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Abbreviations

A23187,  5-(methylamino)-2-({(2R,3R,6S,8S,9R,11R)-3,9, tilnethyl-8-[(1S)-1-methyl-2-
0X0-2-(1H-pyrrol-2-yl)ethyl]-1,7-dioxaspiro[5.5]ued2-yl}methyl)-1,3-benzoxazole-4-
carboxylic acid; ADRP, adipose differentiation-related protei’lF, apoptosis inducing
factor; ANT, adenine nucleotide translocadg¢l-2, B-cell lymphoma;C-400, 5-(and-6)-
carboxy-2', 7’-dichlorodihydrofluorescein diaceta@N, cervical intraepithelial neoplasia;
CypD, cyclophilin D; cyt-c, cytochromec; CsA, cyclosporine A;DIABLO, direct IAP—
binding protein of low isoelectric point [pIPMEM, Dulbecco’s modified Eagle’s medium;
dsiRNA, diced small interfering ribonucleic aciEndo G, endonuclease GEtoposide,4' -
demethyl - epipodophyllotoxin 9 - [4,6-@R)(-ethylidene-beta-D-glucopyranoside], 4' -
(dihydrogen phosphate)f:-CS, fetal calf serum;FITC, fluorescein isothiocyanate>418,
(2R,3S,4R,5R,6S)-5-amino-6-[(1R,2S,3S,4R,6S)-4a8nil0-3-[(2R,3R,4R,5R)-3,5-
dihydroxy-5-methyl-4-methylaminooxan-2-ylJoxy-2-hygkycyclohexyl]oxy-2-(1-
hydroxyethyl)oxane-3,4-diolGFP, green fluorescent protei@ST, glutathione S-transferase;
HBP22, heme binding protein IPTG, isopropyl$-D-thiogalactopyranosidelC-1, 5,5,6,6-
tetracloro-1,1,3,3 -tetraethylbenzimidazolyl-canptine iodide; M6PR, mannose 6-
phosphate receptorsMMP, mitochondrial membrane permeabilizatioMTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode&; mPT, mitochondrial permeability
transition;Ay mitochondrial membrane potenti®iCBI, National Center for Biotechnology
Information; PAT, perilipin, adipophilin, and TIP47PBS, phosphate buffered salinBCR,
Polymerase Chain Reactiop], isoelectric point;PI, propidium iodide;PP17b, placental
tissue protein 17bPTP, permeability transition porePTPC, permeability transition pore
complex;Rh-123, rhodamine-1,2,3R0OS, reactive oxygen speciesiRNA, small interfering
RNA; Smac,second mitochondrial activator of caspas|JL/HBP2, heme binding protein
2; Taxol, (2a,4a,58,7B,108,130)-4,10-bis (acetyloxy)-13-{[(R,39)-3-(benzoylamino)-2-
hydroxy-3-phenylpropanoyl]oxy}-1,7-dihydroxy-9-oX520-epoxytax-11-en-2-yl  benzoate;
TIP47, tail interacting protein of 47 kDat-TIP47, truncated-TIP47;VDAC, voltage-

dependent anionic channel



Introduction

For the past 15 years our laboratory has beenvesiocof identified several genes with
previously unknown functions that affected cellttigarocesses such as tail interacting protein
of 47 kDa (TIP47) or Heme Binding Protein 2 (HBZUL). In this study the effect of these
proteins in mitochondrial releated cell death isailided.

This work provides compelling evidence of the pobitve effect of TIP47 which exerts an
antiapoptotic effect on cell survival by inhibitinge activation of proapoptotic proteins, by
assisting the effect of anti-apoptotic proteins abyg the direct stabilization of the
mitochondrial membrane potential.

We identified genes, which in contrast, destabilize mitochondrial membrane system,
such as SOUL, which sensitized fibroblast cellegt death in the absence of elevated ROS
formation. In the presence of subthreshold calciuracombinant SOUL provoked
mitochondrial permeability transition (mPil) vitro, which was inhibited by cyclosporine A
(CsA). In vivo, SOUL overexpression enhanced the dissipation edamondrial membrane
potential, as well as SOUL promoted necrotic deatktoposide and A23187 treated cells,
which effect was prevented by CsA.

The role of mitochondria in cell death:

The cell's decision to die from necrosis or apsas dictated at least in part by the
abundance of intracellular energy stores. Indedédrgas apoptosis requires a minimal amount
of intracellular ATP, necrosis is generally accomipd by its total depletion.

The intrinsic cell death pathway involves the iatibn of apoptosis as a result of a
disturbance of intracellular homeostasis. In theghpray, mitochondria are critical for the
execution of cell death, and so this pathway habeferred to as the mitochondrial cell

death pathway.

Mitocondrial Membrane Polarization (Ay):

Mitochondrial membrane permeabilization (MMP) reduently the decisive event that
delimits the frontier between survival and deatbcdl players that determine the propensity to
MMP include the pro- and antiapoptotic membersha B-cell lymphoma (Bcl-2) family,

proteins from the mitochondrial permeability traims pore complex, as well as a plethora of



interacting partners including mitochondrial lipidshe inhibition of MMP constitutes an
important strategy for the pharmaceutical preventd unwarranted cell death. Conversely,
induction of MMP in tumor cells constitutes the gokanticancer chemotherapy .

MMP is characterized by several hallmarks thaluite:
1) the release of cytochronegcyt-c), second mitochondria-derived activator of casuhsst
inhibitor of apoptosis binding protein (IAP) withl@aw isoelectric point (pl) (Smac/DIABLO),
through the mitochondrial outer membrane and thseguent activation of effector caspases;
2) the release of caspase-independent apoptogeaiic déectors, such as apoptosis inducing
factor (AIF) and endonuclease G (EndoG);
3) a bioenergetic catastrophe including the arrésixaative phosphorylation, as well as the
accumulation of reactive oxygen species (ROS),
4) an alteration of thay of the mitochondrial inner membrane.

According to current knowledge, the principal magism leading to inner membrane

permeabilization is the so-called “permeabilitynsaion.”

The mitochondrial permeability transition (mPT):

The mitochondrial permeability transition (mPTjers to a transition in the permeability
of the mitochondrial inner membrane that occurswinitochondria in vitro are treated with
calcium [C&'] or reagents that increase oxidative stress.

The exact molecular nature of the permeabilitpdiion pore, the PTP is still a matter of
debate, although an emerging consensus considemsltecomponent protein complex, the
PTPC, and not a single protein, as being respandin the opening of PTFRTPC is
assembled at the contact sites of the mitochonarghbranes and that its scaffold structure is
based on the dynamic interaction between VDAC, ABid CypD. The voltage-dependent
anionic channel, VDAC protein is a pore in the rmtondrial outer membrane that allows low
molecular weight solutes to pass and gain accegm& membrane transport systems. The
adenine nucleotide translocator, ANT is a stru¢tw@mponent of the MPT, and matrix
cyclophilin D (CyP-D) bound to complexes of VDACdathe ANT to form the MPT.

BH3 domain proteins, the Bcl-2 family:

BH3 domain-only proteins play a significant role thre processes of cell death and
survival. Mammalian cells express a group of evoharily conserved proteins known as the
Bcl-2 family. The effect of Bcl-2 proteins on thpaptotic process is due to the presence of

one or more conserved regions of amino acid se@serkcown as Bcl-2 homology (BH)



domains. Based on their function, Bcl-2 proteins bave either proapoptotic (Bax, Bad, Bak,
Bim, and Bid) or antiapoptotic (Bcl-2 and Bcl-xLjgperties.

There are data indicating that proapoptotic BcleZnblogues can activate mPT in
oxidative stress showing that an oxidant-damageadamondrial membrane system can react
differently to BH3 domain proteins. In addition, etholigomer Bax alone can induce
mitochondrial permeability transition and completg-c release without oxidative stress,
indicating that under certain conditions, BH3 dampioteins can contribute to mitochondrial
inner membrane permeabilization, mPT, and necdsath.

It was also demonstrated that antiapoptotic Bcledn bind to the VDAC-1 barrel
laterally at strands 17 and 18 and can influenc®ahondrial permeabilization. Therefore,
antiapoptotic Bcl-2 protein can also influence {pot) the inner mitochondrial system,

probably via interaction with VDAC.

The TIP47 protein:

Tail-interacting protein (TIP47) is a member of gexilipin/ adipophilin/TIP47 (PAT)
family, which also includes perilipin, adipose diféntiation-related protein (ADRP), S3-12
and OXPAT proteins. PAT family surface proteins eoenponents of the plasma membrane
and they influence cellular lipid metabolism andaoalinsulin signaling, by means of
controlling access of lipases to stored lipid est®¥AT proteins are characterized by primary
sequence homology, which is evolutionary conseess all species. The distribution of
PAT proteins varies among different tissues: wltile expression of perilipin and S3-12
proteins is restricted to adipose and steroidogéissues, ADRP and TIP47 are found
ubiquitously. The critical role of PAT proteins the packaging and storage of neutral lipids
and as components of lipid droplets has been ésttabl by a number of studies.

TIP47 was primarily identified as a possible capgotein involved in the delivery of
mannose 6-phosphate receptors (M6PR) from endostomibe trans-Golgi network. It was
shown to bind to the cytoplasmic domains of catimdependent and cation-dependent M6PR
and to be transported to late endosomes by bingingab9 GTPase. The recognition of a
sequence homology between ADRP and TIP47 led tdigoevery that TIP47, like other PAT
family members, associates with lipid droplets.haligh this finding was initially questioned,
the role of TIP47 in lipid metabolism was subsedlyetonfirmed by various sources. Besides
its apparent function in lipid metabolism, TIP4Torey with other PAT proteins, influences
insulin signaling. The combined knockout of ADRPdamlP47 was shown to lead to

decreased insulin sensitivit. A recent study regbrthe possible role of TIP47 in Human



Immunodeficiency Virus (HIV-1) infection. TIP47, ascellular cofactor, was found to play a
part in Env incorporation, allowing the encounted @hysical association between HIV-1 Gag
and Env proteins during the viral assembly process.

Parallel to studies conducted by other laboratporis work-group carried out
experiments to elucidate the role of TIP47, whitieds new light on the function of this
controversial protein. TIP47 was found to be ideadtio a soluble, pregnancy-related placental
tissue protein 17b (PP17b). Of particular signifioa was the discovery, that, compared to
normal cervical tissue, TIP47 is overexpressedenvig carcinoma, as is its messenger RNA
in the HeLa cancer cell line. Moreover, a correlatcould be detected between the level of
TIP47 expression and the different stages of calrwntraepithelial neoplasia (CIN). Moderate
immunohistochemical staining of the dysplasticselhs apparent in CIN I-Il, whereas strong
staining was observed in CIN Ill and situ carcinoma. Recently, the role of TIP47 as a
potential tumor marker of cervical carcinoma waggasted. Since TIP47 is secreted into the
serum, and its level is elevated in the progressibithe tumor to invasive or metastatic
carcinoma and mitigated after treatment, the manigoof TIP47 by immunological methods
may be beneficial for cervical cancer patients.

However, to this date, there is no data availdble its possible role in tumor
development, or in regulation of cell death.

SOUL/HBP2, a novel BH3 domain protein:

Role of heme-containing proteins in the regulatdrcell death and survival are well
characterized. They can affect formation of re@ctixygen species hence induction of direct
oxidative damages as well as induction of mitoch@ahgermeability transition (mPT).

Heme-binding protein 1 (HBP22) is an ubiquitouskpessed protein having high
affinity for heme and protoporphyrine. Human SOWOUL) is a 23 kDa haem-binding
protein that was first identified as the PP23 grotsolated from human full-term placentas.
SOUL is expressed just in some specific tissues nmare than 40% sequence homology with
HBP22, and has much higher binding affinity for ggoyrines than HBP22.

SOUL facilitates mitochondrial permeability tramsit and cell death without affecting
reactive oxygen production. The data base seadibated that heme-binding protein 2/SOUL
has a BH3 domain-like structure. The presenceRia domain in SOUL and the above data
indicate that this protein besides binding heme heye a role in the processes of cell death
and survival. In present we provide evidence fergbnsitization effect of SOUL in hydrogen-

peroxide-induced cell death, the facilitation ok thelease of pro-apoptotic mitochondrial



proteins and the promotion of the collapse of MMfhkin living cells andn vitro in isolated
mitochondria. SOUL promote the permeabilizationbofth outer and inner mitochondrial
membranes in oxidative stress.

SOUL can facilitate cell death in Taxol and A2318%ated cells. Taxol is a mitotic
inhibitor used in cancer chemotherapy. PaclitaxabiBzes microtubules and as a result,
interferes with the normal breakdown of microtulsutieiring cell division. A23187 is a mobile
ion-carrier that forms stable complexes with dimaleations (ions with a charge of +2).
A23187 is also known as Calcium ionophore. The jpdwwoe is used to increase intracellular
Ccd" levels in intact cells and to induce apoptosisdme cells.

Analyzing the protein sequence data base, we folEdSOUL contained a sequence
with a high similarity to BH3 domains, suggestirdtatt this feature may account for its
observed cell death-facilitating effect. PreviouslyOUL was reported to be strongly
expressed in retina, the pineal gland, and livee fdund that it was expressed in various
tissues to different extents.

Aims of study

The present study is aimed at a more in-depthystiidhese two regulator proteins,

including:

* To describe the effect of TIP47 on cell death byasueing cell viability of TIP47
overexpressing and control cells treated by diffetgpes of cell death inducing agents

 To show the effect of TIP47 suppression by siRNA&hteque on cell death in
overexpressing and control cells using a Helaroeldell

* To analyse in role of TIP47 of both apoptotic aedmotic cell death

* To find intracellular localization of TIP47 in oxatlve stress

» To describe the effect of TIP47 on the mitochorigrexmeability transition and on the
stability of the Mitochondrial Membrane Potentialy)

* To elucidate the effect of TIP47 on ROS-productionTIP47 overexpressing and
control cells

* To find the effect of TIP47 on the pro- and antepjotic signaling pathways



* To show the effect of deletion of the putative Bét8nain on the cell death

* To determine of the role of PTPC in the SOUL-indlisensitization toward oxidative
stress

* To describe the effect of SOUL on cell death ighited by the overexpression of anti-
apoptotic proteins

e To describe the effect of SOUL on the hydrogen-pideinduced collapse of MMP

Conclusions

1. Effect of TIP47 on cell death

We examined effect of TIP47 in different conditions togating cells with cell death
inducing agents and detecting the living using M&$say. Hydrogen-peroxide causes
oxidative stress and Taxol affects the microtulsystem. In the presence of excess TIP47
cells seemed to have increased resistance agdiestabbove mentioned drugs in our
experiment. This effect was statistically signifitand was detected with all kinds of drugs

used.

2. Effect of TIP47 suppression by siRNA technique onetl death

Gene silencing is generally used to describe "H#vatching off" of a gene by a
mechanism other than genetic modification. Thiscpss caused by the lack of this specific
protein. When TIP47 was silenced using specifikktig\s in cells endogenously expressing it

significant sensitization was observed against#iedeath inducing agents as expected.

3. Role of TIP47 in cell death

We used flow cytometry and fluorescent microscapythis experiment. Cells were
treated with different agent and were stained vpitbpidium iodide and FITC-conjugated
Annexin V to distinguish between the two types efi death. When we treated the TIP47
transfected cells, the cells died mainly by eagggosis, and the number of late apoptotic and

necrotic cells decreased drastically. Taxol treatnaetivated AIF and Endo G and induced



their translocation in mock-transfected fibroblaslls. It is of interest that, in TIP47-
transfected cells treatment with Taxol did not raltee intracellular localization of these

proteins.

4. Intracellular localization of TIP47 in oxidative stress

We detected IP47’s subcellular localization with Western bédter fractionating cells
endogenously producing high amount of TIP47. Actaydo our results TIP47 was found in
the cytoplasm, but after hydrogen peroxide treatntemas also present in the mitochondrial

fraction in a smaller quantity.

5. Effect of TIP47 on the mitochondrial permeability transition and on the
Mitochondrial Membrane Potential (Ay)

We provide that TIP47 can bind to mitochondria anotect mitochondrial membrane
integrity, as well as prevent oxidative stress cetlicell death. First we tracked the change of
the mitochondrial membrane potential in TIP47-oxpressing NIH3T3 cells using
fluorescent microscopy. In the TIP47 transfectelts dee mitochondrial membrane potential
remained stable after treatment. This result remadinterest and we isolated mitochondria
from rat liver to detect direct effect of recombhal P47 in vitro.Recombinant TIP47 not
induced mitochondrial permeability transition whea added subthreshold concentrations of
calcium. These data supports our view that TIP4itegts cell by stabilizing mitochondrial

membrane.

6. Effect of TIP47 on ROS-production
We could not observe any significant difference weetn controls or TIP47-

overexpressing cells indicating that TIP47 did canitribute to ROS-formation.

7. Effect of TIP47 on the pro- and anti-apoptotic sigaling pathways

We investigated the effect of TIP47 on cell vidpiand on the pro- and anti-apoptotic
signaling pathways in cells, following treatmenttwihe chemotherapeutic agent, Taxol. We
found, that TIP47 over-expressed cells increasesldeof Bcl-2 and reduced levels of Bax and
cleaved caspase-3, as opposed to the control cells.



8. Role of mPT complex in the SOUL-induced sensitizadh toward oxidative stress

We observed that SOUL-overexpressing cells areitssats to hydrogen-peroxide
while the cyclophilin D suppressed cells had simg8ansitivity toward it than the sham-
transfected cells. We performed similar experimevith ABH3-SOUL overexpressing cells.
Blocking mPT by suppressing cyclophilin D inhibitedtochondrial permeability transition
and blocked the cell death sensitizing effect oU&@ oxidative stress.

9. Effect of deletion of the putative BH3 domain on tlk cell death

We showed that SOUL promotes the permeabilizatibnbath outer and inner
mitochondrial membranes in oxidative stress antiteaffect can be reversed by deleting the
putative BH3 sequence from SOUL. When we deleted amino acid (LREDGKVFD)
sequence that was assumed to be functional inuitatipe BH3 domain, SOUL failed to

sensitize HO, induced cell death.

10.Effect of SOUL on cell death is inhibited by the ogrexpression of anti-apoptotic
proteins

When cells were co-overexpressing Bcl-2 or Bgl-averexpressed SOUL could not
facilitate necrotic cell death induced by hydrogmmexide. Data from flow cytometry showed
that the cell death facilitated by SOUL was mainbcrotic. SOUL promoted necrotic cell
death induced by oxidative stress, and this effeas counteracted by the presence of anti-

apoptotic Bcl-2 homologues.

11. Effect of SOUL on the HO»-induced collapse of MMP

SOUL facilitated cell death by the promotion of tleellapse of mitochondrial
membrane potential (MMP) in living cells. This pgot senzitized the cells to cell death by
interacting with the mPT complex since cyclophilnis integral protein of the complex and
anti-apoptotic Bcl-2 analogues can inhibit mPT byding to VDAC and other components of

the complex.
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Roviditések

A23187 5-(metilamino)-2-({(2R,3R,6S,8S,9R,11R)-3,9, liveetil-8-[(1S)-1-metil-2-0x0-2-
(1H-pirrol-2-yl)ettl]-1,7-dioxaspiro[5.5]undec2-ythetil)-1,3-benzoxazole-4-karboxilsav;
ADRP, adipofilin; AlIF, apoptozis indukald faktoANT, adenin nukleotid transzlokaBgl-2,
B-sejt limfoma; C-400, 5-(and-6)-carboxi-2', 7’-diklorodihidrofluoresceidiacetat; CIN,
cervikdlis intraepithelialis neoplaziaCypD, cyclophilin D; cyt-c, cytochromec; CsA,
cyclosporine A; DIABLO, alacsony izoelektromos pontta [pl]direkt IAP &bfehérje;
DMEM, Dulbecco’s modified Eagle’s mediungsiRNS, kis interferald ribonukleinsav;
Etoposide, 4'-demetil-epipodofillotoxin 9-[4,6-OR)-etilidene-beta-D-glucopiranozid], 4'-
(dihidrogén fosfat); FCS, fotalis borju szérum;FITC, fluorescein isotiocianatG418,
(2R,3S,4R,5R,6S)-5-amino-6-[(1R,2S,3S,4R,6S)-4afni0-3-[(2R,3R,4R,5R)-3,5-
dihidroxi-5-metil-4 metilaminooxan-2-ilJoxi-2-hidsaciclohexilloxi 2-(1-hidroxietil)oxane-
3,4-diol; GFP, zdld fluoreszcens proteinGST, glutation S-transferazHBP22, hem ko6
protein 1; IPTG, isopropil$-D-thiogalactopiranosid;JC-1, 5,5,6,6-tetracloro-1,1,3,3 -
tetraetilbenzimidazolil-karbocianin iodid;M6PR, mannéz 6-foszfat receptorMMP,
mitokondrialis membran permeabilizacié; MTT, 3-(4,5-dimetiltiazol-2-yl)-2,5-
difeniltetrazolium bromid;mPT, mitokondrialis permeabilitds tranzicidy, mitokondrium
membran potencialNCBI, National Center for Biotechnology InformatioRAT, perilipin,
adipophilin, és TIP47PBS, phosphate buffered salin®CR, Polimeraz lancreakciopl,
isoelectric pont; PI, propidium jodid; PP17b, placentélis sztvet protein 17W2TP,
permeabilitas tranziciés poru®TPC, permeabilitas tranzicios porus kompleRh-123,
rhodamine-1,2,3;ROSreaktiv oxigén gyok;siRNSkis interferal6 RNS;Smac, masodik
mitokondrialis kaszpéaz aktivator; SOUL/HBP2, hem k&6 protein 2; Taxol,
(20,40,,58,78,108,130)-4,10-bis (acetiloxi)-13-{[(R,39)-3-(benzoilamino)-2-hidroxi-3-
fenilpropanoil]oxi}-1,7-dihidroxi-9-ox0-5,20-epoxk-11-en-2-il benzoaffIP47, 47 kDa tail
interacting proteint-TIP47, csonkolt-TIP47VDAC, fesziltség flugganion csatorna
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Bevezetés

Munkacsoportunk az elmult 15 évben részt vett ssdkorabban ismeretlen funkcioju
gén azonositasaban és tanulmanyozasaban, minupalddP47 és a HBP2/SOUL fehérjék.
Ebben az értekezésben ezeknek a fehérjéknek aahaidsgaltam a mitokondrialis sejthalal
folyamatara.

Ez a munka megdy6 bizonyitékokat nyajt a TIP47 véd hatdsara, amely
antiapoptotikus hatast egyrésdlza proapoptotikus fehérjék aktivacidjanak gatléseén feijti
Ki; masrészt tamogatja az anti-apoptotikus fehéhékasat és direkt képes stabilizalni a
mitokondrialis membranpotencialt.

Azonositottunk olyan géneket is - ilyen a SOUL medyek ellentétes hatasuak,
destabilizdljak a mitokondridlis membran-rendszestzeékenyitik sejteket a sejthalalra.
Munkamban a SOUL fehér@r el6zéleg mar leirt eredményekre alapozva kivantam

alaposabban fényt deriteni sejthalalban betdlnitepére.

A mitokondrium szerepe a sejthalélban:

A mitokondriumok sejtlégzési thddéseinek kodzvetlen vagy kovetkezményes sérilése
miatt az energiakonzervaldo ATP-molekulak termelésékken, ami a sejt és kornyezete kozotti
ozmotikus egyensulyt fenntartd iontranszportokablgg Ezért a sejt az ozmotikus vizfelvétel
miatt duzzadni kezd, révidesen felszakad: a sejt mtegralt & rendszer meg8fnik.

A mitokondriumnakszerepdehet vagy van a programozott sejthalal beinditsabs ez
nem a sérilt mitokondrium ATP-termelésének csokgéwne vagy megsnéséevel kapcsolatos,
hanem pl. egy antiapoptotikus mitokondrialis feb&BCL-2) és csaladjanakikbdéesével. Az
egyes halal- és tulélési szignalok kilonb@z#oplazmatikus, vagy membranban talalhato pro- és
antiapoptotikus fehérjéket aktivalnak, és \@gbkon ezek membranba Kidtesén, vagy
mitokondriumba kerulésén keresztil sziletik meg regpkondrialis szint dontés a halalrol vagy
a tuléelésél. Ezért szokas a mitokondriumot az apoptotikuskjehtegratoranakevezni.

A mPT szerepe mind az apoptdzisban mind a nelb@aisbizonyitott. A bels
mitokondrialis membranban elhelyezkeohegacsatorna megnyilasa kulonféle ingerhatasokra
- mint pl. a megemelkedett kalcium szint - megtdngt, mely a membran két oldalan
jelenléw ionkulonbség kiegyentiléséhez, a membran kozotti fehérjék és a mitokalilri
matrix kiaramlasahoz vezet, amely vé&gsban a mitokondridlis membranpotencidly)

eltinését és a légzési lanc szétkapcsolodasat okozamaS anyag, igy a ciklosporin A is,
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képes megakadalyozni a mPT pdérus megnyilasat. Abrémpotencial elinése maga utan
vonja a mitokondrialis fehérjek — mint pl. a citékn ¢ — kiszabaduldsat, ezéltal a kaszpaz-
kaszkad aktivaciojat, mely apoptotikus sejthalataiezet. A mPT porus megnyilasat kévet
szabalyozhatatlan térfogatvaltozas a mitokondriuraganzzadasaval jar, mely veégil a

membranok szétszakadasahoz és nekrotikus sejthahadizet.

A TIP47 fehérje:

Tail-interacting fehérje (TIP47) tagja a perilipimdipophilin/TIP47 (PAT) csaladnak,
mely magaban foglalja a perilipint, az egér adipdfi ADRP), S3-12 és az OXPAT
fehérjéket. A PAT csalad felszini fehérjéi a plazmambran alkot6elemei, a sejtek lipid
anyagcserejét, valamint az inzulin szignalt befedjk a lipdzok szabalyozasa réven a tarolt
lipid észterek hozzaféréséhez. A PAT proteinekstddgesen szekvencia homologiaval
jellemezték, amely soran kiderult, hogy a PAT doragallcidésan konzervalddott valamennyi
fajnél. A PAT fehérjék eloszlasa kulonlgogzovetekben valtozik: mig a perilipin és az S3-12
fehérjék megjelenése zsirszovetre és szteroidagretekre korlatozédik, az ADRP és TIP47
minden szdvetben megtalalhatok. Tobb tanulmany & feAérjék legbbb szerepét a neutralis
lipidek és lipid cseppek komponenseinek csomagbéasés tarolasdban hatarozta meg.

A TIP47 fehérjét az et& kozott azonositottdk, mint egy lehetséges saaléhérjét.
Részt vesz a mannoz-6-foszfat receptorok (M6PRY)its&@ban az endoszomakbdl a transz-
Golgi halézatig. A szekvencia homologia vizsgalatas kiderilt, hogy a TIP47 is lipid
cseppekhez asszocialt fehérje. A lipid metabolizmansyilvanvalod funkcidja mellett a TIP47
is befolyasolja az inzulin szignalt. A kombinalt RP és TIP47 génkiltés csdkkent inzulin
erzékenységhez vezetett. EQy nemrégiben késziilimany szerint a TIP47 szerepet jatszik a
human immundeficiencia virus (HIV-1) fédésben. A TIP47&t, mint cellularis kofaktorrol
kiderult, hogy részt vesz az Env beépitésébenletggtiveé teszi a HIV-1 Gag és Env fehérjek
taldlkozasat és fizikai kapcsolddasét a virus é&zwrelési folyamat soran.

Més laboratériumokkal parhuzamosan a mi munkaasopo is végzett kisérleteket a
TIP47 szerepének tisztazasa eérdekében, amelyadnyi vethetnek a fehérje ellentmondasos
funkciojara. Csoportunk megallapitotta, hogy a T1Pd4zonos az oldhatd, terhességgel
Osszeflig§ placenta szoveti fehérje 17b-vel (PP17b). Kulon@gsentsége volt a
felfedezésnek, hogy a normal méhnyak szovetekhpeskéa TIP47 overexpresszalddik a
cervix karcinbmaban, ilyen pl. a HelLa sejtvonabt, korrelacio volt kimutathaté a TIP47

expresszio szintjében a cervicalis intraepithaliakoplasia (CIN) kilonbézszakaszaiban. A
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diszplazias sejtek immunhisztokémiai vizsgélatéavalIN |-l fazisban enyhe, mig CIN llI
fazisban és in situ karcinomanal i$®festés volt megfigyelh&ét sejtek citoplazméjaban.

Ez idaig semmilyen adat nem allt rendelkezéslkidP47 lehetséges szerefiéa
daganatok kialakulasaban, illetve a sejthalal dyabasaban, ezért vizsgalatainkat

megprobaltuk ez irdnyban folytatni.

SOUL/HBP2, egy 0, BH3 domént tartalmazo fehérje:

A hem tartalmu fehérjék szerepe a sejthalal égléées szabalyozasaban jol ismert
folyamat. Hatdssal lehetnek a reaktiv oxigén gyoképzidésére, direkt oxidativ kdrosodast
okozva, valamint a mitokondrialis permeabilitasziziot (MPT) indukalnak.

Hem-kot fehérje 1 (HBP22) egy mindenitt expresszaldédoé rfehéamely nagy
affinitassal koti a hemet és protoporfirint. A hum&80OUL (SOUL) egy 23 kDa nagysagu
hem-kdt fehérje, amelyet 86z6r PP23 fehérje néven izolaltak human placent®b8IOUL-t
csak néhany sztvetexpresszalja, tobb mint 40%-hanoa a szekvenciadja a HBP22-vel és
sokkal nagyobb affinitassal Kitik a porfirinekhez, mint a HBP22. A SOUL reaktiv
oxigéngyok termelés nélkil képes facilitalni a rkdodridlis permeabilitds tranziciot és a
sejthalalt. Adatbéazis vizsgalataink kimutattak, haghem-kat fehérje 2/SOUL tartalmaz egy
BH3 domén szérszerkezetet. A BH3 domén jelenléte a SOUL fehénéés a fenti adatok
azt mutatjadk, hogy ez a fehérje amellett, hogy hekdg, szerepe lehet a sejthalalban és
tulélésben. Ezoleg kisérletekkel igazoltuk a SOUL érzéketfiatasat a hidrogén-peroxid
altal indukalt sejthalalban és leirtuk, hogysalgiti a pro-apoptotikus mitokondrialis fehérjék
kidramlasat és tAmogatja az MMP 6sszeomlasat narébasejtekben és az ,in vitro” izolalt
mitokondriumokban is. A SOUL és$eqiti a permeabilitdsat mind a kijlsmind a bel§
mitokondrialis membrannak oxidativ stressz soramattuk, hogy a Taxol és A23187-
kezelt sejtekben is &egiti a SOUL a sejthalalt. A Taxol a daganateBekemoterapiaban
hasznalt mitotikus inhibitor. A paklitaxel stabdlma a mikrotubulusokat, és ennek
eredményeként a sejtosztdodas soran zavarja a ner@dbmlasban a mikrotubulusokat. Az
A23187 egy mobilis ion-karrier, amely stabil komy&et képez a kétértékkationokkal,
kalcium ionoforként is ismert. Az ionofort hasz@édljaz intracellularis Gaszint névelésére
ép sejtekben és néhany sejtben apoptdzis indukciora

Adatbazisokban a teljes fehérje szekvenciat elemexzt talaltuk, hogy a SOUL
tartalmaz egy szekvenciat, ami nagy hasonlosagtatrauBH3 doménnel, ami igazolhatja a

megfigyelt sejthalal-éksegit hatast.
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Célkitiizes

Jelen tanulmany célja két szabalyoz6 fehérje aktpmsizsgalata, beleértve a kdvetieat:

A TIP47 fehérje sejthaldlra vonatkozé hatasdnalerjetése TIP47-et tulterndel
sejtekben a sejtek tulélésének vizsgalataval kid#hksejthalalt okozd szerekkel
tortént kezelések utan.

A TIP47 fehérje siRNA technikaval tortént Kkiltésdomta hatdsok vizsgéalata
tultermeb és kontroll sejtekben.

A TIP47 szerepének vizsgalata apoptotikus és nikkiosejthalalban

A TIP47 fehérje intracellularis lokalizaci6janaksgalata oxidativ stressz soran.

A TIP47 fehérje szerepének ismertetése mitokondn@rmeabilitds tranzicidban és a
mitokondrialis membranpotencial elvesztésében

A TIP47 fehérje hatdsa a szabadgyok termelésrerdbrés TIP47 tultermél
sejtekben.

A TIP47 hatasa a pro és anti apoptotikus jelaividdyamatokra.

Ve

A PTPC szerepe az oxidativ stresszben a SOUL iidsjéhalal érzékenyitésben.

A SOUL hatasa a sejthalalra az anti-apoptotikusériék overexpresszidjanak
gatlasaval.

A SOUL hatasa a H202 indukalt MMP 6sszeomléasra.
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Konkllzid

1. A TIP47 hatasa a sejthalalra

Egy fehérje overexpresszélasaval informaciokat hst@nk annak lehetséges
funkciojarol. A TIP47 hatasat ugy vizsgaltuk, hdgyonboz sejthalalt indukald szerrel
kezeltuk a sejteket, majd az 6kl szamat MTT assay segitségével vizsgaltuk.
Kivalasztottunk néhany szert, melyek segitségévagvizsgalhattuk a két fehérje hatasat.
A hidrogén-peroxid oxidativ stresszt okoz, a Taaomicrotubuléris rendszert tAmadja.
Kisérleteinkben azok a sejtek, melyek a TIP47 féhédltermelték, nagyobb ellenallast
mutattak a fent emlitett szerek irant. Rendszerénka TIP47 megvédte a sejteket a
sejthalaltdl. Ez a hatas statisztikailag szignffi&adak bizonyult és minden altalunk hasznalt
szer esetében megfigyelbetolt. Ennek megfeléen talaltunk egy kordbban még nem

jellemzett fehérjét, mely gatolja a sejthalal foheatat.

2. ATIP47 elnyomas hatasa a sejthalélra

A gén-elnyomas szélesen elterjedt modszerré valbnkéle fehérjék specifikus
kiitésében. Az adott fehérje hianyabdl indirekté@vdikeztetni lehet annak funkciojara.
Amikor az endogénen expresszald sejtekben a TIP4&pecialis dsiRNS technikaval
elnémitottuk, a vartaknak megfdéleh a vizsgalt sejtek érzékenyebbé véltak az akalun
hasznalt sejthalalt indukalé szerekkel szemben.€éA-glnyomasos és a tultermeltetéses
kisérletek eredménye egyértélem azt bizonyitja, hogy az altalunk talalt fehégggolja a

sejthalalt.

3. ATIP47 szerepe a kilonboé sejthalal formakban

Ebben a kisérletsorozatban aramlasi citometriawal fléoreszcens mikroszképos
felvételekkel demonstraltuk a sejtekben végbeaifetyamatokat. A sejteket kezeltik az
elosbb mar emlitett sejthalal indukalé szerekkel éspfuhoim-jodid és FITC konjugalt
Annexin V jel6léseket alkalmaztunk. A kontroll si§hez képest, a TIP47-et tulterhel
sejtekben kezelést kovein a sejtek inkadbb korai apoptdzisban szenvedtekgsi
apoptozist és a nekrézist mutatd sejtek szama tdaasan lecsokkent. A Taxol kezelést
koveen a kontroll sejtekben AIF és EndoG transzlok&oib megfigyelhed a fibroblaszt

sejtekben. A TIP47 overexpresszio ezeket a folyakattmeggatolta.
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4. A TIP47 intracellularis lokalizacioja oxidativ stresszben

A TIP47 sejten bellli elhelyezkedését vizsgaltiyan sejtekben, amelyek normélis
korilmények kozott is nagy mennyiségben expressizalia TIP47 fehérjét.
Eredményeinkdl kidertlt, hogy ez a normélisan a citoplazmabakaliaalodé fehérje
hidrogén-peroxid kezelés hataséra jélsmhennyiségben megjelenik a mitokondriumban a
citoplazmaban talalhaté fehérjemennyiség karara.

5. A TIP47 hatasa a mitokondrialis permeabilitas tranZciora €s membran
potencialra
A mitokondridlis permeabilitas tranzici6 szerepe sajthaldlban egy alaposan
tanulmanyozott jelenség. Hogy a TIP47 fehérje Iedgs hatasmechanizmusat
megtalaljuk,in vivo ésin vitro is vizsgaltuk hatasat a mitokondriumra. Bizonyitkt hogy
a TIP47 kobdik a mitokondriumhoz és részt vesz a mitokondsialembran integritdsanak
védelmében, valamint megakadalyozza az oxidatéssraltal kivaltott sejthalalt. &zor
is @ membranpotencial valtozasat kovettik nyomorniPd 7-tultermed NIH3T3 sejtekben
fluoreszcens mikroszképpal. A TIP47 transzfekté&ltekben a membranpotencial stabil
maradt a kezelés utdn. Ez a felismerés felkeltéttbekbdésinket. Patkdny majbol
izolaltunk mitokondriumot, hogy in vitro vizsgallsagk a TIP47 direkt hatasat. A
vizsgalatokbdl kiderilt, hogy a TIP47 nem indukaltokondrialis permeabilitas tranziciot
sem 6nmagaban, sem amikor hozza kiiszdb alatti ktmdcgdban kalciumot adtunk. Ezek
az adatok alatdmasztjak azt a kezdeti feltevesjiiady a TIP47 a mitokondrialis
membran stabilizadlasaval védi a sejtet a sejtitdlalt

6. ATIP47 hatasa a ROS termelésre

A TIP47-et overexpesszald sejtek vizes és lipidsEran is megmeértik az endogén és
az indukalt ROS termelést. Nem talaltunk arra néazenyitékot, hogy a TIP47-nek in
vivo, hatasa lenne a ROS termelésre.

7. A TIP47 hatadsa a pro- é€s anti-apoptotikus jelatvite atvonalakra

Vizsgaltuk a TIP47 hatasat a sejtek életképességéra pro-és anti-apoptotikus
jelatviteli utakra a sejtekben Taxol kezelést kéeat Azt taldltuk, hogy a kontroll
sejtekkel szemben a TIP47 tulterthelejtekben megndvekedett a Bcl-2 mennyisége és

csokkent a Bax és hasitott kaszpaz-3 mennyisége.
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8. .A PTPC szerepe az oxidativ stresszben a SOUL indak sejthaldl
érzékenyitésben
Megfigyeltik, hogy a SOUL-tulterm&lsejtek érzékenyebbé valtak a hidrogén-peroxid
kezelésre, mig a cyclophilin D szupresszalt sefielékenysége hasonlo volt a kezelésre,
mint a kontroll sejteké. Hasonld kisérleteket végekz a ABH3-SOUL tdltermed
sejtekben. cyclophilin D elnyomésaval géatoltuk #okwndridlis permeabilitas tranziciot és

blokkolta a SOUL sejthalalt érzékenytiatasat oxidativ stresszben.

9. A BH3 domén delécidjanak hatasa a sejthalalra a SdL fehérjében

Kimutattuk, hogy a SOUL étegiti mind a ki, mind a bel§ mitokondrialis
membran permeabilizaciét oxidativ stressz sordazéa hatasa visszafordithatd a SOUL
feltételezett BH3 szekvenciajanak torlésével. 9nasavnyi (LREDGKVFD) szekvenciat
kivagtunk a SOUL szekvenciajdbdl, afitirelézetes szekvencia analizis soran ugy
gondoltuk, hogy a funkciondlis BH3 domén. A mut&QUL elvesztette érzékengit

szerepét a H202 éltal indukalt sejthalalban.

10.A SOUL hatasa a sejthalalban az anti-apoptotikus feérjék overexpresszidjanak
gatlasaval
Amikor a sejtekben ko-expresszaltuk a Bcl-2 vagBa-XL-t, az overexpresszalt
SOUL nem facilitalta a sejteket a hidrogén-percdidl indukalt nekrotikus sejthalalra. Az
aramlési citometridbol szarmazo adatok azt mutatiégy a SOUL inkdbb a nekrozis
irAnyaba tolja el a sejthalalt. Osszefoglalva, dJS@I3segitette az oxidativ stressz altal
kivaltott nekrotikus sejthalalt, ami kisérleteinkbellensulyozhat6 volt az anti-apoptotikus

Bcl-2 homologok jelenlétével.

11.A SOUL hatésa a BO, indukalt MMP 6sszeomlasra

A SOUL az éb sejtekben a mitokondridlis membranpotencial (MNIB3zeomlasanak
elémozditasaval facilitalta a sejthalal folyamatatmiiiattuk, hogy ez a fehérje érzékenyiti
a sejteket a sejthalalra azaltal, hogy kolcsénbatasill a PTPC-vel a cyclophilin D-n
keresztlll és az anti-apoptotikus Bcl-2 analogolbolpatjak az mPT-t, kétlve a VDAC-

hoz és a komplex mas komponenseihez.
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