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OZET

GSK2126458 YUKLU POLIKAPROLAKTON (PCL) / POLIVINILPRROLIDON
(PVP) ELEKTROEGRILMiS MEMBRANLAR: URETIiM, KARAKTERIZASYON
VE ANTIKANSER AKTIVITE

Alican COMERTPAY
Yiiksek Lisans, Biyomiihendislik Anabilim Dali
Danisman: Dog. Dr. Merve CAPKIN YURTSEVER
II. Danigsman: Dog. Dr. Zeynep IYIGUNDOGDU
Temmuz 2024, 91 sayfa

Deri kanseri, en tehlikeli kanser tiirlerinden biridir. Deri hiicrelerinde olusan DNA hasariin
giderilememesiyle ortaya ¢ikan mutasyonlar sonucunda deride kanserli doku olusumu
goriilebilmektedir. Deri kanseri insan viicudunda farkli bolgelere yayilma gosterebilen bir
kanser tiirtidiir ve iki ana gruba ayrilmaktadir: melanom ve melanom olmayan. Literatiirdeki
veriler melanom kanser tlriiniin, deri kanseri vakalarmm %]1’ini olusturdugunu
belirtmektedir. Melanom deri kanserinin goriilme sikligi diisiik olmasina ragmen hastalarin
Olim oranlar1 yiiksektir. Deri kanseri tedavisinde farkli metotlar bulunmaktadir. Bu
metotlardan en yaygin olani biyopsi ve rezeksiyondur. Son yillarda deri kanseri tedavisinde
nanoteknoloji kullanimina ilgi artmistir. Nanoteknoloji ile iiretilen malzemeler molekiil
tasiyicilart olarak kullanilmaktadir. Nanoteknolojik yontemler kullanilarak iiretilmis
membranlar ile ilacin spesifik bolgeye direkt uygulanabilmesi, daha hizli tedavi ve azaltilmig

yan etkiler elde edilmesi amaglanmaktadir.

Bu calismada, kanser ilact olarak kullamlan GSK2126458 (Omipalisib®) ilacinin
elektroegirme yontemi ile elde edilen Polikaprolakton (PCL)/ Polivinilprolidon (PVP) fiber
membranlar igerisine yiiklenmesi ve melanom kanser hiicre hatti iizerindeki etkilerinin
incelenmesi amaglanmigtir. Caligma kapsaminda elektroegirme yontemi ile GSK2126458
ilacini i¢eren, PCL/PVP/50 (50 pL ilag¢ ve 50 uL. DMSO), PCL/PVP/75 (75 pL ilag ve 25 uL
DMSO) ve PCL/PVP/100 (100 pL ilag) ve icermeyen PCL/PVP/C fiber membranlar
iiretilmigtir. Tiim o6rneklerde DMSO orami sabit tutulmustur. Uretilen fiber yapilarin

morfolojileri taramali electron mikroskobu (SEM) ile kimyasal yapilart Fourier Transform



Infrared Spectroscopy (FTIR) analizleri ile gerceklestirilmistir. Fiber c¢aplari ve g¢ap
dagilimlar1 SEM analizi ile elde edilen goriintiilerden Image] program ile hesaplanmustir.
Fiber membranlarin su tutma 6zellikleri su temas agis1 analizi ile mekanik 6zellikleri ¢ekme-
germe analizi ile belirlenmistir. Uretilen fiber membranlarin antibakteriyel 6zelliklerinin
belirlenmesi i¢in E. coli, S. aureus, P. aeruginosa ve MRSA bakteri suslari lizerinde
mikrobiyolojik analizler gergeklestirilmistir. Fiberlerin igerisine yiiklenen GSK2126458
ilacinin B16-F10 hiicre hatt1 tizerindeki ICsp degeri resazurin analizi ile belirlenmistir. Ilacin
fiber membrana eklendikten sonra melanom hiicreleri {izerinde etkili olup olmadigi canlilik
analizi, hiicre morfolojisinin ve yayillma davramisinin SEM analizi goriintiilenmesi ve

immiinofloresan boyama ile arastirtlmistir.

Tez ¢alismasi1 sonucunda, GSK2126458 ilag molekiilii yiiklenmis ve ilag igermeyen kontrol
fiber membranlar diizglin ve boncuk i¢cermeyen fiber yapisinda elde edilmistir. PCL/PVP/C,
PCL/PVP/50, PCL/PVP/75 ve PCL/PVP/100 fiber gruplarinin fiberlerinin ortlama g¢aplar
strastyla, 0.682+0,316, 0.588+0.240, 0.637+£0.208 ve 0.611+0.196 pum olarak belirlenmistir.
PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 ve PCL/PVP/100 fiber gruplarinin su temas agisi
analizleri sonucunda sirasiyla, 76.02+8.06, 83.63+1.75, 66.98+2.83 ve 82.92+12.82 dereceleri
elde edilmistir ve membranlarin hidrofilik yapilar1 gésterilmistir. FTIR analizi ile PCL ve
PVP polimerlerine spesifik pikler gosterilmistir ancak ilag molekiilii i¢in spesifik bir pik ilacin
polimer yapisina gomiilii olmasindan dolay1 elde edilememistir. GSK2126458 ilacinin B16-
F10 fare melanom hiicre hatt1 iizerinde ICsq degeri 49.21 uM olarak belirlenmistir. Ila¢ yiiklii
membranlardaki hiicre canlilig1 ila¢ icermeyen fiber membranlara gore analiz edildiginde
PCL/PVP/50, PCL/PVP/75 ve PCL/PVP/100 fiber membranlarda hiicre canliliginin 24 saat
i¢in sirastyla %72.25, %64.61 ve %57.82 (p<0.05) olduklar1 belirlenmistir. 48 saat i¢in ise
sirastyla, %74.76, %70.85 (p<0.05) ve %60.19 (p<0.01) olduklar1 belirlenmistir. SEM
goriintiilerinde hiicre yayilmasiin kontrol grubunda diger gruplara gore daha belirgin oldugu
gosterilmistir. Fiber membranlar tizerinde kiiltiire edilen hiicrelerin fibréz aktin proteinin anti
F-aktin antikoru ve ¢ekirdeginin DAPI ile boyanmasi ile elde edilen immiinofloresan boyama
gorintiilerinde hiicre yogunlugunun artan ilag molekiilii miktar1 ile azaldigr gosterilmistir.
Hiicre ¢ekirdeginde belirgin degisiklikler goriilmemistir. Sonug¢ olarak, GSK2126458 ilact
yiiklii PCL/PVP fiber membranlarin tez ¢aligsmasi kapsaminda basari ile iiretildigi ve B16-F10

fare melanom hiicre hatti izerinde etkili oldugu gosterilmistir.

Anahtar kelimeler: Melanom, GSK2126458, nanofiber, PCL, PVP
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Skin cancer is one of the most dangerous cancers. The mutations resulting from the failure to
repair DNA damage in skin cells result in the formation of cancer tissue in the skin. Skin
cancer is a type of cancer that can spread to different parts of the human body and is divided
into two main groups: melanoma and non-melanoma. The data in the literature indicate that
the type of melanoma cancer accounts for 1% of cases of skin cancer. Although the incidence
of melanoma skin cancer is low, patients have high mortality rates. There are different
methods of treating skin cancer. The most common of these methods are biopsy and resection.
In recent years, interest in the use of nanotechnology in the treatment of skin cancer has
increased. Materials produced by nanotechnology are used as molecular carriers. Membranes
produced using nanotechnological methods are intended to enable the drug to be applied

directly to a specific area, to faster treatment and to reduce side effects.

In this study, it was aimed to load GSK2126458 (Omipalisib®), which is used as a cancer
drug, into Polycaprolactone (PCL)/ Polyvinylprolidone (PVP) fiber membranes obtained by
electrospinning method and to investigate its effects on melanoma cancer cell line. Within
the scope of the study, PCL/PVP/50 (50 puL drug and 50 uL. DMSO), PCL/PVP/75 (75 uL
drug and 25 pL DMSO), PCL/PVP/100 (100 pL drug) and PCL/PVP/C fiber membranes
containing GSK2126458 drug and PCL/PVP/C fiber membranes without drug were produced
by electrospinning method. DMSO ratio was kept constant in all samples. The morphology of
the produced fiber structures were analyzed by scanning electron microscopy (SEM) and their
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chemical structures were analyzed by Fourier Transform Infrared Spectroscopy (FTIR). Fiber
diameters and diameter distributions were calculated from the images obtained by SEM
analysis using ImageJ software. Water retention properties of the fiber membranes were
determined by water contact angle analysis and mechanical properties were determined by
tensile analysis. Antibacterial properties of the fiber membranes were determined using E.
coli, S. aureus, P. aeruginosa and MRSA bacterial strains. The IC50 value of the
GSK?2126458 on B16-F10 cell line was determined by resazurin assay. The effect of the drug
on melanoma cells after being added to the fiber membrane was determined by viability
analysis, SEM analysis of cell morphology and spreading behavior and immunofluorescent

staining.

As a result of the thesis study, GSK2126458 drug molecule loaded and drug-free control fiber
membranes were obtained in a smooth and bead-free fiber structure. The average diameters of
the fibers of PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 and PCL/PVP/100 membranes were
calculated as 0.682+0,316, 0.588+0.240, 0.637+0.208 ve 0.611+0.196 pum, respectively.
Hydrophilic structures of the membranes were shown by water contact angles of 76.02+8.06,
83.63+1.75, 66.98+2.83 ve 82.92+12.82 degrees for PCL/PVP/C, PCL/PVP/50, PCL/PVP/75
and PCL/PVP/100 fiber membranes, respectively. FTIR analysis showed specific peaks for
PCL and PVP polymers, but a specific peak for the drug molecule could not be obtained
because the drug was embedded in the polymer structure. The 1C50 value of GSK2126458 on
B16-F10 cell line was determined as 49.21 uM. When cell viability in drug-loaded
membranes was analyzed compared to drug-free fiber membranes, it was determined that cell
viability in PCL/PVP/50, PCL/PVP/75 and PCL/PVP/100 fiber membranes were 72.25%,
64.61% and 57.82% (p<0.05) for 24 hours, respectively. The viabilities were changed to
74.76%, 70.85% (p<0.05) and 60.19% (p<0.01) for 48 h, respectively. SEM images showed
that cell spreading was more prominent in the control group than in the other groups.
Immunofluorescence staining images obtained by staining fibrous actin protein of cells
cultured on fiber membranes with anti F-actin antibody and nuclei with DAPI showed that
cell density decreased with increasing amount of drug molecule. No significant changes were
observed in the cell nucleus. In conclusion, it was shown that GSK2126458 drug loaded
PCL/PVP fiber membranes were successfully produced within the scope of the thesis study

and were effective on B16-F10 mouse melanoma cell line.

Keywords: Melanoma, GSK2126458, nanofiber, PCL, PVP
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1. INTRODUCTION

It has been stated that there are 55,500 deaths per year due to cutaneous melanoma, a type of
skin cancer. The incidence and mortality rates for this disease vary worldwide. The factors
that cause these differences are the time of diagnosis and access to health services. If
melanoma spreads, it quickly becomes a threat to human life. In recent years, thanks to the
increased access to and use of innovative therapeutic agents, promising results have begun to
be obtained in the treatment of solid tumors such as advanced melanoma. Within the scope of
the proposed master's thesis project, the characterization of polycaprolactone (PCL) /
polyvinylpyrrolidone (PVP) nanofiber structures to be obtained by electrospinning method
loaded with GSK2126458 (Omipalisib®) drug molecule and its effect on the B16-F10 mouse

melanoma cell line was investigated.

The B16-F10 cell line was isolated from the skin tissue of a melanoma mouse. It is a cell line
that exhibits the morphology of epithelial-like cells and is used in melanoma skin cancer
research. The GSK2126458 molecule is a potent and selective inhibitor of class 1 PI3K
enzymes and mammalian target of rapamycin (mTOR). The GSK2126458 molecule is also
reported to have antiproliferative effects on melanoma cells. PCL and PVP are biodegradable
synthetic polymers that have attracted considerable attention in recent years. These two
polymers have been used in various studies to be used as carriers for therapeutic molecules
and to provide controlled release. While PCL provides structural strength to the material it is

in, PVP provides the necessary environment for drug release.

In this thesis study, it was aimed to produce GSK2126458 drug loaded PCL/PVP nanofiber
membranes and to investigate their effect on B16-F10 mouse melanoma cell line.
GSK2126458/PCL/PVP and PCL/PVP membranes were produced by electrospinning method
and the chemical properties of the membranes were investigated by Fourier transform infrared
spectroscopy (FTIR) and the surface morphologies were investigated by scanning electron
microscopy (SEM). The mechanical properties of PCL/PVP nanofibers containing
GSK2126458 molecule were determined by tensile analysis and the hydrophilicity properties
of the nanofibers were determined by water contact angle analysis. In addition, the

antibacterial properties of the nanofibers were determined by microbiological analyses. B16-
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F10 cell line were incubated on PCL/PVP nanofibers containing different amounts of
GSK2126458 molecules and in culture medium containing different concentrations of
GSK2126458 in a standard cell culture system. The response of cells to different
concentrations of GSK2126458 drug molecules and cell viabilities on PCL/PVP nanofibers
were determined by resazurin analysis and cell morphology were examined by F-actin/DAPI
immunofluorescence staining methods. The morphologies of B16-F10 cells cultured on
PCL/PVP nanofiber groups containing different GSK2126458 molecules were also examined

by SEM analysis.



2. THEORETICAL FOUNDATIONS AND LITERATURE
REVIEW

2.1. The Skin

Largest organ is the skin, in the human body. It has been reported that it constitutes 8% of the
total human body weight in adult persons and has a surface area of 1.8 m?. The skin organ has
multiple functions. The skin acts as a barrier, preventing the entry of pathogens into the body.
It is a sensory organ, also functions as water withholding and body temperature regulator. The
skin has been reported as a model organ of great interest for testing innovations in the field of
regenerative medicine based on its ability to regenerate skin tissue for wounds. The complete
renewal process takes approximately 1 day. But this time depends on the parameters. With the
possibility of drug absorption from the skin surface, locally and systemically drug delivery
studies in skin diseases attract great attention. The skin surface has an acidic structure with a
pH value between 4.2-5.6. This pH level can be affected by sweat, humidity, gender and
anatomical regions. The skin structure consists of two main layers; dermis and epidermis
layers. Epidermis is the structure containing keratinocytes, corneocytes and stratum corneum
cells. There is a basement membrane enclosed by a lipid matrix between the epidermis and
dermis structures. The dermis consists of blood vessels, nerves, lymphatic system and

different cell types [1].

The epidermis layer is constantly renewed. It also forms structures such as sweat glands, hair
follicles and nails. Epidermal cells are largely composed of keratinocytes, and this rate has
been reported to be 80%. The differentiation process of the cells is carried out by cell
migration from the basal layer to the skin surface. At the end of this differentiation process,
keratinization occurs, which leads to organelle loss in the cells. The epidermis layer is divided
into four separate layers due to keratinocyte differentiation, respectively; basal (stratum
germinatum), squamous (stratum spinosum), granular (stratum granulosum) and horny layer
(stratum corneum). The dermis layer is a layer that can be considered acellular compared to
the epidermis layer. It is a tissue layer that consists primarily of type 1 and type 2 collagen
protein and elastic fibers called elastin. The dermis layer contains mostly fibroblast cells, but

in addition to fibroblast cells, there are also nerve and vascular networks, lymphocytes,
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Schwann, fat and stem cells. The dermis layer is the main constituent of the skin. It provides
elasticity to the skin, thermal regulation to the body and protects the body against mechanical
damage that may come from outside. The third layer of the skin organ, the hypodermis layer,
is the layer that connects the skin to the organs underneath. This layer has larger nerves and
blood vessels than the dermis layer. The hypodermis layer is primarily composed of fat and
fibroblast cells and macrophages. The thickness of this layer varies according to gender and

location in the body. It is seen between 1.9-7.1 mm and is stated as the thickest layer of the

skin [2].
A B
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Figure 2.1. (A) Schematic view of the skin layers. (B) Histological section view of the skin

layers [2].
2.2. Skin Cancer

Skin cancer is given as an example as one of the most dangerous types of cancer. It occurs as
a result of unrepaired DNA in skin cells. As a result of this irreparable DNA damage, it
causes deterioration, damage on the skin and mutation in the skin cells. Skin cancer have a
tendency to spread to other sections of the body. Skin cancer is easily detected in the early
stages and therefore easily treated in early diagnosis. With the rising rate of skin cancer cases
and high mortality rate, it needs to be diagnosed early. Moreover, it is seen as a disease whose

treatment process is expensive. Due to these serious problems, researchers mostly focus on
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early diagnosis research. Since the skin as the largest organ, it is reported as the most frequent
type of cancer. Skin cancer is divided into two major types: melanoma and non-melanoma
skin cancer. In accordance with the American Cancer Society, although melanoma cases are
only 1% of skin cancer cases, it is considered the most dangerous skin cancer. The reason for
this is that melanoma is considered a rare but fatal type of cancer because it has high mortality
rates. Doctors generally prefer the biopsy method to diagnose skin cancer. This method
involves taking a tissue sample from a skin lesion thought to be cancerous and examining this
tissue using correct methods. This method is seen as a painful and time-consuming method.
As a result of recent studies, computer-based technologies are used to eliminate this painful

situation and improve the time-consuming method [3].

There are two main layers that make up the skin organ in the human body: epidermis and
dermis. The epidermis layer consists of melanocytes, Merkel, keratinocytes and Langherhans
cells and constitutes the outermost and protective stratum of the skin. Any defect in this layer
of the skin causes many health problems, especially skin cancer. Non-melanoma type of skin
cancer is a global health problem. It has been stated that 2-3 million cases of this skin cancer
develop globally every year. Its incidence is high and diverse in the Caucasian demographics
globally. The data obtained indicate that the annual growth rate in America, Canada, Europe

and Australia varies between 3% and 8% and shows an upward trend [4].
2.3. Melanoma

The type of cancer that develops from cells called melanocytes is called melanoma.
Melanomas begin when healthy melanocytes lose control due to genetic or external factors
and begin to form a cancerous tumor. It has been stated that melanoma is usually seen in areas
of the body that are frequently exposed to sunlight. These areas are specified as face, neck and
hands. As with every type of cancer, early diagnosis is very important in melanoma cancer
type. Since melanoma is a type of cancer that can spread, it can spread to other parts of the
skin organ. Therefore, skin cancer can be treated as a result of early diagnosis. Otherwise,
cancer that has migrate to other sections of the body may result in a painful death of the
patient [3].



It is stated that the most lethal type of skin cancer is cutaneous malignant melanoma.
Epidermal melanocytes are believed to be the source of this type of cutaneous melanoma
cancer. It is a type of cancer that can become resistant to treatment and tends to metastasize.
There has been a remarkable increase in the number of cases recently. It has been stated that it
is generally seen on the upper body in men and on the legs, ankles and feet in women. Apart
from these areas, it has also been reported to be seen in the head area, neck area and other
parts of the body. If melanoma is diagnosed in its early stages, it can be treated by removing it
from the area with a surgical operation without the need for an additional procedure.
Cutaneous melanoma has a high ability to metastasize. Recently, the use of targeted therapies
and immunotherapy for this disease has become common [4].

Epidermis

Dermis

Subcutaneous tissue

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

Tumor 1 <4 mm
with ulceration

Tumor < 1 mm
without ulceration

Tumor confined
to epidermis

Spread to lymph
nodes

Spread to other
organs

W Or e

Lymph node Liver Lungs

T
I
|
|
I
I
I
|
I
|
|
I
|
'

Figure 2.2. Schematic view of the five stages of malignant melanoma [5].

Melanocytes are mostly found in the skin in the human body, but they are also found in
different regions such as the eyes, ears, mouth, genital and sinonasal mucosa, leptomeninges
surrounding the central nervous system, and the gastrointestinal tract. Cutaneous melanoma
has been reported to account for the majority of melanoma diagnoses, mostly in white people.
Although exposure to UV radiation is the main cause of cutaneous melanoma cases, it has

been reported that there are also rare subtypes that occur unrelated to UV radiation [6].

The most common type of cancer worldwide is skin cancer. Its incidence continues to

increase day by day. It is divided into two groups as melanocytes and non-melanoma skin
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cancers. These two groups constitute 95% of skin cancers. The prevalence of skin cancer is
proof that this disease is an important health problem. The combination of environmental and
genetic factors plays a role in the emergence of skin cancer. The most common cause of skin

cancer is prolonged exposure to ultraviolet (UV) light [7].

The National Cancer Organization has stated that there is an average 1.5-fold increase in new
melanoma cases each year. The organization also stated that despite this increase in the
number of cases, melanoma-related death rates decreased by an average of 2.9 per year. It has
been stated that the primary reason for this decrease is the early diagnosis of cancer [8].

Melanoma can be seen in the human body, especially in the skin, eyes, inner ear and
leptomeninges. It is seen as a result of mutations in melanocytes, known as pigment-
producing cells. Melanoma accounts for approximately 1 percent of malignant skin tumors.
Additionally, the most aggressive and lethal form of skin cancer is cutaneous malignant
melanoma. This disease affects both genders, especially the population living in the Caucasus
region. Additionally, this disease has a poor prognosis when it becomes metastatic. In recent
years, the US Food and Drug Administration (FDA) has approved different treatments.
Surgical resection, radiotherapy, chemotherapy, immunotherapy or targeted therapy can be
given as examples of these treatments, depending on the characteristics of the tumor.
Approximately 70 percent of cutaneous melanoma cases involve mutations in genes in
signaling pathways. These oncogenic mutations may be incorporated with melanoma cell
proliferation. The targeted therapy approach uses inhibitors that affect proteins that have
changed as a result of mutation. Phosphoinositide 3-kinase (PI3K), a serine/threonine protein
kinase (AKT) and mammalian target of rapamycin (mTOR) pathway inhibitors can be given
as examples of these inhibitors. mMTOR plays an important role in tumor growth and
progression to advanced stages. mTOR forms two different protein complexes, mTOR
complex 1 and mTOR complex 2, and these protein complexes are activated by the
PISK/AKT pathway. Individually, PI3K inhibitor and mTOR inhibitor combinations have the
effect of blocking the growth of melanoma cells. As a result of the studies, it is stated that
PI3K-AKT pathway inhibitors show an increase in the rate of apoptosis compared to BRAF
and MEK inhibitors [9].



2.3.1. Genetic Factors

Skin color of the patient is important in skin cancer. People with red hair and freckled skin
carry two copies of the R allelic variant of the MC1R gene. These people have a higher risk of
developing skin cancer. Xeroderma pigmentosa is an occasional autosomal recessive
condition. It is a DNA repair mechanism disorder in which the ability to repair the damage
caused by UV light is damaged. People with this disorder are more prone to freckling, an
increase in skin malignancies in early childhood, and sunburn, it is thought that 90% of
emerging melanomas occur sporadically, but inherited mutations have been described
recently. The most common cause of hereditary melanomas is a mutation in the CDKN2A
gene. In addition, mutations in the MDM2 gene cause melanoma to be seen at an early age in

women [7].

2.3.2. Environmental Factors

The main risk cause of environmental factors has been stated as exposure to UV rays.
Additional risk factors for skin cancer include more than 50 naevi, dysplastic naevi, and
multiple atypical naevi, immunosuppression (especially in transplant patients), arsenic

exposure, and viral infections (human papillomavirus) [7].
2.4. Types of Melanoma

There are many types of melanoma skin cancer, such as nodular, superficial spreading
melanoma and lentigo maligna. However, the majority of skin cancers are non-melanoma
types, such as basal cell carcinoma, squamous cell carcinoma and sebaceous gland carcinoma.
Non-melanoma cancer type has a lower tendency to spread to other parts of the body and is

stated to be easier to treat compared to melanoma cancer type [3].

Melanoma can be classified anatomically based on the location of the primary tumor in the
body. Cutaneous melanoma generally arises from melanocytes located in the epidermal layer.
It has also been reported to originate less frequently from the dermal layer, other than the
epidermal layer. Acral melanoma is seen in the hands and soles. Ocular melanoma is a general
term that can develop from melanocytes located in the uveal canal in the eye and has subtypes
depending on whether it develops in different parts of the eye. Desmoplastic melanoma is a

type of melanoma consisting of spindle-shaped tumors. It is a rare variant of cutaneous
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melanoma. Desmoplastic melanoma has been reported to generally occur on the skin of
elderly individuals who are chronically exposed to sunlight [10].

2.5. Types of Non-Melanoma

Non-melanoma skin cancers are reported to be the most common malignancy among humans,
with an incidence that has recently increased. The main reasons for this increase in the
incidence rate are stated as exposure to UV radiation and increased exposure to sunlight as a
result of depletion of the ozone layer. In addition, cumulative UV dose over many years is
reported to be among the reasons for high incidence. 99% of non-melanoma skin cancer types
are basal and squamous cell carcinomas. It has been reported in the literature that basal cell
carcinoma predominates over squamous cell carcinomas. It has been reported that this
dominance ratio varies between 1:1 and 10:1. As a result of research, it has been reported that
basal cell skin cancer accounts for 80% of non-melanoma skin cancers. In addition, research
has shown that it is difficult to distinguish basal cell skin cancer from squamous cell skin
cancer, and therefore these two types of skin cancer are directly registered as non-melanoma
skin cancer. The remaining 1% consists of Merkel cell, fat, adenocarcinoma and apocrine

carcinomas and other rare types of carcinomas [11].
2.6. Diagnosis of Melanoma

Diagnostic methods of skin cancer are similar to diagnostic methods of other types of cancer.
Clinical symptoms, imaging, physical examinations and laboratory examinations are among
these methods. However, the most important and first method used when diagnosing
melanoma is pathological examinations including immunohistochemical determinations. This
pathological examination is of great importance to determine the stage, treatment and
prognosis of melanoma [12].

There are different methods to diagnose the skin cancer, traditional and contemporary. Self-

skin examination, optical coherence tomography, ultrasonography and dermoscopy [13].

2.6.1. Self-skin Examination

Self-skin examination (SSE) method is a simple detection method, but it has been stated that

the rate of skin cancer detected by this method is between 6% and 50%. SSE is recommended
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by the Australian Cancer Council and the American Academy of Dermatology. It has been
stated that it is a cheap, easy and effective method because individuals can perform the SSE
method on their own at home. It has also been stated that this method reduces the mortality

rate of melanoma by up to 60% [13].

2.6.2. Dermoscopy

Dermoscopy method uses optical magnification to observe lesions on the skin. This method

enables the examination of pigmented lesions in addition to the lesions detected by SSE [13].

2.6.3. Reflectance confocal microscopy (RCM)

Reflectance confocal microscopy (RCM) is another traditional diagnostic technique. It
evaluates melanoma at the epidermis and papillary dermis level. In this technique, a low-
power laser beam scans the sample tissue and measures the intensity of the emitted light. It
creates contrasts in the image with the different reflection indices in the skin cells. RCM
application is also a technique used to create algorithms and minor and major criteria in the
diagnosis of melanoma. As a result of the research, it has been stated that the RCM technique

has a sensitivity of over 90% in the diagnosis of melanoma [13].

2.6.4. High frequency ultrasonography

In the past years, ultrasound techniques have improved and enabled high-resolution images to
be obtained in different pathological detections. The high resolutions obtained are helpful in
visualizing skin layers and vessels in the diagnosis of melanoma. It has been stated that with
this high resolution, there is a 99.4% correlation with pathology in melanoma scans. It has
been stated that the presence of a solid, vascular and hypoechogenic structure as a result of
ultrasound examinations indicates the presence of melanoma. Ultrasound techniques also
have disadvantages in melanoma treatment. This disadvantage is that the distinction between
melanoma and inflammatory infiltrates cannot be made correctly [13].

2.6.5. Optical coherence tomography

Optical coherence tomography (OCT) provides cross-sectional 2D and 3D images in
melanoma treatment. OCT has been stated to be an effective method for imaging skin

morphology and other areas. This method is only used to examine very small lesions [13].
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Figure 2.3. (A-D) images of benign melanoma, (E-F) dermatoscopic images of malignant
melanoma and [14] (I-L), dermatoscopically obtained images of the stages of melanoma [5].

2.7. Treatment of Melanoma

There are certain treatment methods currently used in the treatment of melanoma. Surgery,
radiotherapy, adjuvant, systemic and photodynamic treatments are among these methods.
Surgical methods are the most common methods, biopsy and resection. Adjuvant treatment
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for skin cancer is based on the patients' risk and clinical stage. It has been stated that there is
currently a consensus that adjuvant treatment should be applied to low, medium and high-risk
patients. However, it has also been stated that discussions continue about using this treatment
method for very high-risk patients. Some type of melanoma must be treated individually and
using different treatment methods. For example, adjuvant treatment along with interferon
therapy is of great importance for high-risk patients. It has been stated that as a result of the
lack of treatment and poor prognosis in skin cancer patients, other branches of medicine may
also be involved in the treatment. In the study, they stated that recent developments in the
fields of personalized and targeted treatment and immunotherapy have resulted in better
results in patients with advanced stage skin cancer. In recent years, interest in the field of
nanotechnology has increased intensely. Nanotechnology applications, especially in medicine,
have increased and progress has been achieved in this field. In the application areas of
nanotechnology in medicine, they mostly serve as drug or molecule carriers. Thanks to these
carriers, improvements have been made in the field of drug distribution. Chemotherapy drugs
do not specifically target cancer cells. It has been stated that as a side effect, they may cause
various complications by affecting normal healthy cells in the body, and as a result, the
patient's quality of life may be negatively affected. The field of nanotechnology provides
assistance in delivering drugs to the target area. This benefit is provided by nanocarrier drug
delivery systems, which serve to carry drugs and other active molecules to the targeted area.
Compared to freely administered drugs, drugs administered with nanocarriers can affect
specific areas. Thus, it is possible to reduce the potential side effects of drugs and increase the
therapeutic effects. The important parameters in targeting rust are permeability and retention
effects. Active targeting is seen as the aim of specifically recognizing, enhancing and
targeting the tumor-antigen interaction by binding antibodies and peptides to the surface of

drug delivery systems [12].
2.8. Drug Repositioning

It has been reported that drug discovery using traditional methods is a time-consuming
process with high costs and risks. However, in recent years, the drug repositioning technique
has become increasingly popular. Among the reasons why this method has attracted a lot of

attention recently is that it is a low-risk, economical and highly efficient method compared to
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classical methods. There are different approaches to drug repositioning studies: biological
approaches, computational approaches and mixed approaches. These three approaches are
frequently used in drug repositioning methods. Drug repositioning is the study of finding new
and different uses of old drugs that are currently being used. Drug repositioning is seen as a
very effective method in obtaining new purposes for the use of existing drugs. There are five
steps to go through in traditional drug development processes. Discovery and preclinical
studies of the drug, safety reviews, and FDA approval and post-market safety review.
However, there are four stages to be passed in drug repositioning studies according to
traditional methods. The first stage is compound identification. After the compound is
identified, there are stages of acquiring and developing the compound. The last stage is to put
it on the market by the FDA, which is common with traditional methods, and then examine
the safety period. It has been reported that the rapid growth and development of
bioinformatics information and big data in the field of biology and drug repositioning studies
have significantly reduced the time spent on drug development studies. On average, it takes 1-
2 years to determine new targets. However, it has been stated that it takes 8 years to obtain a
repositioned drug. It has been previously noted that drug repositioning methods are low-cost.
It has been stated that drugs produced by drug repositioning have a cost of 1.6 billion dollars,
but drugs produced by traditional methods may have a cost of 12 billion dollars [15].

Drug repositioning does not focus on any structural modification of the drug. It deals with the
current structure of the drug and the approved biological properties of this structure, at
different doses and a new application area, or the immediate effects of the drug. These studies
are based on two scientific foundations. The first of these foundations is the discovery of
common biological points of some diseases as a result of human genome studies. The second
basis is the study of the use of drugs developed for a specific disease outside of this disease.
The second principle is also called the pleiotropic drug concept. As a result of recent studies,
it has become possible to define diseases according to their molecular structures and to
determine the similarities between them and other diseases and the degree of these
similarities. Identifying the complex related elements between the disease-drug-target trio
through in silico studies is one of the keys to drug repositioning. In line with this information,

it has been stated that Parkinson's disease and Alzheimer's disease have 48 genes and 4
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signaling pathways in common. In line with these common points, it has been reported that a
certain drug may be effective against both diseases [16].

2.9. Drug Used in Chemotherapy

Chemotherapy is a type of treatment that aims to slow or stop the growth of cancer cells.
These chemicals that target cancer cells also damage healthy cells. There are FDA-approved
drugs released for chemotherapy treatment, such as Cobimetinib, Ipilimumab, Nivolumab,

Trametinib, Vemurafenib, etc. [1].

2.9.1. Cobimetinib

Cobimetinib is a drug used to inhibit cell growth and reduce the proliferation of tumor cells.
This drug is classified as a kinase inhibitor with antineoplastic activity and is a bioactive

inhibitor. It inhibits mitogen-activated protein kinase. It inhibits MEK-1 catalytic activity [1].

2.9.2. Ipilimumab

The drug ipilimumab binds with T-lymphocyte-associated antigen 4. Antigen 4 is important
in down-regulation of its expression in T cells in the immune system. As a result of this
binding, the T-lymphocyte provides cytotoxic immune reactions and causes them to fight

cancer cells as a result of the reaction [1].

2.9.3. Nivolumab

Nivolumab is a drug that has immune checkpoint inhibitors as well as antineoplastic
activities. The drug acts directly on receptors on the cell surface. As a result of this effect,
programmed cell death occurs, which is observed in many cancer cells. Tumor cells avoid the
host's immune system by blocking this programmed cell death. This drug is generally used in

combination with the drug Ipilimumab, which is intended to be used in melanoma treatments
[1].
2.9.4. Trametinib

Trametinib is a cancer drug that also has antineoplastic activity. It is considered as an
inhibitor of protein kinase activated by mitogens. Kinase activation such as
ERK/RAS/RAF/MEK has a significant role in signaling pathways and cell growth regulation.
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This agent is also called a kinase inhibitor. These inhibitors block the activities of abnormal

proteins involved in the uncontrolled proliferation of cancer cells [1].

2.9.5. Vemurafenib

Researchers stated that the cells that make up 60% of melanoma cells are straightforward
related to the Braf gene mutation. The drug vemurafenib is a kinase inhibitor. It is a BRAF

inhibitor and has been reported to cause a decrease in the proliferation of cancer cells [1].
2.10. GSK2126458 (Omipalisib®)

The PI3K family consists of 15 lipid kinase enzymes that differ in their substrate properties,
expression patterns, and modes of regulation. PI3Kalpha, one of these kinase enzymes, is an
enzyme of high interest for cancer therapeutics. Knight and his colleagues reported the
discovery of the compound GSK2126458 in their study. They stated that the compound
GSK?2126458 is an extremely potent and selective inhibitor of class 1 PI3K enzymes and
mammalian target of rapamycin (mTOR). Knight et al also reported that the compound
GSK2126458 had high mechanical and antiproliferative effects [17].

F

Figure 2.4. Chemical structure of GSK212458 (Omipalisib®™) [18].
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2.11. The Use of Nanotechnology for Melanoma

Nanotechnology is a field of study that attracts a lot of attention today and has high potential
in the field of tissue engineering. Nanostructures have many important properties: large
surface area/volume ratio, hydrophilicity, fiber diameter, stability, porosity. The most popular
technique in the synthesis stages of these nanostructures is electrospinning. Electrospinning
technique is the most widely used technique to produce nanofibers using natural and artificial

polymers in tissue engineering and drug delivery applications [1].

The immune system does not attack normal cells in the body. Normal cells provide this if they
do not cause any immune response in the immune system. The immune response is made
through proteins. Melanoma cells also take advantage of not creating an immune response by
using these proteins. However, any material or drug of extracellular origin inhibits these
proteins and ensures the formation of an immune response. It has been reported that
nanoparticles, nanofibers and biomaterials act as immunomodulators and the application of
these materials can provide responses that cannot be achieved with traditional applications
[19].

It has been stated that new strategies are needed in the treatment of a deadly disease such as
skin cancer. The field of nanotechnology is a field that has established itself in the biomedical
field. It has been stated that the field of nanotechnology provides carrier agents for drugs and

other molecules in the treatment of melanoma [20].

Various methods are applied in the clinical treatment process of skin cancer. It has been stated
that multi-target drugs are generally used in combination in order to increase drug
effectiveness. However, nanotechnology-based drug delivery systems play an important role
in skin cancer. The reason for this is that nanomaterials can overcome biological barriers in
the body and provide drug delivery at the cellular level. Nanomaterial-assisted treatment
studies in the treatment of skin cancer have recently attracted attention and been studied. As a
result of these studies, nanomaterials can easily pass biological barriers due to their surface
and size properties and shows cytotoxic cell effects specifically on melanoma cells. Another
important point for nanomaterials and drug delivery systems is the reduction of toxicity and

side effects outside the target tissue and thus increasing the effectiveness of drugs. Thus, it
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has been stated that positive effects such as preventing the biodegradation of drugs
administered to the patient outside the target area in the body, excretion of the drug from the

body, and extending the half-life of the drug can be achieved with nanomaterials [12].
2.12. Electrospinning

The first and most important method preferred in nanofiber production is the electrospinning
method. The electrospinning method has been stated to be simple, low-cost and high-
efficiency. Because of these features, the electrospinning method is a method with high
potential in biomedical fields and stands out among other methods. The electrospinning
method is an electrohydrodynamic process in which polymer droplets are transformed into
nano-sized fiber structures in an electric field. The electrospinning method consists of
preparing the polymer solution to be electrospun, placing it in a syringe with a metal tip,
creating an electric field between the syringe needle tip and the collector, and spraying the
solution from the syringe tip to form nanofiber structures thanks to the electric field. As of
today, natural and synthetic polymers have been used in nanofiber synthesis studies using the
electrospinning method. With the advancement of nanofiber technology, nanofiber structures
of different structures have been produced. By localizing drugs to the surface with single-
layer nanofibers, burst drug release has become easier. Thanks to multilayer nanofibers,
localization of drugs to the lower layers and controlled and continuous drug release are of
interest in cancer treatment. Multilayer nanofibers enable synergistic treatment method by
enabling multiple drug loading. Electrospinning is a method that allows the creation of
continuous spindles from submicron to nanometer diameter. With this method, nanofibers
with high surface area/volume ratio can be produced. In laboratory conditions, an
electrospinning setup can be provided with a high voltage power supply, a flat tip needle tip, a

syringe, a syringe pump and a conductive collector [21].

Electrospinning method has recently become an important technique to meet the production
needs of nano and micro sized polymeric fibers. It has been stated that the electrospinning
method is an excellent technique for producing fibers of all sizes using natural and synthetic
polymers. It has been stated that electrospun fiber structures are currently used in many areas

such as wound healing, tissue engineering, drug delivery systems and sensors. Nanofibers are
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widely preferred in the biomedical field due to their large surface area, high drug loading

capacity, strong mechanical properties and low cost [22].
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Figure 2.5. Basic electrospinning setup [23].

2.13. Melanoma Treatment Suggestions by Electrospun Fibers

In the study conducted by Zhu et al., shell-core nanofibers were produced by producing a
shell loaded with chitosan and using PCL polymer and a core with PVVP polymer loaded with
5-fluorouracil (5-FU). These nanofibers were produced for the purpose of being used in the
treatment of melanoma skin cancer. It has been stated that the drug 5-FU has significant
inhibitory effects on burst release, B16-F10 murine skin cancer cells. It has been stated that
the continuous release of chitosan natural polymer has a healing effect on healthy cells after
the negative effects of 5-FU drug [24].

In the study carried out by Sadeqzadeh et al., it was stated that the iron-doped nanocomposite
nanofiber structures produced exhibited satisfactory mechanical properties. In addition, in
vitro studies have shown that the nanofibers produced do not show high toxicity against
melanoma cells and no significant side effects against normal cells. It has been stated that
iron-doped nanocomposite nanofiber structures are intended to be used in cancer treatment

and healthy tissue healing, depending on these properties [25].
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Muthulakshimi and his colleagues stated that the use of nanofiber structures in drug delivery
systems is promising for the future in cancer treatments. In this study, researchers loaded the
extracts obtained from the Terminalia catappa plant into sodium alginate polymers. They
obtained nanofiber structures by electrospinning. As a result of their later experiments, they
stated that the material had antioxidant activity. In the cytotoxic activity results, it was stated
that it had an inhibitory effect on B16-F10 cells. It has been reported that the materials

produced in line with these results can be used in the treatment of skin cancer [26].

Serio and his colleagues, nanocomposite nanofibers were obtained using polyvinyl alcohol
(PVA) and Gum Arabic. They stated that the use of these structures in cell culture did not
have any side effects. Previous studies have stated that structures created using Gum Arabic
and gold nanoparticles restrict the metastasis ability of metastatic skin cancer cells. As a result
of these data, it was stated that nanocomposite nanofiber structures are a promising treatment

for skin cancer [27].

In a study conducted by Garret et al., they loaded the drug imiquimod into PCL polymer in
the treatment of surface basal cell carcinoma. As a result of this study, it was stated that
adding the drug into this polymer provides faster drug release and better therapeutic results
are obtained with fewer side effects with a smaller amount of drug [28].

2.14. Drug Delivery

Improved permeability and retention are the cornerstones of nanotechnology for the delivery
of drugs to specific parts of the body. Lymphatic filtration is suppressed, making it possible
for the molecules used to be delivered to malignant cells and retained at this point.
Anatomically, having different pore sizes in vascularity also affects improved permeability

and retention, as does the size, location, and type of tumor in the body [1].

Core-shell nanofiber structures can be given as examples of drug delivery systems with
nanomaterials. Drug or active molecules can be incorporated into the core-shell structure.
Depending on the structure of the material, biocompatibility, hydrophobicity and other
mechanical properties may provide advantages in the treatment of skin cancer. In the study

conducted by Zhu et al., core-shell nanofibers were produced and different drugs or active
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molecules could be loaded into each layer of the nanofibers. In this way, improved therapeutic
effects can be observed [24].

Among nanocarriers, nanofiber structures provide many advantages and it has been stated that
successful results have been achieved in cancer treatments. Nanofibers are nanometer-sized
thread-like structures produced using natural and synthetic polymers. Nanofibers are used in
the treatment of many diseases other than cancer. It has been stated that nanofiber structures
are frequently preferred structures in biomedical application areas due to their similarities to
the extracellular matrix structure. The use of nanofiber structures has many desirable
advantages in the field of treatment. Nanofiber structures have an easy production process.
They are materials with high mechanical strengths. They have a high surface area/volume
ratio. It has been stated that since they have a controlled drug release profile, they have the
potential to minimize immediate effects in the body and the ability to maximize the drug
effect by delivering the drug to the target area. Nanofiber structures have a large surface
area/volume ratio and micro-sized pores, allowing direct interaction with drugs and active
molecules. Thus, it has been stated that it increases drug encapsulation efficiency and drug
loading efficiency. In addition, the fact that the production process of nanofibers can be
manipulated allows nanofiber structures to specifically deliver the drug of choice. It has been
stated that nanofiber structures can be used not only in the treatment of diseases but also in

imaging stages for diagnosis of diseases [21].
2.15. PI3BK-AKT-mTOR Relations with Melanoma

Phosphoinositide 3-kinase (PI3K) plays a critical role in the growth and transformation of
cells. Mammalian target of rapamycin (mTOR) is a component of great importance in the
PI3K pathway and is one of the central regulatory elements in cell growth. Protein kinase B
(PKB), a serine/threonine protein kinase, is also known as Akt. PI3K/Akt/mTOR pathway is
an intracellular signaling pathway involved in different cell functions. Its main functions are
given as growth, apoptosis and proliferation. Additionally, this signaling pathway is among

the signaling pathways most commonly activated in cancers [29].

PI3K-AKT is one of the pathways that has received the most attention in terms of study in the
field of cancer. This pathway is a critical regulator of the physiological process of malignant
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cells with aggressive behavior. Other studies in the literature have reported that the PI3K-
AKT signaling pathway is a frequent target for genetic variations in different types of cancer.
Since the PI3K-AKT pathway plays an active role in these areas, it has been accepted as a
focal point in pharmacological studies. The PI3K-AKT pathway can be activated in numerous
ways in melanoma. There are two different events that attract widespread attention in the
literature. The first of these events is the activation of NRAS mutations, one of the oncogenes.
The second event is that the tumor suppressor PTEN cannot be expressed or loses its function
[30].

Ptdins (4,5) P2  Ptdins (3, 4, 5) P3

horylation PH
PerY = Domain : PDK1 5
mn— o
PTEN
Ser47m,308
v
Tumor cell
survival

Figure 2.6. PI3K/AKT signaling pathway diagram. RTK recruits PI3K following activation
and phosphorylation as a result of the uptake of growth factors. Also phosphorylates PtdIns
(4,5) P2 to PtdIns (3,4,5) P3. As a result of this phosphorylation, AKT activation occurs as a
result of PDK1 binding to the PH domain of AKT. Thus, all signaling pathways are activated
and cell growth is regulated [31].
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2.16. Polycaprolactone (PCL) and Polyvinylpyrrolidone (PVP)

Among the biodegradable synthetic polymers, PCL has received a lot of attention recently.
PCL has become widely polymer in implanted biomaterials in many medical fields, including
bone and cardiovascular tissue engineering, wound dressings, sutures, and nerve regeneration
[32]. In addition, research has been carried out to provide controlled release of therapeutic
molecules (for example, drugs, genes and proteins) by acting as carriers. PCL is a
hydrophobic and slowly dissolving polymer. Although it is extensively used in the biomedical
field. PCL is a polymer with many desirable properties, including good stability and easy

processability, and is approved for use by the US Food and Drug Administration [32].

PCL and PVP are among the most popular polymers used. Having biodegradable structures,
being hydrophilic, thermal and chemical stability are the most well-known features. These
two polymers are widely used in controlled drug release technologies due to their tissue
compatibility, easy electrospinning and solute permeability. PCL polymer is the polymer that
provides strength in the structures, while PVP provides the necessary environment for drug
release [33].

PVP is another example of biocompatible synthetic polymer. It is a very common polymer in
biomedical applications because it is soluble in water and does not show toxic effects. PCL
and PVP nanofibers have been widely used as blends in biomaterials. PCL-PVP nanofiber
structures have been used in many studies. Suganya et al. [33], have a study in which they add
medicinal plant extracts into PCL-PVP nanofibers for wound healing. Lee et al. [34],
investigated the effects of PCL-PVP nanofiber structures on stem cells [35].

Zhu et al. [36], produced chitosan-loaded PCL shell and 5-fluorouracil-loaded PVP core
nanofibers. Stating that they tried a new nanofiber delivery system for melanoma, they tested
these nanofibers on B16-F10 and L929 cells. As a result of the study, they stated that the
produced films stopped the cell cycle in the S phase and G2/M phase and prevented the
proliferation of B16-F10 cells [36].

Nasari et al. [37], produced PCL/PVP core shell nanofibers, 5-fluorouracil loaded and
containing multi-walled carbon nanotubes (MWCNTS) by electrospinning. They used

MWCNT to increase the tensile strength of nanofibers whose mechanical properties decreased
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with the increase in PVP amount. The results of MTT viability analysis performed on these
materials indicated that the carrier material was not toxic but the drug loaded nanofiber

structures had an effect on the cervical cancer cell line [37].

2.17. GSK?2126458 and Cancer

Liu et al. [38], examined the effects of GSK2126458 PI3K inhibitor on the proliferation of
nasopharyngeal carcinoma (NPC) cells. As a result of the study, it was stated that
GSK2126458 PI3K inhibitor reduced the viability of NPC cells. They also stated that
GSK?2126458 inhibited the proliferation of NPC cells by affecting PI3K/Akt signaling
pathways. Liu et al., who also examined the effects of GSK2126458 inhibitor on the
migration of cells, stated that the migration of NPC cells was also inhibited. As a result of the
study, Liu et al. stated that GSK2126458 inhibitor inhibited the proliferation and migration of
NPC cells by suppressing PI3BK/mTOR activity and also induced apoptosis and cell-cycle

arrest in the cells [38].

In their study, Albawardi et al. [39] examined the effects of GSK2126458 inhibitor on
different tumor types. As a result of GSK2126458 inhibitor applications, morphological
changes, intracellular caspase-3 activity and immunohistochemical evidence of apoptosis
were observed in invasive ductal carcinoma, morphological changes were observed in
invasive lobular carcinoma tumor types, intracellular caspase-3 activity was observed in
poorly differentiated signet ring adenocarcinoma of gastric origin, and immunohistochemical
evidence of apoptosis was observed in adenocarcinoma of gastric origin. Additionally, no
treatment effect was noted in ovarian serous carcinoma and moderately differentiated

adenocarcinoma of colorectal origin [39].

In their study, Narov et al. examined the effectiveness of GSK2126458 PI3K/mTOR inhibitor
in the treatment of kidney tumors in Tsc2+/- mice produced as a result of genetic engineering.
As a result of the study, they stated that GSK2126458 inhibitor showed a significant decrease
in the number and size of solid kidney tumors. Additionally, GSK2126458 inhibitor

suppressed the proliferation of tumor cells and increased the apoptosis of solid tumors [40].
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In their study, Park et al. [41] investigated the effect of GSK2126458 PI3K/mTOR inhibitor
on the proliferation of human prostate cancer cells (PC3, DU145 and LNCaP). As a result of
this application, it has been reported that GSK2126458 showed a significant anti-proliferative
effect in these cell types with PTEN down regulation or loss of PTEN function. As a result of
their studies, it was reported that anti-apoptotic Bcl-2 and Bcl-xI expressions also decreased
as a result of studies conducted with the combination of GSK2126458 and AZD6244
inhibitors [41].

In their study, Basu et al. [42], investigated the effects of Omipalisib® (another name of
GSK?2126458) inhibitor using neurocutaneous melanocytosis (NCM) cells. As a result of their
study, they stated that Omipalisib® prevented colony formation of cells and induced

autophagic cell death [42].
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3. MATERIALS AND METHODS

3.1. Materials

e 0.2, 15- and 50-mL Centrifuge Tubes

e 10-100 pL and 100-1000 pL micropipette tip

e 5-10 mL Serological Pipette

e 7-Hydroxy-3H-phenoxazin-3-one 10-oxide (Resazurin sodium salt)
e Beaker (50-250 mL)

e Chloroform (CHCI5)

¢ Dichloromethane (DCM)

e Dimethyl sulfoxide (DMSO)

e Dimethylformamide (DMF)

e Dulbecco’s Modified Eagle’s Medium (DMEM) — High Glucose
e Fetal Bovine Serum (FBS)

e (SK2126458 (Omipalisib®™)

e Methanol (CH3;0H)

e Micropipette

e Phosphate Buffer Solution (PBS)

e Polycaprolactone (PCL)

e Polyvinylpyrrolidone (PVP)

e Tetrahydrofuran (THF)
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3.2. Methods

3.2.1. Production of GSK2126458 Loaded and Non-Loaded PCL/PVP Nanofibers

The polymer, solvent and ratios used for nanofiber production by electrospinning are given in
Table 3.1.

Table 3.1. Table of polymers, solvents and ratios prepared for electrospin.

Solvent Chloroform:Methanol DCM:DMF
(5mL) (5mL)
Ratio 4:1 31 11
PCL (Avg.
MW: 80,000) 0.35 0.35 0.575
Amount of PVP (Avg.
polymer (g) MW:10,000) 0.15 0.15 0.025
PVP (M 0.15 0.15 0.025

1,100,000.00)

Avg. MW: Average molecular weight, M,: Relative formula mass

All polymer solutions used for electrospinning were prepared as PCL/PVP mixture. As the
first solution, PCL (Avg. MW: 80,000) and PVP (Avg. MW: 10,000) were dissolved in
Chloroform:Methanol (3:1). Then, the Chloroform:Methanol ratio was changed to 4:1. In the
following solutions, PVP (M;: 1,100,000.00) was used instead of PVP (Avg. MW: 10,000).
Different solutions were prepared with new PVP as Chloroform:Methanol (3:1),
Chloroform:Methanol (4:1) and DCM:DMF (1:1). Each solution was stirred with a magnetic
stirrer at room temperature for 24 hours. At the end of 24 hours, the solutions were taken into
a 5 mL syringe. The syringe needle tip was flattened with sandpaper and a blunt end was
obtained. The solutions were electrospun to test different electrospinning conditions.

After the optimizations for solution and electrospinning conditions for nanofiber production
were completed, drug-containing nanofiber production was started. PCL/PVP polymers were
dissolved in DCM:DMF (1:1). After the polymers were completely dissolved in the solvent at
room temperature with a magnetic stirrer, different amounts of drug solution were added to
the polymer solutions in the form of droplets.
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Figure 3.1. Image of the electrospinning device (Fytronix, Tiirkiye) used in electrospun

nanofiber production.

3.2.2. Characterization of GSK2126458 Loaded PCL/PVP Nanofibers

Morphology of nanofiber structures observed by Scanning Electron Microscope (SEM)
analysis (FEI, Quanta 650 Field Emission SEM). ImageJ ((National Institute of Health, MD)
software was used to determine fiber diameters and their distribution from SEM images.
Confirmation of loading of GSK2126458 into PCL/PVP nanofiber structures confirmed by
fourier transmission infrared (FTIR) spectrometry (Bruker, VERTEX 70v) [35], [4].
Hydrophilicity of the membranes (n=3) determined by contact angle measurement (Attension
Theta Flex) using the plate method. The mechanical properties of the membranes investigated

using tissue analyzer Stable Microsystems (Model TA.XTPlus, SurreyEngland).
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3.2.3. Cell Culture Studies
3.2.3.1. Cell Seeding and Viability Assay

In this study, B16-F10 mouse melanoma cell line (ATCC: CRL-6475™) was used in cell
culture studies. B16-F10 cell line was cultured in DMEM-HG medium containing 10% FBS,
1% Penicillin/Streptomycin and 1% L-Glutamine.

To determine the ICsp for GSK2126458 drug on B16-F10 melanoma cells, 10,000 cells per
well were seeded in 96-well plates in 200 pL of cell growth medium. First, drug
concentrations between 0-50 uM were prepared in cell growth medium to determine the ICs
value. The IC50 value is the half-maximal inhibitory concentration of a substance that inhibits
a biochemical or biological event. At the end of 24 hours, the medium of the confluent cells
was replaced with 100 pL of medium containing the drug and cultured for 24 hours. At the
end of 24 hours, the cell growth medium was replaced with DMEM-HG media containing
10% resazurin, 1% L-Glutamine and 1% P/S and waited for 2-3 hours for cells metabolic
activity and color change on media. After incubation time, measurements were taken at
wavelengths of 570-600 nm with a UV-vis spectrophotometer (BMG LabTech,
SPECTROstar” Nano).

Electrospun GSK2126458/PCL/PVP membranes were cut to size appropriate for the 24-well
plate wells 1.5 cm in diameter. Sterilization of membranes was achieved with UV light under
sterile conditions. UV light applied for 1 hour to each side of membranes. Previously
sterilized stainless-steel rings were placed on top of the membranes that placed in the wells.
50 puL of DMEM-HG cell medium containing 100,000 cells were added onto the membranes
in a small diameter. The cells were then cultured in a 5% CO; incubator at 37°C for 1 hour to
allow the cells to attach to the surface of the membranes. 950 pL of cell culture medium was
added onto the cell seeded membranes after 1 hour culture. Cell seeded membranes were
cultured at 37°C in 5% CO, incubator for 2 days. Resazurin analysis was applied to the cell to

determine cell viability after 24 h and 48 h culture as described in the previous paragraph.
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Figure 3.2. Image of UV-vis spectrophotometer device used in the analysis.
3.2.3.2. Visualization of Cell Morphology with SEM

Cell adhesion to membranes was determined by SEM analysis. For SEM analysis of the cells,
culture medium on the membranes was removed and membranes were washed 2 times with
PBS. 200 plL/well of 2.5% (v/v) glutaraldehyde solution in PBS was applied to the
membranes and left at room temperature for 30 minutes. At the end of the period, the
membranes were washed twice with PBS. After the cells were fixed, they were kept in
ethanol solutions of different concentrations (30%, 50%, 70%, 90% and 100%) or 2 minutes
for dehydration. The membranes were then completely dried in 100% hexamethyldisilazane
(HMDS) for 5 minutes. After removing HMDS, the membranes were waited under fume hood

for one night. Gold coated membranes were analyzed by SEM at 10 kV under vacuum.

3.2.3.3. Immunofluorescent Staining

Immunofluorescence staining was carried out to show the morphology of the cell nucleus and
fibrous actin protein distribution in the cell cytoplasm. Used cell medium on the membranes
was removed and the membranes were washed 3 times in PBS. Fixation was caried out with
2.5% (v/v) glutaraldehyde for 20 minutes and then membranes washed 3 times in PBS. At the
end of the period, the membranes were kept in 0.1% (v/v) Triton X-100 solution for 10

minutes. Triton X-100 solution was removed and membranes were washed 3 times with PBS.
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At the end of washing, DAPI (4°, 6-diamidino-2-feniliindol dihydrochloride) (1:1000 v/v) and
anti F-actin (alexa fluor 488 reagent) (1:100 v/v) solution diluted in PBS containing 1% (w/v)
bovine serum albumin (BSA) protein was added to the membranes and waited for 30 minutes.
At the end of the period, the membranes were washed 3 times with PBS and imaged under

inverted phase contrast microscope with fluorescent attachment (Leica).

3.2.4. Antibacterial Analyzes

Two methods were used to evaluate the antibacterial activities of GSK2126458-loaded
PCL/PVP membranes. Agar diffusion method (semi-quantitative) was used as the first
method. For this, 0.5 McFarland bacteria concentration was prepared in PBS and inoculated
on nutrient agar (NA) by the spreading method. UV sterilized membranes, were cut into 10
mm in diameter, they were placed on the seeded agars and incubated at 37°C for 24 hours.
Antibacterial activity was evaluated by measuring the diameter of the inhibition zones.

The second method used to evaluate antibacterial activity is the “’Shake Flask Method”’. The
membranes were weighed as 0.2 g and both sides were exposed to UV sterilization for 30
minutes. Membranes without drug loading were used as negative control in the experiment. In
this method, 100 pL of 0.5 McFarland bacterial suspension (10® CFU/mL) was mixed with
900 pL “’nutrient broth>> and 9 mL of PBS in each sterile test tube and the bacteria
concentration was adjusted to 10° CFU/mL in the final solution. Pre-sterilized 0.2 g
membranes were placed in 10° CFU/mL bacterial suspension and incubated at 37°C for 24
hours with shaking at 200 rpm. At the end of 24 hours, colony numbers were counted and
antimicrobial activity was calculated as %reduction using the equation below. A and B are the
number of colonies detected from the negative control and processed samples, respectively
[43]. The microorganisms used in the experiments are as follows; Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa and Methicillin-resistant Staphylococcus
aureus (MRSA).

A—B
Cell growth inhibition(%) = * 100
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3.2.5. Statistical Analyzes

“Graph-Pad Prism”’ (version 10.2.3, USA) program was used for statistical analysis. One-way
ANOVA test was applied to determine the significant differences between the groups and

“Tukey-Kramer multiple comparisons test’” was applied as a “post Hoc test”
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4. ANALYSIS AND DISCUSSION

4.1. Preparation of PCL Membranes

PCL/PVP fiber structures to be used in cell culture were electrospun onto PCL membrane. 10
g of PCL was dissolved in 100 mL of THF and stirred with a magnetic stirrer for 24 hours.
After 24 hours, the completely dissolved 10% (w/v) PCL solution was distributed to 7 cm
diameter glass Petri dishes as 3 mL. The tops of the glass Petri dishes were covered with
perforated aluminum foil and the THF solvent was allowed to evaporate in a fume hood for at

least 3 days. Thus, thin and flat PCL membranes were obtained.
4.2. Production and Optimization of Drug-Loaded PCL/PVP Fiber Membranes

Many different conditions were tried to obtain smooth PCL/PVP fibers as beading free and
non-wavy morphology. The first condition was determined as 10% total polymer content in 5
mL of chloroform/methanol (4:1). 0.35 g of PCL (Avg. Mn: 80,000) and 0.15 g of PVP (Avg.
MW: 10,000) were dissolved in 4 mL of chloroform and 1 mL of methanol. The solution was
stirred with a magnetic stirrer at room temperature for 24 h. The needle tip of the 5 mL
syringe was flattened with sandpaper. The solution was taken into the syringe and
electrospinning was attempted. However, the viscosity of the solution was observed to be
high and electrospinning attempts did not yield results. For this reason, PVP (M
1,100,000.00) was selected to prepare the PCL/PVP solution and all solutions were prepared
with this PVP.
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Table 4.1. Condition and solvent table of fiber structures provided by electrospinning

method.
Electrospin Condition Solvents
Chloroform Methanol DCM DMF
10 cm 15 kV 0.700 mL/h PCL/PVP 10% ° i ER
10 cm 15 kV 0.750 mL/h PCL/PVP 10% . . '*S § :T
10 cm 18 kV 0.750 mL/h PCL/PVP 10% o . =5~
10 cm 15 kV 0.800 mL/h PCL/PVP 10% . . ©
10 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 10% i i
12 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 10% . . _
8 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 12% . . 5
10 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 12% . . S
10 cm 17 kV 0.750 mL/h PCL/PVP (70:30) 12% * o %
12 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 12% . ° =
10 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 14% o J E
10 cm 17 kV 0.750 mL/h PCL/PVP (70:30) 14% . . _%
10 cm 20 kV 0.750 mL/h PCL/PVP (70:30) 14% o . 5
10 cm 15 kV 0.750 mL/h PCL/PVP (70:30) 15% . .
10 cm 17 kV 0.750 mL/h PCL/PVP (70:30) 15% . .
15 cm 24 kV 0.02 mL/min. 10% PCL 2% PVP . . ~
15 cm 24 kV 0.02 mL/min. 12% PCL 0% PVP i i =
15 cm 24 kV 0.03 mL/min. 10% PCL 2% PVP . . S
15 cm 24 kV 0.03 mL/min. 12% PCL 0% PVP . J §
15 cm 24 kV 0.04 mL/min. 10% PCL 2% PVP . . 2
15 cm 24 kV 0.04 mL/min. 12% PCL 0% PVP . J
15 cm 24 kV 0.04 mL/min 11.5% PCL 0.5% PVP v v

PCL (Ave. MW: 80,000), PVP (Mr 1,100,000.00)
e : Tested conditions, v : Selected condition

To produce drug-loaded PCL/PVP electrospin fiber structures, polymers dissolved in 11.5%
(w/v) PCL and 0.5% (w/v) PVP, in 5 mL DCM/DMF (1:1). Phase contrast images of the
fibers produced according to the electrospinning conditions given in Table 4.1. were obtained

by light microscopy.

33



Figure 4.1. Phase contrast images of fibers obtained by light microscopy. 10 cm 15 kV 0.7
mL/h PCL/PVP (10%) Chloroform/Methanol (4:1) (A-B), 10 cm 15 kV0.75 mL/h PCL/PVP
(10%) Chloroform/Methanol (4:1) (C-D), 10 cm 18 kV 0.75 mL/h PCL/PVP (10%)
Chloroform/Methanol (4:1) (E-F) and 10 cm 15 kV 0.8 mL/h PCL/PVP (10%) (G-H)
Chloroform/Methanol (4:1), A-C-E-G 10X and B-D-F-H 20X.

34



< 4%%

N,
o

Figure 4.2. Phase contrast images of fibers obtained by light microscopy. 10 cm 15 kV 0.75
mL/h PCL/PVP (70:30) (10%) Chloroform/Methanol (3:1) (A-B), 12 cm 15 kV 0.75 mL/h
PCL/PVP (70:30) (10%) Chloroform/Methanol (3:1) (C-D), A-C 10X and B-D 20X.
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Figure 4.3. Phase contrast images of fibers obtained by light microscopy. 8 cm 15 kV 0.75
mL/h PCL/PVP (70:30) (12%) Chloroform/Methanol (3:1) (A-B), 10 cm 15 kV 0.75 mL/h
PCL/PVP (70:30) (12%) Chloroform/Methanol (3:1) (C-D), 10 cm 17 kV 0.75 mL/h
PCL/PVP (70:30) (12%) Chloroform/Methanol (3:1) (E-F) and 12 cm 15 kV 0.75 mL/h
PCL/PVP (70:30) (12%) (G-H) , A-C-E-G 10X and B-D-F-H 20X.
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Figure 4.4. Phase contrast images of fibers obtained by light microscopy. 10 cm 15 kV 0.75
mL/h PCL/PVP (70:30) (14%) Chloroform/Methanol (3:1) (A-B), 10 cm 17 kV 0.75 mL/h
PCL/PVP (70:30) (14%) Chloroform/Methanol (3:1) (C-D), 10 cm 20 kV 0.75 mL/h
PCL/PVP (70:30) (14%) Chloroform/Methanol (3:1) (E-F) , A-C-E-G 10X and B-D-F-H
20X.
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Figure 4.5. Phase contrast images of fibers obtained by light microscopy. 10 cm 15 kV 0.75
mL/h PCL/PVP (70:30) (15%) Chloroform/Methanol (3:1) (A-B), 10 cm 17 kV 0.75 mL/h
PCL/PVP (70:30) (15%) Chloroform/Methanol (3:1) (C-D), A-C 10X and B-D 20X.
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Figure 4.6. Phase contrast images of fibers obtained by light microscopy. 15 cm 24 kV 0.02
mL/min PCL/PVP (10%-2%) (12%) DCM/DMF (1:1) (A-B), 15 cm 24 kV 0.02 mL/min
PCL/PVP (12%-0%) (12%) DCM/DMF (1:1) (C-D), A-C 10X and B-D 20X.
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Figure 4.7. Phase contrast images of fibers obtained by light microscopy. 15 cm 24 kV 0.03
mL/min PCL/PVP (10%-2%) (12%) DCM/DMF (1:1) (A-B), 15 cm 24 kV 0.03 mL/min
PCL/PVP (12%-0%) (12%) DCM/DMF (1:1) (C-D), A-C 10X and B-D 20X.
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Figure 4.8. Phase contrast images of fibers obtained by light microscopy. 15 cm 24 kV 0.04
mL/min PCL/PVP (10%-2%) (12%) DCM/DMF (1:1) (A-B), 15 cm 24 kV 0.04 mL/min
PCL/PVP (12%-0%) (12%) DCM/DMF (1:1) (C-D), A-C 10X and B-D 20X.



To produce drug-loaded PCL/PVP electrospin fiber structures, polymers dissolved in 11.5%
(w/v) PCL and 0.5% (w/v) PVP, in 5 mL DCM/DMF (1:1) [44]. After the PCL/PVP solution
was obtained 10 mM GSK2126458 added to this solution at different amounts (Table 3) and
then waited for 24 hours for the polymers to dissolve in the solvent to obtain a homogenous

solution. DMSO concentration was kept constant for all samples.

Table 4.2. Table of GSK2126458 and DMSO amounts contained in sample group.

Volume (uL)
Sample Groups GSK2126458 (10mM) DMSO
PCL/PVP/Control 0 100
PCL/PVP/50 50 50
PCL/PVP/75 75 25
PCL/PVP/100 100 0

The total amount of polymer in the polymer solutions was kept constant at 0.5 g. Accordingly,
the drug amounts per g polymer for PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 and
PCL/PVP/100 fiber groups were obtained as 0.25, 0.37 and 0.50 mg GSK2126458,

respectively.
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PCL Membrane L PCL/PVP/C

Figure 4.9. Image PCL membrane and fiber production by electrospinning on PLC
membrane.

The produced fiber membranes were left to dry at room temperature for 24 hours. At the end
of 24 hours, they were stored at -20°C to be used in experiments. Membranes were cut into
1.5 cm diameter for cell culture and antibacterial activity studies.

PCL/PVP/C PCL/PVP/50: CL/ PCL/PVP/100

Figure 4.10. Image of fiber membranes produced by electrospinning on PCL membrane with

a diameter of 1.5 cm.
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4.3. Characterization of Drug Loaded PCL/PVP Fibers

4.3.1. SEM and diameter distribution analysis

SEM analysis results of fiber membrane groups are given in Figure 4.11.

Figure 4.11. Images of PCL/PVP/Control (A-C), PCL/PVP/50 (D-F), PCL/PVP/75 (G-1) and
PCL/PVP/100 (J-L) groups obtained by SEM analysis. 5000 magnification (A, D, G, J),
10000 magnification (B, E, H, K), and 20000 magnification (C, E, I, L).
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ImageJ software was used to calculate average fiber diameters and fiber diameter distributions
using SEM images. Diameter distrubutions of fibers are given in Figure 4.12.
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Figure 4.12. Diameter histogram graphs of fibers.
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Figure 4.13. Graphical display of average fiber diameters and standard deviations of fibers.

Table 4.3. Average fiber diameters.

Sample Average fiber diameters (um)
PCL/PVP/C 0.682 + 0.316
PCL/PVP/50 0.588 + 0.240
PCL/PVP/75 0.637 + 0.208
PCL/PVP/100 0.611+0.196

SEM images indicated that smooth and continuous fiber structures were obtained in all
groups. The fibers were also beading free. Average diameters of the fibers were calculated as
0,682 £ 0,316 pum, 0,588 + 0,240 pm, 0,637 £ 0,208 pm, and 0,611 £ 0,196 pum for
PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 and PCL/PVP/100 groups, respectively. Statistical
analysis indicated that there were no significant differences in the fiber diameter between
groups. This was considered to be a result of the fact that the polymer type, the amount and
the amount of solvent in which the GSK2126458 was dissolved were the same for all groups.
Therefore, there was no significant difference neither in the structure of the fibers nor in the
diameter distribution of the fibers. There were some thin and some thick fibers in all fiber

structures. This may due to the use of different polymer types in the fiber structure.
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4.3.2. FTIR analysis

FTIR spectra of PCL/PVP fiber membranes collected on aluminum foil with or without
GSK?2126458 drug molecule are given in Figure 4.14 and Figure 4.15. The fiber samples were
removed from aluminum foil before analysis. Main peaks for PCL polymer were recorded at
1165 cm™, 1240 cm™, 1722 cm™, 2866 cm™, and 2945 cm™ [45], [46]. The peaks at 2866 cm™
! and 2945 cm™ wavelengths were attributed to asymmetric and symmetric vibrations of CH2
group. The peaks recorded at 1240 cm™ and 1165 cm™ wavelengths are asymmetric and
symmetric C-O-C stretching, respectively [47]. The peak obtained at 1722 cm™ is seen as the

stretching of the C=0 ester carbonyl group of the crystalline structure [45].
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Figure 4.14. FTIR spectra of PCL/PVP fibers.

Main FTIR peaks for PVP polymer were given as a carbonyl stretching band, CH bending and
CH2 wagging and CN stretch around 1650 cm—1, 1374 cm—1, and 1277 cm—1, respectively
[47] and generally overlapped with PCL peaks. However, there was not any peak in the FTIR
spectrum of pure PCL around 1650 cm—1 [45] so, in this study the neck around 1654 cm-1
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was attributed to the CN stretch of PVP polymer indicating the presence of low amount of
PVP in PCL/PVP blend. As a result, it was concluded that the PCL/PVP fibers produced in
this thesis study contained predominantly PCL as desired. In addition, in the study conducted
by Massoumi et al. [48], the FTIR results for PCL were found to be consistent with the FTIR
results of the PCL/PV/P fiber groups produced in this thesis.
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Figure 4.15. Detailed FTIR spectra of PCL/PVP fiber membranes.

There was a little difference between 605 cm™ to 623 cm™ wavelengths for control and drug
loaded fiber membranes. The peak at 615 cm™ which corresponds to C-H bending [49] was
shrunked with increasing drug concentration as shown in Figure 4.15. This little change was
probably due to the very low amount of drug molecule and its encapsulation in the polymer

structure.
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4.3.3. Contact angle analysis

In this analysis, contact angle measurements were performed to determine the wettability
properties of fiber groups containing different amounts of drug. For contact angle analysis,
1x1 cm dimensions were cut from the electrospun samples of PCL/PVP/C, PCL/PVP/50,
PCL/PVP/75 and PCL/PVP/100 fiber groups on aluminum foil. Three samples were cut for
each group and the analyses were completed in triplicate. The average contact angles were

determined according to the results of the contact angle analyses.

Average contact angle graph of fiber membranes
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Figure 4.16. Graph of average contact angle of fiber groups.

Table 4.4. Average contact angle (ACA) values.

Sample ACA ()
PCL/PVP/C 76.02 + 8.06
PCL/PVP/50 83.63+1.75
PVL/PVP/75 66.98 + 2.83
PCL/PVP/100 82.92 +12.82
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Figure 4.17. Images of contact angle of fiber groups. Images chosen as closest to average
contact angle values. PCL/PVP/C (A), PCL/PVP/50 (B), PCL/PVP/75 (C) AND
PCL/PVP/100 (D).

The data obtained as a result of contact angle analysis were compared with the studies in the
literature. In the study conducted by Marmur et al. [50], on contact angles on different
surfaces, the material obtained with a contact angle above 90° is considered hydrophobic. For
materials with a contact angle below 90°, the material is considered hydrophilic [50].
According to the contact angle results, it was observed that the materials used in this study
had average contact angle values below 90°. Considering these results, it was concluded that
the materials were hydrophilic. Contact angles were similar between PCL/PVP fiber groups.
It was observed that the wettability properties of the GSK2126458 drug used in this study did
not increase the hydrophilic properties of the fibers depending on the drug concentration. In
other words, it was concluded that the hydrophilic properties of the fibers did not increase as

the drug concentration in the fibers increased.
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4.3.4. Texture analysis

One of the mechanical analyses among the characterization analyses of fiber structures is
texture analysis. During texture analysis, fiber groups were cut into 1x4 cm dimensions.

Fibers cut to the desired dimensions were subjected to tensile-tension tests.

Table 4.5. Table of tensile-tension analysis results of PCL/PVP/C fiber group.

Sample Strength Toughness Young Modulus Elongation at Break
MPa (MJ/m®) (MPa) %
PCL/PVP/C-1 2.20 1.08 15.46 65.71
PCL/PVPI/C-2 4.75 2.44 32.82 73.56
PCL/PVPI/C-3 3.04 1.53 11.24 74.46
PCL/PVPIC-4 2.99 1.09 26.97 50.27
PCL/PVPI/C-5 2.69 0.98 10.16 51.95
PCL/PVPI/C-6 3.38 0.89 55.52 35.76
Avg. 3.17 1.34 25.36 58.62
SD 0.87 0.58 17.30 15.24

SD: Standard deviation
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Table 4.6. Table of tensile-tension analysis results of PCL/PVP/50 fiber group.

Sample Strength Toughness  Young Modulus Elongation at Break
MPa (MJ/m?3) (MPa) %
PCL/PVP/50-1 7.43 3.79 86.22 69.53
PCL/PVP/50-2 0.86 0.06 97.94 8.16
PCL/PVP/50-3 9.16 6.19 92.79 95.44
PCL/PVP/50-4 3.45 0.68 41.54 26.44
PCL/PVP/50-5 8.52 4.60 138.19 71.29
PCL/PVP/50-6 1.65 0.17 90.36 13.47
PCL/PVP/50-7 1.82 0.22 60.24 15.30
Averages 4.70 2.25 86.75 42.80
SD 3.55 2.55 30.46 35.08

SD: Standard deviation

It was determined by both SEM images and FTIR analysis that there was no structural
difference between the fiber groups. Therefore, only PCL/PVP/C and PCL/PVP/50 group

fibers were tested in the tensile analysis.
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4.4. Cell Culture Studies Results

B16-F10, mouse melanoma cell line between passage 44-47 was used in cell culture studies.
Cells were cultured on 75 cm? TCPS and cell density was calculated as 114.800 cells/cm?

when they were confluence on the surface.

In Figure 4.18, surface adhesion and spreading of B16-F10 cells are clearly seen in light
microscope images. The cells showed fibroblast morphology with their starlike shapes. B16-
F10 cells are described as a cell line exhibiting a morphology of spindle-shaped and
epithelial-like cells” by American Type Culture Collection (ATCC). In our study most of
them showed spindle-shaped or star-like shaped morphology. This might probably because of
the passage number of the cells. The cells were at passage 44 in Figure 4.18. DAPI staining
was conducted to show both morphology of cell nuclei and if there was any mycoplasma
contamination. Nuclei of the cells showed circular morphology in general and some of them
showed elongated shape. The same results were demonstrated in the study conducted by
Biggers et al. for B16-F10 cells [51]. This may vary according to the stage of cell attachment.
More spreading cells may show an elongated nucleus shape. DAPI staining images also
showed that the B16-F10 cell line at passage 44 was clear for DAPI staining without

suspicion of any mycoplasma contamination.

Figure 4.18. Phase contrast image of the B16-F10 cell line used in cell culture studies (10X)
and DAPI (blue) images of the cells at passage 44 (20X).
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4.4.1. Determination of 1Csofor GSK2126458

To determine the ICsy value of GSK2126458 drug, the cells were cultured on 96 well plate.
They were seeded at a concentration of 10,000 cells / well in 200 pL cell culture medium. The
cells were incubated at 37°C in 5% CO, atmosphere in for 24 hours. At the end of cell
incubation, growth media were replaced with growth media containing different drug
concentrations, DMSO at 1/1000 dilution as solvent control group and control group without
drug and DMSO. Drug concentrations were selected as 50, 40, 30, 20, 10, 5, 2.5, 1.25, 0.625,
and 0.315 pM. The cells were incubated another 24 hour at 37 °C in 5% CO, atmosphere.
Serum containing complete growth medium was used in the study. Cell viabilities were
determined resazurin analysis as described in materials and methods section. Inverted phase

contrast images of the cells used in cell viability stuy are given in Figure 4.19.

Figure 4.19. 10x (A-B) and 20x (C-D) phase contrast images of the B16-F10 cells in the T75
flask used in cell culture studies.

54



%Cell viabilities are given in Figure 4.20. ICsq concentration of GSK2126458 drug molecule
on B16-F10 cell line was calculated using viability results as shown in Figure 4.21.

B16-F10 Cell Viability for GSK2126458
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Figure 4.20. %Cell viabilities at different concentrations of GSK2126458 drug as a result of

resazurin analysis.

According to viability analysis results, a slope graph was created to obtain the I1Cs, value
using 100-90-80-70-60-50-40-30-0 uM concentrations.
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Figure 4.21. Slope graph of the values at which 50% cell viability is obtained from cell

viability analysis.
According to the results of the viability analysis, the concentration range in which 50%

viability was observed was selected and the slope graph and equation were obtained.
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y = —0.6556x + 82.324 (Equation 1)
According to Equation 1, the 1Cs value was calculated as 49.21 uM GSK2126458.

In a by Khalili et al., the effects of the clinically important PI3K inhibitor GSK2126458
molecule on mutated uveal melanoma cells were investigated. At the end of the study, it was
stated that the PI3K inhibitor GSK2126458 drug molecule treatment caused a decrease in cell
growth and cell cycle arrest [52]. In the study conducted by Krepler et al., live tissue samples
were taken from patients. Resistance mechanisms were defined as against targeted therapy.
These mechanisms generally lead to reactivation of the MAPK signaling pathway or
activation of the PI3K signaling pathway. Some preclinical data indicated that combinations
of BRAF/MEK and PI3K/mTOR inhibitors may be effective in BRAF mutant melanomas.
Some of the Phase I clinical studies using this combination have indicated the safety of this
approach and some clinically active results [53]. In the study conducted by Guo et al.,
omipalisib, GSK2126458, a specific inhibitor of the mTOR signaling pathway, was applied to
melanoma cells. As a result of the application, omipalisib was reported to inhibit growth in
melanoma cells and facilitate apoptosis in combination studies [54]. In the study conducted by
Chuoi and colleagues, they tested PI3K inhibitors directly on animals by intralesional
injection into the paws and ears. Researchers who used omipalisib for the PI3K inhibitor
stated that omipalisib treatment caused hypopigmentation in the dermis region and almost
complete destruction of melanocytes [55]. In the study conducted by Abbas et al., they stated
that omipalisib drug molecule was used in Phase I clinical studies. In addition, the number of
combination studies of omipalisib drug molecule with chemotherapeutic agents has increased
[56].

4.4.2. Cell viability analysis on PCL/PVP fiber membranes

B16-F10 %cell viabilities at 24 h / 48 h are given in Figure 4.22. According to 24 h viability
analysis, %cell viability of PCL/PVP/50, PCL/PVP/75 and PCL/PVP/100 fiber membranes
compared to PCL/PVP/C fiber membrane was obtained as 72.25%, 64.61% and 57.82%,
respectively. According to 48 h viability analysis, %cell viability of PCL/PVP/50,
PCL/PVP/75 and PCL/PVP/100 fiber membranes compared to PCL/PVP/C fiber membrane
was obtained as 74.76%, 70.85% and 60.19%, respectively. The %cell viability value of the
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TCPS control group was obtained as 116.32% when the PCL/PVP/C fiber membrane group

was taken as control.

It was obtained that as the GSK2126458 drug molecule in PCL/PVP fiber membranes
increased, B16-F10 %cell viability decreased. As a result of statistical analysis, it was found
that there was a significant difference between PCL/PVP/C and PCL/PVP/100 fiber
membranes (p=0.0414) in the 24 h viability analysis. In the 48 h viability analysis, it was
found that there were significant differences between PCL/PVP/C and PCL/PVP/75 fiber
membranes (p=0.0248) and between PCL/PVP/C and PCL/PVP/100 fiber membranes
(p=0.0059). In the literature, there is no study in which GSK2126458 drug molecule was

loaded into any polymer structure and applied to cells according to authers knowledge.
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Figure 4.22. Cell viabilities on PCL/PVP fiber membranes at 24 and 48 hour by Resazurin
assay.
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4.4.3. Visualization of cells on fiber membranes with SEM

SEM images of B16-F10 cells on fiber membranes are given in Figure 4.23. B16-F10 cells
spread well on both on control and GSK drug loaded membranes as seen in Figure 4.23.
When the morphology of the cells on the membranes with and without drug molecules was
compared, it was observed that in the control membranes the cells were spread over a wider
area and the boundaries were not very clear, while in the drug-loaded membranes the cell
boundaries were clear and the cells were less spread. There were some small crystalline
structures on the cells cultured on PCL/PVP/75 fiber membranes. They were probably due to

the salt residues after washing with PBS.
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Figure 4.23. SEM images of 24h. viability analysis of PCL/PVP/Control (A-B), PCL/PVP/50
(C-D), PCL/PVP/75 (E-F) and PCL/PVP/100 (G-H) groups obtained as a result of SEM
analysis. 1000X magnification (A, C, E, G) and 2500X magnification (B, D, F, H).
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4.4.4. Immunofluorescent staining

Immunofluorescence staining was conducted to show both cytoskeletal (F-actin) and nuclear
(DAPI) changes of B16-F10 cells cultured on GSK2126458 loaded PCL/PVP membranes.
DAPI staining images are given at 4x magnification to show the cell density and cell seeding
boundiries in Figure 4.24. DAPI staining showed that cell nuclear morphology was not
disrupted with increasing drug concentration, but the live cell density decreased with
increasing drug concentration. In cell culture studies the cells were seeded in small volume as
a dot shape. DAPI staining does not directly show the cell density on PCL/PVP membanes
however it can be used to predict/show cell migration according to the staining area and
intensity. The extracellular spaces between the cells and the border where cell seeding takes
place are more clear when compared to the other groups which may be an indication of low

cell migration from the seeded area.

PCL/PVP/50 *

PCL/PVP/C

PCL/PVP/100

PCL/PVP/75

Figure 4.24. Fluorescence microscope images of DAPI (blue) staining of B16-F10 cells on
PCL/PVP fiber membranes. Images were obtained at 4x magnification. Orange lines indicate

the estimated seeding boundaries of the cells.
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DAPI and F-actin staining images of the cells cultured on PCL/PVP membranes are given in
Figure 4.25. Decrease in cell density on the membarenes with increasing drug concentration
was clearly seen in the image. There was not any significant difference in F-actin staining

intensity of the cells on different fiber membranes.

Figure 4.25. Fluorescence microscope images of DAPI (blue) and F-Actin (green) staining of
B16-F10 cells on PCL/PVP fiber membranes. Images were obtained at 20x magnification.
PCL/PVPI/C (A-B), PCL/PVP/50 (C-D), PCL/PVP/75 (E-F) AND PCL/PVP/100 (G-H).
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4.5. Antibacterial Analyzes Results

45.1. Antibacterial activity determination of PCL/PVP fiber membranes

To measure the antibacterial activities of fiber membranes, 0.5 McFarland bacterial
concentration of E. coli, S. aureus, P. aeruginosa and Methicillin-resistant Staphylococcus
aureus (MRSA) bacteria were prepared in PBS. 100 pL of 0.5 McFarland bacteria were
inoculated into petri dishes containing nutrient agar (NA) using the spreading method. After
bacterial inoculation, 1.5 cm diameter fiber membranes were placed on each side sterilized
with UV light for 1.5 hours. Incubation period was waited for 24 hours at 37°C. At the end of

24 hours, it was observed that no inhibition zone was formed around the fiber membranes.

Figure 4.26. Images of fiber membranes after 24 hours of incubation. E. coli (A-B), S. aureus
(C-D), P. aeruginosa (E-F) and MRSA (G-H)
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4.5.2. Disc diffusion assay

The analysis of whether GSK2126458 drug used in fiber production has antibacterial effect
was done by disc diffusion analysis. 0.5 McFarland bacterial concentration of E. coli, S.
aureus, P. aeruginosa and Methicillin-resistant Staphylococcus aureus (MRSA) bacteria were
prepared in PBS previously. 100 pL of bacterial concentrations were taken and inoculated on
petri dishes containing nutrient agar (NA) using the spreading method. At the end of bacterial
inoculation, 2 empty and 1 antibiotic containing disks were placed in the petri dishes. 15 pL,
1 mM GSK2126458 dissolved in DMSO previously was dropped on one of the empty disks
and 15 pL sterile DMSO was dropped on the other empty disk. Incubation period was waited
for 24 hours at 37°C. At the end of 24 hours, no inhibition zone was observed around the drug

and DMSO disks except for the antibiotic disks.

Figure 4.27. Images of inhibition zones of antibiotic, GSK2126458 and DMSO discs. E. coli
(A), S. aureus (B), P. aeruginosa (C) and MRSA (D).
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5. CONCLUSIONS

In this thesis study, GSK2126458 drug molecule which is a highly selective inhibitor for
PI3K was loaded in PCL/PVP fiber membranes at different concentrations and their use as an
alternative or adjunctive treatment method in melanoma treatment was determined as the

main target.
According to the results obtained within the scope of this thesis study:

PCL (Avg. MW: 80,000), PVP (Avg. MW: 10,000), and PVP (M;: 1,100,000.00) polymer
were used to obtain smooth and flat PCL/PVP fibers by electrospinning method. Different
electrospin conditions with varying polymer type and concentration, solvent type and
concentration, distance, voltage and collector type were applied and the most appropriate
conditions allowing smooth and flat PCL/PVP fibers were selected. It was determined that the
condition where 11.5% PCL and 0.5% PVP polymers were dissolved in DCM:DMF (1:1) so
that the total polymer amount would be 12% and 0.04 mL/min flow rate, 15 cm distance and
24 kV voltage conditions were suitable for the production of smooth and flat fibers.

PCL/PVP fiber membranes with 0, 50, 75 and 100 pL of 10 mM GSK2126458 drug were
produced and stored at -20 degrees for cell culture, microbiology and for characterization

studies.

The morphology of the fiber membranes were determined by SEM analysis and the average
diameters of these fibers were calculated from the SEM images using Image J program.
Smooth fibers without any beeding were obtained applying selected elecrospinning
conditions. The average diameters for the PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 and
PCL/PVP/100 fiber groups were 0.682 + 0.316, 0.588 + 0.240, 0.637 + 0.208 and 0.611 +
0.196 um, respectively. Changing amount of GSK2126458 drug neither affected fiber

diameter nor fiber morphology significantly.

FTIR spectra of fiber membranes indicated mean peaks for PCL and PVP polymers and
specific peaks for PVP polymer overlapped with PCL polymer due to low amount of PVP in
polymer blend. FTIR peaks for GSK2126458 drug was not clearly shown in PCL/PVP fiber
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membranes. This was probably due to the very low amount of drug molecule and its
encapsulation in the polymer structure.

The hydrophilic properties of the fiber groups were analyzed by water contact angle. The
average water contact angles for the PCL/PVP/C, PCL/PVP/50, PCL/PVP/75 and
PCL/PVP/100 fiber groups were 76.02 + 8.06, 83.63 + 1.75, 66.98 + 2.83 and 82.92 + 12.82
degrees, respectively. There was not any significant difference between the contact angles of

fiber membranes.

The effects of GSK2126458 molecule and fiber groups on B16-F10 cell line were completed
by resazurin viability analysis. 1Csy value of GSK2126458 drug on B16-F10 mouse
melanoma cells were calculated as 49.21 uM. Viabilities of B16-F10 cells on PCL/PVL fiber
membranes with or without GSK2126458 drug molecule was also investigated by resazurin
analysis at 24 and 48 h. PCL/PVP/C fiber group was used as the control group. Resazurin
analysis results were converted to %cell viabilities and they were calculated as 72.25%,
64.61% and 57.82% at 24h, and 74.76%, 70.85% and 60.19% at 48 h for PCL/PVP/50,
PCL/PVP/75 and PCL/PVP/100 fiber membranes, respectively.

The adhesion of B16-F10 cells to fiber membranes was confirmed by SEM images. In
addition, the images obtained with immunofluorescence staining performed on the fiber
groups, showing that the cell density decreased proportional to the increasing amount of
GSK2126458 drug molecule in fiber membranes supporting the resazurin viability analysis.
There was not any significant change in the nucleus shape of the cells according to DAPI

staining images.

Antibacterial analysis of both GSK2126458 drug molecule by disk diffusion analysis and
PCL/PVP fiber membranes by direct contact test with and without drug molecule indicated
that no inhibition zone occurred after 24 h. GSK2126458 drug molecule did not show any

antibacterial effect.
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6. RECOMMENDATIONS

Drug release studies from fiber membranes have been attempted, but analysis of the drug
molecule GSK2126458 cannot be determined by UV-Vis spectroscopy due to the low amount
of drug in the fiber membranes. HPLC or ICP-MS analysis can be performed to show the

drug molecule released at different time intervals.

The apoptotic effects of the produced fiber membranes can be planned to be performed with
Annexin-V and Pl staining. Studies can be carried out to prove the activation of PI3K-AKT-

mTOR signaling pathways in cells with the drug molecule.

The effects GSK2126458 loaded fiber membarens can be investigated on non-melanoma cell
lines compared to the melanoma cell line used in this study. Behaviour of human melanoma

and normal cell lines can also be studied with GSK2126458 loaded fiber membranes.
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