IDAVIVA SHIBIN

18y Ul BuijeaH punopa ut uoissaidxg
3uan) qT|I pue JBaA ay) Jo uoiebiSaAUl

SIS3HL

d31SVIN

€coc

NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL GENETICS

M.Sc. PROGRAM IN MEDICAL BIOLOGY AND
GENETICS

Investigation of the Vegf and I11b Gene Expression in Wound Healing in Rat Models

M.Sc. THESIS

Melis KALAYCI

Nicosia

February, 2023



NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL GENETICS

M.Sc. PROGRAM IN MEDICAL BIOLOGY AND
GENETICS

Investigation of the Vegf and 111b Gene Expression in Wound Healing in Rat Models

M.Sc. THESIS

SUPERVISOR
Prof. Pinar Tulay

Nicosia
February, 2023



Approval

We certify that we have read the thesis submitted by Melis Kalayci titled
“Investigation of the Vegf and 111b Gene Expression in Wound Healing in Rat
Models” and that in our combined opinion it is fully adequate, in scope and in

quality, as a thesis for the degree of Master of Science.

Examining Committee Name-Surname Signature

Head of the Committee: Assist. Prof. Ozel Yuruker
Committee Member: Dr. Hasan Huseyin Kazan

Supervisor: Prof. Pinar Tulay

Approved by the Head of the Department

09/02/2023

Head ‘of Department

Approved by the Institute of Graduate Studies

vend 00012023

Prof. Dr. Kemal Hiisnii Can Bager
‘Head.of the Institute

ul:’v(. \\




Declaration

| hereby declare that all information, documents, analysis, and results in this thesis
have been collected and presented according to the academic rules and ethical
guidelines of Institute of Graduate Studies, Near East University. | also declare that
as required by these rules and conduct, I have fully cited and referenced information

and data that are not original to this study.

09/02/2023
Melis KALAYCI



Acknowledgments

First of all, I owe a debt of gratitude to my advisor, Professor Pinar Tulay, who is
much more than a teacher, who always listens to me whenever | knock on her door,
whose support | have always felt behind me since 2016, who approaches all my

problems with a smiling face.

I would like to thank Professor H. Seda Vatansever, for providing the samples and
part of the reagents that enabled this project to be performed and the opportunities

and support she has provided.

I would like to thank our Rector, Professor Tamer Sanlidag, for all the opportunities

he has offered me.

I would like to thank,

To my teachers Dr. Gulten Tuncel Dereboylu and Dr. Gokge Akan, who | knew from
the very beginning that it was a chance for me to work together and benefit from
their experiences, who opened their arms to me in my most difficult moment and
patiently taught me things

To Meryem Betmezoglu, who took the burden from my shoulders by being a big-
sister and her life coaching, friendship and academicism

To Aya because of her love, patience and support, to which we have been through so
much things in a short time

To Research Assistant Hakan Aytagoglu, who rejoice, feel sorry to everything with
me. He always looks for a solution with me whenever I have a problem and always
standing with me till dawn. We always watching each other's backs and I am so glad
for having his friendship. | would like to thank him for all his patience, love, for
being my laboratory mate, brother, friend, teacher.

I would like to thank my parents, who have made me feel loved unconditionally
since | can remember, and whose support | have always felt behind me, for their

endless support and love.



Finally, although I cannot find the words to describe my gratitude to my dearest
Hasan Erim Ilgun, I would like to thank him for being by my side, for not sparing his

love, for being supportive, for lifting me up when I fell.

If I didn't have you, | wouldn't be where | am right now. I'm glad you're with me. |

dedicate this thesis to you with respect.

Melis KALAYCI



Ozet

Fare Modellerinde Yara Iyilesmesine etki eden Vegf ve Il 1b Genlerinin

Ekspresyon Seviyelerinin Arastirilmasi

Kalayci, Melis
Yiiksek Lisans, Tibbi Genetik Anabilim Dali

Subat, 2023, 60 Sayfa

Ozet: Viicudun en biiyiigii ve en 6nemli organlarindan biri deridir. Viicudun en dis
katmanini olusturmasi nedeniyle, dis ¢evre ile en ¢ok etkilesime girip, bariyer roliinii
Ustelenerek darbelere, hasarlara ve zararl stres faktorlerine en ¢ok maruz kalan
organdir. Yara iyilestirme mekanizmasi, hasar onariminin yani sira cilt biitiinliiglintin
korunmasina ve yeniden olusturulmasina da etki eder. Cok asamali, karmagik bir
biyolojik stire¢ olan yara iyilesmesi dinamik bir biyolojik siiregtir. Ne yazik ki, bu
yaralarin iyilesmesi veya 6nlenmesi i¢in kullanilan evrensel bir tedavi yontemi veya
ilact hentiz yoktur. Etkili bir tedavi yontemi belirleme ve hatta bir ilag iiretilebilmesi,
yara iyilesme agsamalariin molekiiler altyapisinin anlagilabilmesine baglhdir.
Keratinositler, saglikli cildin epidermisinde bulunan hiicrelerdir. Herhangi bir
yaranin varliginda, bu hiicreler iyilesmek i¢in yeniden olusur ve farklilasir ve yara
bolgesine goc eder. Bu gog, yara iyilesmesinin temel mekanizmasidir. Steroid
tedavisi bir¢ok yara modelinde denenmis ve yara iyilesmesini etkiledigi birgok kez
kanitlanmistir. Yara iyilesmesinin temelinin immiinojenik bir yanita dayandig:
diisiiniildiiglinde, steroid tedavisinin bagisiklik tizerindeki etkisinden dolay1 birgcok
yara modeli ¢alismasi i¢in umut verici bir tedavi yontemi olarak adlandirilmistir. Bu
¢alismanin amaci yara modeli olusturulmus siganlarda I111b ve Vegf ekspresyon

diizeylerinin aragtirilmasidir.

Gereg ve Yontem: Manisa Celal Bayar Universitesi'nde siganlarda yara modelleri
olusturulup tedavi edilmis ve dokular biyopsi yapildiktan sonra parafin bloklara

gomiilmiistiir. Yirmi dort erkek sigan dort gruba ayristirilmis ve tedavi stratejilerinin



sayisina tabi tutulmustur. Birinci grup, tedavi gérmeyen kontrol grubu olarak
belirlenmistir. Ikinci gruba farklilasmus keratinositler, iigiincii gruba deksametazon,
dordiincii gruba ayni anda deksametazon ve farklilasmis keratinositler uygulanmastir.
flgili dokulardan RNA izolasyonu ve cDNA sentezi yapilmistir. Her drnekteki gen
ekspresyon seviyesini degerlendirmek icin gercek zamanli polimeraz zincir

reaksiyonu (RT-PCR) kullanilmstir.

Bulgular: Yara modelleri olusturulmus sigan modelleri basariyla olusturulmustur.
Her gruba farkli tedavi yontemleri uygulanmistir. Her sigan modelinden RNA ve
cDNA o6rnekleri basartyla elde edilmistir. Sigan modellerinden elde edilen 6rneklerde
hem I11b hem de Vegf genlerinin eksprese edildigi gosterilmistir. Gen ekspresyon
analizi sonuglari, ila¢ tedavi uygulanan si¢an yara drnekleri ile kontrol grubu
arasinda gen ekspresyon seviyelerinde istatistiksel olarak anlamli bir fark olmadigini

gostermistir.

Sonug: 111b ve Vegf gen seviyelerinin uygulanan farklilasmis keratinosit ve/veya
steroid tedavilerinden etkilenerek yara iyilesmesinde rol oynadigi bulunmustur. Bu
tedaviler altinda 111b ve Vegf gen seviyelerinin sigan modellerinde arastirildigi baska

bir yayin literatiirde bulunmamaktadir.

Anahtar Kelimeler: Yara iyilesmesi, gen ekspresyonu, sican modeli, I11b, Vegf



Abstract

Investigation of the Vegf and 111b Gene Expression in Wound Healing in Rat
Models

Kalayci, Melis
Department of Medical Genetics
MSc Program in Medical Biology and Genetics

February, 2023, 60 Pages

Background: The largest and one of the most important organs of the body is the
skin. Since it is located outside the body, it is taking a role as a barrier by interacting
the most with the outside environment, so in fact, the skin is the organ that is most
exposed and open to impacts, damages, and harmful stress factors. The wound-
healing mechanism acts to protect and re-establish skin integrity as well as repair the
damage. A complex biological process with multiple phases, wound healing is a
dynamic biological process. Unfortunately, there is no universal treatment method or
medication that is used for the healing or prevention of these wounds. The ability to
determine an effective treatment method and even to produce a drug depends on
understanding the molecular infrastructure of the wound healing phases.
Keratinocytes are cells found in the epidermis of healthy skin. In the presence of any
wound, these cells re-form and differentiate for healing and migrate to the wound
area. This migration is the basic mechanism of wound healing. Steroid therapy has
been tried on many wound models and it has been proven many times that it affects
wound healing. Considering that the basis of wound healing is based on an
immunogenic response, it has been called a promising treatment method for many
wound model studies due to the effect of steroid therapy on immunity. The aim of
this study was to investigate the expression levels of 111b and Vegf in rat wounded



skin rat models with steroid and/or differentiated keratinocytes and to understand the

mechanism of how steroid and/or differentiated keratinocytes affect wound healing.

Materials and Methods: Rat wound models were established and treated in Manisa
Celal Bayar University, and after tissues were biopsied, they were buried in paraffin
blocks. Twenty-four male rats were divided into four groups and subjected to the
number of treatment strategies. The first group was the control group, which received
no therapy. Differentiated keratinocytes were administered to the second group,
dexamethasone was administered to the third group, and dexamethasone and
differentiated keratinocytes were administered simultaneously to the fourth group.
RNA was then extracted and cDNA was synthesized. The real-time polymerase
chain reaction (RT-PCR) was utilized to assess the level of gene expression in each

sample.

Results: The rat models of wounded skin were successfully created. Different
treatment modules were applied to each rat model. The RNA and cDNA samples
were successfully obtained from each sample. Both 111b and Vegf genes were shown
to be expressed in samples obtained from the rat models. The gene expression
analysis showed that there was no statistically significant difference in the gene
expression levels between the drug-administered rat skin samples and the control

group, respectively.

Conclusion: 1l11b and Vegf are genes involved in wound healing whose expression
levels have been found to be affected by the treatments used, such as steroid or
keratinocyte. There are no previous studies in which these two treatments have been

applied simultaneously and I11b and Vegf gene expression leves were investigated.

Keywords: Wound healing, gene expression, rat model, 111b, Vegf
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CHAPTER |

Introduction

This chapter explains the structure and function of the skin, the wound healing process
and the various elements of the treatment and side effects. Since these factors'
parameters generate the bases of this research, this chapter also discusses the

arrangement of the skin and the function of the 111b and Vegf genes.

Structure and Function of the Skin

The biggest and most resistant organ in a mammal is the skin. Different layers of
mammalian skin serve as functions for host defense and barrier integrity. The epidermis,
the skin's outermost layer, is composed entirely of dead keratinocytes and has no blood
vessels. This layer is named Stratum Corneum. Following this layer, there are Stratum
Lucideum, Stratum Granulosum, Stratum Spinosum, and Stratum Basale layers. The last
layer of the epidermis, Stratum Basale, is connected with the Dermal-Epidermal
Junction (DEJ) where keratinocytes are also located as well as the base layer of the
epidermis in the absence of a wound (in a healthy state) (Woodley et al., 2015). Each
layer of the epidermis has unique morphologic and biochemical characteristics,
specifically pointing to various functions in the skin barrier. After the DEJ layer, the
dermis layer is presented, where fibroblasts, macrophages, collagens, hair follicles
vessels, and nerves are located (Jiang et al., 2020). The dermis's predominant cell type is
the fibroblast. The dermis also contains immune cells like mast cells, macrophages, and
a limited number of lymphocytes which are important for immune response. The dermis
is the thickest layer of skin, contributing flexibility and strength as well as helping with

thermal regulation and sensory perception (Lopez-Ojeda et al., 2022).

Wound Formation and Wound Healing

Wounding can occur in all tissues and organs. So, repair phases are the same for
all tissues. To maintain the coherence of the skin and surrounding tissue, wound healing
is an requisite process. The healing of wound goes through four stages. These
encompass the remodeling stage, the proliferative stage, the inflammatory stage, and the


https://tureng.com/tr/ingilizce-esanlam/requisite
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hemostatic phase. Different molecules and cells take a role and affect these phases. As a
result of these interactions, the type of wound and the healing process is determined. In
particular, molecules and cells that affect or take a role in the inflammation phase can be
decisive in whether the wound is acute or chronic. For a healthy recovery to take place,
all molecules and cells must be in balance (Serra et al., 2021). But the main purpose of
all cells and molecules is to induce tissue repair. A wound is considered fully healed
when its anatomical structure, function, and appearance have all returned to normal
within a reasonable amount of time (Robson et al., 2001). According to how long they
take to heal, wounds can be classified into acute wounds, chronic wounds, and

complicated wounds.

Acute Wounds

The healing process of an average of wound can take from 5 to 10 days to 30
days. The main causes of acute wounds are traumatic injuries and small cuts. In acute
wounds, all phases of the wound healing mechanism must function correctly for a

successful healing process (Lazarus et al., 1994).

Chronic Wounds

Chronic wounds cannot be repaired in a systematic or timely manner. These
wounds cannot follow the usual stage of healing (Szycher & Lee, 1992). They are
frequently mired in the stages of inflammation, which results in an increase in
inflammatory cells including neutrophils, lymphocytes, and macrophages (Wicke et al.,
2000). Therefore, the prominence of molecules being in balance during the WH process
is great. The existence of a chronic wound is indicated by the prolonged inflammatory
phase. Failure to complete wound healing and inability to proceed to the next phase may
be due to many reasons, such as the presence of infection, tissue hypoxia, necrosis and
excess level of cytokines (Vanwijck, 2001). A persistent state of inflammation in the
wounds causes structural and functional disruption. These injuries recur frequently
(Degreef, 1998). Sepsis or amputation of the wounded area could be the most severe
effects of poor wound healing (Mieczkowski et al., 2022). The reason for chronic

wounds may be burns, vasculitis, or pressure. All wounds have the risk and potential to
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turn into chronic wounds but immunological status, age, stress level, and ethnicity have
a great impact on this situation. Also, individuals who have darker skin prone to develop

chronic wounds (Velnar et al., 2009).

Complicated Wounds

Condition that combines an infection with a tissue defect referred as complicated
wounds. The cause of the tissue defect may be caused by a traumatic event or it can rise
post-infection and in the presence of tumors or virulence (Degreef, 1998). Five
symptoms of infection are observed in these wounds; redness, heat, pain, oedema, loss
of functions. Even though timing and communications between the molecules of phases
differ for the acute and chronic wounds, main phases persist same for repair (Harding,
2008).

Hemostatic Phase

This phase occurs right away after injury. This phase mainly has two roles. First
aim of hemostatic phase is to control the blood loss to protect vascular system by
activation of platelets. The second aim (long-term) is to supply a temporary matrix for
foreign and encroaching cells. Chemokines, growth factors (GFs) and anti-inflammatory
mediators such as 111, TgfB, keratinocytes, and Cxcl4 are secreted by platelets for the
recruitment of neutrophils, macrophages and fibroblasts to the damaged/wounded area to
prepare the site for further phases of tissue repair (Chen et al., 2020). Since the effect of
platelets and the products they secrete on wound healing is known, they are being tried
and even used as a treatment for wounds (Barton et al., 2013). T-cells, which are the
immune cells found in tissues, simultaneously produce a variety of GFs, including Fgf7,
Fgf10, Igf10, and Kgfs, to provoke the proliferation and differentiation of keratinocytes
(Pesce et al., 2013). If these processes are not well organized (as in patients with
diabetes), it may result in the wound not being able to heal. This condition also causes
the formation of chronic wounds, which is much more difficult to heal (Igbal et al.,
2017).
With the formation of a wound, cut or blow, the vessels in the wound area are damaged
and causes exposure of Sub-Endothelial Matrix Proteins (SEMPSs) which are fibronectin
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and collagens. Thus, a suitable infrastructure is created for scar formation. Apart from
these, noxious substances produced by the wound and cause the formation of
microvascular injuries. This situation also increases the amount of blood flowing to the
wound area with the help of vasoactive amines, such as serotonin that platelets have
(Broughton et al., 2006). This intense blood flow induces the neuronal reflex
mechanism, causing the injured vessel to contract rapidly. The formation of edema also
occurs with the sprayed blood, resulting in a transition to the inflammation phase
(Richardson, 2004). At the same time, blood components and platelets reaching the
wound area contact with exposed collagen and other extracellular matrix (ECM)
molecules to form a temporary matrix structure (through the platelets and blood clot that
are stuck in the wound area) and allowing cells to migrate. This temporary matrix will

also be used during the inflammation phase (Lawrence, 1998).

Inflammation Phase

Eicosanoids and other metabolism products are released after injury to the cell
membrane to initiate the inflammatory retaliation. The inflammation stage of WH is
divided into two depending on the molecules involved in; early phase (neutrophils
involved) and late phase (macrophages involved) (Ghosh et al., 2021).

Early Phase of Inflammation Phase

An early phase of the inflammation stage initiated during the late stage of
coagulation (24-36 hours of injury). Due to the secreted molecules, changes occur in the
mechanism that regulates the surface adhesion molecules of neutrophils. These changes
make neutrophils "sticky" and lead to binding to endothelial cells and capillaries that
surround wounds with weak attachment. This process is called margination. Attached
neutrophils push and roll over the endothelium's surface with the aid of blood flow. At
this stage, the rolling mechanism is regulated by selectin-dependent interactions, while
the weak bond formed is strengthened by chemokines and integrins secreted by
endothelial cells (Skover, 1991). Through strengthened bonds, neutrophils stop rolling
and migrating, float out of the capillaries, and are placed between endothelial cells. This
process is called diapedesis (Flanagan, 2013). Neutrophils reached the wound area by
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platelets act as phagocytic agents and provide cleaning of residual microorganisms,
bacteria, and necrotic/dead tissue in the wound area till the whole site becomes free of
cell debris and opportunistic microorganisms. It has been reported in many articles that
in the case of accumulation of tissue debris, accumulated debris can replace connective
tissue, soft tissue, and parenchymal tissue over time, causing tissue fibrosis and organ
loss (Miao et al., 2021). This process is done by secreting antimicrobial peptides
(AMPs), reactive oxygen species (ROS), and various chemoattractant agents such as
Tnfo. (Velnar et al., 2009).

After completing their functions, neutrophils have to undergo apoptosis to remove from
the wound area (Gonzalez et al., 2016). This allows the neutrophils to be removed from
the tissue and the inflammation response to be strengthened before tissue damage is
caused. The neutrophils destroyed by 7gfp, are replaced by macrophages to continue
phagocytosis. Since the life span of macrophages is longer than neutrophils,
macrophages are attracted to the wound area (48-72h after injury) by a chemoattractant

agent such as Tgfp3, platelet factor 1V, and collagen (Ramasastry, 2005).

Late Phase of Inflammation Phase

It is well recognized that ROS and reactive nitrogen species (RNS) may raise 11-6
levels, which then raise other exhilarating factors like granulocyte-macrophage colony-
stimulating factor (GM-CSF). GM-CSF led secretion of Vegf in the macrophages that
have called to the damaged area. Based on their differentiated phenotype, macrophages
play a dual role in the late phase of the inflammatory phase. The establishment of
inflammatory cytokines involved II-1, 11-6, Tnf, and Vegf as well as the eradication of
infections is facilitated by pro-inflammatory phenotype macrophages (M1) that are
typically activated (Wilkinson & Hardman, 2020). As anti-inflammatory phenotype
macrophages (M2), which are alternatively activated, stimulate the fibroblast found
within the cells and prepare them for further stages by affecting keratinocytes. It is
expected that switching M1 macrophages into M2 macrophages during a healthy wound-
healing process and provide the conversion from the inflammation stage to the
proliferation phase (Aitcheson et al., 2021). In the existence of a bacterial condition, pro-

inflammatory cytokines such as Tnfo and 111b, constantly extravasated to the wound site.
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In this case, an irregularity occurs in the numbers of M1 and M2 macrophages due to
competition. This deregulation, on the other hand, causes the inflammation phase to
prolong and the wound to become chronic (Xiao et al., 2020).

The last cells that are associated with wound healing during the late inflammatory stage
are lymphocytes by secretion of 111b and immunoglobulin G (1gG) (Hunt et al., 2000). It
is shown that collagenase modulation, which is crucial for the remodeling phase, is

regulated by Il1b in a significant way (Sieggreen, 1987).

Proliferative Phase

On day three, the proliferative stage of wound healing begins and lasts for up to
two weeks. Once hemostasis has been reached, an effective immunological response has
been started, and further harm has stopped, the focus of the acute wound switches to
tissue healing. This phase focus on newly synthesized ECM deposition instead of a
temporary matrix that has been produced in previous phases. As a result, the main goal
of this phase is by interacting with different cell types, creating new connective tissue
(Schultz et al., 2011).
For the first three days after injury, fibroblasts and myofibroblasts in the circumjacent
tissues are stimulated for proliferation. Platelets and inflammatory cells secrete Pdfg and
TgfB which results in the activation of fibroblast. Activated fibroblasts are responsible
for migration to the wound site and produce matrix proteins (fibronectin and collagen).
Thus, fibroblasts and their accumulations are first seen in the damaged site (Goldman,
2004). Collagens generated by fibroblasts act as a scaffold for a new permanent matrix
by differentiating into myofibroblasts (Ramasastry, 2005). Apart from matrix formation,
myofibroblasts help regulation of wound contraction as well (Servold, 1991). Fibroblasts
can affect soluble mediators which are produced by keratinocytes during interaction with
fibroblasts. By regulating these soluble mediators, vitality, proliferation, and
differentiation rate can be determined by cross-talk mechanisms. This mechanism aims
to achieve adequate skin homeostasis (Jevtic et al., 2020). Keratinocyte starts to migrate
at that stage. This phase can be seen under the microscope as a granulation tissue

formation (Rodrigues et al., 2019).
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Statement of the Problem

Wound formation is a complex mechanism. This mechanism is still not fully
understood. The incomplete understanding of this mechanism limits the treatment
methods that can be developed for wound healing. The development of an effective
treatment method is based on a full understanding of the wound formation mechanism.
Although the wound healing process differs from person to person, the basic stages are
the same. In these basic stages, keratinocytes differentiate and migrate through the
wound area and take part in wound closure. An inflammatory environment occurs due to
the cytokines and immune cells secreted during the wound healing process. In cases
where the inflammation is more than necessary, acute wounds turn into chronic wounds
and the healing process is delayed. Therefore, drugs used for wound healing suppress
inflammation. Steroids are known to suppress inflammation. Therefore, in this study,
differentiated keratinocyte and/or steroid treatment was applied to rat models after

wound models were established.

Purpose of Study
The aim of this study was to investigate the changes in the expression levels of
Vegf and 1l11b genes, which play a major role in wound healing pathways, under

differentiated keratinocyte and/or steroid treatments applied.

Research Question/Hypothesis
It is known that Vegf and IL1b genes have important roles in wound healing. It is
hypothesized that the expression levels of these genes change under the applied

treatments in rat models of wounds.
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CHAPTER I
Literature Review
Granulation Tissue (GT)

Wounds follow processes either for regeneration or tissue repair depending on
the severity. That means wounds can be healed by primary intention or secondary
intention. The primary intention is applicable in cases where there are small cuts, the
wound edges are distinct and the wound edges close easily. In cases where there are very
large and deep wounds, the wound edges cannot be easily approached. In these cases,
secondary intention is applicable. The formation of GT is observed in wounds that heal
with secondary intention. Granulation tissue acts as connective tissue for large and non-
closing wound openings. The main components of GT are macrophages and
myofibroblasts. Formation of GT is complex and requires lots of different growth
factors, such as Tgfp. Fibroblasts and keratinocytes secrete 7¢fp and induce GT
formation with the help of myofibroblast differentiation. Initially, the ECM of GT
consists of type 111 collagen. To create a firmer form, type I collagen replaces type 111
collagen when proliferation and migration take place. Contraction of GT results in
wound margination and keratinocyte migration from wound edges. According to the
knock-out experiments performed, in the absence of Tnfa, GT cannot be formed
correctly or GT can be accumulated. This can result in unhealed or chronic wound
formation or tissue fibrosis. Tnfo. knock-out rat models showed that without
Tnfo expression, GT contraction cannot be regulated that can be followed up by

abnormalities in keratinocyte migration (Alhajj et al., 2022).

Remodeling Phase

The last stage of WH is the remodeling stage. This phase can take up to 2 years
contingent on the severity of the wound. The main aim of this phase is the production of
new epithelial and final scar tissue. The granulation tissue formed in the previous phase
initiates this phase. The destruction-synthesis events take place continuously in this
phase until the wound reaches a steady state (Baum & Arpey, 2005). In this phase, to

strengthen the scar tissue, the amount of collagen is increased, the intracellular matrix
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matures, the destruction of hyaluronic acid occurs, and fibronectins are degraded. For
the tissues formed in this phase to be permanent, the collagens synthesized via matrix
metalloproteins (MMPSs) undergo destruction. MMPs is produced by Tnfa and I11b. The
increase in Tnfa and I11b expression levels induces MMP production (Raziyeva et al.,
2021). However, overproduction of MMPs due to overexpression of 111b and Tnfa can
cause inflammation and chronic wound formation. Therefore, as wound healing occurs,
the number of MMP inhibitors increases and decreases activity. Following that,
underlying connective tissue shrinks in size which brings wound edges/margins closer
and led fibroblast-ECM interactions (Velnar et al., 2009). For the wound to be

completely closed, keratinocyte migration must be completed (Woodley et al., 2015).

Keratinocyte Migration

Eight to twenty-four hours after the formation of the wound, keratin 6 and
keratin 16 are expressed by the keratinocytes located in the suprabasal, which makes the
keratinocytes more active. Through keratin 1 and 10 expressed from activated
keratinocytes, keratinocyte migration is initiated for the initiation of wound
closure/epithelialization (Usui et al., 2008). IL1B, which is a major pro-inflammatory
cytokine, and Tnfa expression occurs from keratinocytes, which are activated due to
stress and keratin expression caused by the formation of the wound. By the expression of
I11b and Tnfa, fibroblasts are induced and KGF is expressed for epidermal regeneration.
This expression is regulated by Ap-1, cJun, and JunB transcription factors. The
occurrence of any damage to the epithelial tissue causes disturbances in the functioning
of these transcription factors, disrupting the wound-healing process. Growth factors such
as Vegf secreted from platelets induced by the formation of scar tissue and immune
response also contribute to the induction of Kgf and the realization of epidermal
regeneration. Keratinocyte migration occurs by 111 secretion from keratinocytes and
GM-CSF induced by ROSs (Werner & Smola, 2001).
In the absence of a wound, keratinocytes are located in the stratum basal. With the
formation of a scar, keratinocytes activated, by the methods described previously, begin
to migrate toward the skin surface i.e., the stratum corneum. Basal keratinocytes have

proliferative properties. While migrating, when they reach each layer of the skin, they
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lose these proliferative properties a little more and turn into dead cells without a nucleus.
This change is called terminal differentiation. Dead keratinocytes form the outermost
layer of the skin. Keratinocytes reprogrammed with wound formation do not lose their
proliferative properties during migration. This reprogramming occurs when the damage
caused to the vessels by the formation of a wound creates a change in the oxygen level
and stresses the keratinocytes. Keratinocytes under stress become acute hypoxia. These
keratinocytes secrete Hif-1 and hsp90, causing migration and an increase in collagen,

accelerating wound healing (Woodley et al., 2015).

Vascularization in Wound Healing

Collagen storage, re-formation, and vascular formation are very important in
wound healing. Vegf serves as a chemotactic substance, a persuader of vascular
permeability, and an endothelial cell mitogen. The effects of Vegf on several stages of
the WH cascade, including angiogenesis, epithelization, and collagen demission, set it
apart from other angiogenic growth factors that have been described (Brem et al., 2009).
Following days of wound healing, macrophages and epidermal cells
initiate Vegf expression. Activated Vegf induces chemotactic activities by binding to Flt-
1 and Kdr receptors. The binding of Vegf to the Flt-1 receptor is responsible for
organizing blood vessels. On the other hand, attachment to the Kdr receptor is
responsible for the formation of new vessels. Therefore, the Vegf-Kdr interaction
corresponds to the formation of new vessels in wound healing. It causes an increase in
the expression levels of MMPs due to the induction of chemotactic activities. As a result
of chemotactic activities, keratinocytes are induced and thickening of the skin is
achieved. The hypoxic environment formed by the wound is reduced by the expression
of Vegf. Following this, the capillaries sprout towards the wound area and allow new
vessels to form. After the vascular formation is achieved Vegf expression is reduced by
integrins and sprouting is stopped (Bao et al., 2009).

Treatment via Application of Dexamethasone
Steroid and derivative drugs are used in wound healing. Dexamethasone is also

one of these drugs. The use of steroids in wound treatments can have contradictory
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results. The common outcome of steroid treatment is that steroids should be used at the
right time and at the right dose as a treatment. It has been proven that long-term steroid
use does not contribute to wound healing, on the contrary, it raises blood sugar and can
cause osteoporosis. The application of short-term (7 days) and minor doses of treatment
reduces inflammation by reducing the grade of inflammatory cytokines. This condition
prevents the formation of chronic wounds. In addition, steroid therapy (especially
dexamethasone) accelerates wound healing by increasing vascularization and skeletal

muscles which also increase wound contraction (Tu et al., 2020).
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CHAPTER |11
Materials and Methods

The supplies and procedures used in the research are highlighted in this chapter's
content. The research aimed to assess the expression of 7/ and Vegf in rat models of
wounded skin treated with differentiated keratinocytes and/or steroid and to provide a
deeper knowledge of the mechanism underlying how these treatments affects wound
healing.

Sample Preparation, Collection and Sample Size

Keratinocytes were differentiated from mouse embryonic stem cells in Manisa
Celal Bayar University, Turkey. Mouse embryonic stem cell line (CGR8) and mouse
embryonic fibroblasts (STO) were already available at the Department of Histology and
Embryology, Faculty of Medicine, Manisa Celal Bayar University, Turkey. Rat wound
models were established and treated with different treatment strategies in Manisa Celal
Bayar University, Turkey. A total of 24 male rats were divided into 4 groups. These
groups were; group 1: rats with surgical wound (no other treatment was performed),
group 2: rats with surgical wound where differentiated keratinocyte was applied, group
3: rats with surgical wound where dexamethasone was applied, group 4: rats with
surgical wound where a combination of differentiated keratinocyte and steroid was
applied.
Biopsy samples were taken from the subjects from the wound site on the tenth and
twenty first day after cell transplantation in accordance with the WH process. In total,
biopsies were obtained from six subjects from each group, which is the lowest limit for
data analysis in a statistical significance.

Sample Preparation

Cell culture part of the study was performed at Manisa Celal Bayar University
under the supervision of Prof. Seda H. Vatansever. Briefly, the CGR8 mouse embryonic
stem cell line was cultured with STO mouse embryonic fibroblasts in embryonic culture

mediocre (15% fetal bovine serum-FBS, 1% L-glutamine, 1% penicillin/streptomycin,
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0.1 mm non-essential amino acid, 10-6M B-mercaptoethanol, 1000 U/mL leukemia
inhibitory factor (LIF), 4500 mg/L glucose and the DMEM-Dulbecco Modified Eagle’s
Medium containing sodium pyruvate). The expression of cytokeratin 8 and cytokeratin
14 was examined by flow cytometry and immunocytochemistry methods for the
characterization of keratinocytes differentiated from CGR8. Dexamethasone was
administered intramuscularly at a dose of 2 mg/kg per day for 1 week to the subjects
belonging to Groups 3 and 4 before the wound model was created. Then, a wound model
containing the epidermis and dermis with a size of 0.5x0.5 cm was created for the
subjects in all groups using a sterile surgical set in the area cleaned of hair in the nape
area. After the wound model was created, dexamethasone was continued to be
administered to Group 3 and Group 4 at the specified dose every day for 3 weeks.
Keratinocytes were transferred to the wound site of the subjects belonging to Group 2
and Group 4. After dressing was performed every two days, biopsy samples were taken
from the wound site on days 10 and 21 after transfer. Taken biopsies were embedded in

paraffin for further experiments.

Interpretation of the Formalin-Fixed Paraffin-Embedded (FFPE) Samples: RNA
Isolation, cDNA Synthesis, and Real-Time PCR

The level of gene expression was investigated in the samples obtained from the
biopsied wounded region of the rat models. A total of 24 FFPE samples acquired from
male rats of wound skin model was divided into four groups; control (no treatment),
differentiated keratinocyte treatment, steroid treatment and simultaneous differentiated
keratinocyte and steroid treatment, respectively. This section of the study was carried
out at NEU DESAM Research Institute laboratory, Nicosia, North Cyprus. RNA
extraction was performed using the Norgen FFPE RNA Isolation Kit (Norgen, Canada)
following the manufacturer protocol. The purity of the extracted RNA was estimated
using NanoDrop® ND-1000 UV-Vis Spectrophotometer (Thermo-scientific, Pittsburg).
All kits were used in accordance with the manufacturers' instructions without any
changes to reverse transcribe RNA into cONA. RNA concentration level of samples was
about 20.5ng/pl. The ratio of absorbance at 260 and 280 nm (A260/280) following
NanoDrop® ND-1000 UV-Vis Spectrophotometer analysis was used to evaluate the
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purity and concentration of nucleic acids. A pure RNA has a 260/280 ratio of 2.0. It
should be noted that this ratio differs from what was predicted indicates the existence of
protein contamination or undesirable components. Accordingly, ratio of 260/280 and
concentration of RNAs are given in results section.

Real-time PCR was conducted using the LightCycler® 480 SYBR Green | Master kit .
Table 1 shows the list of primer sequences. The real-time PCR setup followed the
conditions in Table 2. In the real-time PCR, a negative-control consisting just of the
SYBR Green master-mix was also run to ensure that the reaction functioned properly
and without contamination.

While optimizing the real-time PCR conditions used for the analysis of the expression
level of the I11B gene, annealing temperatures in the range of 60 to 64 C° were tested in
order to find the most optimal melting temperature. The primer concentration was tested
in the range of 0.05 to 1M, the amount of template (cDNA) used was increased up to 2
pl (20%) and MgCl. and glycerol were added when necessary. The annealing time
between 30 seconds to 10 seconds were tested to identify the optimum conditions.
Melting curve analysis and gel electrophoresis were performed in order to choose the
optimum condition for the amplification and to make sure that the results obtained are
not primer dimers, respectively.

The CT values obtained from the qRT-PCR (Insta Q96™™ Plus Real Time PCR Detection
System, HiMedia Laboratories PVT.Ltd., Mumbai, India) were used to evaluate the
level of gene expression between each group. Housekeeping gene was used for
normalization. The level of gene expression in the four groups were examined and
evaluated using the ANOVA analysis.

The gene expression levels of 111b and Vegf were studied in four groups of rat models of
damaged skin tissue using different treatment techniques. The first group was the control
group, which included just rat models with injured skin with no therapy. The second
group included rat models of damaged skin treated with differentiated keratinocytes,
whereas the third group included rat models of wounded skin treated with steroids. The
last group contained rat models of damaged skin treated with a mixture of steroids and
differentiated keratinocytes. The optimum PCR master mixture condition performed for

the experiments are shown in Table 3.
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The AACt values of samples were statistically analyzed using GraphPad prism

v8.4.2. One-way ANOVA statistical analysis was used to evaluate the experimental data.

Table 1

List of Primers Sequences and Their Melting Temperature.

™
Genes Forward Primer Reverse Primer
I11b TCAGGCAGGCAGTATCACTC AGCTCATATGGGTCCGACAG 63 CP
Vegf CCGGTTTAAATCCTGGAGCG GAGAGGTCTGGTTCCCGAAA 64 CO
Gapdh | CATCACTGCCACCCAGAAGACTG | ATGCCAGTGAGCTTCCCGTTCAG | 62 co




Table 2

Optimized Real-Time PCR Conditions

Temperature Time Cycles
CO
PCR Steps Initial 95°C 10 min 1
Denaturation
Denaturation 95°C 10 sec 40
Annealing 63°C Il1b 10-20 sec
64° C Vegf
Elongation 72°C 30 sec
Melting Stage High 95°C 15 sec 0.3°C
resolution 60°C 1 min decrease in 20
melting curve 95°C 15 sec sec
Table 3
Table of PCR Master Mixture Conditions
Components 111b Vegf
Tm 63C° 64C°
Annealing Time 30sec 10sec
Forward Primer 0.1uM 0.1uM
(final concentration)
Reverse Primer 0.1uM 0.1uM
(final concentration)
SYBR Green 5ul 5ul
Glycerol (%50) 2ul 1l
MgCl, 15% 12.5%
dH.0 0.35pl 1.35l
Template 1.25ul 2ul

30
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CHAPTER IV

Results

I11b Expression Analysis of Samples

A pure RNA has a 260/280 ratio of 2.0. It should be noted that any deviation from
this predicted ratio indicates the existence of protein contamination or other undesirable
components Accordingly, 260/280 ratios for samples used in this study and RNA
concentration measurements are given in Table.4. Table 5 shows the CT values obtained
from Real-Time PCR experiments. Results of melting curve analysis for, Vegf and 1l11b
are given in Figure 1.
One-way ANOVA analysis was used to assess the levels of gene expression in
samples of wounded and treated skin obtained from male rats. Figure 2 illustrates the
investigation results. According to the statistical analysis, the AACT value for the
group 2, 3 and 4 in the instance of the 111b gene is shown in Table 6. Statistical
findings suggest that IL1b expression did not differ with differentiated keratinocyte
and/or steroid influence (p>0.05). The results show that a minor elevation in 111b
expression when the keratinocyte treatment was applied to the rat models with
wounded skin (groups 2 and 4, respectively). As a result, the application of
differentiated keratinocyte therapy appears to have an influence on the gene
expression levels. Expression levels of the 111b gene were found to be rather
lower in the third group with steroid therapy compared to the control group with no
treatment (p>0.9999). When compared to the control group, the fourth group with
differentiated keratinocytes and steroid therapy had slightly higher levels of 111b gene
expression (p=0.9799).
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Nanodrop Results
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Sample ID Concentration (ng/ul) 260/280
1 9.3 1.80
2 10.2 1.78
3 8.7 1.82
4 8.4 1.83
S) 7.3 1.81
6 9.1 1.81
7 1.7 1.82
8 10.8 1.79
9 121 1.83
10 8.4 1.84
11 9.6 1.87
30 7.3 1.77
12 9 1.83
13 8.2 1.83
14 11.3 1.81
15 10.1 1.80
16 9.9 1.79
17 7.2 1.77
18 7.9 1.84
19 10.3 1.80
20 9.7 1.82
21 10.5 1.83
22 12 1.84
23 11.8 1.80




Table 5

Mean Ct values of RT-PCR results for 111b and Vegf genes.

Groups Sample ID Gapdh Vegf I11b
Ct Valuesof |1 25.6 32.6 28.7
Group 1 2 22.9 31.5 -
3 19.6 33.8 30.0
4 19.2 32.3 27.0
5 20.1 34.7 -
6 19.7 32.5 28.7
Ct Valuesof |7 22.1 27.6 25.3
Group 2 8 22.7 33.3 25.7
9 22 32.7 28.28
10 22 34.9 28.26
11 18.9 31.5 24.7
30 25.8 32.0 25.2
Ct Values of | 12 22.5 29.7 24.2
Group 3 13 19.2 32.9 26.0
14 19.9 34.1 27.2
15 17.9 34.5 25.8
16 19.8 334 26.2
17 22.5 30.9 29.04
Ct Values of | 18 24.6 32.5 25.2
Group 4 19 18.9 31.1 28.66
20 18.4 30.3 24.9
21 18.2 36.1 -
22 19.3 28.7 23.1
23 19.7 28.9 27.73
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The melting curve images of Vegf (A) and I11b (B). The curve of the negative control is

represented with NC. The curve of the sample is represented with an arrow.
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Table 6
Table summarizing the statistical analysis in the expression level of 111b between
different groups
Groups (G) p-value (ANOVA) p-value (t-test)
Glvs G2 p=0.4671 p=0.1866
Glvs G3 p> 0.9999 p=0.9719
G1lvs G4 p=0.9799 p=0.6113
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Figure 2

The statistical analysis of the 44CT values of 111b in each one of the rat groups.
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Vegf Expression Analysis of Samples

The level of gene expression for the Vegf gene was also determined using one-
way ANOVA. The graph of AACT values for the experimental groups' is shown in
Figure 3. The results were statistically insignificant between the control and treatment
groups, respectively (Table 7). Additionally, there were no statistically significant
differences between the groups. The expression levels of the Vegf gene were found to be
somewhat lower in the third group with steroid therapy compared to the control group
with no treatment (p=0.7883). On the other hand, fourth group had lower lever of Vegf
gene expression level compared to control group (p= 0.9980).



Table 7

Table summarizing the statistical analysis in the expression level of VEGF between

different groups

Groups (G) p-value (ANOVA) p-value (t-test)
Glvs G2 p=0.8595 p=0.4248
GlvsG3 p=0.7883 p=0.2643
Glvs G4 p=0.9980 p=0.8457

Figure 3.

A graph chart representing the statistical analysis data following ANOVA in four groups

for Vegf gene expression
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CHAPTER V

Discussion

Wound healing is a complex process with different genes and pathways
involved. Proinflammatory cytokines, such as 111 and Tnfa, and Vegf, play a role in
different phases wound healing process (Barrientos et al., 2008). The need of fast and
effective treatment strategies is always important in the wound healing process. Thus,
the purpose of this study was to examine the effects of differentiated keratinocyte and/or
steroid therapy on genes involved in wound healing.

Keratinocytes play a crucial part in the healing process by quickly covering cutaneous
and mucosal injury sites to re-establish an epithelial shield with the surrounding
environment (Wang & Graves, 2020). In order for the wound to heal fully and properly,
keratinocytes must be able to move through the fibrin and newly formed ECM of the
wound. Furthermore, they need to detach from the underlying basal lamina, a process
made possible by MMPs. Moreover, keratinocyte migration on type 1 collagen is
supported by MMPs, which is abundantly secreted from the edges of wounds (Pilcher et
al., 1999). MMP synthesis is induced by 111b and Tnfa, that are released during the
healing of wounds (Ravanti & Kéhari, 2000). In this study, differentiated keratinocytes
from mouse embryonic stem cells and steroids were applied in wound rat models for the
first time. The effect of these treatment strategies on the level of 111b and Vegf gene
expression patterns were tested. It is important to note that the results show a minor
elevation in I11b expression when the keratinocyte treatment was applied to the animal
models with wounded skin (groups 2 and 4). This observation is consistent with findings
of Xiao and colleagues (2020) which concluded that 111b was expressed by keratinocytes
during the wound healing process and promotes wound closure (Xiao et al., 2020).
Increases in group 2 and group 4 compared to group 1, can be an indicative that steroid
administration is the reason why group 4 has a lower level of I11b expression compared
to group 2. This situation is supported by the data obtained from Group 3.

Various different cell types involved in wound repair can express Vegf. For instance,
keratinocytes and macrophages, which both play crucial roles in the healing of wounds,

produce Vegfs and are capable of reacting immediately to Vegf. The previous
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experiments demonstrated that Vegf encourages angiogenesis and can directly influence
the activity of a number of nonendothelial cell types found in skin (Johnson & Wilgus,
2014). Although statistically inconsequential, the result of this study demonstrates a
minor elevation in Vegf expression when a keratinocyte treatment was applied to the
wound. This finding is consistent with a previously published study by Frank and
colleagues (Frank et al., 1995).

Numerous early stages of an inflammatory response are inhibited by glucocorticoids
(Coutinho & Chapman, 2011). Therefore, it is known that steroid administration delays
wound healing (Kato et al., 2017). Despite this, steroids and their derivatives are often
used in wound healing. The reason of this is to ensure that the autoimmune response to
the wound is kept in balance. Dysregulated autoimmune response to wounds are
associated with attacking of innate immune cells to the response formed against the
wound and cause delayed healing of the wound. This condition can result in organ
dysfunction (Sun et al., 2020). Accordingly, the slight decrease in 111b and Vegf
expression levels is consistent with the previously published results, as wound healing
will be delayed in steroid applied to group 3 (Cho et al., 2014). However, the findings
are yet again statistically insignificant.

Previous research has shown that corticosteroids can reduce edema or prevent the
development of new blood vessels by inhibiting Vegf expression (Nauck et al., 1998).
Vegf, which plays a role in the regulation of keratinocyte migration, delays wound
healing by causing abnormal keratinocyte migration in case of any decrease in its
expression (Streit et al., 2000). Vegf also regulates collagen accumulation in wounds.
Collagen is the component necessary for wound healing and for ensuring tissue integrity
after wound healing (Bao et al., 2009). In light of all of this information, the
differentiated keratinocyte and steroids applied in Group 4 might lead to the assumption
that keratinocyte application may be insufficient to suppress corticosteroid side-effects
on collagen production, thus leading to reduced Vegf expression. Although, it is
imperative to remember that these experiments should be repeated since these findings

were statistically insignificant.
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CHAPTER VI
Conclusion and Limitations

This study evaluated the gene expression related to wound healing. A total of 24
male rats were divided into four groups and given differentiated keratinocytes and/or
steroid treatments. Keratinocytes are known to differentiate and migrate during the
healing process of wounds. There are four main stages of wound healing. Hemostasis,
inflammation, proliferation, and remodeling stages are among them. The prolongation of
the inflammation phase due to various reasons has been associated with the
transformation of the wound from acute to chronic form. Chronic wounds are much
more difficult to heal and treat.

It has been shown in experiments that steroids can prevent inflammation by suppressing
the immune response produced by the body and therefore shorten the inflammation
phase. However, on the contrary, it has also been shown that skin thinning is observed in
cases where high doses of steroid therapy are applied, and the wound may worsen due to
over-suppressed immunity. Because of this, when used appropriately and in the proper
dosage, steroid treatment might be beneficial. Due to all these findings, differentiated
keratinocyte and/or steroid administration was preferred as a treatment method in this
experiment. The experiment anticipated a significant result for the evaluation of gene
expression.

The constraints of this study were the number of samples is small and that the collected
samples were buried in paraffin blocks. If taken into account, these limitations could
improve the experiment's accuracy. Larger sample sizes will initially yield more reliable
and accurate results because using more samples will lead to a more thorough analysis,
but using more rats is unacceptable due to ethical concerns. The treatment that the
tissues collected when they are embedded in paraffin blocks may reduce the expression
levels of genes. It was considered appropriate to bury the samples in paraffin blocks for
transfer and storage. It is believed that the results may be significant if they were studied
from fresh tissues taken by biopsy.

In conclusion, no research has been done on wounded rat models to ascertain the role of

differentiated keratinocytes and/or steroid treatment in the genes connected to the wound
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healing (111b and Vegf). According to the study's limitations and the findings evaluated,
even if the hypothesis based on this data appears to be consistent with the literature,
there are no substantial differences between the rat groups that received the therapy

when compared with the control group using the ANOVA test.
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