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ABSTRACT

Photodynamic therapy (PDT) is a treatment that includes the administration of a
photosensitizing drug, often a porphyrin derivative, followed by irradiation with visible
light of specific wavelength(s). Photosensitizers produce a type of reactive oxygen
species (ROS) that kills neighboring cells when exposed to a specific wavelength of the
light. Reactive oxygen species may induce apoptosis, immune response and vascular
shutdown or directly kill tumor cells.

We investigated the Protoporphyrin-IX and Dopamine conjugated
protoporphyrin on different cancer cell lines. The concentration-dependent viability and
cytotoxicity of cells were measured after Protoporphyrin-IX and Dopamine conjugated
protoporphyrin treatment. In addition, we showed that Protoporphyrin-IX and
Dopamine conjugated protoporphyrin induce apoptosis by causing DNA fragmentation
and phosphatidylserine localization on different cancer cell lines prior to photodynamic
treatment. We confirmed our results by checking Caspase-3 activity with Reverse
Transcriptase-Polymerase Chain Reaction (RT-PCR).

Keywords: Photodynamic therapy, protoporphyrin IX, apoptosis, cytotoxicity.
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(0Y/

Fotodinamik tedavi (FDT), genellikle porfirin gibi 1s18a duyarli bir ildcin
intravendz olarak 6zel bir dalga boyunda/boylarindaki goriiniir 1s1kla aktive edilerek
verilmesiyle gergeklesen bir tedavi seklidir. Isiga duyarli maddeler, belirli bir dalga
boyundaki 1s18a maruz birakildiginda, yakinindaki hiicreleri 6ldiiren bir reaktif oksijen
tiiri (ROT) olusturur. Reaktif oksijen tiirleri apoptoz, immiin tepki ve vaskiiler yikimi
tetikleyebilir veya tiimor hiicrelerini dogrudan dldiirebilir.

Bu ¢alismada, Protoporfirin-IX ve Dopamin bagl protoporfirin farkli kanser
hiicreleri iizerinde incelendi. Hiicrelerin derisime bagli canlilik ve sitotoksisitesi
Protoporfirin-IX ve Dopamin bagl protoporfirin uygulamasindan sonra ol¢iildii. Buna
ek olarak, Protoporfirin-IX ve Dopamin bagl protoporfirinin FDT ile beraber farkli
kanser hiicreleri lizerinde DNA kiriklar1 olusumu ve fosfotidilserinin hiicre diizeyinde
belirlenmesi ile apoptozu tetikledigi gosterildi. Sonuglar Revers Transkriptaz-Polimeraz
Zincir Reaksiyonu (RT-PCR) yontemi ile Kaspaz-3 aktivitesine bakilarak dogrulandi.

Anahtar Kelimeler: Fotodinamik terapi, protoporfirin X, apoptoz, sitotoksite.
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CHAPTER 1

INTRODUCTION

PHOTODYNAMIC THERAPY

1.1 History

Photodynamic therapy (PDT) is newly used tecnnique that is used to treat
neoplastic and non-neoplastic diseases. Photosensitizers are the chemicals that are
found in target tissues and activated during PDT. After Raab discovered that certain
wavelengths of light were lethal to paramecia exposed to acridine and certain other
dyes, the foundations of the concept were laid as early as the beginning of the 20th
century. Following Raab, Tappeiner used these dyes topically for the treatment of skin
lesions.

The porphyrins are the mostly investigated type of chemical compounds in PDT
today. In 1993, Meyer-Betz researched porphyrins for the accumulation of
hematoporphyrin (HP) and in rat tumors and PDT effects following systemic
administration. Figge and his colleagues used the fluorescence from these compounds in

diagnosis and tumor margin delineation in the late 1940s and 1950s [1]

Lipson and Blades said that PDT was not the parent compound and an impurity
in HP that was the tumor-localizing agent [2]. Hematoporphyrin derivative (HPD), a
mixture of porphyrins produced by the acid treatment of HP was produced after that.
The real composition and structure has not been known yet but in general the active
portions consist of porphyrin oligomers with ether and/or ester linkages along with
monomeric porphyrins [3-4]. In 1970s and 1980s, of Dougherty and colleagues worked
on developing of HPD for laboratory and clinical investigations [5-6].



PDT was used to treat tumors in virtually every anatomic site and most are
responsive to this therapy to some extent. In 1987, purified form of HPD was used to
treat patients for for a variety of neoplasms for the first time and to date several patients
are also treated with PDT by Quadra Logic Technologies, Inc. (now QLT
Phototherapeutics, Vancouver, Canada) and American Cyanamid Co. (Pearl River, New
York) were the first coperations that supported these first randomized trials [7]. They
compared the efficacy of PDT with that of other forms of therapy for bladder,
esophageal, and lung cancers. In worldwide, important progress has been achieved in
obtaining regulatory approval for a variety of indications. 10 countries approved PDT
with PF. In the United States, Canada, and Europe there are other requests for treatment

of several other indications with other photosensitizers [53].

1.2 Overview

There are three basic componenets that phtodynamic therapy depends on:
photosensitizer, cellular oxygen and light. The light of a specific wavelength activates
photosensitizer which is a photoreactive drug. After this activation, reactive oxygen
species (ROS) generation (singlet oxygen form) is induced. As a result of ROS
formation, direct tumor cell death is obtained [8]. Direct tumor destruction via
generation of reactive oxygen is not the only reason for tumor destruction. A secondory

event; microvascular disruption and local acute inflammation are also induced by PDT

[9].

PHOTONS
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singlet

oxygen,
free

radicals
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Figure 1.1 A simplified representation of events in photodynamic action [53]



The term ROS is used for short-lived diffusible entities such as hydroxyl (-:OH),
alkoxyl (RO-) or peroxyl (ROO-) radicals and for some radical species of medium
lifetime such as superoxide (O;-) or nitroxyl radical (NO-). It also includes the non-
radicals hydrogen peroxide (H,O;), organic hydroperoxides (ROOH) and hypochlorous
acid (HOCIl). ROS are generated by inflammatory cells, which accumulate in both
allergicl and non-allergic2 inflammations. ROS have destructive actions on both DNA

and proteins [10].

ROS may help to cytochrome c release because of disruption of the

mitochondrial membrane potential.

Death stimulus

Initiator caspases

ROS

1 Mitochondria

SMase I

v

ore

/" |cytochrome ¢|

A"""a._gaspase 9  Apaf1

Effector
caspases

A

Apoptosis

Figure 1.2 A proposed model showing the mitochondria as both source and target of

ROS and the role in apoptosis induction [10].



1.3 Photochemistry of PDT

So, S1, and S, represent singlet electronic states of the molecule. Excitation of
the absorbing molecule from the ground singlet state, Sy, to the first excited singlet
state, S; is caused by absorption of a of a photon (depicted by hv). S1 directly or from
the first triplet excited state, T1, which is generated after intersystem crossing may be
reasons for photochemistry. The molecule can relax back to Sy from either S; or T,
radiatively or nonradiatively. ki, ki, kf, and k, represent rate constants for
nonradiactive decay, intersystem crossing, fluorescence, and phosphorescence,

respectively.

' T2

S, -
i I<isc 303
\ _T.I N\ ]OZ

S, v Phototoxicity

Figure 1.3 Energy level diagram for the photoexcitation of a molecule [53].

After absorption of light energy by a photosensitizer, teh energy of its electrons
are increased rendering the photosensitizer excited. By emitting fluorescence, the
excited photosensitizer can relax back to its ground state or to a triplet state through a
process called intersystem crossing, from which it can relax by emitting
phosphorescence. Energy of excited photosensitizer can be transferred to molecular
oxygen that is one of the rare compounds which have triplet ground state, and the two
molecules relax to respective singlet states in triplet state. Sharman says that in the
singlet state molecular oxygen, 'O, is excited, highly reactive and thereby responsible

for the majority of lesions generated during PDT [11]. Excited photosensitizer on



transferring its excess energy returns to its ground state to accept further photons or

becomes photochemically degraded (used) in a process referred to as photobleaching.

Alternatively, an excited photosensitizer may react directly with biomolecules to form

free radicals that further react with molecular oxygen producing superoxide radical

anion, hydrogen peroxide or hydroxyl radical. Superoxide radical anion is generated for

instance by excitation of porphyrins in the presence of reducing substances [12].
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Figure 1.4 Jablonski Diagram [13].

1.3.1 Type I and Type II Mechanisms in PDT

v

(type Il)

substrate

Type I and Type II reactions are two mechanisms by which the triplet state

photosensitiser can react with biomolecules.
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Figure 1.5 Type I and Type II mechanisms [14].

In type I mechanism, electron/hydrogen are transferred directly from the
photosensitiser, producing ions, or electron/hydrogen abstraction from a substrate
molecule to form free radicals. After rapid reaction of these radicals usually with
oxygen, highly reactive oxygen species (e.g. the superoxide and the peroxide anions)

are produced. Then, these radicals attack cellular targets.

In type II mechanism, the electronically excited and highly reactive state of
oxygen known as singlet oxygen are produced. Direct interaction of the excited triplet
state photosensitiser with molecular oxygen (which, unusually, has a triplet ground state)
results in the photosensitiser returning to its singlet ground state and the formation of

singlet oxygen.

Since very reactive radicalic oxygen species are used, type II mechanism is

mostly common mechanism.



1.4 Mechanisms of Cell Death in PDT

There are three interdependent process that cause antitumor effects of PDT:
direct tumor cell kill, damage to the vasculature, and activation of a nonspecific immune

response [15].

PDT damage to specific subcellular targets and it depenends on the
photosensitizer’s localization within the cell, which varies among photosensitizers and
cell lines. Different types of cell death can be caused by different types of damages such
as direct tumor cell photodamage, destruction of tumor vasculature and activation of an
immune response. At low light doses, apoptosis can be achieved by damage to to

mitochondria [12].

Photosensitizer Excitation in tumor tissue
Release of active species

Vascular Sites Direct cellular
(EC, BM) toxicity

Immunologic
activation

Prostaglandin
release Organelle damage,

(Tmbxn — PGE2) apoptosis
!
Platelet
aggregation

!
Vascular
shutdown

i
Hypoxia , Tumor Death

Cytokine release
(IL-1, IL-2, TNF)

Tumor Remission

Figure 1.6 Photosensitizer excitation in tumor tissue release of active species [16].



1.4.1 Induction of Apoptosis

Apoptosis is suicidal energy-consuming cell death which is highly controlled
and where hydrolytic enzymes such as proteases and nucleases leading to DNA
fragmentation and degradation of intracellular structures are activated. Cell shrinkage,
chromatin condensation, and production of apoptotic bodies surrounded by neighboring

cells and phagocytes are structural features of apoptosis [15].

There are several exogenous and endogenous factors activating apoptosis in
biological systems such as oxidative stress, ultraviolet radiation, and genotoxic
chemicals. Both intrinsic and extrinsic apoptotic pathways are induced by DNA damage
which activates and stabilizes p53 in cytoplasm and nucleus. Although both apoptosis
and necrosis are similar in terms of depending on the types, developmental stages,
physiological environment of tissues and the nature of death signal, apoptosis is
morphologically different from that of necrosis. If the apoptotic pathway fails human

diseases like cancer, neurodegenerative and autoimmune disorders may occur.

Potent apopstosis inhibitors of tumor promotion, progression, and the
occurrence of cellular inflammatory responses have recently been reported. There are
certain photosensitizing drugs used in photodynamic therapy to cause apoptosis for the
cancer treatment [17]. Many experimental settings utilizing various photosensitizers and
cell types have showed that apoptosis is a fast and a leading cell death form after
photodynamic therapy [18]. Apoptosis is triggered via two major pathways:
mitochondria-mediated or intrinsic pathway and death receptor-mediated or extrinsic

pathway by photodynamic therapy [15].

1.4.1.1 Mitochondria-mediated Apoptosis

The use of photosensitizers in mitochondria leads to mitochondrial apoptosis

pathway. The disruption of mitochondrial transmembrane potential and cytochrome ¢

release to the cytosol are the initial steps of the pathway. This is followed by the



formation of a complex called apoptosome and activation of hydrolytic enzymes —

caspases [15].

Apoptotic signals

¥

1433
Bad

De-phosphorylation

release of Bad

Apaf-1

Caspase 9

25—
Cytochrome C Apoptosome formation

Caspase
Cascade

Figure 1.7 Illustration of the main apoptotic signalling pathways involving

mitochondria [19].

Role of Caspases in PDT.

The participation of caspases as a cysteine-dependent family of proteases is
recognized perhaps the main executional phases of the apoptotic process. Caspases are
found within the cell as inactive precursors or zymogens which can be cleaved to form

active enzymes following the stimulation of apoptosis [18].
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Figure 1.8 Main molecular events causing apoptosis in PDT-treated cells. The death
receptor-mediated, or extrinsic pathway, and the mitochondria-mediated-pathway are
represented. The results obtained in different tumor models using various sensitizers are

shown in the figure [20].

PDT disrupt mithocondrial transmembrane potential and the release of
cytochrome ¢ which, when present in the cytoplasm, binds Apaf-1 and procaspase-9 to
form a protein complex called apoptosome leading to auto-cleavage and self-activation
of caspase-9. Active caspase-9 leads to the cleavage and activation of procaspase-3.
After PDT, Caspases 2, -3, -6, -7, and -8 have been shown to be activated in numerous
experimental models. Once these hydrolytic enzymes are activated, apoptotic cellular
events take place like the cleavage of multiple cellular proteins, DNA fragmentation and

even cell death [20-21].

The activation of caspases have been shown to initiate several events on the
biochemical level, including DNA laddering (the degradation of DNA into fragments of
nearly 200 base pairs), the proteolytic cleavage of cytoskeleton components along with
poly (ADP-ribose) polymerase (PARP), and the cell surface exposure of
phosphatidylserine (PS) [15].
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1.4.1.2 Death Receptor-mediated Apoptosis

The use of photosensitizers targeting the cell membrane is believed to lead to
death receptor-mediated apoptosis which is activated when tumor necrosis factor (TNF)
binds to cell surface death receptors. Fas receptor is considered to take a major place in
PDT triggered apoptosis [22]. The binding of Fas ligand to the clustered death domains
through its own death domain leads to the formation of a “death inducing signaling
complex” (DISC). DISC is made of Fas, FADD adaptor protein and procaspase-8 which

activates itself proteolytically and activates downstream effector caspases [18].

There are other non-extrinsic and non-intrinsic cellular signaling pathways such
as calcium homeostasis, ceramide formation and MAPK kinases which may influence

PDT-induced apoptosis [15].

’ Damaging agents

—» Puma| Noxa

Nucleus _ Caspase-2 P o’e"a  Smac/Diablo,
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e e
Pro-Casp.-3/7
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Figure 1.10 A general apoptosis signaling pathway [17].
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1.5 Apoptosis detection methods
1.5.1 Morphological Changes

1.5.1.1 Light Microscopy (LM)

Light microscopy is the first and so far the optimum technique for the detection
of apoptosis. The main advantages of LM include the visualization of Membrane
blebbing, nuclear fragmentation and pyknosis on histological sections stained with eosin
and hematoxylin. The low sensitivity of LM however, is a disadvantage due to the
detachment of apoptotic cells from the tissues by phagocytosis, which can be completed

within 0.5-1 hour once apoptosis has started [23].

1.5.1.2 Electron Microscopy (EM)

Although EM provides a high sensitivity and specificity as compared to LM, it is
just a qualitative methodology to detect apoptosis [23].

1.5.2 Cytoplasmic Changes

The vast changes in the biochemistry of the cytoplasm have found good use in
terms of the detection of the apoptotic process. Activated enzymes like caspases,
different neoepitopes generated by caspase cleavage events, Ca’'-ions, and
mitochondrial proteins, which are translocated from the mitochondrion into the

cytosolic compartment are some of the cytoplasmic parameters [23].

. Caspase activity
. Calcium flux

. Mitochondrial dysfunction
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1.5.3 DNA Fragmentation
1.5.3.1 DNA Laddering

During apoptosis activated endonucleases cleave the chromosomal DNA into
fragments of multiples of 180-200 base pairs. These fragments are visualized as a DNA

ladder on agarose gels [24].

1.5.3.2 DNA Content by FC

Apoptotic cells show a sub GO/G1 population seen to the left of the GO/G1 peak
which can be measured by FC and DNA probes like propidium iodide [23].

1.5.3.3 DNA Strand Break Labeling

The detection of DNA strand breaks resulting from fragmentation of nuclear
DNA by the caspase-activated DNase in apoptosis is usually performed by the
incorporation of halogenated DNA precursors. Modified nucleotides biotin-,
digoxigenin- or fluorescein-labeled dUTP are coupled enzymatically to the 3'-OH ends
of DNA strands in the presence of exogenous deoxynucleotidyltransferase (TdT) or

DNA polymerase for visualization of apoptotic cells.

DNA Fragmentation - TUNEL
Labeling Principle

Diagnostics

In situ nick translation In situ end labeling (TUNEL)
(template dependent) (template independent)

nick

+ Terminal polymerase + Terminal transferase
+ X-dNTP (m) + X-dNTP (m)

3
F[ J I
] 111 H[:{ I O

5

Figure 1.9 Tunel assay [61].
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1.5.4 Plasma Membrane Alterations
1.5.4.1 Membrane Permeability

Apoptotic cells show a low uptake of cationic dyes such as trypan blue and
propidium iodide (PI). Apoptosis is marked by altered cell morphology while the

plasma membrane excludes the uptake

1.5.4.2 Membrane Changes

Apoptotic cells express phosphatidylserine (PS) on their outer leaflet, which is
accessible to derivatisation with fluorescamine to derivatize only outer leaflet

aminophospholipids analyzed by two-dimensional thin layer chromatography [25].

1.5.5 Annexin V

In 1992, Fadok et al. developed a new apoptosis detection method by
demonstrating that apoptotic cells expose PS at their cell surface [25]. Fadok’s study
urged scientists to establish a novel technique to measure apoptosis using Annexin V.
Annexin V is a Ca**-dependent protein that can conjugate to PS-exposing membranes
[26]. Binding of Annexin V to detectable prosthetic groups, like fluorescein and biotin,

thus permits the detection of PS exposed cells [27].

1.6 Vascular Effect

The growth of solid tumors is dependent on their capacity to trigger
angiogenesis and to acquire blood supply of tumor cells with oxygen and nutrients. So,
the development of angiogenesis inhibitors that stop the process of neovascularization

in solid tumors is in interest.

It has been known that PDT-induced vascular damage, along with the direct
cytotoxicity of PDT, provides another mechanism to treat solid tumors [28]. Preclinical
studies show that the mechanisms underlying the vascular effects differ greatly with

PDT approaches, photosensitizers, and target tissues [29].
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Figure 1.11 Photodynamic therapies using the photosensitizer WST-09 (Tookad) [59].

PDT of tumors achieves a dual selectivity by photosensitizer localization and
light delivery by directly targeting the tumor area with light wavelengths specifically
absorbed by the photosensitizer. The excited photosensitizer produces highly reactive
oxygen species that provoke irreversible neoplastic cell and vessel damages. After the
accumulation and irradiation of the sensitizer, the damage to sensitive sites within the
microvasculature, i.e. to endothelial cells and the vascular basement membrane, is
triggered and leads to the establishment of thrombogenic sites within the vessel lumen.
This starts a physiological cascade of responses like platelet aggregation, leukocyte
adhesion, vasoactive molecule release, growth in vascular permeability and vessel
constriction. This is followed by the tumor destruction by vascular collapse, blood flow
stasis and tissue hemorrhages as a result. There are many photosensitizers that can

induce serious vasculature damage by a variety of different mechanisms [30].
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Figure 1.12 Vascular-Targeted Photodynamic therapy [59].

1.7 Immune Responses

Animal studies show that PDT induce immune responses in animal models, their
mechanisms and potential impacts by forming pro-inflammatory damages in cellular
membranes and the blood vessel walls of treated sites followed by the increase in
neutrophils, mast cells and monocytes/macrophages after PDT. More inflammatory
mediators to enable massive recruitment of immune cells to tumor site can be released
by these cells. Nonspecific immune effector cells and these immune cells have an
important effect of tumor destruction [31]. The expression and production of several
cytokines, such as IL-1p, IL-2, IL-6, IL-10, TNF-a, and G-CSF can also be triggered by
PDT. These cytokines can participate in regulating host immune response including
both lymphoid and non-lymphoid cells. According to recent human trials, PDT could
improve the uptake and presentation of tumor antigens by tumor-associated antigen
presenting cells (APC) and could guarantee the involvement of lymphocytes [32].
Complementactivating agents may further enhance the antitumor effect of PDT [33].



Excited singlet
state

oy
4

Non-thermal red light

4'-\
£ S

°9) :
e.ng  Neutrophil

Figure 1.13 Immune response [34].

The mechanism of action of photodynamic therapy is represented in Figure 3.13:
The photosensitizer (PS) is excited to the first shortlived excited singlet state by light of
a specific wavelength. Next, the excited electron changes its spin and undergoes
intersystem crossing to produce a longer-lived triplet state. The energy from the PS is
transferred to ground-state triplet oxygen, which produces reactive singlet oxygen ('0,).
'0, will very rapidly react with any nearby biomolecules, destruct tumor vasculature
and produce an acute inflammatory response that attracts leukocytes such as neutrophils

and dendritic cells.

1.8 Clinical Applications

Cancer is a diseases in which abnormal cells divide out of control and they can
invade other tissues. These cells can spread to other parts of the body through the blood
and lymph systems. Cancer is not just a simple disease but there are more than 100
different types of cancer. Breast cancer, colon and rectal cancer, endometrial cancer,
kidney (renal cell) cancer, leukemia, lung cancer, melanoma, non-Hodgkin’s lymphoma,
pancreatic cancer, prostate cancer, skin cancer (non-melanoma) and thyroid cancer are

diagnosed with the highest frequency in developed countries.
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In the USA, according to the reports from the nation's leading cancer
organizations, cancer death rates have decreased about 2.1 percent per year from 2002
through 2004, nearly twice the annual decrease of 1.1 percent per year from 1993
through 2002. 1,437,180 new cases and 565,650 deaths from cancer are estimated only
in the United States in 2008 (National Cancer Institute). Traditional cancer therapies such
us radiation therapy, surgery, and chemotherapy are effective but they are not selective

in removing malignant cells that spread to normal healthy tissues.

Because of their nonselective cytotoxic properties the conventional chemical and
radiation treatments result in serious side effects caused by the loss of normal cell
function. They are able to kill the tumor cells but also they are highly detrimental to the
patient. That is why devoloping selective treatment protocols that display more effective
discrimination of normal and diseased tissue is very important. Some new treatments
are: biological therapies for cancer, angiogenesis inhibitor therapy, gene therapy for
cancer, bone marrow transplant and peripheral blood stem cell transplant, , laser

treatment, photodynamic therapy and targeted cancer therapies.

Photodynamic therapy, PDT, was first suggested 25 years ago as a functional
therapeutic approach in oncology. Althuogh it is a promising method to fight cancer, it
has only recently begun to be more widely used in clinical practice [35]. Several
improvements have occured in the understanding of the chemistry and biology of this
treatment method and improved photosensitizing drugs are currently under development.
Also, there are some modern light delivery systems.

Currently, it is stated that PDT often has several advantages over surgery and

radiotherapy;
X less invasive, has comparable clinical outcome,
X reduced side effects,
<> applicability even in areas previously exposed to ionizing
radiation,
<> relatively short healing times,
<> possibility of treatment of various lesions simultaneously,
<> possibility to repeat the procedure without risk of developing

tumor resistance [36].
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A patient with a solid malignant tumor

receives an intravenous injection with a PS

that gets distributed throughout the body and localizes with preference to
the tumor. During a waiting period the PS is cleared from most of the
body while being retained in the tumor. At this time, fluorescence
diagnosis may be used for e.g. PS quantification

After the light exposure

the tumor regresses over time with minimal scarring [60].
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1.9 PHOTOSENSITIZERS
1.9.1 General Properties of Photosensitizers

A photosensitizer is a chemical, which upon absorption of light induces a

chemical and physical alteration of another chemical.

The photosensitizer is chosen according to the cancer type and it is given to the
patient. After a period of time, the tumor is irradiated with appropriate light depending
on the photosensitizer and the need to provide the maximum concentration in the
malignant tissues. The photosensitizer obtains energy from absorbed light and transfers
it to the oxygen molecules that form cytotoxic species to damage the surrounding cells

[36].

An ideal photosensitizer should meet at least some of the following criteria:

X4 a commercially available pure chemical,

X4 low dark toxicity but strong photocytotoxicity,

<> good selectivity towards tumor cells,

<> longer wavelength allowing deeper light penetration,

<> rapid removal from the body, and

<> multiple administration routes (oral, intravenous, intratumoral or

inhalational) [29].

1.9.2 The Fluorescence of Photosensitizers

Almost all photosensitizers emit energy from the first excited singlet state as
fluorescence. It is known that the energy of light is inversely proportional to the
wavelength. The emitted light usually has less energy than the absorbed light therefore
the emitted light is usually of higher wavelength. Two spectra, the fluorescence
excitation and emission spectra, are usually measured when the fluorescence properties

of photosensitizers are evaluated.
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Figure 1.15 Schematic illustration of fluorescence excitation and emission spectra of
dyes [54].

When the excitation wavelength is kept constant, and the wavelength for the
detection of fluorescence is varied, a fluorescence emission spectrum is obtained. The

difference between the excitation and emission peak is the Stoke's shift.

1.9.3 Classification of Photosensitizers

Photosensitizers are usually classified into two groups, porphyrins and

nonporphyrins.

Porphyrin-derived photosensitizers are further classified as first, second or third
generation photosensitizers. First generation photosensitizers include hematoporphyrin
derivative (HpD) and Photofrin. A number of second generation photosensitizers have
been developed to alleviate certain problems associated with first generation molecules
such as prolonged skin photosensitization and suboptimal tissue penetration [37]. These
second generation photosensitizers are chemically pure compared with first generation
compounds, absorb light at a longer wavelength and cause significantly less skin

photosensitization post-treatment.
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In addition, second generation compounds must be at least as efficient in
eradicating tumors as Photofrin, the current gold standard for PDT [38]. Second
generation photosensitizers bound to carriers such as antibodies and liposomes for
selective accumulation within tumor tissue are referred to as third generation

photosensitizers and currently represent an active research area in the field [39].

About 30 different photosensitizers which are tetrapyrrole derivatives are used in
preclinical studies. Porphyrins, identified over 150 years ago, are the most used
photosensitizers because of their minimal toxicity in the dark and a lack of
pharmacological interactions with other drugs. These features make PDT a safe

procedure in oncological combination treatments [15].

1.9.3.1 Porphyrins
1.9.3.1.1 Properties of Porphyrins

The name of porphyrin is derived from the Greek word for purple.

Porphyrins are a class of tetrapyrroles which include a major component of

hemoglobin and myoglobin.

Figure 1.16 Structure of Porphyrin

Porphyrins are vital for the biological activity of all living organisms. Porphyrins
have a highly conjugated, heterocyclic macrocycle and may also contain a central

metallic atom such as ferrous iron and magnesium [40].
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They are extremely important organic compounds and have a vital process. For

instance, the vitamin B12 consists of a porphyrin molecule with a cobalt ion in the core.

Porphyrins are amphiphilic organic compounds which have both hydrophilic and
hydrophobic parts. Amphiphilicity is having a polar, water-soluble group bound to a
non-polar water-insoluble hydrocarbon chain. Amphiphilic photosensitizers are usually
more photodynamically active than symmetrically hydrophobic or hydrophilic

molecules [41].

Figure 1.17 An example of amphiphilic zinc porphyrin [42].

The function of the lipophilic side of a photosensitizer is determining the
localization and therefore, the site of the cancerous cells. Lipophilic photosensitizers
usually accumulate in the membrane and organelles of a cell. The hydrophilic side, as
well as agglomerated area of photosensitizers, also penetrate into the cell by pynocitosis
and aggregate mainly in lysosomes and endosomes. It was reported by Maria and Julio
that the efficiency and selectivity of tumor targeting increases slightly upon increasing

the length of the alkyl groups.

Porphyrin IX species such as deuteroporphyrin IX, haematoporphyrin IX,
haematoporphyrin derivative, mesoporphyrin IX and protoporphyrin IX are commonly
used photosensitizers in photodynamic therapy (PDT), as a new method for cancer

treatment [43-44].
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Figure 1.18 Structures of some photosensitizers [45].

1.9.3.1.2 Protoporphyrin-IX

Protoporphyrin-IX (PP-IX, 1) is known as the “first' porphyrin. Its iron(Il)
complex, heme, is the prosthetic group for a number of critically important heme
proteins such as hemoglobins, myoglobins, cytochromes, catalases and peroxidases.

PPIX is also a biosynthetic precursor of chlorophylls and bacteriochlorophylls. X-Ray
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studies show that the vinyl-bearing rings of PP-IX are deeply embedded in the protein
pockets of heme proteins and that is why the acid groups point to the polar outside of

the protein cleft [46].

The most reactive molecule among the porphyrinic photosensitizers towards to
conjugate formation is Protoporphyrin (PpIX). It is commonly used in photodynamic
therapy (PDT) [47]. In preclinical and clinical studies, PDT applications for cancer
treatment, is based on the endogenous accumulation of protoporphyrin IX which is used

as a precursor photosensitizer [48].

It was found that patients with malignant tumor have strong basal metabolism
and anaerobic respiration, that results in the increased concentration of lactic acid in the
body. Local protoporphyrin concentration in tumor is higher than that in the normal

tissue because protoporphyrin has higher liposolubility in acidic solution, therefore [49].

By the conjugate formation with biomolecules, the increase of the
accumulation of porphyrin photosynthesizers against biological substrates can be
achieved [50-51]. For this purpose, ene-diol containing compounds (e.g. dopamine,
catechol) are common in nature and they play key roles in many biological reactions
and in medical treatment. They also result in altered optical properties of nanoparticles.
Dopamine has the ability to replace the original capping ligand, oleylamine, on the
Fe;04 NPs surface and act as a robust anchor on the surface of Fe;O4 NPs. Moreover,
the exceptional thermal stability of the dopamine based anchor on the iron oxide

surfaces satisfies the requirement of HT (hyperthermia) [52].
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Figure 1.19 Schematic representation of the synthesis of PPD; i: NHS, DCC, DMAP in
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CHAPTER 2

MATERIALS AND METHODS

2.1 General

The irradiation experiments were performed with 10 Philips TLK 40W/10R
lamps (Amax 420 nm) having the light intensity 10mW/cm® measured by photometer.
Protoporphyrin IX (PpIX) was purchased from Frontier Scientific Europe Carnforth,
Lancashire, LA6IDE United Kingdom, and protoporphyrin-dopamine conjugate
(DPpIX) was prepared according to the given procedure in the literature [48].

2.2 Cell Culture
2.2.1 Thawing Hela, U87, and SH-SYSY Cells

Before thawing process, 10 ml of pre-warmed DMEM to 37°C was added into
15 ml falcon tubes. Then cryovial tubes were taken from the nitrogen tank and
transferred to 37°C water bath. As soon as possible, liquid content in the tube was
transferred to the tube containing medium and centrifuged at 1500 rpm for 10 min. The
supernatant was discarded and the pellet of the cells was resuspended in 10 ml medium
and centrifugation was repeated once more in order to get rid of DMSO. All of the cells
in the pellet were seeded with DMEM containing 10% FBS and the next day medium

was refreshed in order to get rid of dead cells.
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2.2.2 Seeding and Subculture of NB, HeLa and U87 Cells

After seeding of cells into culture flasks, cells were attached to the surface of flasks.
When cells became 80-90% confluent they were subcultured. Before the subculture, water
bath was used to warm DMEM, FBS, PBS and trypsin to 37°C. Medium in the flask was
removed by a sterile pipette and then 5 ml of calcium and magnesium free Phosphate
Buffered Saline (PBS, Biochrom) to remove residual medium. After removal of PBS, 4 ml
of pre-warmed 0.25% Trypsin/EDTA (GIBCO) was added to the flask and kept at room
temperature for 1-2 min. Then cells were observed under invert microscope. When cells
were detached from the surface of the flask, 1 ml of FBS added to the flask to inactivate
the function of trypsin. The cells in the flask with trypsin and FBS was transferred into a
new 15 ml falcon tube and centrifuged at 1500 rpm for 10 min at room temperature. After
centrifugation, supernatant was discarded by leaving about 0.5 ml of the cell suspension at
the bottom. Pellet was finger mixed and volume was up to 10 ml with DMEM medium in
order to remove the remaining any tyripsin. Centrifugation step was repeated once more
and then cells were counted by hemocytometer. After counting, Hela, NB and U87 cells
were seeded at a density of 1500 cells/em2 with 10% FBS containing DMEM for

expansion. Subculture of cells was repeated at about 5-6 days intervals.
2.2.3 Cell Treatment with (PpIX) and (DPpIX)
Cells were seeded at a density of 7,5x10° into 96 well plate. After 24 hrs serial

dilutions of the chemicals protoporphyrin IX (PpIX) and protoporphyrin-dopamine
conjugate (DPpIX) were prepared at a ratio of 1:1, 1:5, 1:15, 1:30.
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Figure 2.1 Serial dilutions of the chemicals.
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Figure 2.2 The treated cells under irradiated and unirradiated conditions.
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Figure 2.3 Electronic absorption spectrum of in DMSO

2.3 Cytotoxicity Assay

Hela, SH-SY5Y and U87 cell lines were seeded in duplicate 96 well plates (1x10*
cells / well) in 100 pul medium and let incubation for 24 hrs before the experiment. Serial
dilutions of the chemicals protoporphyrin IX (PpIX) and protoporphyrin-dopamine
conjugate (DPpIX) were prepared at a ratio of 1:1, 1:5, 1:15, 1:30. One plate was left in the
dark for 20 min and the other one was irradiated for 20 min using a light source (10 Philips
TLK 40W/10R lamps (Amax 420 nm) having the light intensity 10mW/cm” measured by the
photometer). Following exposure to the light, 24-hour cytotoxicities were determined with
the (LDH) lactate dehydrogenase leakage assay (ROCHE), respectively. Cytotoxicity assay
was performed according to the manufacture’s instructions. Afterwards, absorbance was

measured at 490 nm using the ELISA reader.
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2.4 Cell Viability Assay

Hela, SH-SYS5Y and U87 cell lines were seeded in duplicate 96 well plates (1x104
cells / well) in 100 pul medium and let incubation for 24 hrs before the experiment. Serial
dilutions of the chemicals protoporphyrin IX (PpIX) and protoporphyrin-dopamine
conjugate (DPpIX) were prepared at a ratio of 1:1, 1:5, 1:15, 1:30. One plate was left in the
dark for 20 min and the other one was irradiated for 20 min using a lamp (10 Philips TLK
40W/10R lamps (Amax 420 nm) having the light intensity 10mW/cm® measured by the
photometer). Following exposure to the light for 24 hrs cell proliferation assay was
performed with the WST-1 reagent (ROCHE). Proliferation Assay was done according to
the manufacture’s instructions. Afterwards absorbance was measured at 450 nm using an

ELISA reader.
2.5 Immunoflourescent Staining
2.5.1 Phosphatidylserine Localization

Hela and U87 cell lines were seeded in duplicate 96 well plates (7.5x10° cells /
well) in 100 pl medium and let incubation for 24 hrs before the experiment. Serial dilutions
of the chemicals protoporphyrin IX (PpIX) and protoporphyrin-dopamine conjugate
(DPpIX) were prepared at a ratio of 1:5 and 1:15. One plate was left in the dark for 20 min
and the other one was irradiated for 20 min using a lamp (10 Philips TLK 40W/10R lamps
(Amax 420 nm) having the light intensity 10mW/cm2 measured by the photometer).
Following exposure to the light for 24 hrs phosphatidylserine accumulation was
determined with the Apoptosis Detection Kit, Annexin-V-Alexa 568 (ROCHE) according

to the manufacture’s instructions. The results were analyzed by fluorescent microscopy.
2.5.2 DNA Fragmentation

Hela and U87 cell lines were seeded in culture dishes (20x10* cells / well) in 5 ml
medium and let incubation for 24 hrs before the experiment. Serial dilutions of
protoporphyrin-dopamine conjugate (DPpIX) were prepared at a ratio of 1:5 and 1:15. One
plate was left in dark for 20 min and the other one was irradiated for 20 min using a lamp

(10 Philips TLK 40W/10R lamps (Amax 420 nm) having the light intensity 10mW/cm?
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measured by the photometer). Following exposure to the light 24 hrs DNA fragmentation
of cells were determined with the In Situ Cell Death Detection Kit, Fluorescein (ROCHE)
according to the manufacture’s instructions.  The results were analyzed by confocal

microscopy.

2.6 Reverse Transcription PCR

2.6.1 cDNA Synthesis

Caspase-3 was checked at the mRNA level. RT-PCR is a technique used to determine the
change in mRNA concentration. Total RNAs of samples was extracted by using RNeasy
kit (ROCHE). Then the total RNA concentrations of samples were quantified. 0.5 g of total
RNA was reverse transcribed to obtain cDNA by Quantitect reverse transcription kit
(Qiagen). cDNA underwent 30 or 35 cycles of amplification (PCR core kit, Qiagen). To
prepare the genomic DNA elimination reaction, 14 pL reverse transcription master mix , 2
uL of gDNA Wipeout Buffer , and the volume of RNA corresponding to 0,5 g were added
in eppendorf tube and then volume was completed to 14 pL with RNase-DNase free water.
Then the tube was incubated for 2 min at 42 °C and by following this, tube was placed on
ice. The reverse-transcription master mix was obtained by adding of 1 pL RT Primer Mix,
4 uL Quantiscript RT Buffer and Quantiscript Reverse Transcriptase on the mixture to
obtain totally 20 pL volume ice. Then, the tube was incubated at 42°C for 15 min. To

inactivate Quantiscript Reverse Transcriptase, tube was incubated for 3 min at 95°C.

2.6.2 RT-PCR

A 25 pL reaction was prepared by mixing 1 pL of cDNA, 16.8 uL of double
distilled water, 0.2 pL of Taq polymerase, 0.5 pL of 10 mM dNTP, 2 pL of 25 mM
MgCl2, 1 pL of forward primer, 1 pL of reverse primer and 2.5 pL of 10X Buffer. The
PCR conditions were 5 min at 94 °C for initial incubation, 30 sec at 94 °C for denaturation,
45 sec at 58 °C for annealing of Caspase-3 primer, 1 min at 72 °C for extension and 7 min

at 72 °C final incubation. The PCR was done for 35 cycles.
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Content Volume

10 X Buffer 2.5l

25 mM MgCl , 2l

10 mM dNTP 0,5 pul
F.Primer lul

R.Primer lul

Taq Polimerase 0.2 ul

cDNA 1 pl

ddH,0O 16,8 ul

2.6.3 Gel Electrophoresis

Agarose gel electrophoresis is used to separate PCR products according to their
sizes. To visualize the products under UV light safe DNA staining solution were used. To
prepare 2 % (w/v) agarose gel, 1.6 g of agarose powder (Sigma) and 80 ml of 0.5 X TBE
buffer (Fluka) were added an erlenmayer flask and boiled in microwave oven. Then the
flask was cooled and 12ul/80ml safe DNA staining solution was added. Just before it
solidifies comb is placed in order to generate 20 wells into 13 x 14x 0.5 horizontal agarose
gel platform and then the solution was poured. 100 bp DNA Ladder (Bioron) was used as
molecular size marker. To load PCR products on gel, bromophenol blue loading dye was

used. Gel was run at 110 V for 45 min. The bands were visualized in Bio Rad gel doc.



CHAPTER 3

RESULTS

3.1 Cytotoxicity Assay

Irradiation induced cytotoxic effect of PpIX and DPpIX on HeLa, SH-SYSY and
U87 cell lines was measured with LDH cytotoxicity kit. Graphs observed in the figure

represent three independent experiments performed in triplicate assays.
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Figure 3.1 Irradiation induced cytotoxic effect of PpIX and DPpIX on HeLa cell line.
Graphs observed in the figure represent three independent experiments performed in
triplicate assays. The figure depicted the effect of 0-30 pg/ml PpIX and DPpIX treated
for 24 hrs with and without irradiation (PpIX* and DPplIX*: irradiated; PpIX and
DPpIX: unirradiated).
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Figure 3.2 Irradiation induced cytotoxic effect of PpIX and DPpIX on SH-SYS5Y and
U87 cell lines. Graphs observed in the figure represent three independent experiments
performed in triplicate. (A) SH-SYSY and (B) U87 cell lines. The figures depicted the
effect of 0-30 pg/ml PpIX and DPpIX treated for 24 hrs with and without irradiation
(PpIX* and DPplIX*: irradiated; PpIX and DPplIX: unirradiated).

PpIX and DPpIX caused membrane damage and reduced the proliferation of
cancer cells significantly. Three different human cancer cell lines, HeLa,

Neuroblastoma SHSYSY and U87, were used to examine the cytotoxic effects of PpIX
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and DPpIX with and without irradiaiton. HeLa was chosen as a type of human
carcinoma, neuroblastoma SHSYS5 as dopaminergic cells [24, 25] and U87 as a
glioblastoma. The integrity of the plasma membrane was evaluated by an LDH assay
after 24 hrs incubation of cells with 0, 1, 5, 15 and 30 uM PpIX. At indicated hrs of
post-irradiation time, irradiated cells rendered significantly higher LDH increase as
compared to the negative control cells (untreated samples). PpIX*(irradiated) and
DPpIX* (irradiated) demonstrated similar cytotoxic effects on the three different cell
lines indicated in Figures 3.1 and 3.2. The ability of PpIX* and DPpIX* to induce cell
death, release of LDH into the culture medium, increased in a dose-dependent manner
up to 5 or 15 uM depending on the cell type and then become stabilized and decreased
at higher, 30 puM, concentration. These cytotoxic effects revealed by a significant
increase of LDH release in the culture medium were not associated with irradiation
itself (irradiated cells in the absence of PpIX and DPpIX). Moreover, no effects of PpIX
and DPpIX were found on the levels of LDH under unirradiated conditions. Indeed,
similar levels of LDH were found in the culture medium of untreated cells and of

unirradiated cells cultured in the presence of PpIX and DPpIX.
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3.2 Proliferation Assay

The anti-proliferative effects of PpIX and DPpIX on HeLa, SH-SY5Y and U87
cell lines were measured with WST-1 proliferation assay kit. The results are shown in

Figure 3.3 and Figure 3.4.
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Figure 3.3 Results of the proliferation assay of 5 nug/ml of PpIX and DPpIX. PpIX and
DPpIX treated for 24 hrs with and without irradiation (PpIX* and DPpIX*: irradiated).

The idea based on the analysis of the viable cells by cleavage of the tetrazolium
salts into formazan by cellular enzymes is performed to elucidate the effect of the
PpIX* and DPpIX* on the proliferation of the cancer cells. We established similar
experimental set up as we did for LDH assay to compare the proliferation rates of the
cells treated with SuM of the PpIX* and DPpIX* after 24 hrs of treatment. Cell viability
graph of the irradiated and unirradiated samples revealed that cell viability of treated
cells decreased significantly compared to the PpIX and DPpIX treated cells. PpIX* and
DPpIX* demonstrated similar inhibition effect on the proliferation of the cell lines

indicated in Figure 3.3.
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3.3 DNA Fragmentation

The detection of DNA fragmentation of DPpIX for PDT-treated and non-treated
HeLa cells was assessed using the TUNEL assay at 20 min.
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Figure 3.4 Positive control Camptotechin-treated HeLa cells observed under A) invert

light and B) confocal microscopes. Images are at A) 20X and B) 40X.

Figure 3.4 A shows the shrinkage of Camptotechin treated HeLa cells under
invert light microscope. DPplIX treated HeLa cells were assesed using the TUNEL assay
as seen in Figure 3.4 B. Camptotechin was used as a positive control. A green
fluorescent signal was observed. %50 + of the Camptotechin treated HeLa cells

underwent apoptosis.
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Dark Light

z=0.0um z=0.0pm

Figure 3.5 HelLa cells observed under light and confocal microscopes. The fluorescence
images seen in ¢ and d were obtained as a result of TUNEL assay. A) Control without
PDT under invert light microscope, B) Control with PDT under invert light microscope,
C) Control without PDT under confocal microscope, D) Control with PDT under
confocal microscope. Images are at 20X (A and B) and 40X (C and D).

The morphology of the control cells did not change under any circumstances.
The presence of light did not cause any significant effect (Figure 3.5a and b) as
observed in light microscopy. TUNEL assay was applied to the control cells treated
with and without light. There were no green fluorescence signals in the cells with no
irradiation whereas the cells with irradiation showed only a small level of green

fluorescence. Under light conditions %13 + of the cells underwent apoptosis.
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Dark Light

z=0.0pm z=0.0pm

Figure 3.6 Apoptosis assay of HeLa cells which are treated 5 pM DPpIX observed
under invert light microscope for A and B, and confocal microscope for C and D. A)

Images are at 20X (A and B) and 40X (C and D).

The HeLa cells were treated with 5 uM DPpIX. There is no change in the
morphology of the cells in dark while cell shrinkage and cytoplasmic degradation took
place in light (Figure 3.6 a and b). The TUNEL assay was applied to 5 uM DPpIX
treated HeLa cells with and without irradiation. Almost no green fluorescent signal was
observed in dark and just %4 + of the cells underwent apoptosis. In contrast, upon light
treatment, HeLa cells were labeled with green fluorescence and %70 + of the cells
underwent apoptosis. These data revealed that, under PDT-treatment, almost all cells

undergo apoptosis while just a few cells undergo apoptosis with no PDT-treatment.
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Dark Light

z=0.0pm z=0.0pm

Figure 3.7 Apoptosis assay of HeLa cells which are treated 15 uM DPpIX observed
under invert light microscope for A and B, and confocal microscope for C and D. A)

Images are at 20X (A and B) and 40X (C and D).

When the HeLa cells were treated with 15 pM DPpIX, no changes in the
morphology of the cells in dark were observed while cell shrinkage and cytoplasmic
degradation took place in light (Figure 3.7 a and b). The TUNEL assay was applied to
15 uM DPpIX treated HeLa cells with and without irradiation. Almost no fluorescent
signal was observed in dark and %60 + of the cells underwent apoptosis. In contrast,
upon light treatment, HeLa cells were labeled with green fluorescence and %96 + of the

cells underwent apoptosis.
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Figure 3.8 % of cell death observed in 5 and 15 uM DPpIX treated HeLa cells.
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3.4 Phosphotidylserine Localization

The distruption of the cell membrane and the release of phosphotidylserine
which are indications of apoptosis were observed with Annexin-V —Alexa 568 assay kit.

The results were observed with fluorescence microscopy.

Figure 3.9 The fluorescence image of HeLa cells treated with Camptotechin for 30 s

exposure.

Camptotechin was used as a positive control for apoptosis assay. Annexin-V

Alexa 568 assay kit was applied to Camptotechin treated HeLa cells.

Dark Light

A

Figure 3.10 DAPI merge. Results of Annexin-V assay of HeLa cells under fluorescence

microscopy A) without irradiation, and B) with irradiation. Exposure time=30 s.
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Figure 3.11 Results of Annexin-V assay of HelLa cells. A-B) 30 s exposure
fluorescence microscope images of HeLa cells treated with 5 uM PP-IX in dark and
light. C-D) 30 s exposure fluorescence microscope images of HeLa cells treated with 5
uM DPplIX in dark and light.

The Annexin assay was applied to 5 pM PP-IX treated HeLa cells with and
without irradiation. Almost no red fluorescent signal was observed in dark and %5 + of
the cells underwent apoptosis. In contrast, upon light treatment, HeLa cells were labeled

with red fluorescence and %70 =+ of the cells underwent apoptosis.

In 5 uM DPpIX treated HeLa cells almost no red fluorescent signal was
observed in dark and %10 + of the cells underwent apoptosis. In contrast, upon light
treatment, HelLa cells were labeled with red fluorescence and %94 + of the cells

underwent apoptosis.



Dark Light

-
-
Figure 3.12 Results of Annexin-V assay of HelLa cells. A-B) 30 s exposure
fluorescence microscope images of HelLa cells treated with 15 uM PP-IX in dark and

light. C-D) 30 s exposure fluorescence microscope images of HeLa cells treated with 15

uM DPplIX in dark and light.

The Annexin assay was applied to 15 uM PP-IX treated HeLa cells with and
without irradiation. Almost no red fluorescent signal was observed in dark and %4 + of
the cells underwent apoptosis. In contrast, upon light treatment, HeLa cells were labeled

with red fluorescence and %98 =+ of the cells underwent apoptosis.

In 15 uM DPpIX treated HeLa cells almost no red fluorescent signal was
observed in dark and %1 + of the cells underwent apoptosis. In contrast, upon light
treatment, HelLa cells were labeled with red fluorescence and %96 + of the cells

underwent apoptosis.
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Figure 3.13 9% of cell death in HeLa cells treated with 15 uM PP-IX in dark and light.
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Figure 3.14 The fluorescence images of U-87 cells treated with Camptotechin for 30 s

exposure time.

Dark Light

Figure 3.15 Results of Annexin-V Alexa assay of U87 cells. Fluorescence microscope

images of control U87 cells. Exposure time = 30 s.



Dark Light
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Figure 3.16 Results of Annexin-V assay of U-87 cells. A-B) 30 s exposure
fluorescence microscope images of U-87 cells treated with 5 pM PP-IX in dark and

light. C-D) 30 s exposure fluorescence microscope images of U-87 cells treated with 5
uM DPplIX in dark and light.

The Annexin assay was applied to 5 uM PP-IX treated U-87 cells with and
without irradiation. Almost no red fluorescent signal was observed in dark and %40 + of
the cells underwent apoptosis. In contrast, upon light treatment, U-87 cells were labeled

with red fluorescence and %96 =+ of the cells underwent apoptosis.

In 5 uM DPpIX treated U-87 cells almost no red fluorescent signal was observed

in dark and %10 + of the cells underwent apoptosis. In contrast, upon light treatment,



U-87 cells were labeled with red fluorescence and %96 + of the cells underwent

apoptosis.

Dark Light

-
-
Figure 3.17 Results of Annexin-V assay of U-87 cells. A-B) 30 s exposure
fluorescence microscope images of U-87 cells treated with 15 uM PP-IX in dark and
light. C-D) 30 s exposure fluorescence microscope images of U-87 cells treated with 15
uM DPplIX in dark and light.

The Annexin assay was applied to 15 pM PP-IX treated U-87 cells with and
without irradiation. Red fluorescent signal was observed in dark and %97 + of the cells
underwent apoptosis. Upon light treatment, U-87 cells were labeled with red
fluorescence and %99 =+ of the cells underwent apoptosis.

In 15 puM DPpIX treated U-87 cells almost no red fluorescent signal was

observed in dark and %40 + of the cells underwent apoptosis. In contrast, upon light
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treatment, U-87 cells were labeled with red fluorescence and %98 + of the cells

underwent apoptosis.
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Figure 3.18 9% of cell death in HeLa cells treated with 15 uM PP-IX in dark and light.
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Figure 3.19 Caspase-3 and Actin expressions of U-87 cells.

We assayed the caspase-3 activity in the cells treated with 5 uM and 15 uM
concentrations of  Protoporphyrin-IX, dopamine-conjugate  Protoporphyrin-IX
individually along with control cells both with and without irradiation by RT-PCR.
Actin was used as the positive control to test if cDNA worked properly. Under light
conditions, Caspase-3 was expressed and a band formed. However, in dark, no bands

were formed and thus Caspase-3 was not expressed.



CHAPTER 4

DISCUSSION

Although conventional cancer treatments such us radiation therapy, surgery, and
chemotherapy are effective, they do not remove or destroy malignant cells which can
metastasize later. The ongoing radiation and chemical therapies have serious side
effects due to the loss of normal cell function because of comparatively indiscriminate
cytotoxic properties. Another side effect of these treatments is that they are highly
troublesome to the patient. Therefore new treatment methods that can discriminate
normal and diseased tissue need to be developed. Biological therapies for cancer,
angiogenesis inhibitor treatment, peripheral blood stem cell transplant, bone marrow
transplant and gene therapy for cancer, laser treatment, PDT and targeted cancer
therapies are some of the new treatments. Among those, PDT is a promising technique
to fight cancer. Photodynamic therapy, PDT, is a promising modality to combat cancer.
Although it has almost been 30 years since it was first proposed as a functional
therapeutic approach in oncology, PDT has only found more widely use in clinical
practice [58]. A lot of advances in the understanding of the biology and chemistry of
this treatment technique have taken place and improved photosensitizers are under

development. Modern systems for light delivery are available, too [29].

There are several advantages of PDT over surgery and radiotherapy: it is less
invasive, it has reduced side effects, it is applicable even in areas previously exposed to
ionizing radiation, healing times are relatively shorter, has comparable clinical outcome,
the treatment of various lesions simultaneously is possible, repeating the procedure with
no tumor resistance development risk and positive cost-effectiveness outcome. When
assessed in pre-clinical models, a lot of photosensitizers are kept in tumors to a greater

degree than normal tissues [49].

<A
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Light, oxygen and a photosensitizer are the three fundamental requirements of
PDT. The photosensitizer is chosen depending on the cancer type and injected into the
bloodstream. Then the tumor is irradiated with appropriated light depending on the
photosensitizer and the need to guarantee the maximum concentration in the malignant
tissues. The photosensitizer absorbs the light and produces an active form of oxygen
that destroys nearby cancer cells. The higher the oxygen concentration the better, but

the success of the therapy is mostly related to the photosensitizer.

There are several in vitro studies of photosensitizers in the literature.
Protoporphyrin-IX is one of them. It is known that Protoporphyrin IX decreases the rate
of cell viability and induces apoptosis in HeLa cells prior to photodynamic treatment [8].
The other study at releated to photosensitizers is interaction of Protoporphyrin IX with
wild-type p53 protein in vitro and induction of cell death in human colon cancer cells
[57].

In this work, dopamine-conjugate Protoporphyrin-IX was synthesized to
increase the specifity of the Protoporphyrin-IX and was examined if it shows
dopaminergic effect on SH-SYSY cell line or not. The effects of dopamine-conjugate
Protoporphyrin-IX and protoporphyrin IX on the proliferation, cytotoxicity and
apoptosis of SH-SYS5Y, HeLa and U-87 cells were evaluated.

For the cytotoxicity assay, 1, 5, 15, and 30 uM concentrations of
Protoporphyrin-IX and dopamine-conjugate Protoporphyrin-IX were tested on HelLa,
SH-SYS5Y and U-87 cells with and without irradiation. Irradiated cells released
significantly higher LDH increase as compared to the negative control cells (untreated
samples). We observed that Protoporphyrin-IX (irradiated) and dopamine-conjugate
Protoporphyrin-IX (irradiated) have similar cytotoxic effects on these cells. Based on
the results, 5 uM and 15 uM were chosen as the optimum doses of the chemicals. We
confirmed that the cell viability decreases when the cells were treated with 5 pM
concentration of Protoporphyrin-IX (irradiated) or dopamine-conjugate Protoporphyrin-
IX (irradiated). Since SH-SYS5Y cells are dopaminergic cells [55-56] dopamine-
conjugate Protoporphyrin-IX was expected to have higher cytotoxic effect on SH-
SYSY cells. But our results were not as we expected. Both chemicals had higher
cytotoxic and lower cell viability values in U-87 and HeLa cells. So we didn’t use SH-

SYSY cells in our later assays.
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It is known that some photosensitizers induce apoptosis via different

mechanisms.

Cell membrane blebbing and phosphotidylserine localization are some of the
indications of apoptosis that can be detected by specific markers, such as Annexin-V.
Natalia et al. observed apoptosis in PP-IX treated cells with Annexin-V assay. We
demonstrated that HeLa and U-87 cells go into apoptosis process by the detection of
Annexin-V when these cells are treated with 5 uM and 15 pM concentrations of
Protoporphyrin-IX or dopamine-conjugate Protoporphyrin-IX with and without
irradiation. Camptotechin was used as a positive control as it definitely causes apoptosis.
Untreated HeLa and U-87 cells both in dark and light were the negative controls in this
study. The apoptosis levels in the non-irradiated cells treated with 5 uM and 15 pM
concentrations of Protoporphyrin-IX or dopamine-conjugate Protoporphyrin-IX were
very low compared with their irradiated counterparts. It is revealed that both
Protoporphyrin-IX and dopamine-conjugate Protoporphyrin-IX cause apoptosis while
there is not much difference in the apoptosis levels in the cells treated with the
mentioned concentrations of them. Although there are some apoptotic cells treated with
5 uM and 15 pM concentrations of Protoporphyrin-IX or dopamine-conjugate
Protoporphyrin-IX present in dark, this number is much higher in the ones in light.

There were no apoptotic features found in the negative control cells even with
irradiation. This shows that PDT itself does not cause cells go into apoptosis.
DNA fragmentation is another evidence of apoptosis which is generally used in PDT
investigations. Liu et al. detected DNA fragmentation following PDT-treatment using

TUNEL assay [22].

According to the TUNEL assay results in our study, it is clearly revealed that the
cells treated with 5 uM and 15 pM concentrations of Protoporphyrin-IX or dopamine-
conjugate Protoporphyrin-IX displayed some morphological changes such as cell
blebbing following their treatment with light. In contrast, no morphological changes in
dark were observed. We obtained very similar results in TUNEL assay to the Annexin-
V assay results which proves the apoptotic effect of Protoporphyrin-IX and dopamine-
conjugate Protoporphyrin-IX at 5 uM and 15 pM concentrations on irradiated cancer

cells.
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The signaling pathways of caspase cascades are correlated with morphological
and biochemical changes during apoptosis. We assayed the caspase-3 activity in the
cells treated with 5 uM and 15 puM concentrations of Protoporphyrin-IX, dopamine-
conjugate Protoporphyrin-IX individually along with control cells both with and
without irradiation by RT-PCR. Actin was used as the positive control to test if cDNA
worked properly. Under light conditions, Caspase-3 expression increased and had
higher band densities. However, under unirradiated conditions, no bands were formed

and thus Caspase-3 expression was not observed.

We confirmed apoptosis with three different methods which are annexin staining,

tunel staining and caspase-3 activity.



CHAPTER 5

CONCLUSIONS

In our work, we have demonstrated that Protoporphyrin-IX and its dopamine
conjugate Protoporphyrin IX induces apoptosis in different cancer cell lines by
confirming apoptosis with three different methods: Annexin-V assay, TUNEL assay,
and Caspase-3 activity detection. Based on our results, it can be concluded that
Protoporphyrin-IX or dopamine-conjugate Protoporphyrin-IX at concentrations 5 pM
and 15 pM can be used as photosensitizers and are effective PDT candidates in the

treatment of cancer.

<Q
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