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ANTITUMOR EFFECT OF RGD PEPTIDE ON CANCER MICROTISSUES

ABSTRACT

Cancer studies continue to gain interest in the recent period. Many types of cancer,
especially breast cancer, continue to cause deaths worldwide and the number of people
suffering from this disease is increasing. The methods that are used most at the basis
of cancer studies are starting with 2-Dimensional (2D) cell culture. However, 2D cell
culture can no longer adequately reflect in vivo conditions. Scientists have turned their
efforts towards these 3-Dimensional (3D) cell cultures. There are many different ways
of obtaining 3D cell culture. The preferred 3DPetriDish ™ technique in this study
allows functional microtissues to be achieved without using a cell scaffold compared
to others. The resulting microtissues reflect the in vivo conditions with their substantial
effect in the extracellular environment they create, and they are more advantageous
than 2D cell cultures and many other 3D cell cultures.

Bioactive peptides can activate vascularization, growth, apoptosis and many other
properties on all cell types. It is known that integrin-binding peptides such as IKVAV,
RGD have growth promoting properties that enhance vascularization over cancer
micro-tissues. The RGD peptide is an integrin binding peptide consisting of the
GRGDS sequence. However, RGD peptides are present in the active part of many
integrin-binding proteins but have been found to activate caspase pathways at varying
levels and to direct apoptosis to cancer cells. Detection of the activation conditions of
this effect may have a positive impact on the treatment process, especially considering
the recent cancer studies.

This study was carried out to investigate microstructure formation and early
development of RGD peptide, MCF-7 3D, in all these data. Micro-tissue size analysis,
viability analysis, focal adhesion analysis data were used. As a result of the study, it
was noticed that RGD peptides have the effect of reducing growth and development
on the cancer microstructure. This effect was seen at high concentrations (6mM) on
the first day, but on the following days, all levels were found to show statistically
significant differences when compared to the control group. As a result of all these
data, increasing concentrations of RGD peptide appear to play an essential role in the
formation of 3D MCF-7 microstructure and regulate the growth process. This study
shows that drug studies involving RGD peptides may be possible.

viii



RGD PEPTIDIN KANSER MiKRODOKULARI UZERINDE ANTIiTUMOR
ETKIiSi

OZET

Kanser ¢alismalarina son donemde ilgi artarak devam etmektedir. Ozellikle meme
kanseri olmak tzere pek ¢ok kanser tlrli Dlinya genelinde can almaya devam etmekte
olup bu hastaliktan muzdarip olan kisi sayis1 artmaktadir. Kanser ¢aligmalarinin en
temelinde kullanilan metotlar 2 Boyutlu (2B) hiicre kiiltiirii ile baglamaktadir. Ancak
2B hiicre kiiltiirii artik in vivo kosullar1 tam olarak yansitamamaktadir. Bilim insanlar1
bu gelismeler sonucunda ¢aligmalarini 3 Boyutlu (3B) hiicre kiiltiirline dogru
yoneltmislerdir. 3 Boyutlu hiicre kiiltiirii elde etmenin pek c¢ok farkli yontemi
bulunmaktadir. Bu ¢aligmada tercih edilen 3DPetriDish™ teknigi digerlerine kiyasla
hiicre iskelesi kullanilmadan pratik mikro dokular elde edilmesine olanak
saglamaktadir. Elde edilen mikro dokular kendi olusturduklar hiicre dig1 ortaminda
blyk etkisi ile in vivo kosullar1 yansitmakta 6zellikle 2B hiicre kiiltiiriine ve pek ¢ok
diger 3B hiicre kiiltiiriine gore daha avantajli olmaktadir.

Biyoaktif peptitler bltun hiicre tipleri Gzerinde damarlanma, blylme, apoptoz ve daha
farkli pek ¢ok 6zelligi aktiflestirebilmektedir. IKVAV, RGD gibi integrine baglanan
peptitlerin kanser mikro dokularinin tizerinde damarlanmay1 arttirici, biiylime
destekleyici 6zelliklerinin bulundugu bilinmektedir. RGD peptit GRGDS diziliminden
olusan bir integrin baglanan peptittir. Ancak RGD peptit pek ¢ok integrin baglanici
proteinin aktif boliimlerinde bulunmakla birlikte, degisen konsantrasyonlarda kaspaz
yolaklarin1 aktif ettigi ve kanser hiicrelerini apoptoza yonelttigi tespit edilmistir. Bu
etkinin aktiflesme kosullarinin tespitinin yapilmasi 6zellikle son donemde artan kanser
calismalar1 distiniildiiguinde tedavi slrecine pozitif bir etki yaratabilir.

Tiim bu bilgiler 1s181inda RGD peptidin MCF-7 3B’lu mikro doku olusumuna ve erken
dénem gelisiminin incelenmesi amaciyla bu ¢alisma yapilmistir. Mikro doku boyut
analizi, canlilik analizi, fokal adezyon analizi verileri kullanilmistir. Caligmanin
sonucunda RGD peptidin kanser mikro dokusu Uzerinde biiyiimesini ve gelismesini
azaltict bir etkisinin oldugu fark edilmistir. Bu etki ilk gunden ylksek
konsantrasyonlarda (6mM) fark edilirken, ilerleyen giinlerde biitiin konsantrasyonlarin
kontrol grubu ile kiyaslandiginda istatiksel olarak anlamli farkliliklar gosterdigi
bulunmustur. Tum bu verilerin sonucunda, RGD peptidin artan konsantrasyonlarinin
3B MCF-7 mikro dokusu olusumunda 6nemli rol oynadig1 ve biiylime siirecini de
diizenledigi goriilmektedir. Bu g¢alisma RGD peptiti igeren ilag caligmalarinin
miimkiin olabilecegini gostermektedir.



1. INTRODUCTION

3-Dimensional (3D) cell culture has as of late been perceived as a favored decision in
zones of a regenerative solution, medicate studies, disease, and tissue building. The
small-scale tissues made by this procedure impersonate the characteristic habitat of the
cell and are utilized as the last middle of the road venture before in vitro thinks about
are completed in vivo ponders. If small-scale tissues are created without the utilization
of tissue platforms, they shape their particular grid structures, which enables the cells
to multiply faster. This structure that they construct enables them to mimic their

common habitat in vitro.

Bioactive peptides effectively affect cells, particularly in 3D situations. Distinctive
fixations enable cells to give diverse reactions to their environment. RGD peptides are
the peptide family comprising of the GRGDS succession which is compelling in cell
and cell-surface bond. In past examinations, it has been accounted for that this peptide
can duplicate the cell and that diverse groupings of cells additionally enact cell
apoptosis instruments. Seeing how and where this action functions can prompt an
endeavor that may make the reason for the treatment procedure, particularly given the
ongoing disease passing. Since RGD peptides are not immunologically responsive and
are reasonable for use in clinical preliminaries, a potential remedial specialist for a
disease is conceivably present. The way that RGD peptide union is a minimal effort,
fundamental and controllable creation process likewise offers incredible focal points.
This impact will give the outcomes on 3D smaller scale tissue the nearest result to in-
vivo considers, and these impacts have already been seen in 2-Dimensional (2D) cell
culture. Itis proposed, as indicated by all data, to decide the murdering or development
capturing properties of the RGD bioactive peptide 3B malignancy miniaturized scale

tissue later on to prompt the arrangement of RGD-based mixes.

1.1 Purpose of Thesis

In our study previously conducted in our laboratory, certain RGD concentrations
decreased size of microtissues and the ratio of living cells. Also, there is an information
about RGD peptide’s killing effect on cancer. Based on these studies we are aiming to
identify the optimum concentration of RGD peptide on the tumor growth during



microtissue formation by using scaffold-free 3D microtissue culture. We mainly

focused on establishing a better understanding of the below concepts:

e Determine the effect of optimum RGD concentration on MCF-7

microtissue
e Determine the anti-tumor activity of RGD

e Describe microtissue viability with RGD

1.2 Literature Review

1.2.1 3D systems

Lately, 3D cell culture scientists have caught a critical pattern as far as closeness to
the appropriate responses given by cells to numerous regular conditions; nonetheless,
the significant portion of these investigations was done in 2D condition (monolayer).
3D cells are isolated from the monolayer cell culture and their biochemical pathways
as far as both physiological and morphological perspectives are unique. 3D tissues
serve numerous focal points in the method for imitating living tissues as indicated by
monolayer culture [1; 2; 3; 4]. Microtissues with 3D cell culture display distinctive
morphology, quality articulation profiles and physiological pathways which
incorporate cell flagging, separation limit and expansion rate from monolayer culture
in light of various parameters, for example, mechanical power in tissue, cell to cell
association and cell-grid cooperation [5; 6; 7]. Although the current utilization of 2D
cell culture is regularly favored in research facilities, monolayer methods constrain
with cell-cell communication in the edge of cells, delivering extracellular matrix
(ECM) proteins which are surface, push fiber and nuclear grip proteins and cell
association. It has a low expansion rate, and it is demonstrated loss of cell structures
because of the separation limit and diverse states of cells contrasted and 3D systems.
Moreover, it displays intemperate unconstrained practices, and only 50% of the cell
skeleton or less collaborates with ECM [1]. Moreover, 2D systems confine copying
in vivo conditions, and it has low remedial impacts; likewise, it constrains in sedate
research. To dispense with the more significant part of the weaknesses of 2D
monolayer cell culture, 3D systems which are more confused were produced, and

usable of the method has quickened. Microtissues can beat those downsides and



furthermore shows to all the more likely copy in vivo conditions. Note that outline an
unusual situation that mirrors the living tissue beyond what many would consider
possible, 3D tissues can give the best reaction of tissues as a result of aftereffects of
joining microtissues was watched more perfect than a monolayer [2; 3]. In this manner,
3D cell culture is described as a transitional frame between 2D cell culture and in vivo
explores. While in vivo tests have numerous inconveniences, for example, monetary
and moral issues, 3D systems are exceptionally pertinent, ease and do exclude moral
issues, because of these reasons it is better than monolayer culture. [8; 9; 10; 11; 12;
13].

3D systems can be arranged into two groups. These:
1. Scaffold-Based

a. Natural Scaffolds

b. Synthetic Scaffolds

c. Micropatterned Surface Microplates
2. Non-Scaffold Based

a. Hanging Drop Method

b. Spheroid Forming (Platform free)

¢. Microfluidic 3D Cell Culture

1.2.1.1 Scaffold based 3D cell cultures

In tissue engineering, tissues form different structures and properties. Also, a scaffold
should host cell adhesion, proliferation, and extracellular matrix production. For the
need of the end result membranes, tubes, gels or 3D matrices can be developed [14].
Each scaffold is chosen for its purpose. Collagen gels can be used for the preservation
of cells. Hydrogels, for instance, can enclose and represent a proper environment for
isolated cells. Some gels can be directly injected to the targeted site, and
semipermeable gels can be a support for cells for places at limited communication

occurred [15].



Scaffolds should be able to support and at the end complete the final goal where the
place need for tissue engineering. On the other hand, scaffolds must be reproducible,
cost-effective and controlled. Restrictions from standard issues and complexity
difficulties make this production harder. In the end, there are few institutions for
production. Most scaffolds are produced from a natural or synthetic polymer. Ceramic
materials mainly used for bone tissue engineering but more often combined with

polymers. This process improves their mechanical and biological properties [16].
Natural scaffolds

Natural scaffolds extract from natural polymers such as collagen, fibrin, fibroin,
chitosan, alginates, and starch. All of them can be extracted from plants, animals or
human tissues. However, their main disadvantage is their variability. They vary batch-

to-batch and the purification process is difficult [17; 18].
Collagens

Collagen is widely used polymer for tissue engineering. It is a fibrous protein with
stiffness property. They generally were chosen for its mechanical properties as support
for connective tissue and template structure for the cell distribution. Because of its

triple-stranded helical structure, it is used for capillary formation.
There are mainly three type of collagen;

-Type-1 (Found in skin and bone)

-Type-1l (Found in cartilage)

-Type-I11 (Found in blood-vessel walls)

The most widely used method for producing porous collagen scaffolds is freeze-
drying. In this method, collagen suspension with salt crystals freeze for producing stiff
structure where the porous occurs in the places for salt crystals. They mainly used for

developing blood vessels, tendons, tissues, and nerve regeneration [19; 20; 21; 22].



Chitosan

It is a natural polysaccharide generally found in the exoskeleton of insects. It is the N-
deacetylated derivative of chitin (Figure 1.1). In its structure, there are randomly linked
B (1-4) d-glucosamine with N-acetyl-d-glucosamine groups. Enzymes such as
chitosanase and lysozyme can degrade it. The rate of degradation depends on its
amount of residual acetyl content. This affects the physical and mechanical properties
with the degradation amount. They generally produced by ionic bonding but, for
increasing its strength covalent cross-linking is also used. They can also be used with

other agents for improving other properties such as angiogenesis or drug delivery [23].

CH,OH
0

N\ OH o)
O\ N

NH, 5

Figure 1.1 : Chitosan Formula.

Glycosaminoglycans

Glycosaminoglycans are proteins which are mainly found in the extracellular matrix.
Their long unbranched chains consist of disaccharide units which contain carboxylic
and/or sulfate ester groups. These functional groups link collagens to form an
interpenetrating extracellular matrix. One of the examples of glycosaminoglycan is
hyaluronan. Hyaluronan mainly found in mammalian connective tissue. It has
repeating disaccharide units of N-acetylglucosamine and glucuronic acid. It can bind
high amounts of water. Hyaluronic acid can be derived from natural sources like
rooster combs. The main advantage of it is isolation and modification [24].

Silk fibroin

Silks are stringy proteins that are delivered as a fiber by silkworms and bugs. The
fibroin is broken up (for the most part in water included with LiBr) and reprocessed.
Beginning from recovered silk arrangements, an assortment of biomaterials, for

example, gels, wipes, mats/nets, and movies have been delivered and proposed for



therapeutic applications. Silk fibroin materials display suitable biocompatibility and
have been exhibited to have the capacity to help the development of human cells [25].

Agarose

Agarose is a polysaccharide polymer extracted from red seaweed and generally
utilized in different fields of biomedical research. Its sub-atomic structure is made out
of a rotating copolymer linkage of 1,4-connected, 3-6 anhydro-a-galactose and 1,3-
preferred B-d-galactose. Because of the high measure of hydroxyl gatherings, it is
exceptionally dissolved in water. A double helix structure is shaped by the interaction
of two agarose chains connected by hydrogen bonds. Agarose materials experience
enzymatic degradation by the activity of agarases, and the properties of agarose gels,
particularly quality and porousness, rely upon the grouping of agarose. Agarose is
utilized in tissue culture scaffolds since it allows cells to become inside a three-

dimensional suspension. Agarose gels are utilized in tissue recovery [26].
Alginate

Alginate is a polysaccharide which is found in the cell walls of brown algae. It has two
repeating monomer units: -d-mannuronate and a-I-guluronate. Alginate’s mechanical
properties and physical features depend on the chain length and properties of the
guluronate blocks. They are used to encapsulate cells [27].

Starch

Starches, polysaccharide sugars comprising of glucose units connected by glycosidic
bonds, can be removed from regular sources like corn, and mainly, starches got from
corn, rice, and wheat have been broadly proposed for an extensive variety of
biomedical applications. Starch consists of two types of molecules: the linear and
helical amylose and the branched amylopectin. Starch-based polymers have been
considered a good choice as biomaterials due to their biocompatibility and
degradability. Starch-based polymers have been studied a great supply as biomaterials
due to their biocompatibility and degradability. On the other hand, they are cheap.

They are generally blended with other polymers to composite materials [28].



Synthetic scaffolds

Synthetic polymers are chosen due to their high versatility, reproducibility, and
excellent workability. In general terms, synthetic polymers can be used more than
natural ones, but they are less biocompatible and are not bioactive. Since they are
synthetic, the rate of degradation can be arranged easily by selecting the correct
polymer or making them copolymers. The widely used ones are polyglycolic acid

(PGA), polylactic acid (PLA) and aliphatic polyester polycaprolactone (PCL) [29].
Polyglycolic acid, polylactic acid and copolymers

Polylactic acid (PLA), Polyglycolic acid PGA and their copolymers (PLGA) are
bioabsorbable synthetic polymers (Figure 1.2). These straight aliphatic polyesters
degrade by hydrolysis with degradation rates relying upon the structure, first molecular
weight, uncovered surface area and size, level of crystallinity, connected bonds,
measure of lingering monomer and, on account of copolymers, the proportion of the
hydroxy acid monomers. Because of their thermoplastic abilities, they can be easily
shaped with secure processes like molding, solvent casting, extrusion, and spin casting.
Scaffolds can have ordered or randomly distributed fibers which allow them to have
different size and amount of fibers and pores [30; 31].

They can be used for transplant cells, regenerate different tissues and combined with
ceramic materials made them suitable for bone tissue engineering. Biocompatibility
plays an essential role in the long- and short-term success of all implants; for
biodegradable devices, both the implant and its degradation products must be
biocompatible and nontoxic. Most of them release only nonspecific foreign body mild

reactions [32].
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Figure 1.2 : Polyglycolic acid and Polylactic acid formula.

Polycaprolactone

Polycaprolactone (PCL) is a degradable semicrystalline aliphatic polyester (Figure
1.3). It has crystals and amorphous regions these made it rubbery and flexible at room
and body temperature. It degrades by hydrolysis in physiological conditions. When it
compared to PLA, the degradation rate of PCL is slow. This property limits its use for

fast regeneration for tissue engineering. Therefore, PCL is more suitable for long-term

use [33].
@)
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Figure 1.3 : Polycaprolactone formula.

Polyurethanes

They are produced by the reaction of a diisocyanate and a polyol and in their chain,
they contain urethane. Its structure combined with flexible and hard segments. Their
good biocompatibility allows them to be good candidates for tissue engineering
applications. They are used for different applications like pacemakers, catheters,

artificial heart and heart valves. Degradable ones have been developed for myocardial



repair and vascular tissues. Their degradation process releases nontoxic product to the
human [34].

Poly-ortho ester

Poly-ortho ester (POE) are in acidic environment degrade by surface erosion. Because
of this property, it is mainly used for drug release systems. Degradation process which
is occurs with hydrolysis increases with acidic products since they play as a catalyst
for reaction. In this process, lactide dimers broken down to lactic acid which is catalyst
for ester bonds [35].

Polyanhydrides

Because of its structure, they have also property of surface degradation like POE.
Hydrophobic backbone limits water diffusion and lets the degradation occurs on the

surface. Because of this property, it is also used as drug release applications [36].
Micropatterned surface modification

This technique uses micro-fabrication technology. Each plate has micrometer sized
compartments. All of the components arrange orderly in the bottom of the well. Wells
could be in different shapes, including square, round, or square with gaps between the
obstructions of adjoining wells (Figure 1.4). Wells are covered to make a low grip
surface inside each smaller scale space. On this procedure, cells added to the well at
first append to the base of the smaller scale space, at that point total together to shape
spheroid-like structures in the compartment over consequent long periods of culture.
This gives advantages of reproducibility, known scaffold structures which might affect
cells behavior [37].

Figure 1.4 : Micropatterned Surfaces (A. round, B. square, C. slit patterning.

(Images from Elplasia™)).



1.2.1.2 Non-scaffold based 3D cultures

Cells can aggregate to each other because of the differential adhesion hypothesis
(DAH). According to this hypothesis, there are adhesive and cohesive forces on each
cell. When the cells started to aggregate each other, these forces affect the position of

the cells in the spheroid. They form spheroids because of these forces [38].
Hanging drop method

Cells can form more estimated culture structures since single cells randomly scattered
inside a 3D ECM material. Cells are set in hanging drop culture and brooded under
physiological conditions until the point that they frame genuine 3D spheroids in which
cells are in parallel contact with each other and with extracellular grid segments
(Figure 1.5). The strategy requires no particular equipment and can be adjusted to
incorporate the expansion of any organic operator in little amounts that might be of
enthusiasm for clarifying impacts on cell-cell or cell-ECM connection. Cell-cell
cohesion and cell-ECM adhesion are the milestones of tumor-stromal cell interaction,
wound healing, and for applications to tissue engineering. Cell suspension drop on the
surface of a plate after that with the force of gravity cells aggregates to form spheroids
[39; 40].

ﬁ
Keep Static

Cells in Spheroids in
suspension droplet

Figure 1.5 : Hanging Drop Method.

Microfluidic 3D cell culture

Microfluidic stages can likewise be utilized to make comparative heterogeneous
models while contributing an extra level of many-sided quality by acquainting a
perfusive stream perspective with the cell condition; considering nonstop sustenance
and oxygen presentation and also squander suspension through culture medium. Cells
are kept inside a compartment by different physical or non-physical boundaries. Media
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containing supplements, synthetics, treatment particles, or recoloring reagents is then
perfused past the cells (Figure 1.6). They are made of generally glass or silicon,
polymers with polydimethylsiloxane, poly carbonate or polystyrene. On the other
hand, cells can be combined with matrix like collagen to increase the cell-ECM
interactions. This system is used for tissue engineering applications, tumor research
and embryonic cell culture [41].

Figure 1.6 : Microfluidic Plate (Image from CellASIC®).

A platform free procedure: a 3D petri dish®

Tissue-built 3D developed as a rule for the most part framed on a scaffold and
embedded in vivo to upgrade tissue recovery process. Since the more significant part
of the platform, systems cannot include all the perfect properties for tissue
arrangement, a scaffold free approach where 3D microtissue created through cells
possess extracellular grid for the most part take after the in vivo conditions [42].
Looking at the traditional 3D platform approach, self-get together of cells into
microtissue structures permits connections among cells and extracellular grid emission
without the prerequisite of extra network material. The scaffold free approach can
viably beat the constraints caused by platform materials, for example, satisfactorily
copying the standard extracellular network, restricted cell-cell correspondence, non-
coordinating renovating and debasement profile [43]. The platform is regularly
insufficient to imitate essential errands of ECM that mastermind cell-cell
communication in tissue microenvironments while scaffold free microtissue method
utilizes cell attractive energy subordinate way and cells create possess lattice
notwithstanding grid parts as self-assembly together. Different points of interest of
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scaffold free microtissues can be delivered as vast scale, took care of and co-refined.
Besides, it is effortlessly checked and controlled in vitro tries as opposed to a 3D
platform free method (Figure 1.7). The method has significant advantages for tissue

recovery so it can be material for pre-clinical research [44; 45].

Figure 1.7 : 3D PetriDish® technique (A. mold, B. mold with agarose, C. removing

of agarose molt. D. Agarose mold (Images from microtissues®)).

1.2.2 Model breast cancer cells

Cancer is characterized as the uncontrolled or inadequate development and expansion
of cells by DNA damage causing in cells. Mistakes in the direction of the perplexing
cell cycle with numerous collaborations; prompting the interruption of control of cell
division and ensuring growth advancement in changes at the power focuses. In the
prognosis of disease improvement, essential pathways of loss of cell cycle control,
hindrance of apoptosis and DNA defect [46].

Malignancy stays as a noteworthy reason for death worldwide despite various
methodologies utilized as a part of treatment and counteractive action. Breast cancer
malignancy is one of the most well-known tumors and the second driving reason for
disease deaths among women after lung growth. Around one million women on the
planet and 200,000 women in the United States are determined to have breast cancer
consistently. Also, as per American Cancer Society, breast cancer tumor represents
roughly 40,000 deaths every year in the United States, and around 400,000 individuals
on the planet pass on from breast cancer as indicated by World Conference on Breast
Cancer [47].
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Breast cancer alludes to a malignant tumor which starts from cells in the breast cancer.
Each breast has 15 to 20 segments called flaps, and these projections have numerous
littler parts called lobules. The folds and lobules are associated with thin tubes which
are called ducts. Breast cancer malignancy can start in various territories of the breast,
yet for the most part, it begins in the inward covering of the drain channels or lobules
which supply drain to the conduits. Growth that starts in flaps or lobules is called
lobular malignancy. The breast cancer tumor which begins in the stromal tissues
including the greasy and stringy connective tissues of the breast cancer is less regular.
The past decades, chemotherapy has been viewed as the most effective strategy for
malignancy treatment, yet the related cost and trouble of symptoms has much of the
time declined patients from repairing to chemotherapeutic measures. Thus, there has

been a constant scramble for the advancement of better substitute therapeutics [48].

Breast cancer is a complex and heterogeneous disease. In order to understand disease
cell type selection is an important parameter. HeLa is the first cell line utilized for
cancer studies. It is a well-known cell line today. One of the major benefits of using a
well-known cell line is the relatively infinite supply. First breast cancer cell line
established was BT-20. However, today most widely used breast cancer line is MCF-
7 [49]. Because of its intense hormone sensitivity through the expression of the
estrogen receptor. On the other hand, the protocols of using MCF-7 cell lines have

already been standardized and given responds are closer to in vivo conditions.

The cells, derived from a breast cancer growth persistent in the Detroit territory and
created at the Michigan Cancer Foundation, Detroit, became a standard-model in
hundreds of research centers far and wide. MCF-7 is the acronym of Michigan Cancer
Foundation-7, alluding to the organization in Detroit where the cell line was set up in
1973 by Herbert Soule and collaborators. Prior to MCF-7, it was unrealistic for disease
scientists to acquire a mammary cell line that was equipped for living longer than a

couple of months [50].

1.2.3 Biofunctional peptides

Proteins are fundamental materials of natural systems vast natural exacerbates that are
shaped because of the chain of polypeptides being connected. Peptide pieces order

protein structures. Peptides have an extensive variety of the human body. Therefore
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peptides research has accelerated great rate [51; 52]. Undertakings of a successful
polypeptide chain of proteins can be distinguished in research facility conditions
because of vital capacity, or significant chain of protein can be portrayed. General
depicting of peptides should be possible as a compound comprising of at least two
amino acids connected as covalent bond in a chain. The carboxyl group of each acid
is added to the amino group of the next by a bond of the type -OC-NH- [53].

Strong Stage Peptide Blend (SPPS) is a method which can combine high virtue
peptides on strong gum and has low conservative issues. SPPS is better than traditional
solution peptide synthesis methods since it has necessary sanitization and isolation
stage and accessible automatization. Additionally, SPPS method runs extreme
coupling reagent in reaction duration [54]. Carboxyl groups of C terminal of
aminoacids bind to support materials which are named resin and reactive groups of
aminoacids are protected by special chemical materials such as
Fluorenylmethyloxycarbonyl chloride (Fmoc) or t-Butyloxycarbonyl (Boc). In the
case of authoritative of amino acid to tar or amino acid, ninhydrin test was utilized and
if restricting procedure was ordinary, new amino acid including strategy could proceed
however if amino acids did not tie the tar, the amino acid was included once more.
After all amino acid sequence groupings were accurately added to pitch, deprotection
methodology applies which is the last procedure of peptide blend. In this procedure,

built peptide isolates from tar particles [55].

SPPS uses Fmoc and Boc chemical components as closed polar however ordinarily
Fmoc is used to tests because of low-cost effect and its responses to therapeutic agents,
medicinal chemistry and drug delivery studies. Fmoc SPPS is accessible for original
investigations and straightforward to deal with because it is destructive when it looked
with trifluoroacetic acid (TFA) in the manufactured cycles. While Boc aggregate
hinders racemization amid enactment and authoritative, Fmoc assembles discharges a
gathering of urethane moderating mixes containing the benzyl carbamate

(benzyloxycarbonyl) which influence cell capacities [56; 57].

Peptides in tissue designing, help to control cell culture by adjusting substance of
surfaces and imitating elements of proteins in vivo conditions. After entered own task

in the microenvironment, it can be easily degraded. Furthermore, cell connection
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execution can be upgraded by covering a surface of materials and how cells act in a
material with the peptide can be analyzed in medium without serum. Peptides catch a
pattern in tranquillize conveyance and quality treatment contemplates because of
surface change should be possible by peptides [52; 58]. Another critical purpose of
utilizing peptides is to advance cell expansion through copying ECM proteins, for
example, vitronectin, laminin, and fibronectin in vitro. Notwithstanding, those ECM
molecules are substantial protein successions, expansive peptides are not steady shape,
hard to synthesise and short peptides. Although self-get together can be seen in vast
peptides, short peptides have numerous points of interest and furthermore generally
utilized as a part of analyses in light of every one of these burdens of substantial
groupings. [54; 58; 59].

1.2.3.1 RGD (GRGDS) peptide

Biomimetic materials are usually utilized as a part of a variable region, particularly
biomimetic materials in tissue designing give necessary help and amplify into a place
for cells or tissue [59]. The most prevalent contemplated peptides are RGD peptides
which comprise of arginine (R), glycine (G) and aspartate (D) successions and there is
various RGD theme, for example, GRGDS, RGDSC. Expansive themes of RGD is
more particular than just RGD arrangements. The peptide has integrin restricting
undertaking which ties to vitronectin, fibronectin, fibrinogen, osteopontin, laminin,

collagen and bone sialoprotein [58; 60; 61].

The arrangements are reasonably successful in connection of cells, and it gives the
high ability of integrin restricting locales and control of cell proclivity. While utilized
individual ECM molecules prompt strong reaction and it has a risk joined microbial
contamination, RGD peptides do not initiate insusceptible reactivity, and it is material
in clinical specialists. RGD synthesis has primary and taking care of the process,
customizable focus and minimal effort [62]. It has controlled impact because
fundamentally RGD peptides attach on integrin molecules which have active parts in
a cell-scaffold association. It has additionally compelling part in angiogenesis period.
It increases cell expansion and cell development. In this way, the peptide can improve
connection amongst cells, and it can hold cells in particular ECM particles. The

execution of RGD peptides continues working period and remain stable in vivo and in
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vitro condition. It can adjust to various surfaces and coat to implantable materials.
Subsequently, materials can pick up usefulness and be controlled, for example, cell
movement. Compelling unit of fibronectin atoms which is RGD acts together with
other ECM particles. Just RGD area could not prompt integrin flag pathways in local
tissue [53; 59].

One of the advantages of RGD is, it ties the purpose of the cell-network association,
and it can be a drag apoptosis pathway. One of the disadvantages of RGD peptide, it
is grouping which is Arg-Gly-Asp did complex with some particular vascular proteins,
for example, engine and annastellin amid vascularization and it directs angiogenesis
and vasculogenesis. Another drawback is RGD peptides is, molecular pathways of
RGD still are not well described. [63].

1.2.4 Apoptosis

Apoptosis is programmed cell death which is a physiological cellular process that
occurs in living things during the regular life cycle. In multicellular organisms, the

number of the cells compensated by cell deaths and divisions [64; 65].

1.2.4.1 Mechanisms of apoptosis

There are different ways to follow for apoptosis mechanism. Caspases lead some of
them, signalling molecules, particular cells or proteins [64].

Apoptosis induced by caspases

Proteins that are effective in the apoptotic pathway in the vertebrates are called
caspases. They are named cysteine-aspartic proteases due to their specific cysteine
protease activity. They carry a cysteine residue, which plays an essential role in
catalytic domains, an aspartate at their C-terminus against the proteins and an enzyme.
15 different caspases have been identified in humans. Caspases are synthesized as
procaspases, and then cut off a specific part of them and become active caspases. In
this apoptosis pathway, a protein-induced caspase-9 activates by activating some
aspects of caspase-3. Activated caspase-3 inactivates inhibitor of caspase-activated
deoxyribonuclease (ICAD) in the cytosol. Inactivated ICAD is separated from

ordinarily bound caspase-activated deoxyribonuclease (CAD). The released CSD
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enters the nucleus, causing chromatin condensation and DNA breaks which is leading
to cell apoptosis [66].

Apoptosis induced by signalling mechanisms

Apoptosis can be observed in the presence of signals. For example, Tumor Necrosis
Factor (TNF) which is synthesized by macrophages and Fas ligand that is synthesized
by cytotoxic T lymphocytes. Both of them can also lead to apoptosis. Both of them
work through death receptors found in the target cells. They activate receptor when
they bind. The activated Fas receptor attracts the intracellular protein called the TNF
receptor-associated death domain (TRADD), which is activated as FADD (Fas-
associated death domain) that activates caspase. Both the TNF and FAS receptors, also
called death receptors, require that some cytosolic proteins, such as FADD and
TRADD which have an amino acid site that transmits the death signal. Caspase-8 is
further activated by cleaving its proenzyme form by itself. The target of caspase-8 is
mitochondria, and caspase-8 is bound to the active caspases in the mitochondrial
cytochrome C, which act as proenzymes, and leads to the activation of caspases
effective in the presence of caspase-8. Activated caspases also lead to cell death [67;
68].

Apoptosis induced by immune cells

Cytotoxic T lymphocytes secrete granules containing lytic components such as serine
protease and perforin. The perforin released from cytotoxic T lymphocytes binds to
the target cell membrane, forming channels there which kills the target cells. The
serine protease in the granules also passes through the target cell in the presence of
perforin, activating the caspase pathway, activating the procaspases, thereby causing

the cell to enter apoptosis [69].
Other proteins that induce apoptosis

Even though caspases do much valuable work in apoptosis, death may occur in cells
without caspase activation. Apoptosis Inducing Factor (AIF) and Endonuclease G are
the proteins that lead to this mechanism by releasing from mitochondria. AlF is a
flavoprotein. After the apoptotic stimulation, it moves to the nucleus. In the core, AlF
causes chromatin condensation and separation of DNA into particles. Endonuclease G
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usually serve to separate RNA-DNA hybrids during transcription. After the apoptotic
stimulation, it separates from mitochondria and isolates DNA [65].

1.2.5 Antitumor effect of RGD peptides

Since RGD motif is an integrin-recognition motif found in many ligands, it has been
widely used as inhibitors of integrin-ligand interactions. It also can induce apoptosis
without any requirement for integrin-mediated cell clustering or signals. RGD-
containing peptides directly induce auto processing and enzymatic activity of pro-
caspase-3. For achieving cell death, caspase -3 required [63]. A previous study that
has carried out in our laboratory was demonstrated, increased concentration of RGD
reduced the diameter of microtissue and the ratio of living cells [70]. RGD has
different antitumor effects on cancer cells. It can affect their adhesion and migration,
induce tumor apoptosis and inhibit their angiogenesis. Integrin avp3 is a heterodimeric
glycoprotein and it played a role regulation of cell-cell and cell-ECM interactions.
Therefore, it is a suitable choice for therapeutic intervention [71]. A study has done by
Mitjans et al. [72] focused on this point. They characterized RGD peptide and
monoclonal antibody (MADb) in vivo that acted as an av antagonist for inhibiting
human melanoma tumor growth. They found that the cyclic RGD peptide targeted
with MAb could inhibit av integrin for cellular adhesion. On the other hand, Anuradha
et al. [73] found RGD induce apoptosis by activating caspase-3 that cause DNA
fragmentation and cell death. This leads RGD could also induce apoptosis. Since av-
integrins (avP3, avp5) regulate connections of endothelial cells during tumor
angiogenesis, inhibition of these integrins could block angiogenesis on the tumor.
Eliceiri and Cheresh [74] showed blocking av-integrins with cyclic-RGD peptide
resulted in significant reduction of vessel density, delaying growth and metastasis of a

tumor in vivo
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2. MATERIALS & METHODS

2.1 Peptide Synthesis

100 mg resin was swelled in 2ml Dimethylformamide (DMF) solution for 20 min.
Fmoc-protecting group was removed using de-protection solution which is 20%
piperidine in DMF for 20 min. 2 equivalents (based on resin substitution) of Fmoc-
protected amino acid was dissolved in DMF and added to the resin. 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate) (2 equiv,
HBTU), hydroxybenzotriazole (2 equiv, HOBt) and N, N-diisopropylethylamine (4
equiv, DIEA) were added to mixture. Tubes were mixed in an orbital shaker to proceed
coupling reaction for 3 hours. Each coupling and the de-protection reaction was
confirmed by ninhydrin test. If the result was positive, the resin was washed with DMF
and the coupling reaction was repeated until a negative result was obtained. If the test
result was negative, the resin was washed with DMF, reacted with 20% piperidine in
DMF for 15 min, and again washed with DMF. All amino acids were coupled using
the same method. When the last amino acid was coupled, the peptide was cleaved from
the resin by using trifluoroacetic acid (TFA): triisopropylsilane (TIPS): DI Water
solution at a ratio of 95 : 2.5 : 2.5. TFA was evaporated with the rotary evaporator.
The peptide was precipitated in ice-cold diethyl ether. Next, precipitated peptide was
washed by ice-cold diethyl ether three times. Finally, the resulting pellet was freeze-
dried [55]. All peptides were purified and characterized by preparative high-pressure
liquid chromatography (HPLC, Agilent 1260 Quaternary LC) equipped with mass
spectrometry (Agilent 6530 Q-TOF) with an electrospray ionization (ESI) source.

2.2 Cell Culture

2.2.1 2D Cell Culture

MCEF-7 cell line was used between passage numbers 22-27. The cell line was taken
from Ege University, Bioengineering Department, Animal Cell Culture and Tissue
Engineering Lab. Monolayer culture was done by DMEM (DMEM-Dulbecco’s
Modified Eagle Medium, Sigma, D6046) which includes 1% L-Glutamine (Gibco,
25030081) and 1% Penicillin (Gibco, 15140122), %10 FBS (Fetal Bovine Serum,
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Sigma, F6765). Media was replaced per 2 days. When MCF-7s were 80-90%
confluent, they were washed 3 times with PBS and passaged to use for 3D cell culture
by using trypsin-EDTA (Gibco, 15090046) solution. After waiting 5min. in 5% CO2
37 °C in the incubator, cells were centrifuged at 900 rpm, 4 °C, and 5 min. the number

of cells was calculated trypan blue dye with a hemocytometer.

2.2.1 3D Cell Culture

To construct the cancer microtissue, 330 ul agarose gel was created by 3D petri dish
(24 well) as shown in Figure 2.1. The agarose gel was incubated to accommodate cells
at 30 min. with media after that MCF 7’°s was added then held 30 min. in the incubator.
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Figure 2.1 : 3D Cell Culture (A. 3D PetriDish™ mold, B. pouring molten agarose,
C. removing of agarose mold, D. Agarose mold E. Putting agarose molds to 24 well

plate, F. Pouring cells with media).

2.3 Live & Dead Assay

Double Staining Kit (Dojindo, Molecular Technologies, Inc, Japan) is used to

demonstrate the rate of viable or dead cells in microtissue. The medium was attentively

20



removed and the mold was washed 3 times with PBS. A stock solution of dye was
prepared by using 1 mmol/L solution A-green (Calcein-AM/DMSO) and 1,5 mmol/L
solution B-red (Pl/purified water). The solution was applied by 500 pl. After
incubation for 15 min., at 37°C, the solution was removed and then washed 5 times
with PBS again. The microtissues were observed under the fluorescent microscope
(Olympus) in 10x and 40x magnification. Both live (green) and dead (red) cell

micrographs were taken separately and merged with CellSense Entry software, too.

2.4 Actin Cytoskeleton/Focal Adhesion Staining Kit

This kit was used for understanding cell viability and cell configuration of microtissue.
Phalloidin stains actin filaments which are important for the understanding of vascular
structures. To understand the places of the cell nucleus, DAPI was used. After
removing the media from agarose mold, the mold was washed 4 times with PBS
without damaged the microtissue. Microtissue was fixed at 4% paraformaldehyde 20
min. at room temperature. They washed 3 times with PBS and incubated with 0.1%
Triton X-100 in 1x PBS for 1-5 min. at room temperature. Molds were washed 3 times
with PBS again. They blocked by using 1% BSA (Bovine Serum Albumin). TRITC
conjugated Phalloidin was prepared as 1:1000 ratio within 1X PBS and incubated for
60 min. each agarose mold at room temperature. After 3 times washed with PBS, the
mold treated with DAPI at room temperature 5 min. and washed 5 times with PBS, 5
min for each washing operation. The micrographs were observed under the fluorescent
microscope (Olympus) in 10x and 20x into PBS. Red dye represents phalloidin and
blue dye represents DAPI which is the nucleus of cells. Cell micrographs were taken

separately and merged with CellSense Entry software.

2.5 Analysis of Cancer Microtissue’s Diameter Size

Three independent experiments were performed and in each experiment, three cell
seaded molds were used for eash experiment group. The images taken from the same
cell seeded wells for easch group at 1%, 4@ and 7" day. Image-J software (NIH) was

used for diameter size analysis of cancer microtissues. All data were expressed as a

21



mean + standard error and were statistically analyzed by T-TEST. Significant

differences between groups were determined at p values at least than 0.05.

3. RESULTS

Purity and charactarization of sythesized RGD peptide was measured by HPLC.
Calculated moleculer weight of RGD is 489.49 g/mol and measured value from mass
spectra (Figure 3.1) was observed as 490.4785 g/mol. Therefore, calculated and
observed molecular weight of RGD matched (Table 3.1). As the result obtained from
liquid chromatography and mass spectra indicate that synthesized RGD peptide has
high purity ratio (Figure 3.2).
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Figure 3.2 : Liquid chromatography spectra of RGD peptide.
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Table 3.1 : Sequence, observed and calculated molecular weight of RGD peptide.

Name Sequence Calculated Observed

RGD GRGDS 489.49 g/mol 490.4785 g/mol

Containing different RGD concentration DMEM media was used for each group
(n=6). The experiment was materialized 100,000 cell/ 75 pl. RGD peptides were
calculated as 0 mM as a control group, 2 mM, 4 mM and 6 mM. Diameters were
measured at the least 3 times by Image-J software (NIH). Figure 3.1 represents

micrograph of microtissues at 1st, 4rd and 7th days in 100 um scale bar.

Figure 3.3 : The effect of 0 MM RGD peptides on tumor microtissue formation at
1%, 44 and 7" days.

Diameter of microtissues did not show significat difference at 0 mM RGD
concentration (Figure 3.3). However, a significant decrease in microstructure diameter
was observed at 2 mM RGD (Figure 3.4).
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Figure 3.4 : The effect of 2 mM RGD peptides on tumor microtissue formation at
1%, 49 and 7" days.

Therefore, the observed reduction in diameter was more noticeable than 2 mM RGD
at 4 mM RGD (Figure 3.5).

Figure 3.5 : The effect of 4 mM RGD peptides on tumor microtissue formation at
1st, 4rd and 7th days.

The most significant size reduction observed was 6 mM RGD (Figure 3.6). While a
significant decrease in diameter was observed in all RGD concentrations, this
reduction of microtissue size increased with the increase in RGD concentration.
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Figure 3.6 : The effect of 6 mM RGD peptides on tumor microtissue formation at
1st, 4rd and 7th days.

The average size of microtissues on 0 mM RGD concentration were 232.21 + 11.61,
241.28 + 12.06 and 239.01 + 11.95 pum in Figure 3.4, respectively 1%, 4 and 7" days.
The results shows there is an increase on microtissue size until 4™ day. After the 4"

day size of the microtissues slightly decreased just under the 240 pm.
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Figure 3.7 : Effect of 0 mM RGD concentration on the MCF-7 microtissue.

The average size of microtissues on 2 mM RGD concentration were 233.85 + 11.69,
185.46 + 9.27 and 175.86 + 8.79 um in Figure 3.5, respectively 1%, 4™ and 7" days.
Size of the microtissues on 2 mM RGD constantly decreased until the 7% day.
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2 mM RGD
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Figure 3.8 : Effect of 2 mM RGD concentration on the MCF-7 microtissue.

The average size of microtissues on 4 mM RGD concentration were 232.75 + 11.63,
159.41 + 7.97 and 141.69 + 7.08 um in Figure 3.6, respectively 1%, 4 and 7" days.
Diameter of the microtissues on 4 mM RGD constantly decreased until the 7" day.
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Figure 3.9 : Effect of 4 mM RGD concentration on the MCF-7 microtissue.

The average size of microtissues on 6 mM RGD concentration were 189.6 + 9.48,
132.01 + 6.6 and 143 + 7.18 um in Figure 3.7, respectively 1%, 4" and 7" days.
Diameter of the microtissues on 6 mM RGD constantly decreased until the 4" day.
After the 4™ day size of the microtissues remained constant just under the 150 pm.
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6 mM RGD
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Figure 3.10 : Effect of 6 MM RGD concentration on the MCF-7 microtissue.

On the 1st day, respectively and the statistical difference was found at 6 mM RGD
compared to the control group (p*** < 0.001). At 4rd and 7th day, all groups were
different compared to the control group statistically (p*** < 0.001).

To understand the viability of microtissues, live and dead assay was applied and the
highest death ratio was observed in 6 mM RGD peptides as surveyed in Figure 3.11.
It was examined three samples from all groups at 7th day in 100 um scale bar. While

increasing RGD concentration, the ratio of death cells/ living cells was also increased.
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0 mM RGD

Figure 3.11 : The viability of MCF-7 microtissues at 0 mM RGD concentration
(Green: Living Cells Red: Dead Cells).

Highest living cell ratio was observed in 0 mM RGD concentration as survayed in
Figure 3.8.

2 mM RGD

Figure 3.12 : The viability of MCF-7 microtissues at 2 mM RGD concentration
(Green: Living Cells Red: Dead Cells).

At 2 mM RGD concentration the ratio of living cells decreased when compared to 0

mM RGD. However, the ratio of live cells is almost the same as the ratio of dead cells.
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4 mM RGD

Figure 3.13 : The viability of MCF-7 microtissues at 4 mM RGD concentration
(Green: Living Cells Red: Dead Cells).

At 4 mM RGD concentration the ratio of dead cells decreased when compared to 0
mM RGD and 2 mM RGD. However lowest ratio of living cells observed at 6 mM

RGD concentration. This results indicates the ratio of dead cells increase while
increasing RGD concentration.

6 mM RGD

Figure 3.14 : The viability of MCF-7 microtissues at 6 mM RGD concentration
(Green: Living Cells Red: Dead Cells).

Focal adhesion dye was done to identify actin skeleton and determine the location of

cells in microtissues. The experiment was realized triplicate and micrographs were
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taken three different microtissue at 7th day in 100 um scale bar. All groups formed

microtissues.

Figure 3.15 : Actin flament & Nucleus dye at 0 mM RGD concentration (Red: Actin

Flament, Blue: Nucleus).

Density of actin flaments were highest at 0 mM RGD concentration and the density

decreased at 2 mM RGD concantration.

2 mM RGD

Figure 3.16 : Actin flament & Nucleus dye at 2 mM RGD concentration (Red: Actin
Flament, Blue: Nucleus).
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4 mM RGD

100 pm

Figure 3.17: Actin flament & Nucleus dye at 4 mM RGD concentration (Red: Actin
Flament, Blue: Nucleus).

Actin flament density was lowest at the 4 mM and 6 mM RGD concentrations. The

density of actin flament and nucleus of cell are decreased with the size of microtissue.

6 mM RGD

100 um

Figure 3.18: Actin flament & Nucleus dye at 6 mM RGD concentration (Red: Actin

Flament, Blue: Nucleus).
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4. DISCUSSION

Breast cancer, which is 23% more common in women than other types of cancer in the
world, is one of the most critical diseases with a mortality rate of 14% today, very
intensive studies are being carried out to discover novel, specific, active and less potent
drug or chemical agent in cancer studies. Despite significant advances in diagnosis and
treatment, mortality rates have increased over the years, suggesting that breast cancer

is still an essential life-threatening type of cancer [75].

The goal of many chemotherapeutics is uncontrolled and rapidly growing cancerous
cells, especially destroying and destroying them during proliferation. Despite
significant positive developments in chemotherapeutic treatments applied to patients,
in some cases, these drugs adversely affect healthy cells and cause severe tissue
damage, and thus many healthy vital organs in the patient are adversely affected during
treatment. Drug resistance is the most important of these side effects. Some anti-cancer
medicines cause the body to be repressed on the immune system, leaving the body
vulnerable. Some of these chemotherapeutics have unwanted side effects [76]. For this
reason, patients treated with antioxidant substances that will reduce the reactive
oxygen species (ROS) levels with the drugs they use in their treatment are one of the
treatment modalities and strengthen the defence mechanism. Studies indicate that such

combined treatments prevent tumors and reduce side effects to a minimum [77].

For this purpose, there are other attempts to deal with breast cancer. Fan and et al.
worked on RGD as a delivery vector because of its antitumor activity. They aim to E-
cadherin/catenin complex because of its importance for cancer cell migration and
invasion. RGD (Arg-Gly-Asp) and NGR (Asn-Gly-Arg) sequences used for their
properties for tumor targeting and apoptosis-inducing. They also used HAV
(Histidine-Alanine-Valine) for its inhibition of cadherin-based functions. They merged
these peptides into the biofunctional peptide (AVPIAQK) with enhanced tumor
targeting and apoptosis effects. Their work’s results have been promising results in in-

vivo, and it might be used in pulmonary carcinoma therapy [78].

Chatterjee and et al. worked on human prostate cancer cells. They used cyclic RGD
(Arg-Gly-Asp) peptides which are cyclo-(Arg-Gly-Asp-D-Phe-Val; cRGDfV), RGD
and RGD-Ser on LNCaP and PC-3. They found cyclic RGD have significant killing
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effect with almost 84% on human prostate cancer cells. Also, they showed the target
for cyclic RGD which is avP3 integrins on the surface. This finding is evidence of
caspase-3 and caspase-9. Eventually, their work suggests that cRGDfV might be a
treatment for some human prostate cancer cells [79]. From Fan’s and Chatterjee’s
studies we can predict one of the reasons for the antitumor effects of RGD that we
observed might be related to integrin relation by blocking them.

Anuradha and et al. studied human leukemia (HL-60) cells with RGD peptides. They
failed to induce apoptosis directly with RGD peptides on HL-60 cells. However, RGD-
treated cells have shown internucleosomal DNA fragmentation. After the western blot
testing, they found that a caspase-3 inhibitor z-VAD-FMK completely blocked the
apoptosis, but caspase-1 inhibitor (Ac-YVAD-CMK) and caspase-2 inhibitor (z-
VDVAD-FMK) did not block the apoptosis. These results also underline the
importance of caspase-3 and give hints for future researches on RGD peptides
mechanism [73].

Capello and et al. studied RGD-Linked somatostatin analogues. RGD, RGD-DTPA-
octreotate, DTPA-RGD, and DTPA-Tyr3-octreotate was used. They found that RGD-
DTPA-octreotate’s effect was higher than other because of increased apoptosis by
increased caspase-3 activity. They conclude that RGD peptides can be bind to
somatostatin analogues which can increase the effect of peptides [80]. Anuradha and
Capello showed another pathway for antitumor effect of RGD by inducing apoptosis

via caspase-3.

Pei and et al., worked on melanoma differentiation-associated gene-7 (mda-7 /
interleukin-24 (IL-24) because it is a cancer-specific, growth suppressing and an
apoptosis-inducing gene with broad-spectrum antitumor activity. However, the
capacity of it was low, so they enhanced with directly RGD via binding on integrin
avp3. They construct RGD-1L-24 which can express the RGD-MDA-7/IL-24 protein.
They tested it on MCF-7, HelLa, HepG2 and normal human lung fibroblast cells.
Findings of this study were revealed that peptide only induced apoptosis on tumor
cells, not in healthy cells. Also, it significantly increased the ratio of pro-apoptotic
(Bax) to anti-apoptotic (BCL-2) proteins in tumor cells but not in the healthy cells. All
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above the study suggest that RGD-IL-24 might be used in tumor therapy by enhancing
apoptosis [81].

RGD peptide is not only used for cancer cells. Teraha and et al. found that RGD-
containing peptides induce apoptosis in hemocytes of the Crassostrea gigas (Pacific
oyster).  They observed typical characteristics of apoptosis-like chromatin
condensation and distinctive DNA ladder on agarose gel electrophoresis. However,
their research does not explain the exact mechanism of RGD on vertebras. Further
researches based on this work might help us understand the mechanism of RGD on

apoptosis [82].

Erhardt and et al. directly worked on activation of caspase-3 in rat cardiomyocytes by
RGD peptides. All observations conclude that caspase-3/caspase-7 cleavage occurred
only RGD-treated cells. Similar results obtained in T cells and other leukocytic cell
types. In all studies RGD induced cell death and caspase activation through direct
activation of caspase-3. However, the exact concentration was unclear for the
apoptotic effect in this study for particular cell types. In order to better understanding,
future researches have to enlighten the effects of RGD doses and different molecular
structures of RGD compounds. On the other hand, this study suggests that activation
of caspase may not be the only mechanism that triggers mortality in different cells
[83].

Chen did another major study with collages. They successfully inhibit tumor growth
with RGD-Tachyplesin complex. Tachyplesin is an antimicrobial peptide that found
in the horseshoe crab’s (Tachypleus tridentatus) leukocytes. They conjugated RGD
with the synthetic tachyplesin. Their results demonstrated that RGD-tachyplesin
hindered the expansion of both tumor and endothelial cells and decreased the colony
formation of TSU prostate cancer cells in vitro. Also, they think that the complex
induces apoptosis since the western-blotting showed caspase 9, caspase 8 and caspase
3. On the other expression of Fas ligand, Fas-associated death domain, caspase 7 and
caspase 6 increased. These results suggest that the complex could use both
mitochondrial and Fas-dependent pathways to induce apoptosis. To sum up, this
complex can be used as an antitumor agent [84]. We can understand that RGD might

not induce only caspase-3, it might induce other caspase pathways for apoptosis.
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As mentioned above, RGD is not using only for cancer; there are other diseases like
fibrosis that RGD modification increases the apoptosis treatment. Jamhiri and et al.
used RGD for modification of Interleukin-24/melanoma differentiation-associated
gene-7 (IL-24/mda-7) for enhancing apoptosis on human hepatic stellate cells (HSCs).
IL-24/mda-7 is a cytokine that is used for tumor killing as well as the pathophysiology
of the diseases. Real-time PCR and viability assessments showed that complex had the
most significant growth inhibitory effect. Statistically compared with the control group
the p-value is equal to 0.0002. So, this result indicates that RGD-modified IL-24/mda-

7 might be a suitable candidate for the treatment of fibrosis [85].

The il-24/mda-7 complex is used on carcinoma cells too. Hosseini and et al. tried the
same RGD-IL-24/mda-7 complex on the hepatocellular carcinoma cell line (HepG2)
and human liver stellate cell line (LX-2). The results of enzyme-linked immunosorbent
assay (ELISA), gPCR and propidium iodide (P1)/ annexin V-APC staining also known
as apoptosis analysis showed that HepG2 has significant difference compared with the
control group. On the other hand, LX-2 has no significant difference which means the
modified complex (SP RGD-IL-24) or native IL-24 they used did not induce apoptosis.

Results are promising for further studies [86].

Bina and et al. made a similar study with different RGD complex on HepG2. They
fused plasmids producing mda-7 with different RGD complexes which are full
RGDA4C, shortened RGD and tRGD. However, results of RGD4C and shortened RGD
decrease apoptosis. Furthermore, these complexes also disrupt receptor attachment.
They demonstrated this by protein modelling. The mechanisms of RGD complexes
unclear and the tethering of targeting peptide to mda-7 or other cytokines will not
always get a better response. For more better results, different kind of complexes must
be tested [87].

Previous studies have been done before used RGD to increase the efficiency of their
molecules. However, some groups used RGD as targeting molecule too [88]. Our aim
understood the single uncomplicated RGD peptide’s effect on the breast cancer cell
line. Our size analysis results significantly gave a positive difference after the 4th day.
On the other hand, increased concentration of RGD (6 mMol) has shown a remarkable
difference between the control group. At the end of the assay, the viability of MCF-7
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increased by increasing of RGD concentration. Furthermore, understanding the
structure of the microtissues actin filament & nucleus dye have done. This assay’s
results showed us even in increased concentrations cells formed microtissues, but the

size reduction is given promising results for future studies.
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5. CONCLUSION

In the present study, RGD peptide at concentrations of 2 mM, 4mM and 6 mM were
exposed to tumor microtissues to evaluate the anticancer effect of the RGD. Increased
RGD concentration was significantly reduced tumor size and the ratio of living cancer
cells. This results indicated that RGD has an antitumor effect. RGD peptide has
promising results for tumor treatment because of its antitumor property. Also, studies
have done for its usage of the target molecule for other drugs and given results shown
that positive effect . Results of this study proved and supported the previous studies
[73; 79; 80]. It can be concluded that RGD is not only important for cancer treatment
but also it can be used for other diseases. Previous studies showed that RGD binds to
integrins which then might affect tumor cell adhesion and migration [74]. In the
present study, we can speculate that such binding might prevent angiogenesis during
tumor development. On the other hand, recent studies in the literature indicate that,
RGD induces apoptosis and which could be considered as another mechanism for the
antitumor effect of RGD. All the above might occurred alone or together for its
antitumor effect that we observed in our study. However, the mechanisms of RGD
peptides or complexes must be well understood for a noticeable effect on treatments.
Although, it is clear that RGD peptides are a good candidate for tumor treatment as

well as treatment of other diseases.
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