitated Sp1 pathway activation. CPT has also been
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shown to enhance cancer cell apoptosis using the miR-125b- mediated mitochondrial pathways
to target the 3-UTR regions of p53, Bak1 and Mcl1 (Heng et al., 2021).

Top 1 hampers with DNA supercoiling. The anticancer effect of CPT is therefore es-
tablished through transcription and replication interference which ultimately causes the cells to
die from apoptosis. CPT is structurally composed of three fused rings namely pyrrolo-(3, 4-b)-
quinoline part (rings A, B and C) which fuses with the pyridone (ring D) and thereby form a
planar pentacyclic ring system. The active form of CPT has a chiral contained in a-hydroxy
lactone ring (ring E) which has an (S)-configuration as described in Figure 2.6. (Swamy et al.,
2021).

Figure 2.6. Structure of Camptothecin ((Swamy et al., 2021)

The wide spectrum application of CPT is not without limitations. CPT has a poor solu-
bility in water. It is highly toxic to mammalian cells and rapidly hydrolyses the lactone ring in
vivo. Furthermore, cells also acquire resistance against it (Swamy et al., 2021).

2.7. Chloroquine

The 4-aminoquinoline drug, CQ has found its use in many contexts ranging from ma-
laria treatment to the treatment of rheumatoid arthritis (RA) and systemic lupus erythematosus
(SLE) therapy. The potential of CQ in cancer and viral infection treatment was recently eluci-
dated. It was shown to have some pleiotropic effects through complex mechanisms. CQ and its
analogue HCQ both show high level of tolerance in humans, rapid onset, low toxicity and long

duration of activity. When CQ gets metabolized in biological systems, it is partly converted to
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monodesethyl metabolite and removed from the system mainly through the kidneys. CQ has a
long half-life and as a result can be used once a week in the treatment of malaria. When an
ethyl group in CQ is replaced by hydroxyl ethyl, HCQ is formed. This increases the distribution
volume in humans and also lowers its toxicity (Zhou et al., 2020).
2.7.1. Chloroquine and autophagy

The use of CQ progressed from malaria treatment to the treatment of inflammations.
CQ is able to increase the pH of cellular compartments as a result of its weak base character.
So it was suggested that CQ increases the lysosomal pH and consequently block the autophagy
flux since the hydrolases present in the lysosomes would be inhibited (Ovejero-Sanchez et al.,
2021). Apart from its antimalarial effects, CQ exhibits promising therapeutic value in many
cases such as in neurodegenerative diseases, autoimmune diseases, cardiovascular diseases and
metabolic disorders through inhibition of toxins, prevention of inflammation and modification
of melanin synthesis. The autophagy inhibition potentials of CQ and its tumor vascular nor-
malisations credits CQ to be an anticancer adjuvant. It is able to suppress viral infection and
replication as a result of its immunomodulatory and lysosomotropic properties. More studies
should be embarked on in order to explain in more details, how CQ exactly causes this effect
(Zhou et al., 2020).
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3. MATERIALS AND METHODS
3.1. Cell Line

SKOV-3 (Human ovarian adenocarcinoma) cell line was obtained from the Biochem-
istry Research Laboratory of the Faculty of Pharmacy, Anadolu University.

3.2. Materials

3.2.1. Chemicals and consumables used

Table 3.1. Chemicals and consumables used

Name Company

25 and 75 cm? cell culture flasks Nest, China

24 and 96 well plates Sarstedt, Germany

CIM-Plate Roche, San Diego, CA

E-Plate Roche, San Diego, CA

miRNA-155 Applied Biological Material Inc., BC, Can-
ada

MTT Dye (Thiazolyl Blue Tetrazolium bro- | Applichem, Germany

mide)

Dimethylsulfoxide (DMSO) Sigma-Aldrich, Germany
Fetal Bovine Serum (FBS) Sigma-Aldrich, Germany
Penicillin/Streptomycin Sigma-Aldrich, Germany
Trypsin Sigma-Aldrich, Germany

Dulbecco’'s modified eagle medium | Sigma-Aldrich, Germany
(DMEM)

Ethyl alcohol Detsan, Turkey
Opti-MEM Gibco, USA
Camptothecin Sigma-Aldrich, Germany
Chloroquine Sigma-Aldrich, Germany

3.2.2. Equipment
Table 3.2. Equipment

Equipment Company
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Sterile CO2 incubator

Hera Cell 240 Thermo Scientific, Germany

Autoclave

ALP, Japan

Refrigerated centrifuge

Heraheus, Germany

Fluorescent microscope

Leica DMI 4000B, Germany

Nitrogen tank

Taylor Wharton, Germany

Refrigerator

Arcelik, Turkey

Deep freezer (-20°C)

Arcelik No Frost, Turkey

Distilled water device

Nuve, Turkey

Precision balance

Ohaus, Switzerland

Inverted microscope

Leica, Germany

Laminar cabin

HealForce, China

Sterilizer Nuve FN 500, Turkey
Water bath Nuve BM 302, Turkey
Vortex Yellowline, Belgium

DNA/RNA UV cabinet UVT-B-AR

Biosan, Turkey

XCELLIGENCE Real Time Cell Analysis

system

Roche, Germany

Freezer (-80°C)

New Brunswick Scientific, USA

Oven Nuve, Turkey

Shaker Biometra WT17, Germany
Enzyme-linked immunosorbent method | BioTek EIx800, US

reader

(ELISA)

pH meter Thermo Scientific, Singapore

3.2.3. Commercial kits used

Table 3.3. Commercial kits used

Name

Company

Lipofectamine RNAIMAX transfection kit

Invitrogen, USA

Autophagy Assay Kit

Sigma-Aldrich, USA
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3.2.4. Computer programs used

Table 3.4. Computer programs used

Name Company
Graphpad Prism 9 USA

RTCA Software 2.0 Roche, Germany
BioTek Gen5 Data Analysis Software BioTek, US
F1JI-Image J Open source

3.3. Preparation of Used Materials
3.3.1. Dissolution and preparation of Camptothecin and Chloroquine

CPT and CQ were each weighed separately on a precision balance. CPT was weighed
for 2 mg while CQ was weighed for 1 mg. The 2 mg of CPT was dissolved in 1ml of pure
DMSO (dimethylsulfoxide) while the 1 mg of weighed CQ was dissolved in 3.877 ml of dis-
tilled water.

For the determination of the effective concentration, CPT and CQ were prepared in
DMEM medium containing 10% FBS. Concentrations of 2.5-30 uM/ml CQ and 2-70 pg/ml
CPT were prepared separately and used in DMEM medium with 10% FBS.

3.3.2. Preparation of miRNA-155 mimic, miRNA-155 mimic inhibitor and their negative
controls

To make a 100 puM stock solution of the miIRNA-155 miRNA mimic, 25 pL of nucle-
ase-free water was added to re-suspend the lyophilized synthetic miRNA-155 mimic (2.5 nmol)
and the solution was mixed briefly in vortex to ensure a smooth mixture as recommended in

the product datasheet of the mimic.

To make a 100 uM stock solution of the miRNA-155 miRNA inhibitor, 50 pL of nu-
clease-free water was added to re-suspend the lyophilized synthetic miRNA-155 inhibitor (5
nmol) and the solution was mixed briefly in vortex to ensure a smooth mixture as recommended

in the product datasheet of the mimic.

To make a 100 uM stock solution of the miRNA Mimic Negative Control, 25uL of

nuclease-free water was added to re-suspend the lyophilized synthetic miRNA Mimic Negative
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Control (2.5 nmol) and the solution was mixed briefly in vortex to ensure a smooth mixture as

recommended in the product datasheet of the mimic.

To make a 100 uM stock solution of the miRNA inhibitor Negative Control, 50 pL of
nuclease-free water was added to re-suspend the lyophilized synthetic miRNA inhibitor Nega-
tive Control (5 nmol) and the solution was mixed briefly in vortex to ensure a smooth mixture

as recommended in the product datasheet of the mimic.

100 nM concentration of all these synthetic miRNAs was used in the experiments con-
tained in this study. Since the synthetic miRNAs can be frozen and thawed up to 3 times, ali-
quots were made with 2.5 uL of the prepared miRNA-155 miRNA mimic solution, 5 uL of the
prepared mMiRNA-155 miRNA inhibitor solution, 2.5 pL of the prepared miRNA Mimic Neg-
ative Control solution and 5 uL of the prepared miRNA inhibitor Negative Control solution in

different tubes, for ease of use. Prepared eppendorf tubes were stored at -20°C.

3.3.3. Cell culture
3.3.3.1. Normoxia treatment

SKOV-3 cells were kept in culture medium at 37 °C in a DMEM medium containing
10% fetal bovine serum, 1% penicillin-streptomycin, 1% L-glutamine in a 5% CO> incubator
and proliferated. At 80% confluence (~2-3 days), the cells were sub-cultured with 1x trypsin

solution at a ratio of 1:3 to 1:6 and the cells were grown.

3.3.3.2. Hypoxia treatment

SKOV-3 cells were kept in culture medium at 37 °C in a DMEM medium containing
10% fetal bovine serum, 1% penicillin-streptomycin, 1% L-glutamine in a hypoxia incubator
(1% oxygen levels and 5% CO3) and proliferated. At 80% confluence (~2-3 days), the cells

were sub-cultured with 1x trypsin solution at a ratio of 1:3 to 1:6 and the cells were grown.

3.3.4. Cytotoxicity detection test

3.3.4.1. Determination of the 1Csq dose of Chloroquine and Camptothecin by MTT assay
The MTT method is a method used most commonly to determine cell viability, cell

proliferation and cytotoxicity. In this assay, cells with active mitochondrial function, convert

the tetrazolium ring in MTT (3-4,5-dimethylthiaol-2)-2, -5 diphenyltetrazolium bromide) dye
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to formazan by the mitochondrial dehydrogenase enzyme and living cells are able to give a
purple color change.

Conversely, dead cells with inactive mitochondria are unable to produce a colour
change since they have lost their mitochondrial reduction function.

Cells were seeded in 96-well plates at 1x10* cells per well and incubated for 24 hours.
At the end of 24 hours, the nutrient medium was changed and CQ and CPT were applied to the
cells in separate plates in a concentration range of 2.5-30 uM/ml for 24 and 48 hours for CQ
and in a concentration range of 2-70 pg/ml for 24 and 48 hours for CPT. At the end of the
incubation times, 20 pul of MTT dye was added to each well and left to incubate for 4 hours. At
the end of the incubation period, the medium was removed and 200 uLL of DMSO was added
to dissolve the formed formazan crystals. Plates were mixed on a linear shaker for approxi-
mately 10-15 minutes in the dark. Finally, the absorbance of the colour emitted by the cells
was read at a wavelength of 490 nm on the spectrophotometric microplate reader. The absorb-
ance value showing 50% inhibition of cells was considered the 1Cso value and was calculated
using Graphpad Prism 9 software.

3.3.5. Transfection of mimic, mimic inhibitor and their negative controls

MiIRNA-155 mimic, miRNA-155 inhibitor, miRNA-155 mimic negative control and
miRNA-155 inhibitor negative control are synthetic molecules designed to mimic the endoge-
nous miRNA molecular functions. 96-well plates were used for transfection. 1x10* cells were
first plated and incubated for 24 hours. Since cells reached 60-80% density after 24 hours and
in separate wells, MIRNA-155 mimic, miRNA-155 inhibitor, miRNA-155 mimic negative
control, and miRNA-155 inhibitor negative control were transfected.

The Lipofectamine RNAIMAX Transfection Kit (Invitrogen, USA) was used for trans-
fection. Two separate eppendorf tubes were taken and Lipofectamine RNAIMAX was diluted
in Opti-MEM medium in accordance with the kit procedure in one, while MiRNA-155 mimic,
MIRNA-155 inhibitor, miRNA-155 mimic negative control and miRNA-155 inhibitor negative

control were diluted in Opti-MEM medium in another separate tubes.

Afterwards, the mixture of Opti-MEM and the individual miRNA molecules was sep-

arately mixed with the lipofectamine RNAIMAX mix and incubated for 5 minutes at room
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temperature. Subsequently, the miRNA-lipid complex was added to the cells and incubated for

different time points and subjected to further treatments depending on what is to be determined.

3.3.6. Quantitative determination of cell proliferation by xCEL Ligence real time cell anal-
ysis (RTCA)

Using the RTCA device, the proliferation of SKOV-3 ovarian cancer cells trans-
fected in the presence or absence of CQ, CPT and miRNA-155 mimic and miRNA-155 nega-
tive inhibitor was quantitatively evaluated using E-plates. E plates were first filled with me-
dium and placed in the RTCA device to measure the background and ensure that the plates are
in good condition for the experiment. After these has been confirmed, 1x10* SKOV-3 cells
were plated on these plates in DMEM medium containing 10% FBS and left to incubate for 24
hours. After 24 hours of incubation, the media with was removed and replaced with serum-free
and antibiotic-free media and the cells were transfected with miRNA-155 mimic, miRNA -155
inhibitor and their negative controls as described in section 3.3.4., following the instructions in
the Lipofectamine RNAIMAX transfection Kit.

After the first 48 hours of the experiment, CQ concentrations of 10.2 uM/ml (ICso) and
CPT concentrations of 3.5 pg/ml (ICs0) were added to separate cell groups and the cells were
incubated for another 72 hours to make a total of 120 experimental hours.
The RTCA device was used to document changes in the proliferation of these cells by measur-
ing the cell index under the above-mentioned treatments and in real-time. After the experiment,
the morphology of the cells was observed under a light microscope, and the cell images under

the light microscope were taken.

3.3.7. Quantitative determination of cell migration by XxCEL Ligence real time cell analysis
(RTCA)

This experiment was done using the xCELLigence real-time cell analysis (RTCA) in-
strument. With the RTCA device, real-time analysis of cell-based tests such as migration, pro-
liferation and cytotoxicity is performed with extremely sensitive impedance technology in cell
culture environments. The migratory ability of miRNA-155 transfected into SKOV-3 cells in
the presence or absence of CQ, CPT and miRNA-155 negative inhibitor was quantitatively
evaluated. The whole set up was done in the incubator to obtain a continuous and real-time

map of the response of the SKOV-3 cells to different treatments. CIM plates were first filled
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with medium and placed in the RTCA device to measure the background and ensure that the
plates are in good condition for the experiment. After these has been confirmed, 1x10* SKOV-
3 cells were plated on these CIM plates in DMEM medium containing 10% FBS and left to
incubate for 24 hours. After 24 hours of incubation, the media with was removed and replaced
with serum-free and antibiotic-free media and the cells were transfected with miRNA-155
mimic, miRNA-155 inhibitor and their negative controls as described in section 3.3.4., follow-

ing the instructions in the Lipofectamine RNAIMAX transfection Kkit.

After the first 48 hours of the experiment, CQ concentrations of 10.2 uM/ml) and CPT
concentrations of 3.5 ug/ml (ICso) were added to separate cell groups and the cells were incu-
bated for another 48 hours.

The RTCA device was used to document changes in the migration of these cells under the

above mentioned treatments.

3.3.8. Determination of autophagy flux

The autophagy assay kit was used to measure the level of autophagy in SKOV-3 ovarian
cancer cells transfected with miRNA-155, miRNA -155 inhibitor and their negative controls.
These transfected cells were further treated with either CPT the autophagy inducer or CQ the
autophagy inhibitor. The set-up was done under both normoxia and hypoxia. This method helps
to understand and give some information about how miRNA-155 affects the autophagy path-

way.

SKOV-3 ovarian cancer cells were transfected with 100 nM miRNA-155 mimic,
miRNA-155 inhibitor, miRNA-155 mimic negative control and miRNA-155 inhibitor negative
control using the Lipofectamine RNAiMax transfection kit as described in section 3.3.4. After
the first 48 hours of the experiment, the cells were later treated with CQ 10.2 uM/ml (ICso) and
CPT 3.5 ug/ml (ICso) separately to the different experimental groups. At the end of the incu-
bation period an autophagy detection reagent solution was prepared by diluting 20uL of the
500 x solution with 10 ml of the stain buffer. The medium on the incubated cells was removed
and 100 pL of the Autophagosome detection reagent working solution was added to each well
and incubated for 1 hour. The cells in each well were later washed 3-4 times with 100 pL of

wash buffer supplied in the kit. The buffer was removed and the fluorescence intensity was
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measured using a fluorescence microscope with a FITC filter at 40x magnification. The au-

tophagic vacuole is represented by the green particles in autophagic cells.

3.3.9. Statistical analysis

Statistical analysis was performed on the Graphpad Prism 9.0 software using one-way
ANOVA with Benferroni's post hoc tests for differences between more than two groups and
the two-tailed Student T-test for differences between two groups. The results of at least two
independent replicates were expressed as mean =+ standard mean error (SEM), and p values less

than 0.05 were considered statistically significant.
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4. RESULTS
4.1. Cytotoxicity Results
4.1.1. Cytotoxic effect of Chloroquine on SKOV-3 cancer cells

In this experiment, 1x10* SKOV-3 cells were plated and incubated with different con-
centrations of CQ ( 2.5, 5, 7.5, 10, 20, 30 uM) for different time points. For each incubation
time point completion, MTT dye was added to the cell medium and incubated at 37°C for 4
hours. The formazan salts formed by the cells after the incubation was dissolved with DMSO
and the intensity of the color change was detected at a wavelength of 490 nm for each well on
the ELISA Reader device. Cell viability was calculated by normalizing the control cell group
to 100%. The ICso values of CQ at different time points were determined with the Graphpad
Prism9 software. Three independent experiments were performed in this study with at least 3
replicates (n>=3) in each individual experiment. The statistical difference with the control
group was analyzed with one-way ANOVA. The observe value of CQ at 48 hours is shown in
Table 4.1. The percent % viability values of SKOV-3 cells exposed to CQ for 48 hours were
calculated and the statistical difference compared with the control group is shown in the graphs

in Figure 4.1.1.
Table 4.1. 1Cs values of Chloroquine and Camptothecin in SKOV-3 cell line at 48 hours

Compound Hours 1Cso
Chloroquine 48 hours 10.2 uM
Camptothecin 48 hours 3.5 pg/ml
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Figure 4.1.1. Cell Viability (%) of Chloroquine after 48 hours incubation in SKOV-3 cells
by MTT assay. Viability data are mean + SEM. (n>3) at each time slot and in each concen-
tration group. Analysis with one-way Anova ** p < 0.05 *** p < 0.001 **** p < 0.0001.

The graph shows the mean of three independent experiments
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In the MTT test, as a result of the exposure of SKOV-3 cells to CQ for 48 hours, the
cell viability values showed a significant dose-dependent decrease. Cell viability was found to
start dropping below 50% over a 48hour period with CQ concentrations >10 uM. A sharp de-
crease in cell viability was observed from 20 to 30 uM. Our unreported data with concentration
ranges from 50 to 100 uM of CQ did not show any cell viability after 48 hours of incubation
(Figure 4.1.1).

After incubation of SKOV-3 ovarian cancer cells with CQ for 48 hours, the ICso con-
centration on SKOV-3 cells was found to be 10.2 uM (Table 4.1.1). In comparison with the
control group, a statistically significant decrease was determined at all concentrations (p<0.05).
4.1.2. Cytotoxic effect of camptothecin on SKOV-3 cancer cells

In this experiment, 1x10* SKOV-3 cells were plated and incubated with different con-
centrations of CPT (2, 5, 8, 10, 20, 30, 40, 50, 60, and 70 pg/ml) for different time points. For
each incubation time point completion, MTT dye was added to the cell medium and incubated
at 37°C for 4 hours. The formazan salts formed by the cells after the incubation was dissolved
with DMSO and the intensity of the color change was detected at a wavelength of 490 nm for
each well on the ELISA Reader device. Cell viability was calculated by normalizing the control
cell group to 100%. The ICsp values of CPT at different time points were determined with the
Graphpad Prism9 software. Three independent experiments were performed in this study with
at least 3 replicates (n>3) in each individual experiment. The statistical difference with the
control group was analyzed with one-way ANOVA. The observed I1Cso value of CPT at 48
hours is shown in Table 4.1. The percent % viability values of SKOV-3 cells exposed to CPT
for 48 hours were calculated and the statistical difference compared with the control group is

shown in the graphs in Figure 4.1.2.
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Figure 4.1.2. Cell Viability (%) of Camptothecin after 48 hours incubation in SKOV-3 cells
by MTT assay. Viability data are mean + SEM. (n>=3) at each time slot and in each con-
centration group. Analysis with one-way Anova **p < 0.05 *** p < 0.001 **** p < 0.0001.

The graph shows the mean of three independent experiments
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In the MTT test, as a result of the exposure of SKOV-3 cells to CPT for 48 hours, the
cell viability values showed a significant dose-dependent decrease. Cell viability was found to
start dropping below 50% over a 48-hour period with CPT concentrations > 2pug/ml. A sharp
decrease in cell viability was observed from 2 to 5 pg/ml. Concentration ranges from 8 to 70
ng/ml of CPT showed less than 15-0% cell viability after 48 hours of incubation (Figure 4.1.2).

After incubation of SKOV-3 ovarian cancer cells with CPT for 48 hours, the 1Cso con-
centration on SKOV-3 cells was found to be 3.5 pg/ml (Table 4.1.1). In comparison with the
control group, a statistically significant decrease was determined at all concentrations (p<0.05).
4.2. Transfection Results
4.2.1. Effect of miR-155 miRNA mimic transfection on SKOV-3 ovarian cancer cells

SKOV-3 ovarian cancer cells were incubated for 24 hours after seeding into E-plates.
After incubation, 3 different concentrations (50 nM, 100 nM, and 200 nM) of miRNA-155
mimic, miRNA-155 inhibitor, and their respective negative controls were prepared separately
and the Lipofectamine RNAiIMax transfection kit was used to transfect them into SKOV-3
ovarian cancer cells after 24 hours of plating. The cells were incubated for another 72 hours
and the cell index was measured using the RTCA device.

The graphical results of the changes in the cell index of mMiRNA-155 mimic, miRNA-
155 inhibitor, and their respective negative controls at different concentrations are shown in
Figures 4.2.1 and 4.2.2.
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Figure 4.2.1. Transfection of SKOV-3 cells with different concentrations of miR-155 miRNA
mimic and its negative control. Cell index data are mean + SEM of three independent ex-
periments with n=6. Analysis with two-way Anova ** p < 0.05 *** p < 0.001 **** p <

0.0001. The graph shows the mean of three independent experiments
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Figure 4.2.2. Transfection of SKOV-3 cells with different concentrations of miR-155 miRNA
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experiments with n=6. Analysis with two-way Anova ** p < 0.05 *** p < 0.001 **** p <

0.0001. The graph shows the mean of three independent experiments
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The results of the proliferation confirmed the opposite effect of both the miRNA-155
miRNA mimic and its inhibitor upon transfection into SKOV-3 ovarian cancer cells. While a
significant change in cell index was not observed with the transfection of the miRNA-155
miRNA mimic into SKOV-3 ovarian cancer cells, a significant difference in comparison with
the untransfected control group was observed in the cell index profile of SKOV-3 ovarian can-
cer cells transfected with miRNA-155 miRNA inhibitor. The cell index particularly at 100 nM
and 200 nM significantly decreased with the miRNA-155 miRNA inhibitor for all time points.
Conversely, the inhibitor negative controls showed opposite effects.

Consequently, to this noticeable observed opposite differences in the transfection re-
sults which suggests that the inhibitor significantly decreased the cell index of SKOV-3 cells,
for subsequent studies, 100 nM concentration of both the mimic, its inhibitor, and their respec-
tive negative controls was selected as the concentration to be used for subsequent experiments

in this study.

4.2.2. Effect of Chloroquine and Camptothecin on the proliferation of SKOV-3 ovarian
cancer cells transfected with miRNA-155 miRNA mimic and miRNA-155 miRNA inhib-
itor in normoxia and hypoxia

SKOV-3 ovarian cancer cell line was seeded on E-plate and incubated in the RTCA
system for 24 hours to ensure cell attachment either in a normoxia or hypoxia incubator. At the
end of the incubation period, cells were separately transfected with 100 nM miRNA-155
mMiRNA mimic, 100 nM miRNA-155 miRNA inhibitor, and 100 nM each of their negative
controls. After 24 hours of transfection, the transfection media was removed and replaced with
a medium containing either CQ (10.2 uM) or CPT (3.5 ug/ml), and the cells were left to incu-
bate for 72 more hours. The CI values were measured in RTCA throughout the whole experi-
ment. The analysis results of the experiment were normalized according to the time CQ or CPT
was added in the RTCA software program and the CI values were determined. No transfection
or inhibitor application was made to the cells in the control group. Cell proliferation rates were
calculated from the CI values obtained at the different time points, and compared to the control
group. The results are given in two independent experiments with n=4. These are shown in
figure 4.2.3 to Figure 4.2.6.
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Figure 4.2.3. Effect of Chloroquine and Camptothecin on the proliferation of SKOV-3 ovar-
ian cancer cells transfected with miR-155 miRNA mimic and negative control in normoxia.
Cell index data are mean + SEM of three independent experiments with n=6. Analysis with

two-way Anova ** p < 0.05 *** p < 0.001 **** p < 0.0001. The graph shows the mean of

three independent experiments
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The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.3, 24 hours after CQ or CPT treatment of SKOV-3 ovarian cancer
cells transfected with miRNA-155 miRNA mimic or its negative control in normoxic condi-
tions, there were no significant differences in the proliferation levels of the control groups and
the individual treatment groups. After 48 hours of further incubation of miRNA-155 miRNA
mimic or its negative control transfected SKOV-3 cells treated with CPT, a statistically signif-
icant difference was observed in the cell index level of the untransfected SKOV-3 cells and the
cells transfected with miRNA-155 miRNA mimic and 24 hours later treated with CPT for 48
hours. This decrease was also observed between the control group and the group transfected
with the negative control and treated with CPT. This suggests that CPT decreases the prolifer-
ation rate of cells transfected with both the miRNA-155 miRNA mimic and its negative control.
72 hours of further incubation of mMiIRNA-155 miRNA mimic or its negative control transfected
SKOV-3 cells in normoxic conditions and treated with either CQ or CPT, showed some statis-
tically significant differences. Statistical difference was observed in the cell index level of the
SKOV-3 cells transfected with the group transfected with miRNA-155 miRNA mimic only and
the group transfected with miRNA-155 miRNA mimic and 24 hours later treated with CPT for
72 hours. This same statistical difference was observed in the cell index levels of the control
group and the group transfected with miRNA-155 miRNA mimic and 24 hours later treated
with CPT for 72 hours. A statistically significant decrease was also observed between the
group transfected with miRNA-155 miRNA mimic only and the group transfected with
MiRNA-155 miRNA mimic and 24 hours later treated with CQ for 72 hours.

A statistically significant decrease was observed between the untransfected group (con-
trol group) and the group transfected with the mimic negative control and 24 hours later treated
with either CQ or CPT for 72 hours. These data suggest that the combinatory treatment of
MIiRNA-155 miRNA mimic and CPT greatly reduces the proliferation rate of SKOV-3 ovarian
cancer cells in comparison with the untransfected control group, miRNA-155 miRNA mimics
only transfected group and the CPT only treated group. Interestingly, while the proliferation
rate of the control group remained similar across the three-time points of observation (24, 48,
and 73 hours post incubation with drugs), the miRNA-155 miRNA mimic transfected SKOV-
3 ovarian cancer cells had an increased proliferation rate as time passed. This suggests that the
miRNA-155 miRNA mimic may increase the proliferation rate with time. Similarly, the nega-

tive control-only transfected group had no obvious changes in its cell index or proliferation rate
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as time passed. This confirms the inability of this miRNA to induce a possible effect as com-

pared to the mimic.
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Figure 4.2.4. Effect of Chloroquine and Camptothecin on the proliferation of SKOV-3 ovar-
ian cancer cells transfected with miR-155 miRNA inhibitor and negative control in
normoxia. Cell index data are mean + SEM of three independent experiments with n=6.
Analysis with two-way Anova ** p < 0.05 ***p < 0.001 **** p < 0.0001. The graph shows

the mean of three independent experiments
45



The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.4, 24 and 48 hours after CQ or CPT treatment of SKOV-3 ovarian
cancer cells transfected with miRNA-155 miRNA inhibitor or its negative control in normoxic
conditions, there were no significant differences in the proliferation levels of the control groups
and the individual treatment groups. After 72 hours of further incubation of miRNA-155
MiRNA inhibitor or its negative control transfected SKOV-3 cells treated with CPT, a statisti-
cally significant difference was observed in the cell index level of the untransfected SKOV-3
cells and the cells transfected with miRNA-155 miRNA mimic and 24 hours later incubated
with CPT for 72 hours. This decrease was also observed between the control group and the
group transfected with the negative control and treated with CPT. This suggests that CPT de-
creases the proliferation rate of cells transfected with both miRNA-155 miRNA inhibitor and
its negative control as well as when treated with miRNA-155 miRNA mimic and its negative

control transfected cells.
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Figure 4.2.5. Effect of Chloroquine and Camptothecin on the proliferation of SKOV-3 ovar-
ian cancer cells transfected with miR-155 miRNA mimic and negative control in hypoxia.
Cell index data are mean £ SEM of three independent experiments with n=6. Analysis with
two-way Anova ** p < 0.05 *** p < 0.001 **** p < 0.0001. The graph shows the mean of

three independent experiments
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The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.5, 24 and 48 hours after CQ or CPT treatment of SKOV-3 ovarian
cancer cells transfected with miRNA-155 miRNA mimic or its negative control in hypoxic
conditions, there were no significant differences in the proliferation levels of the control groups
and the individual treatment groups. After 72 hours of further incubation of miRNA-155
miRNA mimic or its negative control transfected SKOV-3 cells treated with CPT, a statistically
significant difference was observed in the cell index level of the untransfected SKOV-3 cells
and the cells transfected with miRNA-155 mimic and 24 hours later incubated with CPT for
72 hours. This decrease was also observed between the control group and the group transfected
with the negative control and treated with CPT as well as the group transfected with the nega-
tive control and subsequently incubated with CQ. However, it is worthy of note that compared
to the observed decrease under normoxia settings, the observed decrease had a higher cell index
than as observed under similar treatment conditions in normoxia. This suggests that CPT de-
creases the proliferation rate of cells transfected with both the miRNA-155 mimic and its neg-
ative control under hypoxia but not as compared to the decrease obtained under normoxia set-

tings.
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Figure 4.2.6. Effect of Chloroquine and Camptothecin on the proliferation of SKOV-3 ovar-
ian cancer cells transfected with miRNA-155 inhibitor and negative control in hypoxia. Cell
index data are mean + SEM of three independent experiments with n=6. Analysis with two-
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independent experiments
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The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.6, apart from the statistically significant difference between the
CPT -only treated group and the mimic negative control transfected group treated with CQ, 48
hours after CQ or CPT treatment of SKOV-3 ovarian cancer cells transfected with miRNA-
155 inhibitor or its negative control in hypoxia conditions, there were no significant differences
in the proliferation levels of the control groups and the individual treatment groups. After 72
hours of further incubation of miRNA-155 inhibitor or its negative control transfected SKOV-
3 cells treated with CPT, a statistically significant difference was observed in the cell indexes
of both the untransfected SKOV-3 cells, the miRNA-155 inhibitor only transfected group and
the cells transfected with miRNA-155 inhibitor and 24 hours later treated with CPT for 72
hours. This decrease was also observed between the control group and the group transfected
with the inhibitor-negative control and treated with CPT as well as the group transfected with
the inhibitor-negative control and subsequently incubated with CQ.

A statistically significant decrease was also observed between the group transfected
with inhibitor-negative control only and the group transfected with inhibitor-negative control
and 24 hours later treated with CQ or CPT for 72 hours. However, it is worthy of note that
compared to the observed decrease under normoxia settings, the observed decrease had a higher
cell index than as observed under similar treatment conditions in normoxia. This suggests that
CPT decreases the proliferation rate of cells transfected with both the miRNA-155 mimic and
its negative control under hypoxia but not as compared to the decrease obtained under normoxia
settings.

4.2.3. Effect of Chloroquine and Camptothecin on the migration of SKOV-3 ovarian can-
cer cells transfected with miRNA-155 mimic and miRNA-155 inhibitor in normoxia

SKOV-3 ovarian cancer cell line was seeded on CIM-plate and incubated in the RTCA
system for 24 hours to ensure cell attachment in a normoxia incubator. At the end of the incu-
bation period, cells were separately transfected with 100 nM miRNA-155 mimic, 100 nM
miRNA-155 inhibitor, and 100 nM each of their negative controls. After 24 hours of transfec-
tion, the transfection media was removed and replaced with a medium containing either CQ
(10.2 uM) or CPT (3.5 pg/ml), and the cells were left to incubate for 72 more hours. The CI
values were measured in RTCA throughout the whole experiment. The analysis results of the
experiment were normalized according to the time CQ or CPT was added in the RTCA software

program and the CI values were determined. No transfection or inhibitor application was made
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to the cells in the control group. Cell migration rates were calculated from the CI values ob-
tained at the different time points, and compared to the control group. The results are given in
two independent experiments with n=4 for the miRNA-155 mimic group and n=2. These are
shown in figure 4.2.7 and figure 4.2.8
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Figure 4.2.7. Effect of Chloroquine and Camptothecin on the migration of SKOV-3 ovarian
cancer cells transfected with miRNA-155 mimic and negative control in normoxia. Cell in-
dex data are mean = SEM of three independent experiments with n=6. Analysis with two-
way Anova **p < 0.05 *** p < 0.001 **** p < 0.0001. The graph shows the mean of three

independent experiments
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The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.7, all through the selected time points (24, 48, and 72 hours) after
CQ or CPT treatment of SKOV-3 ovarian cancer cells transfected with miRNA-155 mimic or
its negative control in normoxic conditions, there was a significant increase in the migration
rate of mMiRNA-155 mimic only transfected groups compared with the untransfected group, the
two groups transfected with miRNA-155 mimic but later treated with either CQ or CPT.

This suggests that miRNA-155 mimic increases the migratory rate of SKOV-3 ovarian
cancer cells in vitro regardless of the time difference of transfection. While the migration rate
of every other treatment group decreased as time passed, groups treated only with miRNA-155
mimic showed the opposite effect. The addition of either CQ or CPT to the transfected cells

rather decreased the migration rate of these cells.
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Figure 4.2.8. Effect of Chloroguine and Camptothecin on the migration of SKOV-3 ovarian
cancer cells transfected with miRNA-155 inhibitor and negative control in normoxia. Cell
index data are mean = SEM of three independent experiments with n=6. Analysis with two-
way Anova ** p < 0.05 ***p < 0.001 ****p < 0.0001. The graph shows the mean of three

independent experiments
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The data obtained from the RTCA software program for the different treatment groups
was used to plot the graph of time against the cell index.

As seen in Figure 4.2.8, all through the selected time points (24, 48, and 72 hours) after
CQ or CPT treatment of SKOV-3 ovarian cancer cells transfected with miRNA-155 inhibitor
or its negative control in normoxic conditions, no significant differences in the migration rates
were observed between all groups. However, there was a tendency for all the treatment groups
to have a reduced migration rate as time passed and including the control group. It can be
suggested that the miRNA-155 inhibitor inhibited the migration of SKOV-3 ovarian cancer
cells as opposed to the observed effects of the miRNA-155 mimic. The migration rate de-
creased to negative values in some of the experimental cell groups other than the control cell
group. The results obtained showed that although inhibition was observed in the migration rates
of SKOV-3 cells, statistical analyzes showed that there was no significant difference between
the variances of the experimental cell groups (p> 0.05). While the proliferation rates of SKOV-
3 cells were not significantly affected in the miRNA-155 mimic-only treated groups, the mi-
gration of these cells transfected with this same mimic was significantly increased.
4.3. Autophagy Flux Results
4.3.1. Effect of Chloroquine and Camptothecin on the autophagy flux of SKOV-3 ovarian
cancer cells transfected with miRNA-155 mimic and miRNA-155 inhibitor in normoxia
or hypoxia condition

SKOV-3 ovarian cancer cell line was seeded in a 94-well plate and incubated for 24
hours to ensure cell attachment either in a normoxia or hypoxia incubator. At the end of the
incubation period, cells were separately transfected with 100 nM miRNA-155 mimic, 100nM
miRNA-155 inhibitor, and 100 nM each of their negative controls. After 24 hours of transfec-
tion, the transfection media was removed and replaced with a medium containing either CQ
(10.2 uM) or CPT (3.5 pg/ml), and the cells were left to incubate for 48 more hours. At the end
of the incubation, the cells were stained for autophagy flux with the Autophagosome detection
reagent provided in the autophagy assay kit. After staining, the fluorescence intensity of each
treatment group was measured under a fluorescence microscope (Leica, DMI 4000B, Ger-
many) with a DAPI filter at 40x magnification. The autophagic vacuole is represented by the
green particles in autophagic cells. Figure 4.3.1-4.3.4 show the effect of CQ and CPT on the
autophagy of SKOV-3 ovarian cancer cells transfected with either miRNA-155 mimic,

miRNA-155 inhibitor or their respective negative controls in normoxia or hypoxia.
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Figure 4.3.1. Effect of Chloroquine and Camptothecin on the autophagy of SKOV-3 ovarian
cancer cells transfected with miRNA-155 mimic and its negative control in normoxia. Cells
were stained for autophagy flux with the Autophagosome detection reagent provided in the
autophagy assay Kit. After staining, the fluorescence intensity of each treatment group was
measured under a fluorescence microscope (Leica, DMI 4000B, Germany) with a DAPI

filter at 40 x magnification.
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Table 4.3.1. The average percentage of autophagosome vacuole in total cells transfected with miRNA-155 miRNA

mimic and its negative control in normoxia and treated with either Chloroquine or Camptothecin

Treatment Groups Average percentage of Autophagosome vacuole in
total cells
Control 30.70
miRNA-155 mimic 20.95
miR-155+CPT 51.31
miR-155NC+CPT 28.19
miR-155+ CQ 22.29
Negative Control (NC) 16.14
NC+CQ 57.74
CQ 41.81
CPT 24.62

As seen in Figure 4.3.1 and as represented in Table 4.3.1. The autophagy flux of SKOV-
3 ovarian cancer cells was measured upon transfection with miRNA-155 mimic and its negative
control in normoxia and upon treatment with either CQ or CPT. The percentage of cells
expressing the autophagosome vacuole after staining with the autophagy assay kit was
determined using the Imaje J software by setting a threshold for the autophagosome positive
cells and contrasting these values with the total number of cells in each of the obtained images.
The average value of four images are represented in Table 4.3.1. From the result, it can be seen
that under normoxia the groups transfected with the miRNA-155 negative control and
subsequently treated with CQ had the highest average percent of autophagosome vacuole with
a value of 57.74%. The group transfected with the miRNA-155 negative control only had the

least average percent of autophagosome vacuole with a value of 16.14%.
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Figure 4.3.2. Effect of Chloroquine and Camptothecin on the autophagy of SKOV-3 ovarian
cancer cells transfected with miRNA-155 inhibitor and its negative control in normoxia.
Cells were stained for autophagy flux with the Autophagosome detection reagent provided
in the autophagy assay kit. After staining, the fluorescence intensity of each treatment group
was measured under a fluorescence microscope (Leica, DMI 4000B, Germany) with a DAPI

filter at 40X magnification
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Table 4.3.2. The average percentage of autophagosome vacuole in total cells transfected with miRNA-155 inhib-

itor and its negative control in normoxia and treated with either Chloroquine or Camptothecin

Treatment Groups Average percentage of Autophagosome vacuole in
total cells
Control 14.95
miRNA-155 inhibitor 21.60
miR-155 inhibitor+CPT 23.07
miR-155 inhibitor+CQ 29.52
miR-155 inhibitor NC+CPT 27.48
miR-155 inhibitor NC+CQ 30.04
miR-155 inhibitor NC 25.59
CPT 24.62
CQ 41.81

As seen in Figure 4.3.2 and as represented in Table 4.3.2, The autophagy flux of SKOV-
3 ovarian cancer cells was measured upon transfection with miRNA-155 inhibitor and its
negative control in normoxia and upon treatment with either CQ or CPT. The percentage of
cells expressing the autophagosome vacuole after staining with the autophagy assay kit was
determined using the Imaje J software by setting a threshold for the autophagosome positive
cells and contrasting these values with the total number of cells in each of the obtained images.
The average value of four images are represented in table 4.3.2. From the result, it is shown
that under normoxia the groups treated with CQ only had the highest average percent of
autophagosome vacuole with a value of 41.81% control untransfected and untreated group had
the least average percent of autophagosome vacuole with a value of 14.95%.

This suggest that inhibiting miRNA-155 reduces autophagy flux in SKOV-3 ovarian

cancer cells under normoxia.
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Figure 4.3.3. Effect of Chloroquine and Camptothecin on the autophagy of SKOV-3 ovarian
cancer cells transfected with miRNA-155 mimic and its negative control in hypoxia. Cells
were stained for autophagy flux with the Autophagosome detection reagent provided in the
autophagy assay Kkit. After staining, the fluorescence intensity of each treatment group was
measured under a fluorescence microscope (Leica, DMI 4000B, Germany) with a DAPI

filter at 40 xmagnification.
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Table 4.3.3. The average percentage of Autophagosome vacuole in total cells transfected with miRNA-155 mimic

and its negative control in hypoxia and treated with either Chloroquine or Camptothecin

Treatment Groups Average percentage of Autophagosome vacuole in
total cells
Control 76.49
miRNA-155 mimic 21.63
miR-155 +CPT 48.91
miR-155 negative control (NC) 22.84
miR-155 negative control + CQ 65.07
miR-155 +CPT 53.96
miR-155 +CQ 57.81
CQ 30.04
CPT 91.75

As seen in Figure 4.3.3 and as represented in Table 4.3.3, The autophagy flux of SKOV-
3 ovarian cancer cells was measured upon transfection with miRNA-155 mimic and its negative
control in hypoxia and upon treatment with either CQ or CPT. The percentage of cells
expressing the autophagosome vacuole after staining with the autophagy assay kit was
determined using the Imaje J software by setting a threshold for the autophagosome positive
cells and contrasting these values with the total number of cells in each of the obtained images.
The average value of four images are represented in table 4.3.3. From the result, we can see
that under hypoxia the groups treated with CPT only had the highest average percent of
autophagosome vacuole with a value of 91.75%. The group transfected with the miRNA-155

only had the least average percent of autophagosome vacuole with a value of 21.63%.
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Figure 4.3.4. Effect of Chloroquine and Camptothecin on the autophagy of SKOV-3 ovarian
cancer cells transfected with miRNA-155 inhibitor and its negative control in hypoxia. Cells
were stained for autophagy flux with the Autophagosome detection reagent provided in the
autophagy assay Kit. After staining, the fluorescence intensity of each treatment group was
measured under a fluorescence microscope (Leica, DMI 4000B, Germany) with a DAPI

filter at 40 x magnification.
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Table 4.3.4. The average percentage of Autophagosome vacuole in total cells transfected with miRNA-155 inhib-

itor and its negative control in hypoxia and treated with either Chloroquine or Camptothecin

Treatment Groups Average percentage of Autophagosome vacuole in
total cells
Control 23.04
miRNA-155 inhibitor 40.78
miR-155 inhibitor (NC) 11.97
miR-155 inhibitor (NC) + CPT 76.61
miR-155 inhibitor+CPT 39.23
miR-155 inhibitor +CPT 37.76
miR-155 inhibitor +CQ 36.09
CPT 91.75
CQ 30.04

As seen in Figure 4.3.4 and as represented in Table 4.3.4, The autophagy flux of SKOV-
3 ovarian cancer cells was measured upon transfection with miRNA-155 inhibitor and its
negative control in hypoxia and upon treatment with either CQ or CPT. The percentage of cells
expressing the autophagosome vacuole after staining with the autophagy assay kit was
determined using the Imaje J software by setting a threshold for the autophagosome positive
cells and contrasting these values with the total number of cells in each of the obtained images.
The average value of four images are represented in table 4.3.4. From the result, it is shown
that under hypoxia the groups treated with CPT only had the highest average percent of
autophagosome vacuole with a value of 91.75%. control untransfected and untreated group had
the least average percent of autophagosome vacuole with a value of 23.04%.

This suggest that inhibiting miRNA-155 reduces autophagy flux in SKOV-3 ovarian
cancer cells under normoxia.
4.3.2. Effect of Chloroquine and Camptothecin on the morphology of SKOV-3 ovarian
cancer cells transfected with miRNA-155 miRNA mimic and miRNA-155 miRNA inhib-
itor in normoxia

SKOV-3 ovarian cancer cell line was seeded in a 94-well plate and incubated for 24
hours to ensure cell attachment in a normoxia incubator. At the end of the incubation period,
cells were separately transfected with 100 nM miRNA-155 mimic, 100 nM miRNA-155 inhib-
itor, and 100nM each of their negative controls. After 24 hours of transfection, the transfection

media was removed and replaced with a medium containing either CQ (10.2 uM) or CPT (3.5
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ug/ml), and the cells were left to incubate for 48 more hours. At the end of the incubation, the
cells were stained for autophagy flux with the Autophagosome detection reagent provided in
the autophagy assay kit. After staining, the morphology of each treatment group was measured
under a light microscope (Leica, DMI 4000B, Germany) at 40x magnification. Figure 4.3.5
and 4.3.6 show the effect of CQ and CPT on the morphology of SKOV-3 ovarian cancer cells
transfected with either miRNA-155 mimic, miRNA-155 inhibitor or their respective negative

controls under normoxia.
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Figure 4.3.5. Effect of Chloroquine and Camptothecin on the morphology of SKOV-3 ovar-
ian cancer cells transfected with miRNA-155 mimic and its negative control in normoxia.
Cells were stained for autophagy flux with the Autophagosome detection reagent provided
in the autophagy assay kit. After staining, the morphology of each treatment group was
measured under a light microscope (Leica, DMI 4000B, Germany) at 40 x magnification.
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Figure 4.3.6 Effect of Chloroquine and Camptothecin on the morphology of SKOV-3 ovar-
ian cancer cells transfected with miRNA-155 inhibitor and its negative control in normoxia.
Cells were stained for autophagy flux with the Autophagosome detection reagent provided
in the autophagy assay kit. After staining, the morphology of each treatment group was
measured under a light microscope (Leica, DMI 4000B, Germany) at 40 x magnification.
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As seen in Figure 4.3.5 and 4.3.6 the morphologhy of SKOV-3 ovarian cancer cells was
checked upon transfection with either miRNA-155 mimic or miRNA-155 inhibitor and their
negative control in normoxia and treatment with either CQ or CPT. From the images taken, we
could see that the while the cells looked quite okay in both the control groups and the group
transfected with mir-155 inhibitor, the group transfected with the miR-155 looked differently.
It seems as though the cells transfected with the miRNA-155 mimic died more as a result of
the transfection than is observed for the miRNA-155 inhibitor. The morphology looked much
better the miRNA-155 mimic transfected cells were treated with either CPT or CQ. This sug-

gests that these compounds helped to preserve the morphology of these cells.
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5. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

A lot of people die from cancer every year throughout the world. The field of anticancer
drug development has experienced rapid and substantial advancement in the past few decades.
In spite of the developments, cancer still holds the second position in the ranking of major
causes of death after cardiovascular disease (Swamy et al., 2021).Women worldwide easily
develop ovarian cancer. On the list of the most commonly diagnosed cancers in women world-
wide, ovarian cancer ranks eighth. Despite the availability of novel treatment options, about
one-half of ovarian cancer patients still die within five years of diagnosis. Therefore more
potent and novel agents for treating ovarian cancer still have to be developed (X. Wang et al.,
2021).

The field of cancer diagnosis and therapy is recently exploring the microRNA biology
route. MicroRNA are small 19-25 nucleotide-long endogenous non-coding RNAs that possess
the ability to regulate the expression of genes in humans and a lot of other organisms. MiRNA
has been reported to be involved in several biological processes such as proliferation, autoph-
agy, as well as ovarian cancer initiation, progression, and resistance to therapy. They have also
been implicated in various biological response of cells to oxygen deficiency-hypoxia. They
function as important regulators in very many physiological phenomenon such as cellular me-
tabolism, signaling pathways regulation, embryonic development, tissue differentiation
etc. (Zou et al., 2021) MiR-210 is a putative hypoxia-induced miRNA. It has been reported to
inhibit EOC apoptosis in-vitro while increasing their proliferation and migration rates. It is
interesting to note that when miR-210 is deleted, ovarian cancer still progresses and the cell
cycle is dysregulated and thereby depicting a context-specific role of miRNAs (Pereira et al.,
2021). MiRNA-155 has been studied across different cellular contexts and research aims. Nu-
merous data has been published on the impact of this specific miRNA on various pathological,
physiological and developmental conditions. Chen et al was able to study the involvement of
miR-155 in chemotherapy resistance in osteosarcoma therapy (Chen et al., 2014). Sul et al.,
investigated the role of miR-155 under inflammatory conditions as it connects with bone loss
(Sul et al., 2018). The tumor promoting and suppressing function of this miRNA has also been
studied across several cancer types such as melanoma, gastric cancer, oral squamous cell car-
cinoma, nasopharyngeal carcinoma etc. (Chen et al., 2016). MiRNA-155 is therefore best de-
scribed as a multifunctional miRNA whose function must be investigated several different

physiological and pathological conditions as well as treatment groups including ovarian cancer
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(Zhang et al., 2017; Zou et al., 2021; Xia & Zhao, 2019). The impact of these multifunctional
miRNAs on autophagy in SKOV-3 ovarian cancer cells has not been fully elucidated.

In this thesis, the proliferative, migration, and autophagic impact of transfecting SKOV-
3 ovarian cancer cells with either miRNA-155 mimic, miRNA-155 inhibitor, or their respective
negative controls in the presence of either CQ or CPT together with incubation under hypoxia
or normoxia conditions were investigated.

In the MTT assay, the cytotoxic effect of CQ, which is an autophagy inhibitor, and
CPT, which is an autophagy inducer on SKOV-3 ovarian cancer cells were tested. The ICso
values were determined. We observed a significant decrease in the cell viability of SKOV-3
ovarian cancer cells treated with increased concentrations of either CQ or CPT. The ICso value
of CPT (3.5 pg/ml) determined at 48 hours of incubation with SKOV-3 ovarian cancer cells in
our study is in line with the findings of Shen et al who reported an 1Cso value of 3.09 pg/ml for
SKOV-3 ovarian cancer cells incubated with CPT for 48 hours (Shen et al., 2009). On the other
hand, we reported an 1Cso value of 10 uM for CQ after 48 hours of incubation with SKOV-3
cells. Even though not many studies has reported the 1Cso value of CQ in SKOV-3 ovarian
cancer cells at 48 hours of incubation, this value contradicts those observed by Ovejero-
Sanchez et al who reported an 1Csp value of 22.28 uM at 72 hours of incubation with SKOV-3
cancer cells (Ovejero-Sanchez et al., 2021). However, the value parallels the concentration
used by El-Mais et al., who employed 10 uM for their autophagy assay in SKOV-3 ovarian
cancer cells (EI-Mais et al., 2021). The discrepancy in the I1Cso value obtained in our study and
other studies may be a result of the different CQ compound used. However, the reported ICso
value fits closely with CQ therapeutic dose administered routinely at 250 mg daily. The 1Cso
value obtained in SKOV-3 ovarian cancer cells is much lower than those obtained for other
cancer cell types and this may highlight the fact that SKOV-3 ovarian cancer cells have a higher
level of sensitivity to CQ than other cancers (Fukuda et al., 2015).

The expression levels of mMiRNA-155 was over and under expressed in SKOV-3 ovarian
cancer cells by transfecting the cells with either miRNA-155 mimic or miRNA-155 inhibitor.
Furthermore, cell migration rates, cell proliferation and autophagy flux of SKOV-3 ovarian
cancer cells were determined by establishing cell group models with or without the presence
or absence of either CQ or CPT under normoxic or hypoxic conditions.

Our finding that the transfection of SKOV-3 ovarian cancer cells with miRNA-155
mimic alone did not produce a significant change in the proliferation levels of SKOV-3 ovarian

cancer cells under normoxic and hypoxic conditions is in agreement with the findings of Ysrafil
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et al., who reported that miRNA-155-5p does not diminish the viability of ovarian cancer cells
in vitro alone. It only diminished the viability of these cells when it is conjugated with carriers
such as chitosan nanoparticles by targeting HIF-1a (Ysrafil et al., 2020). It is also important to
note that while the cells transfected with miRNA-155 mimic under normoxic conditions
showed a tendency to increase proliferation, under hypoxia, a tendency for a reduction in pro-
liferation was observed. This may be as a result of the stress experienced by the SKOV-3 cells
under hypoxia treatment. In addition, compared with the results obtained for the transfection
with miRNA-155 mimic, the proliferation of SKOV-3 showed a tendency to be reduced when
transfected with miRNA-155 inhibitor alone, under both hypoxic and normoxic conditions.
However, other studies show some anti-proliferative properties of miRNA-155 such as the
findings of Qin et al., who reported a suppressive function of miRNA-155 in ovarian cancer
initiating cells (Qin et al., 2013). Wan et al., also reported the attenuation effect of miRNA-155
on the proliferation of CNE and HeLa cells (Wan et al., 2014). It, therefore, suggests that this
miRNA behaves differently depending on the type of cells and the cellular context.

Our finding that miRNA-155 drastically reduces the proliferation of SKOV-3 ovarian
cells when combined with drug compounds such as CQ or CPT is much expected and is in line
with the study of Chen et al., who combined miRNA-155 transfection with cisplatin treatment
which led to a reduction in the I1Cso value of SKOV-3 ovarian cancer cells as compared to when
these cells are treated with cisplatin alone (W. Chen et al., 2016). However, it is in disagreement
with the findings of Chen et al., who reported that miRNA-155 overexpression in Saos-2 oste-
osarcoma cells helped to ameliorate the cell proliferation decrease caused by anticancer drugs
(Chen et al., 2014). These findings are suggestive of the tumor-suppressive and tumor-promot-
ing potentials of the combinatory use of miRNA-155 with anticancer drugs. In vivo studies to
validate these claims are therefore recommended.

The results obtained from the RTCA device for the migration rate of SKOV-3 ovarian
cancer cells transfected with either miRNA-155 mimic miRNA-155 inhibitor show that miR-
155 miRNA mimic drastically increased the migration rates of SKOV-3 ovarian cancer cells
in vitro by more than two folds. This observation closely aligns with the findings of Xia and
Zhao, who observed that miRNA-155 promoted migration and invasion of KGN cells (Xia and
Zhao, 2019). Furthermore, although treatment of these transfected cells with either CPT or CQ
significantly reduced the migration rates of the cells in this group when compared with the
miRNA-155 only transfected group, the decrease was not as much as that observed for the

untransfected groups treated with only CPT or CQ which are the groups treated with these
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compounds alone. In addition, transfection of SKOV-3 ovarian cancer cells with miRNA-155
miRNA inhibitor showed a tendency to decrease the migration rates of these cells in vitro. This
decrease was also observed for the groups transfected with miRNA-155 miRNA inhibitor and
subsequently treated with either CPT or CQ. This further validates the potential of miRNA-
155 miRNA mimic to increase the migration of SKOV-3 ovarian cancer in vitro upon migra-
tion.

Autophagosomes are formed in autophagy after degraded substances called cargo have
been encapsulated. These cargo are then taken to the lysosome after which the lysosome fuses
with the autophagosome to form an autolysosome. Once there is a disruption in the fusion of
these two, then the accumulation of autophagosome in the cell may occur (Zhang et al., 2020).
The effect of transfecting SKOV-3 cells with miRNA-155 mimic or its inhibitor on autophagy
flux as well as the morphological changes was measured. Treatment of CPT was employed as
a positive control to induce autophagy while treatment of CQ was employed as a negative
control to inhibit autophagy. Our study showed that under normoxia, miRNA-155 mimic
largely decreased the autophagy flux of SKOV-3 ovarian cancer cells when compared to the
control, un-transfected and untreated group. The miRNA-155 miRNA inhibitor, when trans-
fected alone increased the autophagy flux of SKOV-3 ovarian cancer cells when compared to
the control, untransfected and untreated group as well as the miRNA-155 transfected group.
Under hypoxic conditions, we observed that the miRNA-155 mimic also greatly reduced the
autophagy flux when compared with the control un-transfected, untreated group. It reduced the
percent of SKOV-3 ovarian cancer cells with autophagosome vacuoles of when combined with
CPT as compared with the groups treated with CPT only. It is worthy of note that under hy-
poxia, the control group had a high level of autophagy flux. This is particularly interesting
because hypoxia is known to be an inducer of autophagy. On the other hand, under hypoxia,
the miRNA-155 inhibitor showed an opposite effect when compared with the results obtained
for the percent autophagosome vacuole of the miRNA-155 mimic. It lead to a more than 100%
increase in the autophagy flux of SKOV-3 ovarian cancer cells when compared with the control
and the miRNA-155 transfected group. These findings are in line with the observed morpho-
logical changes of these treatment groups. Particularly under normoxia, we could see that while
the cells looked quite okay in both the control groups and the group transfected with the
miRNA-155 inhibitor, SKOV-3 ovarian cancer cells shrinked more upon transfection with the
miRNA-155 than is observed for the miRNA-155 inhibitor transfected groups and the control

group. The morphology looked much better when the miRNA-155 mimic transfected cells were
70



treated with either CPT or CQ. This suggests that these compounds helped to preserve the
morphology of these cells and that miRNA-155 induced an autophagy cell death while its re-
pression supported a protective autophagy under both hypoxic and normoxic conditions.

Although numerous studies has reported the role of miRNA-155 on autophagy in sev-
eral cell contexts, to the best of our knowledge, no report has been given on its impact on the
autophagy of SKOV-3 ovarian cancer cells. For example, Wang et al reported that miRNA-
155 promotes autophagy in cervical cancer through the MTOR pathway (Wang et al., 2018)
.Wan et al, also reported that miRNA-155 upon induction by hypoxia induces autophagy (Wan
et al., 2014). Chen et al., reported that miRNA-155 induces autophagy in osteosarcoma cells
thereby facilitating resistance to drug treatment (Chen et al., 2014). Sul et al., also reported that
miRNA-155 is an inducer of autophagy in osteoclasts (Sul et al., 2018). To the best of our
knowledge, our study is one of the first to elucidate the role of mMiRNA-155 on the autophagy
of SKOV-3 ovarian cancer cells. We propose that based on the obtained autophagy flux and
morphological results, the overexpression of miRNA-155 induces autophagy cell death in
SKOV-3 ovarian cancer cells while its repression supported a protective autophagy form under
both hypoxic and normoxic conditions.

The overexpression of miRNA-155 expression may be a good strategy to use for the
inhibition of ovarian cancer cell differentiation by inhibiting protective autophagy, especially
in combination with other therapeutic options. In conclusion, we demonstrate that miRNA-155
is very crucial for maintaining the proliferation, migration and autophagy of ovarian cancer
cells. It is required to promote the proliferation and migration of SKOV-3 ovarian cancer cells.
It decreases the autophagy flux in these cells and therefore serves as an autophagic cell death
inducer. Combination with either CQ or CPT further affects these signatures. The present study
has further elucidated on the role of mMiRNA-155 miRNA on many signatures of SKOV-3 ovar-
ian cancer cells, particularly on autophagy. These overall results validate the fact that miRNA-
155 is an important player in the anticancer drug-induced autophagy in numerous cancer cells
including SKOV-3 ovarian cancer cells. These findings may be employed for use as a route to
explore for the development of diagnosis and treatment options for ovarian cancer patients.
However, in vivo experiments are highly recommended to further elucidate on these findings

and their mechanism of actions.
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