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Abbreviations

ANT adenine nucleotide translocase
ATP adenosine triphosphate
Bcl-2 B-cell lymphoma

BH Bcl-2 homology
CsA cyclosporine A

CypD cyclophilin D

Ay mitochondrial membrane potential

H,0, hydrogen peroxide

JINK c-Jun N-terminal kinase

MMP mitochondrial membrane permeabilization
MPT mitochondrial permeability transition
OM outer membrane

PARP poly(ADP-ribose) polymerase

RNS reactive nitrogen species

ROS reactive oxygen species

siRNA small interfering RNA

SOD superoxide dismutase

VDAC voltage-dependent anionic channel



Introduction

It is well-known that dysregulation of the balance between cell death and survival leads
to development of various diseases such as cancer, autoimmune diseases and
neurodegenerative disorders. Influence on cell death processes provides opportunity for
treatment of these diseases. Both the inhibition as well as the activation of cell death could be
efficient for the clinician depending on the nature of the disease.

Apoptosis is a highly programmed cell death which can be activated by various factors.
Mitochondria play a key role in the apoptotic process; their damage, which involves
permeabilization of the mitochondrial membrane, activates a series of events that leads to cell
death.

Based on the recent developments in mitochondrial research, increased pharmacological
and pharmaceutical efforts have lead to the emergence of ,,mitochondrial medicine" as a new
field of biomedical research. Targeting of biologically active molecules to mitochondria in
living cells will open avenues for manipulating mitochondrial functions, which may result in
the selective protection, repair, or eradication of cells.

We previously synthesized a panel of different structures carrying a cyclic nitroxide
group and demonstrated their SOD (superoxide dismutase) mimetic characteristics; in
addition, some of these structures were shown to have cytoprotective properties. In the present
work, we studied the effect of new apolar mitochondria targeted triphenylphosphonium
derivates (SOD mimetics) and PARP inhibitors in mitochondria related cell death in different

experimental circumstances in order to investigate their possible therapeutic applications.

The role of mitochondria in cell death

Mitochondria play a critical role in maintaining the bioenergetic status of cells and, in
addition, have a second crucial function: the control of cell death processes. These cell death
processes have long been considered to be an important target for drug discovery.. Several
studies have shown that apoptosis induction is strongly associated with the anticancer activity
of many chemical agents. Moreover, chemoresistance of cancer cells often results from
defects in apoptosis signaling. Therefore, alternative mitochondrial cell death mechanisms,
such as mitochondrial permeability transition (MPT)-mediated necrotic cell death or

autophagy could play important roles in anti-cancer therapy.



The mitochondrial permeability transition (M)

The MPT pore, a non-specific channel originally thought to span both mitochondrial
membranes, mediates the increases in mitochondrial permeability associated with cell death.
The pore itself is permeable to solutes up to 1.5 kDa. This causes equilibration of H* across
the inner membrane, which dissipates AW, and inhibits ATP production. A concomitant
influx of water causes swelling of the mitochondria, which stretches the membranes to the
point where the outer membrane fails. The mitochondrial pore is redox, Ca**, voltage, adenine
nucleotide, and pH sensitive.

The composition of PT pores remains controversial. Based upon biochemical and
pharmacological studies, the pore was proposed to consist of the voltage-dependent anion
channel (VDAC) in the outer membrane, the adenine nucleotide translocase (ANT) in the
inner membrane and cyclophilin D (CypD) in the matrix. However, recent genetic knockout
studies challenge the validity of this model by showing that the MPT still occurs in
mitochondria that are deficient in ANT, VDAC and even CypD, although some properties of
the MPT are altered.

The Bcl-2 family

Bcl-2 is the prototype member of a family of proteins containing at least one Bcl-2
homology (BH) region. For classification purposes, the family may be divided into
antiapoptotic multidomain proteins (prototypes: Bcl-2, Bcl-XL), which contain four BH
domains (BH1234); proapoptotic multidomain proteins (prototypes: Bax, Bak), which contain
three BH domains (BH123); and proapoptotic BH3-only proteins (prototypes: Bid, Bad). The
main site of action of Bcl-2-like proteins is probably the mitochondrial membrane. As a rule,
BH1234 proteins mainly reside in OM, where they protect mitochondria against MMP,
presumably by binding to and neutralizing other proapoptotic proteins from the Bcl-2 family,
which on the contrary induce MMP. Some data indicate that Bcl-2 and Bel-XL can interact
with sessile mitochondrial proteins including ANT and VDAC. In vitro, the overexpression of

Bcl-2 in cells or the addition of Bcl-2 to isolated mitochondria reduces the PT probability.

PARP inhibitors

The nuclear enzyme poly(ADP-ribose) polymerase-1 (PARP-1) is activated in response
to DNA damage. Single- and/or double-strand DNA breaks induce the production of branched
chain ADP-ribose polymers that are covalently attached to numerous nuclear proteins like

histones or the PARP itself and this process represents an early event in DNA repair.



Overactivation of PARP can lead to depletion of cellular NAD* and ATP which results in cell
dysfunction and cause necrotic cell death. In the absence of DNA damage, PARP is not
necessary for survival. Therefore PARP-1 inhibition is a promising mechanistic target for
drug development in the context of various forms of inflammation, ischemia, and cancer
therapy.

Although it is well-documented that inhibition of PARP-1 has cytoprotective effects
against oxidative stress, there is growing evidence suggesting that inhibition of PARP-1
sensitizes cells to DNA-damaging agents.

Although several classes of PARP inhibitors move toward clinical development, new
compounds are still needed. In our previous studies we found that modification of
cardiovascular drugs, such as mexiletine, amiodarone, or trimetazidine, with pyrroline
nitroxide precursors provided the parent compounds with additional antioxidant and radical
scavenging activity. For example, alkylation of trimetazidine secondary amine with a 2,2,5,5-
tetramethyl-2,5-dihydropyrrolin-3-ylmethyl group provided protection from ischemia-
reperfusion induced contractile dysfunction. This approach well suits the new stream of drug
research, e.g., incorporation of two drug pharmacophores in a single molecule with the
intention to exert dual (cardiovascular and antioxidant) action. We considered the
combination of nitroxides and their sterically hindered amine precursors with PARP
inhibitors, realizing that most of the deleterious processes resulting from PARP activation are
initiated by harmful reactive oxygen species (ROS) and reactive nitrogen species (RNS).
These types of compounds would inhibit not only poly-ADP-ribosylation but simultaneously

would suppress or decrease the harmful effect of initiator ROS and RNS as well.

Mitochondria targeted triphenylphosphonium derivative

The presence of mitochondrial membrane potential (AY,,) alterations is an important
characteristic of cancer cells. Many groups have shown that the mitochondrial transmembrane
potential in carcinoma cell lines is significantly higher than in normal cell lines. If the plasma
and mitochondrial transmembrane potentials are both negative, molecules with cationic
properties can be driven electrophoretically through these membranes, resulting in their
accumulation inside the energized mitochondria of tumor cells. Triphenylphosphonium
derivatives of vitamin E, ubiquinone, N-tert-butyl-a-phenylnitrone, and, more recently,
nitroxides, were the first antioxidant molecules shown to predominantly localize in
mitochondria. These initial attempts demonstrated that mitochondria-targeted antioxidants

may have a highly cytoprotective effect, particularly against apoptosis.



Lipophilic organic cations, such as thodamine-123 and *H-tetraphenylphosphonium (*H-
TPP), were used for to measure mitochondrial potentials in tumor cells. Although
mitochondria-directed triphenylphosphonium derivatives have limited tumor specificity,
cytostatic agents targeted to the mitochondria may have therapeutic significance. In fact,
paramagnetically-modified triphenylphosphonium salts have been widely used for biophysical
studies of membranes for decades; and their therapeutic potential as mitochondria-targeting,

small, non-vitamin-like antioxidants is becoming increasingly appreciated.

Aims of the study

We synthesized a number of PARP-1 inhibitor compounds (benzimidazole derivatives),

that have SOD mimetic activity. The aim of the present study was the following:

* To screen their inhibitory effect on the PARP activation and cell death induced by H,0,
* To analyse their antioxidant effect/ hydroxyl radical scavenging ability
e To elucidate their oxidative metabolism on a rat model

* To investigate the relationship between PARP inhibitory and antioxidant effect

It has been shown, that a number of mitochondria targeted antioxidant molecules by
coupling with a triphenilphosphonium-group were more effective even at a lower
concentration then  their  unsubstituted counterparts. We  investigated new
triphenylphosphonium derivates of mitochondria-directed SOD mimetic nitroxides, however
we observed that changing the hydrophobicity of these compounds, by attaching a bulky
apolar side-chain, reversed their cytoprotective effects, resulting in cell death even at

micromolar concentration. Therefore, the aim of the present study was the following:

* To verify the accumulation of HO-3814 in the mitochondria

* To describe the effect of hydrophobic derivatization on cell death by measuring cell
viability of three tumor cell lines

* To compare the effect of the apolar SOD mimetic (HO-3814) with that of well-known
anti-cancer drugs on cell viability in tumor cell lines

* To determine the type of cell death induced by HO-3814


http://dictzone.com/angol-magyar-szotar/synthesize

* To investigate the molecular mechanism of the cytotoxic effect of this compound

* To describe the effect of HO-3814 on the mitochondrial permeability transition and on the
stability of the mitochondrial membrane potential (AY,,)

* To show the effect of Cyclophilin D suppression by siRNA technique on cell death and
mitochondrial depolarisation induced by HO-3814 using a PANC-1 cell model

e To show the effect of Bcl-2 overexpression on HO-3814 induced mitochondrial

depolarisation and cell death

Conclusions

The inhibitory effect of benzimidazole derivatives on the PARP activation and cell death
induced by H,O,

Among the tested compounds 3h and 4h were found to be the best-performing PARP
inhibitors. We found low correlation between the cell death inhibitory and PARP inhibitory
effect.

Their antioxidant effect/ hydroxyl radical scavenging ability
We established that compound 4h appears to be the best antioxidant and PARP inhibitor
regarding the PARP enzyme inhibition, cell death inhibition, and hydroxyl radical-scavenging

results.

Their oxidative metabolism on a rat model
We found that sterically hindered secondary amine moiety of PARP inhibitor 4h is
oxidized to nitroxide 3h, while nitroxide 3h and its hydroxylamine are in equilibrium in the

rat model.

The relationship between PARP inhibitory and antioxidant effect

We observed that the results of PARP inhibition and antioxidant studies did not correlate.
The cell death inhibition is based not only on the PARP enzyme inhibition but probably on
the ROS scavenging activity also.

In summary these results indicate the advantages of combining an antioxidant nitroxide or
nitroxide precursor with a PARP inhibitor molecule to decrease or eliminate the deleterious

processes initiated by reactive oxygen and reactive nitrogen species (ROS and RNS). In this



respect these compounds may have therapeutic potential in the future, however further

biological studies are needed.

Intracellular localization of HO-3814
We verified, that this compound was accumulated in the mitochondria using mass

spectrometric detection after cellular subfractionation.

Effect of hydrophobic derivatization on cell death in three tumor cell lines

We presented evidences at the first time that increasing lipophilicity of mitochondria
targeted SOD mimetics inverted their cytoprotective properties inducing cell death in three
different tumor cell lines used, indicating that the cytotoxic effect of HO-3814 could be the

result of a general, rather than a cell-specific mechanism.

Comparison of the effect of HO-3814 and well-known anti-cancer drugs on cell
viabilities

We found that PANC-1 cells were much more sensitive to HO-3814 than cisplatin.
Because gemcitabine is the first line drug in pancreatic tumor therapy, we tested the
sensitivity of PANC-1 cells toward gemcitabine. We found that gemcitabine even at the
highest concentration used, caused only a slight decrease in the viability of PANC-1 cells
under our experimental conditions, indicating that HO-3814 was much more effective in
inducing cell death in PANC-1 cells than either of the anti-cancer drugs used. These results
suggest that apolar mitochondria-directed SOD mimetics may have therapeutic potential in

the management of pancreatic tumors.

Determination of the type of cell death induced by HO-3814
We established that HO-3814-induced cell death was predominantly necrotic.

The molecular mechanism of the cytotoxic effect of HO-3814

We analysed the effect of the mitochondrial permeability transition inhibitor,
cyclosporine A, as well as inhibitors of ERK, p38, JNK and Akt kinase signalling pathways, a
PARP inhibitor, a caspase inhibitor, and the antioxidants quercetine and N-acetyl-cysteine, on
the cell viability of PANC-1 cells treated with HO-3814. We found that none of them had any
effect on HO-3814 induced cell death indicating that most likely, none of these intracellular

pathways were involved.



Effect of HO-3814 on isolated mitochondria

HO-3814 was found to provoke mitochondrial swelling and loss of the mitochondrial
membrane potential destabilizing the mitochondrial membrane system that was not inhibited
by cyclosporine, suggesting that CypD was likely not involved in the mitochondrial

permeability transition.

Effect of Cyclophilin D suppression by siRNA technique on cell death and mitochondrial
depolarisation induced by HO-3814
We showed that HO-3814- induced cell death and mitochondrial depolarisation was not

affected by cyclophylin D-suppression confirming our results for isolated mitochondria.

Effect of Bcl-2 overexpression on HO-3814 induced mitochondrial depolarization and
cell death

When PANC-1 cells were overexpressing Bcl-2, a mitochondrial membrane system
stabilizing protein, we found that the overexpression diminished the effects of HO-3814.
These data suggest that HO-3814 induces cell death by destabilization of the mitochondrial
inner and outer membrane systems, resulting in a collapse of membrane potential, leading to

necrotic cell death.

In summary we provided evidence that changing hydrophobicity of mitochondria directed
SOD mimetics reversed their cytoprotective effect inducing permeabilization of the
mitochondrial membrane systems and necrotic cell death. Traditionally, necrosis of cancer
cells was associated with poor prognosis since the resulting chronic inflammation was found
to encourage tumor growth. However, malfunctioning of apoptotic mechanisms in many types
of tumor cells increased the value of necrosis as a clinical focus recently. In this respect,
hydrophobic mitochondria directed SOD mimetics may have therapeutic potential in the

future.
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Roviditések

ANT adenin nukleotid transzlokaz
ATP adenozin-trifoszfat
Bcl-2 B-sejtes limfoma

BH Bcl-2 homoldgia
CsA ciklosporin A

CypD ciklofilin D

Ay mitokondrialis membran potencial

H,0, hidrogén-peroxid

JINK c-Jun N-terminalis kindz

MPT mitokondridlis permeabilitas tranzicid
PARP poli(ADP-ribéz)polimeraz

SOD szuperoxid-dizmutaz

VDAC fesziiltség fliggd anion csatorna
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Bevezetés

Jol ismert, hogy a sejthaldl és a tulélés kozotti egyensuly felboruldsa kiillonb6zo
betegségek (példaul tumor, autoimmun betegségek, neurodegenerativ korképek)
kialakulasdhoz vezet. A sejthalal folyamatok befolyasoldsa lehetdséget nyujthat ezen
betegségek kezelésére. A betegség természetétdl fiiggden mind a sejthalal aktivaldsa, mind a
gatlasa hatékony lehet a klinikus szdmara.

Az apoptozist, vagy programozott sejthalalt szdmos faktor aktivalhatja. A
mitokondriumok kulcsszerepet jatszanak az apoptozis folyamatdban; karosodasuk - amely
magaban foglalja a mitokondrialis membran permeabilizacidjat — szdmos eseményt aktival,
amely sejthalalhoz vezet.

A mitokondridlis kutatasban bekovetkezd fejlodés soran fokozddott gydgyszerészeti
torekvések egy Uj teriilet, a “mitokondridlis medicina” kialakulasdhoz vezettek. A bioldgiailag
aktiv molekulak ¢€I6 sejtek mitokondriumaiba juttatasa utat nyithat a mitokondridlis funkciok
befolyasolasahoz, amely talan a sejtek szelektiv védelmét, javitdsat vagy megsemmisitését
eredményezheti.

Korabban szamos kiilonbozé szerkezetii ciklikus nitroxid csoporttal rendelkezd
molekulat szintetizaltunk, melyek SOD mimetikus jellemzdit igazoltuk, tovabba néhany
esetében kimutattuk, hogy citoprotektiv hatassal birnak. A jelen dolgozatban 1j, apolaros
mitokondriumba irdnyitott trifenilfoszfonium szdrmazékok (SOD mimetikumok) és PARP
gatlok mitokondridlis hatasait vizsgaltuk kiilonboz6 kisérleti korilmények kozott, hogy

esetleges terapias alkalmazhatosagukra fényt deritsiink.

A mitokondriumok szerepe a sejthalalban

A mitokondriumok kulcsszerepet jatszanak a sejtek bioenergetikai statuszédnak
fenntartasaban, tovabba van egy masik kiemelkedd funkciojuk is: a sejthaldl folyamatainak
szabalyozasa. Ezek a sejthalal folyamatok régdta fontos célpontjai a gyogyszerfejlesztésnek.
Tobb tanulmany kimutatta, hogy az apoptdzis indukcidja szoros Osszefliggésben van szamos
kémiai vegylilet tumorellenes hatasaval. Tovabba a rékos sejtek kemorezisztencidja
hatterében gyakran a sériilt apoptotikus utvonalak allnak. Ezért az alternativ mitokondrialis
sejthalal mechanizmusok, mint példdul a mitokondridlis permeabilitas tranzicié indukalta

nekrozis vagy az autofagia fontos szerepet jatszhatnak a tumor ellenes terapiaban.
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A mitokondrialis permeabilitas tranzicio (MPT)

Az MPT pérusrol — amely egy nem specifikus csatorna - eredetileg azt gondoltak, hogy
mindkét mitokondridlis membrant ativeli, és felelds a sejthaléllal kapcsolatos megnovekedett
mitokondridlis permeabilitasért. A porus ateresztoképessége 1,5 kDa. Nyitasa a protonok
egyensulyat eredményezi a belsd membran két oldalan, igy 6sszeomlik a membranpotencial,
¢s leall az ATP szintézis. A viz bedramlasa a mitokondriumok duzzadasat eredményezi, ami
egy bizonyos pont utan a kiilsé membran szakadasahoz vezethet.

Az MPT porus Osszetétele vitatott. Biokémiai és farmakoldgiai tanulmanyok alapjan a
kovetkezd komponenseket tartalmazza: a kiils6 membranban elhelyezkedd fesziiltség fiiggd
anion csatornat (VDAC), a bels6é membranban lokalizal6dé adenin nukleotid transzlokazt
(ANT) és a matrixban 1évo ciklofilin D-t (CypD). Azonban ujabb genetikai knockout
vizsgalatok kétségbe vonjak a fenti modell helyességét. Ugyanis az ANT, VDAC és CypD

hianyos mitokondriumokban is indukalhaté6 MPT.

A Bcl-2 csalad

A Bcl-2 a legalabb egy Bcl-2 homologia régiot (BH) tartalmazé fehérjecsalad
prototipusa. A csaldd tagjai harom csoportba sorolhatok: mind a négy BH doménnel
(BH1234) rendelkez6 antiapoptotikus multidomén fehérjék (pl. Bel-2 és Bcel-X;); harom BH
domént (BH123) tartalmazd proapoptotikus multidomén fehérjék (pl. Bax, Bak), és a csak
BH3 domént tartalmazo proapoptotikus fehérjék (pl. Bid, Bad). A Bcl-2 szeri fehérjék
hatasanak f6 helyszine a mitokondrium membran. A BH1234 fehérjék rendszerint a kiilsé
membranban tartozkodnak, ahol védik a mitokondriumot a mitokondrialis membran
permeabilizacié ellen. Néhany irodalmi adat azt mutatja, hogy a Bcl-2 ¢és Bcel-X
kolesonhatasba 1éphet az ANT-vel (adenin nukleotid transzlokaz) és a VDAC-vel (fesziiltség

fiiggd anion csatorna).

PARP gatlok

A nukledris poli(ADP-ribdz) polimeraz-1 enzim DNS karosodasok esetén aktivalodik. A
DNS egyes illetve kettds szalu torése eldgazd lanci ADP-ribdz polimerek képzddéséhez
vezet, melyek szamos nukledris fehérjéhez (pl. hisztonok), vagy magahoz a PARP-hoz
kapcsolodnak. Ez a folyamat a DNS repair egy korai eseménye. A PARP enzim
overaktivacidja azonban cellularis NAD" és ATP hidnyhoz vezethet, amely a sejtek miikodési

zavarat, majd nekrdzist eredményez. Mivel DNS karosodas hianyaban a PARP enzim nem
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sziikséges a tuléléshez, a PARP-1 gatldsa igéretes célpontnak tiinik a gyulladassal,
ischémidval €s tumor terapiaval kapcsolatos gyogyszerfejlesztés soran.

Habar szamos irodalmi adat alatamasztja, hogy a PARP-1 gatlasa véd az oxidativ
stresszel szemben, Ujabb tanulményok kimutattdk, hogy a PARP-1 gatlasa érzékenyiti a
sejteket a DNS karositd agensekre.

Korabbi tanulményaink sordn azt tapasztaltuk, hogy a kardiovaszkuléris gyogyszerek,
mint példaul a mexiletin, amiodaron vagy trimetazidin nitroxid prekurzorral torténd
modositasa sordn az eredeti molekula antioxiddns és szabadgyokfogd aktivitasra tett szert.
Jelen tanulmanyban nitroxidokkal és a sztérikusan gatolt amin prekurzoraikkal kombinaltuk a
PARP gatlokat, ugyanis ismert, hogy a PARP aktivaciobol szarmazod legtobb karosito
folyamat hatterében a reaktiv oxigén és nitrogén szabadgyokok allnak. Ezen tipusu
vegyliletek nemcsak a poli-ADP-ribozilaciot gatoljak, hanem egyidejiileg elnyomjék vagy

csokkentik a reaktiv oxigén és nitrogén szabadgyokok kérositd hatasat.

Mitokondriumba iranyitott trifenil-foszfonium szarmazékok

Szamos kutatocsoport kimutatta, hogy a tumor sejtek szignifikansan magasabb
mitokondrialis membran potenciallal (AY,,) rendelkeznek, mint a normal sejtek. Ha mind a
plazma, mind a mitokondridlis transzmembran potencidl negativ, a kation tulajdonsagu
molekulak 4t tudnak jutni ezeken a membranokon, igy fel tudnak halmozodni a tumor sejtek
mitokondriumaiban. Az E vitamin, ubikinon, N-tert-butil-a-fenilnitron ¢és ujabban a
nitroxidok trifenilfoszfénium szdrmazékai voltak az elsé antioxidans molekulak, amelyekrol
kimutattak, hogy tilnyomorészt a mitokondriumban lokalizalédnak Ezek a korabbi kisérletek
azt mutattak, hogy a mitokondriumba iranyitott antioxidansok nagyobb citoprotektiv hatassal
rendelkezhetnek kiilondsen az apotdzissal szemben.

A lipofil szerves kationokat, mint példaul a rodaminl23-at vagy a °*H-
tetrafenilfoszfoniumot a tumor sejtek mitokondrialis potencidljanak mérésére hasznaltak.
Habar a mitokondriumba irdnyitott trifenilfoszfonium szarmazékok korlatozott tumor
specificitassal rendelkeznek, a citosztatikus vegyliletek mitokondriumba irdnyitdsdnak

terapias jelentOsége lehet.
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Célkitiizés

Munkénk sordn szamos SOD mimetikus aktivitdisi PARP-1 gatld vegyiiletet

(benzimidazol szarmazékot) szintetizaltunk. Ezért jelen tanulmény célja a kovetkezo:

* Ezen molekuldk PARP aktivaciora és H,O, indukalta sejthaldlra gyakorolt gatlo hatasanak
vizsgalata

* Antioxidans hatasuk/ szabadgyok fogd képességiik analizise

*  Oxidativ metabolizmusuk tisztazasa patkany modellen

* A PARP gatlas és az antioxidans hatas kozotti kapcsolat felderitése

Kordbban szdmos mitokondriumba iranyitd trifenilfoszfonium csoporttal rendelkezd
antioxidans molekularol kimutattdk, hogy még alacsonyabb koncentracidban is joval
hatékonyabbak, mint szubsztitualatlan parjaik. Uj, mitokondriumba iranyitott SOD mimetikus
nitroxidok trifenilfoszfonium szarmazékainak vizsgalata soran azonban megfigyeltiik, hogy a
hidrofobicitasuk hosszi apolaros oldallainccal torténd megvaltoztatasa megsziintette
citoprotektiv hatasukat, ugyanis mikromolos koncentracioban sejthalalt indukaltak. Ezért

jelen tanulmany tovabbi célja a kovetkezo:

* A HO-3814 mitokondrialis felhalmoz6dasanak igazolasa

* A hidrofob modositas sejthalalra gyakorolt hatasanak vizsgalata tumoros sejtvonalakon

e Az apolaros SOD mimetikum (HO-3814) ¢és ismert citosztatikumok hatasanak
Osszevetése tumoros sejtvonalakon

* A HO-3814 indukalta sejthalal tipusanak azonositasa

* A citotoxicitas hatasmechanizmusainak felderitése

e A HO-3814 mitokondridlis permeabilitas tranziciora ¢€s mitokondridlis membran
potencialra (AY,,) gyakorolt hatdsanak vizsgalata

* A ciklofilin D szupresszidjanak hatasa a HO-3814 indukalta sejthalalra és mitokondrialis
depolarizaciora

* A Bcl-2 overexpresszio hatisa a HO-3814 indukalta sejthaldlra és mitokondridlis

depolarizaciora
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Konkluzio

A benzimidazol szarmazékok PARP aktivaciora és H,O; indukalta sejthalalra gyakorolt
gatlo hatasa

Megallapitottuk, hogy a vizsgalt vegyiiletek kozil a 3h és 4h bizonyultak a
leghatékonyabbnak PARP gatlads szempontjabol. Alacsony Osszefliggést talaltunk a PARP és
sejthalal gatlo hatas kozott.

Antioxidans hatasuk/ szabadgyok fogé képességiik
Kimutattuk, hogy a 4h vegyiilet a legjobb antioxidans a vizsgalt molekulak koziil.

Oxidativ metabolizmusuk
Megfigyeltiilk, hogy a PARP inhibitor 4h sztérikusan gatolt szekunder amin része 3h
nitroxiddd oxidalddott, mig a 3h nitroxid és hidroxiaminja egyensulyban voltak a patkany

modellben.

A PARP gatlas és az antioxidans hatas kozotti kapcsolat
Azt talaltuk, hogy a PARP gatlas és az antioxidans vizsgélatok eredményei nem allnak
Osszefiiggésben egymassal. A sejthaldl gatlasa tehat nemcsak a PARP enzim gatlasan

alapszik, hanem a szabadgyok fogd hatastdl is fiigg.

Osszefoglalva, ezen eredmények alapjan egy antioxiddns nitroxid vagy nitroxid prekurzor
kombinalédsa egy PARP gatldé molekulaval képes csokkenteni vagy megsziintetni a reaktiv
oxigén vagy nitrogén szabadgyokok eldidézte karos folyamatokat. Ebben a tekintetben
ezeknek a vegyiileteknek terapias jelentdsége lehet a jovOben, azonban ehhez még tovabbi

biologiai vizsgalatok sziikségesek.

A HO-3814 intracellularis lokalizacidja

Igazoltuk, hogy a vizsgalt vegyiilet a mitokondriumban akkumulalodott.

A hidrofob maodositas sejthalalra gyakorolt hatasa tumoros sejtvonalakon
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Els6ként szolgéltattunk bizonyitékot arra, hogy a mitokondriumba irdnyitott SOD
mimetikumok lipofilitdsanak novelése megforditotta citoprotektiv tulajdonsédgukat, és

citotoxikusséa valtak.

A HO-3814 és ismert citosztatikumok hatasanak osszevetése tumoros sejtvonalakon
Kimutattuk, hogy a PANC-1 sejtek sokkal érzékenyebbek voltak HO-3814-re, mint
ciszplatinra. Mivel a gemcitabin az elsddlegesen alkalmazott citosztatikum a hasnyalmirigy
tumor terapidban, teszteltiik a PANC-1 sejtek gemcitabinnal szembeni érzékenyégét is. Azt
talaltuk, hogy a gemcitabin kisérleti koriilményeink kozott az alkalmazott legmagasabb
koncentracioban is csak kismértékben tudta csokkenteni a sejtek talélését. Ezek az adatok azt
sugalljak, hogy az apolaros, mitokondriumba iranyitott SOD mimetikumoknak terdpias

jelentésége lehet a pankredsz tumorok kezelésében.

A HO-3814 indukalta sejthalal tipusanak azonositasa
Megallapitottuk, hogy a HO-3814 indukalta sejthalal tilnyomorészt nekrotikus volt.

A HO-3814 citotoxicitasanak hatasmechanizmusa

Kiilonb6z6 kinaz inhibitorok (p38, JNK, ERK, AKT inhibitorok), kaszpaz III inhibitor,
N-acetil-cisztein, PARP inhibitor (HO-3089), valamint az MPT inhibitor CSA jelenlétében
vizsgaltuk a HO-3814 PANC-1 sejtek talélésére gyakorolt hatasat. Azt tapasztaltuk, hogy
egyik inhibitor sem tudta csdokkenteni a HO-3814 indukalta sejthalal mértékét. Ezek az adatok
azt mutatjak, hogy az apolaros SOD mimetikum nem ezeken az ismert utvonalakon keresztiil

hat.

A HO-3814 mitokondrialis hatasa
Kimutattuk, hogy a HO-3814 mitokondrialis duzzadast és membran depolarizaciot
indukalt, mely nem volt gatolhat6 ciklosporin A-val, jelezve, hogy a ciklofilin D valoszintlileg

nem érintett a mitokondrialis permeabilitds tranzicidoban.

e A ciklofilin D szupressziojanak hatisa a HO-3814 indukalta sejthalalra és
mitokondrialis depolarizaciora
Kimutattuk, hogy a ciklofilin D szupresszidja nem volt hatassal a HO-3814 indukalta
sejthaldlra és mitokondrialis depolarizaciora, alatdmasztva az izolalt mitokondriumon kapott

eredményeinket.
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A Bcl-2 overexpresszidjanak hatasa a HO-3814 indukalta sejthalalra és mitokondrialis
depolarizaciora

Megallapitottuk, hogy a Bcl-2 overexpresszdja csokkentette a HO-3814 citotoxikus
hatasat. Ezek az eredmények azt mutatjdk, hogy a HO-3814 a mitokondridlis kiilsé és belsd
membranrendszert destabilizdlja, amely a membranpotencial 0Osszeomlasdhoz, végiil

nekrotikus sejthalalhoz vezet.

Osszefoglalva, ezen eredmények alapjan bizonyitékot szolgéltattunk arra, hogy a
mitokondriumba iranyitott SOD mimetikumok hidrofobicitasanak novelése megvaltoztatta
citoprotektiv tulajdonsagukat, és a mitokondridlis membranrendszer permeabilizalasan
keresztiil  nekrotikus  sejthaldlhoz  vezetett.  Mivel kiilonféle tumoros  sejtek
indukal6 apolaros mitokondriumba iranyitott SOD mimetikumoknak terdpias jelentdségiik

lehet a jovoben.
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