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I. BEVEZETES

A bejuttatott DNS lebomlasa napjainkban a génterapidk alapvetd
problémdjat okozza. A cytotoxikus/apoptotikus endonukledzok arrél
ismeretesek, hogy megemésztik az “idegen DNS/RNS-t”. Azonban, hogy
melyek ezek az endonukledzok ¢és ezen enzimek inaktivalasaval
novelheté-e a génbevitel sikeressége kordbban nem képezte vizsgalat
targyat, mivel endonukleaz-deficiens (KO- knock out) egerek, valamint

endonukledz gatlok nem alltak rendelkezésre.

Kutatasaim sordn - amit Arkansas allam orvosi egyetemének
nephroldgiai osztalyan végeztem (University of Arkansas for Medical
Sciences, Department of Internal Medicine, Division of Nephrology) -
azt taldltam, hogy a deoxyribonukledz I (DN4az I) és az endonukledz G
(EndoG) a vese tubularis epitél sejtekben (TKPTS- mouse kidney
proximal tubule epithelial cell) jelen 1évo legfébb nukleinsav bontd
enzimek.

Vizsgalataim alkalmaval immortalizalt TKPTS, valamint DNaz I és
EndoG knockout (KO) egerekbdl izolalt primer vese tubularis epitél
sejteket (PTE- primary tubular epithelial cells) hasznaltam. A sejtekbe
transzfekcidval bejuttatott pECFP-N1 plazmid vagy fluoreszcens siRNS
cellularis endonukledzok révén torténd lebontasat vizsgaltam. Annak
megallapitasa céljabol, hogy az intra, - vagy az extracellularis DN4az I tolt
be nagyobb szerepet a bejuttatott DNS lebontdsdban G-aktint hasznaltam,
valamint specifikus apoptozisgatlok hatasat vizsgaltam a génbevitel
hatékonysaga szempontjabol. A sejtbe jutatott idegen DNS lebontasanak

sematikus rajzat az 1. dbra bal oldali panelje mutatja be. Ebben a
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folyamatban a f6 szerepet jatszik a sejtek legfontosabb DNS bonto
enzime, a DNaz 1. Apoptotikus sejtekben valdsziniileg a mitokondrialis
eredetli EndoG nukledz bontja le a sejtmagbdl kiszabadul6 sajat DNS-t is
(1. abra jobb oldali panel).

nogaooosgowc DNS

NORMAL SEJT APOPTOTIKUS SEJT
\
|
- ~Y
A
2 T
&)
N

1. abra. A csupasz DNS DNaz I és EndoG dltali lebontdsdanak feltételezett sémdja

Disszertaciomban a kovetkezo kérdések megvalaszolasat tiiztem ki célul:

1. DNé4z I és EndoG inaktivaljdk-e a vese tubuldris epithelidlis
sejtekbe transzfekcio soran bejuttatott DNS-t?

2. Ez a két endonukledz egylittmikodik-e? Endonukleolitikus
hatasuk az idegen DNS lebontasara megfelel-e az 1. dbran vazolt

sémanak?

3. Novelhet6-e a gén bejuttatds mértéke ezeknek az enzimeknek a
gatlasaval?
A kérdések megvalaszoldsa a jovoben segitséget nyujthat sikeres

génterapids stratégia kidolgozasahoz.

12



II. IRODALMI ATTEKINTES

Napjainkban a génterapiak ,,Achilles-sarkat” a gén célbajuttatisa
jelenti. A transzfekcid szdmos tipusa ismeretes attol fliggden, hogy mit
probalunk bejuttatni, milyen modszerrel és milyen médon (in vivo/in
vitro), de altalanosan megallapithatd, hogy egyik sem ért el atiitd sikert,
aminek oka a DN4azok szerepében kereshetd. A DNazok az orokitéanyag
lebontasaért felelds enzimek, széles korben ismert szubsztrat specifitasuk,

kémiai mechanizmusuk és biologiai funkcidjuk alapjan.

1. Génbevitel

A sejtek extracellularis DNS felvétele rendszerint bekovetkezik normal
szovetfejlodés (Bergsmedh és mtsai., 2006; Yan és mtsai., 2006), virus,-
vagy baktériumfertdzés soran (Chu és mtsai., 2006; Metifiot és mtsai.,
2007), valamint kisérleti allatok és sejttenyészetek genetikai
manipulacidja alkalmaval (Freitas és mtsai., 2007; Glasspool-Malone és
mtsai., 2002; Tanswell és mtsai., 1998). Az ,jidegen” (foreign) DNS
(fDNS) bejutasa a gazdasejt halalahoz vezethet (Li és mtsai., 1999) DNS-
dependens sejthalalt okozva. A transzfekcié eldtti DNazzal valo kezelés
ennek megelézéséhez vezet (Stacey és mtsai., 1993). Az idegen DNS
bejutasanak mértékét az azt lebontd enzimek készlete korlatozza
(Glasspool-Malone ¢és mtsai., 2002; Tanswell és mtsai., 1998). Annak
ellenére, hogy a DNS bejutés lehetdsége ndvelhetd annak modositasaval,
lipidrészecskébe/virusba torténd csomagoldsaval, a bejuttatott DNS

védelme elégtelen (Freitas és mtsai., 2007; Glasspool-Malone és mtsai.,
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2002; Tanswell és mtsai., 1998). A DNazok jatszak a fszerepet a fDNS
lebontasdban még mieldtt a sejtekbe kertil, de azt kovetden is. Az ebben a
folyamatban f0 szerepet jatszd két DNaz vizsgalata képezi kutatadsunk

targyat.

2. Vese endonukledzok

Korabbi vizsgalatok sordn megallapitottuk, hogy az egerek vese
tubuléris sejtjeiben talalt kilenc endonukledz koziil melyik képes a
mobdositas nélkiili DNS nem-specifikus lebontasara. Tisztazodott az is,
hogy a deoxyribonukledz I (DNaz I) a legaktivabb endonukleaz, az
endonukledz G (EndoG) pedig a masodik legaktivabb és a legnagyobb
mértékben jelen 1évé endonukledz a vese tubularis epitél sejtekben. Ez a
két pro-apoptdtikus endonukledz felelds az egér vese teljes endonukleaz
aktivitasdnak tobb mint 90%-¢ért (Basnakian €s mtsai., 2005; Irvine és
mtsai., 2005; Peitsch és mtsai., 1995). A DNaz I egy 31 kDa nagysaga
citoplazmaban jelen 1évé enzim, amely a sejtbdl kivéalasztodik, az
egyszalu és a dupla-szaltit DNS lebontasaban van szerepe.

Az EndoG a cellularis DNS altal kodolt, de a mitokondriumban
lokalizalodo specifikus endonukledz, mely az apoptézis sordn a
mitokondriumbo6l kiszabadul és a sejtmagba helyezddik at (Zhang és
mtsai., 2003). 33 kDa nagysdgi prekurzora a citoplazmaban
szintetizalodik, majd egy 28 kDa-os formava rovidilve [1ép a
mitokondriumba (Ikeda és mtsai., 2001). Nukleazként szimpla-, és dupla
szali DNS, RNS, valamint DNA/RNA heteroduplexek lebontdsara is
képes (Huang és mtsai., 2006). A DNaz I maximalis aktivitisa Ca*", Mg*
ionok egyiittes jelenlétével érhetd el (Basnakian és mtsai., 2002), mig az

EndoG Mn-dependens enzim (Widlak és mtsai., 2001). A DNaz I AT-
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gazdag szekvenciara specifikus endonukledz, mig az EndoG GC-gazdag
szekvencia specifitasi. Ebbdl adédoan ezeknek az endonukledzoknak a
széleskorti egyiittmiikodése tételezhetd fel a lebontd folyamatokban

(Widlak és mtsai., 2001).

3. Az endonukledz hianyos sejtmodell

Sejtmodellként primer tubularis epitél (PTE) sejteket hasznaltunk,
amelyek a frissen izolalt tubularis epitéllel megegyezd endonukleaz
fenotipussal rendelkeznek (Basnakian és mtsai., 2005). Az elsddleges
sejtkultirdk arrol ismeretesek, hogy nagymértékben rezisztensek DNS
transzfekcioval szemben, ezért a DNS stabilitds javitasa érdekében
Lipofektamin-t hasznaltunk PTE sejtek esetén. A DNaz I és az EndoG
szerepének meghatarozasdhoz endonukledz-deficiens egerekbdl izolalt
PTE sejteken végeztiink transzfekcios kisérleteket. Az 2. dbran lathato,
hogy az endonukleaz deficiencia homozigota DNéaz I KO egerek esetén
teljes, mig heterozigéota EndoG egereknél részleges tulajdonsagkiesés

érhet6 el (Yin és mtsai., 2007).
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2. abra. A DNaz I teljes inaktivalasa homozigota DNaz I KO egerekben, valamint az,

mRNS expresszié
(6nkényes optikai siiriiség egységek)

EndoG részleges inaktivdldsa heterozigota KO egerekben. A. A SRED assay (single
radial enzyme diffusion assay) azt mutatja, hogy a WT egerek veséjebdl izolalt
proteinek tartalmazzak az aktiv DNaz I-et, mig ez hianyzik a KO vese izolatumokbol.
Pozitiv kontrollként human rekombindans DNaz I-et (Dornase, Genentech) hasznaltunk.
B. WT- és DNaz I KO egerek veséjében expresszalodo “sejthalal-endonukleazok™ semi-
quantitativ RT-PCR vizsgalata és a keletkezett termék denzitometrias mérése megerdsiti
a DNaz I aktivitas teljes (95-100%) kiesesét homozigota DNaz I egerek esetén (Yin et
al., 2007), valamint heterozigota EndoG KO egereken 60-70%-0s az aktivitds kiesés
(C).

4. Az endonukleazok szerepe az apoptozisban

Az idegen DNS-t elsdsorban azok az endonukledzok tamadjak meg,
amelyek elkiilonitettek, igy szabadon nem érhetéek el a citoplazmaban.
Az EndoG foként a mitokondriumban lokalizalodik, mig a DNaz I az
endoplazmas retikulumban taldlhat6. Ebbdol addddéan logikus az a
feltevés, hogy vagy elegendd a jelen 1évo, szabad citoplazmatikus EndoG

¢s DNaz I aktivitasa ahhoz, hogy a belépé DNS-t lebontsa, vagy a belépd
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fDNS indukalja az endonukleazok kiszabadulasat a sejt kiilonb6zd
kompartmentjeibdl. Ez utdbbi indukcios folyamat részét képezheti a
gazdasejt apoptdzisanak. Bar az idegen DNS apoptdzist és DNaz
enzimeket indukald hatéasat leirtdk (Nur és mtsai., 2003; Stacey €s mtsai.,
1993), az apoptdzis gatlasdt nem hasznaltdk fel kordbban a génbevitel
hatékonysaganak novelésére. A mi kisérleteink éppen ez utobbi lehetdség

kiaknazasat hivatottak elémozditani.

5. Apoptozis-inhibitorokban rejlé kisérleti lehetdségek

A sejthalalnak két formédja kiilonithetd el, a nekrozis €s az apoptozis.
Az apoptozis, mds néven programozott sejthaldl az eukaridta sejtek
pusztulasanak leggyakoribb formdja. Ennek intrinszik utvonala egy
fiziologias Oongyilkos mechanizmus, amely a homeosztazis fenntartasara
iranyul és a szoveti megujulas természetes folyamata (Wyllie és mtsai.,
1980). Az apoptdzist elszenvedd sejtek a sejtmag és a citoplazma
szerkezeti valtozasainak jellegzetes mintazatdt mutatjdk, beleértve a
plazmamemran gyors kidudorodasat (blebbing, a cytoskeleton
feldarabolodik és a membran kitiiremkedését okozza) €s a sejtmag
szétesését. Ez utdbbi Osszefiigg a kromatin nagymértékii sériilésével és a
DNS hasitasaval a calcium-dependens endonukledzok aktivalasat
kovetden (Compton, 1992).

Az idegen DNS altal indukalt apoptdzis a DNS sériilés intrinszik,
mitokondridlis Gitvonalét hasznalja, melynek kulcs molekulai a caspase-2,
3, 9 és a p53 protein, Erre alapozva kiilonb6z6 apoptdzis inhibitorokat
teszteltiink: az endonukledz inhibitor aurintrikarbonsav-ot (ATA), a
caspase-3 inhibitor cink-kloridot (ZnCl,), az antioxiddns cink-N-

acetilciszteint (Zn-NAC), a p53 inhibitor pifithrin-t (PFT) és a pan-
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caspase inhibitor benzoilkarbonil-Val-Ala-Asp-fluorometilketon-t (Z-
VAD-fmk).
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III. ANYAGOK ES MODSZEREK

1. Kisérleti allatok

A DNase I homozigota knockout (DNase I KO) egereket (CD-1
background) Dr. T. Moroy-t6l kaptuk (University of Essen,
Németorszag), az EndoG knockout egerek Dr. M. Xu és Dr. J. Zhang-tol
szarmaztak (University of Cincinnati, OH). Mivel az EndoG -/-
homozigéta egerek nem ¢Eletképesek ezért, a sejteket heterozigota
egerekbdl izolaltuk (EndoG KO). Az 0Osszes egeret polimeraz
lancreakcioval (PCR) genotipizaltuk (Djurovic és mtsai., 2004; Zhang és
mtsai., 2003). Allatkisérleteinket a ,,Laboratoriumi Allatok Gondozéasa és
Hasznélata” (Guide for the Care and Use of Laboratory Animals,
National Academy of Sciences) segédletben leirtaknak megfeleléen
hajtottuk végre, melyeket az Animal Care and Use Committee of the

Central Arkansas Veterans Healthcare System hagyott jova.

2. Sejtkultarak

Az elsddleges egér vese tubularis epitél sejteket (PTE) frissen izolaltuk
DN4z I KO, EndoG KO, valamint vad tipustu (WT) egerekbdl (Nowak és
mtsai., 2003) és kisérleteinket megel6zden 10 napig tenyésztettiik.

Az immortalizalt egér vese tubularis epitél sejteket (TKPTS) Dr. Elsa
Bello-Reuss-tol kaptuk (University of Texas Medical Branch, Galveston,
TX). Ezeket a koradbban leirt modon tenyésztettiik (Ernest és mitsai.,
1995) 7% FBS-el (fetal bovine serum) kiegészitett (Hyclone, Logan, UT)
DMEM/HAM F-12 médiumban (Sigma-Aldrich Co. St.Louis, MO). A
tenyészeteket CO, inkubatorban, 37 °C-on, 5% CO»-ban tartottuk, 48-72
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oras 1dokozonként etettilk €s a konfluencia elérését kovetéen 1 napon

beliil felhasznaltuk.

3. Sejtkultirdkbol teljes fehérje izolalas

A sejttenyésztést kovetden a sejteket centrifugalassal 6sszegylijtottiik
(1500rpm, 3 min., 4 °C), a feliilusz6 eltavolitasa utan a sejteket PBS-ben
(phosphate buffered saline) felszuszpendaltuk, majd ujra lecentrifugaltuk
(1500rpm, 3 min., 4 °C).
A fehérjék kinyerése céljabol a sejteket szuszpendaltuk 100ul Puffer A-
ban (50mM Tris-HCI, pH7.9; 0.25M szacharéz, Komplett Mini Proteinaz
Inhibitor Cocktail, (Roche Diagnostics, Mannheim, Németorszag) (1
tabletta/10 ml)) és 2 x 20 mdasodpercig ultrahanggal kezeltiik (Virsonic
475, Virtis, Gardiner, NY). A makrorészecskéket kicsaptuk magas
fordulatszamon centrifugaltuk (14000 rpm, 10 min., 4 °C) majd a
feliiluszot Osszegytijtottiik. A protein kivonat tarold pufferben (55%
glicerin, 10mM Tris-HCl1 pH 7.6, 0.5mM dithiotreitol) szemben
dializdlva —20°C-on, 2 hétig eltarthatd endonukleaz-aktivitas vesztés
nélkiil.
A fehérjekoncentracidt bicinkoninsav (BCA) protein assay (Pierce,
Rockford, IL) segitségével hataroztuk meg, BSA-t (Bovine serum

albumin) hasznalva standardként.

4. Plazmid hasitas vizsgalata
A vesesejtekbdl €s tenyészmédiumbol izolalt teljes protein aktivitasat

plazmid hasitassal (plasmid incision assay, PIA) hataroztuk meg.
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pBR322-t (New England Biolabs, Beverly, MA) hasznaltunk
szubsztratként (Basnakian AG, 2005).

Annak ellendrzése céljabol, hogy a Lipofektamin megvédi a plazmid
DNS-t az endonukleazok altal torténd emésztéstdl, a reakciot megeldzden
a pBR322 plazmidot eldkezeltiik Lipifectaminnal. A plazmidot és a
Lipofektamint kiilon szérummentes DMEM/HAM F-12 médiummal
(Sigma-Aldrich) higitottuk, majd 0Osszekevertik és 20 percig,
szobahdmeérsékleten inkubaltuk.

A sorozat higitassal késziilt mintakat (1, 1:5, 1:25, 1:125, 1:625) a
reakcidelegyhez adtuk (1pg pBR322 plazmid DNS, 2mM CaCl,, SmM
MgCl,, 10mM Tris-HCI, pH 7.4 és 0.5mM dithiothreitol), a reakciot 1
oran at, 37 °C-on inkubaltuk, majd Stop-oldat (10mM Tris-HCI, pH 7.4,
1% SDS, 25mM Na,EDTA, 7.5mM bromfenolkék) hozzaadasaval
allitottuk le. A mintédkat 1%-os agaréz gélen, TAE (Tris-acetat-EDTA,
pH 8,0) pufferben futtattuk (7 V/cm, 35 min.). A DNS-t ethidium bromid
festéssel tettiik lathatova. EagleEye szkenneld denzitométert (Stratagene,
La Jolla, CA) hasznaltunk az endonukleaz-kezelt plazmid DNS formak,
igy a kovalensen zart korkords (C, covalently closed circular DNA), a
nyilt korkoros (O, open circular DNA) és a linearis (L, linear DNA),
valamint emésztett formajanak (D, digested form) meghatarozasara. Egy
egység az az endonukledz mennyiség, amely 1 ora alatt, 37 °C-on, 1 ng
kovalensen zart szupertekercselt plazmid DNS-t nyilt korkords linearis
vagy emésztett formaba képes atalakitani.

PIA assay-t hasznaltunk a primer sejtek endonukledzainak jellemzésére
is. A fentickben leirt médon mértiik mintaink Ca*/Mg**-dependens
endonukledz (elsdsorban DNazl) aktivitdsat, amelyek 2mM CaCl,-ot,
SmM MgCh-ot, 10mM Tris-HCI-t, pH 7.4, 0.5mM dithiothreitol-t
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tartalmaztak. = A  mangan-dependens endonukleaz G  aktivitas
meghatarozaskor mintdink SmM MnCl-ot, 10mM Tris-HCI-t, pH 7.4,
0.5mM dithiothreitol-t tartalmaztak.

5. Real-time RT-PCR

Sajat, jol bevalt protokollunkat hasznaltuk (Basnakian és mtsai., 2006).
SmartCycle PCR késziilékben (Cepheid, Sunnyvale, CA) real-time RT-
PCR-t kdvetden 1pg teljes RNS-t reverztranszkripciojat hajtottuk végre.
A reakcidelegyet Platinum SYBR Green qPCR Supermix-UDG
(Invitrogen) felhasznalasaval készitettiik a gyart6 javaslatai alapjan. A
primerek a kovetkezdk voltak:

EndoG: 5’-GATGAGACCATCCCTCTGGA-3’
5’ATGTGAGTC AGCCCATCTCC-3”

DNaz I: 5’>-ACTCAATCGGGACAAACCTG-3’
5’-ATTTCCACA GGGTTCACAGC-3’

crer

szoftvert (Version 2.0d) hasznaltuk.

6. Plazmid transzfekcio

A pECFP-N1 plazmid a cian fluorescein proteint (CFP) kodolja. A
PTE sejteket pECFP-N1 plazmiddal transzfektaltuk (Clontech
Laboratories, Inc., Mountain View, CA) Lipofektamin 2000
transzfekcioés reagenssel (Invitrogen Co., Carlsbad, CA), a gyarto
protokollja alapjan. A sejteket 6 lyukt lemezekbe szélesztettiik 24 draval
a transzfekciot megel6zden. 4pg plazmid DNS-t és 1:7.5 DNS/liposzéma
aranyt higitottunk kiilon csdvekben, amelyek 250-250ul szérummentes

DMEM/HAM F-12 médiumot (Sigma-Aldrich) tartalmaztak. Ezeket
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Osszekevertiik, majd 20 percig, szobahOmérsékleten inkubaltuk. A
sejtekhez 2ml szérummentes DMEM/HAM F-12 médiumot (Sigma-
Aldrich) adtunk, majd cseppenként folyamatos mozgatds kozben a
transzfekcios komplexet. 24-48 h ikubaciot (37 °C, 5% CO,) kdvetden a

CFP expressziojat fluoreszcens mikroszkoppal detektaltuk.

7. Kis interferald6 RNS bevitele a sejtekbe (siRNS transzfekcio)

A PTE sejteket TransIT-TKO transzfekcios reagens (Mirus Bio Co.,
Madison, WI) segitségével transzfektaltuk. A sejteket 6 lyuku lemezeken
szélesztettilk 24 oraval a transzfekciot megel6zden. 18ul transzfekcios
reagenst 250ul-re higitottunk szérummentes DMEM/HAM F-12
médiummal (Sigma-Aldrich). Az elegyet 15 percig inkubaltuk, majd 75ul
(1uM) siRNS/fluoreszcens siRNS-t (Label IT RNAi Delivery Control-
Fluorescein, Mirus Bio Co., Madison, WI) adtunk hozza és tovabbi 20
percig inkubdltuk szobahdmérsékleten. A sejtekhez  1172ul
szérummentes DMEM/HAM F-12 médiumot (Sigma-Aldrich) adtunk,
majd cseppenként a transzfekcios komplexet. Két napos inkubalast (37
°C, 5% CO,) kovetéen a fluoreszcens jelzést hordozd siRNS
expresszidjat fluoreszcens mikroszkoppal detektaltuk.

A Label IT RNA1 Delivery Control — Fluorescein, kémiai festékanyag,
mely Fluorescein Izotiocianatot (FITC) tartalmaz. A FITC jeloléanyag
kapcsolomolekulan keresztiil kovalensen kotédik a nukleotidokhoz.
Rovid duplaszali RNS-ek (Wyllie és mtsai.) mas néven kis interferalo
RNS-ek (small interfering RNA, siRNA) emlds sejtekbe torténd
bejuttatasa célzott mRNS szekvencidk specifikus gatlasat okozza. Ez a
mRNS-ek altal kodolt fehérjék expresszidjanak csokkenéséhez vezet. Az

RNS interferencia (RNAi) hatdsa tobb sejtosztédast kovetéen is
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detektalhatd lehet. Az siRNS-nek ezek a tulajdonsagai teszik rendkiviil
hatékonnya a célszekvencidk expresszidjanak gatlasdban. A Label IT
RNAi Delivery Control szekvencidgja nem homolog egyetlen ismert
emlds génnel sem és nincs tudomasunk réla, hogy befolydsolna a sejtben
végbemené folyamatokat. Ugy tervezték, hogy az in vivo vagy in vitro
RNAi kisérletek soran optimalis legyen a dsRNS oligonukleotidok
bejutasa és lathatova tétele (Mirus Bio Co., Madison, WI, Lit.# ML039).
A TKPTS sejteket TransIT-TKO transzfekcids reagens (Mirus Bio
Co., Madison, WI) segitségével transzfektaltuk. A sejteket 24 lyuka
lemezekre szélesztettiik 24 o6raval a transzfekciot megeldézden. 4pul
transzfekcids reagenst 50ul-re higitottunk szérummentes DMEM/HAM
F-12 médiummal (Sigma-Aldrich) és 15 percig inkubaltuk. Ezutan 15pul
(1uM) siRNS-t adtunk hozzd ¢és tovabbi 20 percig inkubaltuk
szobahdmérsékleten. Ezt kovetden 250l szérummentes DMEM/HAM F-
12 médiumot (Sigma-Aldrich), majd cseppenként a transzfekcios
komplexet adtunk a sejtekhez. Két oras inkubalast (37 °C, 5% CO,)
kovetéen a médiumot szérummentesre cseréltilk, majd tovabbi 46 h
inkubalas utan a sejteket pECFP-N1 plazmiddal transzfektaltuk (lasd
Plazmid transzfekcid, Anyagok és modszerek). 24-48h inkubalast (37 °C,
5% CO,) kovetden a CFP expressziot fluoreszcens mikroszkdppal
detektaltuk.
EndoG siRNA target szekvencia: AAAUGCCUGGAACAACCUUGA
(Dharmacon, Lafayette, CO)
DNaz 1 siRNA target szekvencia: TGACATCGCTGTTATCCAA
(Dharmacon, Lafayette, CO)
siCONTROL Non-Targeting siRNA (Dharmacon, Lafayette, CO)
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8. Apoptdzis gatlas hatdsa a transzfekcid hatékonysagara

TKPTS sejteket cink-klorid (Zn-Cl,), aurintrikarbonsav (ATA), zinc N-
acetylcysteine (Zn-NAC), pifithrin (PFT) és benzoilkarbonil-Val-Ala-
Asp-fluorometilketon (Z-VAD-fmk) apoptozis inhibitorokkal kezeltiik a
pECFP-N1 a plazmid transzfekcidjat megelézden. A cink-vegyiileteket
kollaboralo partneriinktél, Dr. Richard B. Walker-tdl (Department of
Chemistry and Physics, University of Arkansas) kaptuk. A sejteket 6
¢s médiummal 500 pl-re egészitettik ki az optimalis koncentracid
megallapitdsa érdekében, majd 30 perc inkubdlast kovetden
transzfektaltuk a Plazmid transzfekcio fejezetben leirtak szerint. Ejszakan
at inkubaltuk (37 °C, 5% CO,), majd a CFP expressziojat fluoreszcens
mikroszkdppal detektaltuk.

9. TUNEL assay

A TKPTS sejteket 6 lyuka platek-be helyezett steril feddlemezekre
szélesztettiik, majd apoptdzis inhibitorokkal kezeltik és pECFP-N1
plazmiddal transzfektaltuk a fent leirtak szerint. A sejteket 28 Oran 4t
inkubaltuk (37 °C, 5% CO,) a TUNEL assay-t megel6zéen (Karan és
mtsai., 2004; Yang és mtsai., 20006).
A sejtekrdl eltavolitottuk a médiumot, PBS-el mostuk, majd 4%-os
paraformaldehid (PFA) oldattal fixaltuk. Az assay-t az in situ sejthalal
detektalo kit (In Situ Cell Death Detection Kit, Roche Diagnostics,
Indianapolis, IN) segitségével végeztiikk el, mely a fixalt sejtken kiviil
terminalis deoxinukleotid transzferazt (TdT), anti-aktin-FITC prekurzort
tartalmazott kakodilat pufferben. Az 1 6ras, 37°C-on torténd inkubalast

kovetden a sejteket haromszor mostuk PBS-ben. A lemezeket végiil
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DAPI tartalmi ProLong Mounting oldattal (Molecular Probes) fedtiik le
és 3-24 h sotét helyen tartottuk, majd fluoreszcens mikroszkoppal
detektaltuk.

Az in situ sejthaldl detektalo fluoreszcens kit egyszali és kétszala
toréseket ismer fel, amelyek az apoptozis korai szakaszaban keletkeznek.
Ha a fixalt és permeabilizalt apoptotikus sejteket inkubéljuk a TUNEL
reakcideleggyel, amely TdT-t (terminalis deoxinukleotid transzferaz) és
fluoreszcein-dUTP-t (deoxiuridin trifoszfat) tartalmaz, a TdT enzim
katalizalja a DNS egy,-¢és kétszalu szabad 3°-OH végein a fluorescein-
dUTP beépiilését. A fluoreszcens jel a DNS sériilt, szabad részeihez
kapcsolodik, ¢és 4ramldsos citometridval, valamint fluoreszcens

mikroszkoppal kimutathato.

10. Statisztikai analizis
A statisztikai analiziseket a Two-way ANOVA ¢és a Student's teszttel

végeztiik el. Az eredményeket az atlag + atlag szorasa (mean + standard
error of mean, SEM) értékekkel hataroztuk meg, a P < 0.05-6t tekintettiik

szignifikansnak.
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IV. EREDMENYEK

1. TKPTS sejtek endonukleaz aktivitasa
Kisérletiink célja az volt, hogy megéllapitsuk, hogy a plazmid DNS

emészthetd-e a vese tubularis epitél sejtekben (TKPTS) 1évo, valamint a
tenyészmédiumba kivalasztott endonukledzokkal. A tapfolyadékban
novesztett konfluens sejteket kiilon-kiilon 0sszegytjtottiik. Teljes (total)
proteint izolaltunk beldliikk az Anyagok és mddszerekben leirtak szerint,
majd meghataroztuk fehérje koncentracidjukat. Endonukledz aktivitasuk
mérését plazmid hasitdsos assay-el hajtottuk végre.

A pBR322 plazmid DNS-ek jelzése: kovalensen zart, torést, hasitast
nem tartalmazo, cirkularis, szupertekercselt DNS (C, cirkularis), az
egyszalu (single-stranded breaks, SSBs) torésekkel relaxalt, nyilt, de még
korkoros DNS (O, open), és a kétszalu lanctorést (DSB) is tartalmazé
linearis DNS (L, lineéris) (3.dbra). Az endonukledz aktivitas magasabb
volt a fehérje kivonatban, mint a kiils6 médiumban, amibdl arra
kovetkeztethetiink, hogy a plazmid DNA lebomlasa féként a sejtek
belsejében torténik. A legkompaktabb a kovalensen zart, cirkularis,
szupertekercselt DNS (C), ezért ennek a formanak a legnagyobb az
elektroforetikus mobilitdsa az agardz gélben. Az elektroforézis sordn ez
kertil legtavolabb a start ponttdl. Ezt koveti a lanctorést tartalmazo és
ezzel linedrissa valo linearis plazmid (L) mobilitdsa, mig legkisebb az
egyszalu hasitast tartalmazo, nyilt (O), de még korkords plazmid DNS
elektroforetikus mozgékonysaga (3. dbra).

A csupasz plazmid DNS emlds sejtekbe juttatdsa (transzfekcioja)

Lipofektaminnal tehet6 hatékonyabba. A Lipofektamin egy transzfekcios
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reagens, melyet siRNS vagy plazmid DNS lipofekcidos beviteléhez
hasznalnak in vitro sejtkulturdkban. Annak ellendrzése céljabol, hogy a
Lipofektamin-nak van-e védd funkcidja az endonukleazos DNS bontas
ellen, a pBR322 plazmidot eldkezeltlink ezzel a transzfekcids reagenssel
(Djurovic és mtsai., 2004). Amint a 3. dbra mutatja a Lipofektamin
onmagéaban nem nyujt védelmet a plazmid DNS-nek a tadpfolyadékban

1év6 in vitro endonukleazos bontasaval szemben.

Tenyészmédium

Tenyészmédium ) o
Lipofectamine

123456 123456 123456

Sejtek fehérje
izolatuma

Endonukleaz aktivitas

3. abra. A TKPTS sejt endonukledz aktivitisa. A sejt extrakt/médium higitasi sora (I-
6): 1:1,1:5, 1:25, 1:125, 1:625, és 1:3125. O- nyilt kor alakii DNS; L- linedris DNS; C-
kovalensen zart DNS

2. Az immortalizalt és primer sejtek endonukleaz aktivitasanak
Osszehasonlitasa

A primer sejtekrdl ismeretes, hogy DNS transzfekcioval szemben
ellendlloak (Stacey €és mtsai.,, 1993; Welter és mtsai., 2004; Zhong és
mtsai., 2005). Annak érdekében, hogy kideritsiik, hogy az “idegen DNS”
elleni rezisztencia 0Osszefligg-e a primer sejtek magas endonukleaz
aktivitasaval, Osszehasonlitottuk az immortalizalt TKPTS, valamint a

primer PTE sejtekbdl izolalt proteinek teljes endonukleaz aktivitasat.

28



A plazmid hasitas vizsgéalata a 4.dbran azt mutatja, hogy az
endonukledz aktivitds primer sejtekben sokszorosa az immortalizalt
sejtekben 1évé DNS bontasnak. Az endonukledz aktivitds immortalizalt
sejtekben 25+2 egység/ug protein PTE sejtekben, mig TKPTS sejtekben
csak 743 egység/ug fehérje. Ez a megfigyelés alatdmasztja azt az
elképzelésiinket, hogy a primer sejtek rezisztencidja nagymértékben
nukledz aktivitasuknak tulajdonithato feltételezve, hogy a primer és

immortalizalt sejtek membranpermeabilitisa azonos.

S
- @
= 30‘
g9 .|
:é& 25
N _
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O,

TKPTS sejt Primer sejt

4.dbra. Primer,-és immortalizdilt sejtek endonukledz aktivitisanak mérése. pBR322

plazmid hasitas (plasmid incision assay, PIA) Ca’" és Mg*" ionok (2mM CaCl, 5mM
MgCl,) jelenlétében.

3. Endonukleazok jellemzése PTE sejtekben

A kiilonbozé endonukleazok atfedd kation és pH kovetelményekkel
rendelkeznek, igy Osszehasonlitasuk nehézségekbe {itkozott az egyes

endonukledzokra hianyos (knockout, KO) egerek megjelenéséig.
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Korabbi kutatasunk soran a DNaz [ és az EndoG bizonyult a két
legaktivabb endonukledznak ragcsalok veséjében (Basnakian és mtsai.,
2005; Yin és mtsai., 2007). PTE sejteket izolaltunk (vad tipust)) WT és
KO egerekbdl, és az izolalt proteineket plazmid hasitassal (PIA)
teszteltiik kiilonboz6 kationok jelenlétében.

Az eredmények azt mutatjdk, hogy a vad tipusi egerek endonukleaz
aktivitdsanak nagyobb része Ca/Mg-dependens, tehat a DNaz I a f6
endonukledz ezekben a sejtekben (5.4. dbra). A DNaz 1 inaktivalasat
kovetéen (DNaz I KO egerekbdl izolalt sejtek) a Mn-dependens
endonukledz a legaktivabb, igy az EndoG-t tulajdonitjuk a masodik
legaktivabb vesében 1évo endonukledznak (Widlak és mtsai., 2001). Az
EndoG részleges inaktivalasaval (heterozigota EndoG KO egerekbdl
izolalt sejtek) csokkent Mn-dependens endonukledz aktivitas is tarsul, de
ez nincs hatdssal a Ca/Mg-dependens DNdaz I aktivitasra (abran nincs
feltiintetve).

Real-time RT-PCR-al megallapitottuk, hogy ezen endonukledzok
expresszioja milyen mértékben csokken KO sejtekben. A kapott adatok
szerint a homozigdta DNaz I KO egerek esetén a DNaz I aktivités teljes
kiesésérdl (95-100%) beszélhetiink és a heterozigéta EndoG 60-70 %-os

kiesésérél EndoG KO egérvese esetén (5.B. abra).
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5.dbra. Endonukledzok aktivitasa és kifejezddése primer tubularis epitél sejtekben.

A. fiiggdleges sor: O- nyilt kor alaku DNS; L- linearis DNS; C- kovalensen zart DNS;
D- lebontott DNS; vizszintes sor: kontroll nem-emésztett pBR322 DNS; Ca- 2mM
CaCl, pH 7.5; Mg- 2mM MgCl,, pH 7.5; CM- 2mM CaCl; + 2mM MgCI2; Mn- 2mM
MnCl, pH 7.5; E5- 2mM EDTA, kationmentes, pH5 (DNase Il aktivitis mérésére).

B. n=4, *p<0.001
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4. Inaktivalt DN4z I és csokkentett aktivitasi EndoG szerepe a
DNS transzfekcioban

A DNaz I inaktivalasaval és az EndoG aktivitds csokkentésével
befolyasolhatjuk a primer sejtekbe torténd DNS transzfekcidjanak
hatékonysagat. Hogy megvizsgaljuk ezt a lehetdséget cidn fluoreszcens

proteint (CFP) kdédoldé pECFP-N1 plazmiddal transzfektaltunk WT és KO

hasznaltunk transzfekciot kovetden. A CFP expresszidja A DNaz I KO
sejtekben szignifikdnsan magasabb, mint a WT sejteben (24h: 21£5% vs.
8+5% transzfektalt sejt, n=3, *p<0.013; 48h: 32+6% vs. 18+5%
transzfektalt sejt, n=3, **p<0.025).

Mivel 48 h inkubalaskor magasabb volt a sejtek transzfekcidjanak
hatékonysaga, igy ezt valasztottuk a 6.B. dbran bemutatott kisérlethez,
amikor WT ¢és EndoG KO sejteket transzfektdltunk ugyanazzal a
plazmiddal. A CFP expresszidja a pECFP plazmid transzfekcigjat
kovetéen EndoG KO sejtekben szignifikdnsan magasabb, mint a WT
sejtekben. (194+5% vs. 8£5% CFP-pozitiv sejtek, n=6, *p<0.001).

Ezek az eredméanyek az bizonyitjdk, hogy az endonukleazok jelenléte

csokkenti, hianya pedig noveli a DNS transzfekcid hatékonysagat.
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6. dbra. A primer sejtek plazmid transzfekciojanak hatékonysdiga aktiv/inaktiv

endonukledzok jelenlétében.

5. Az RNS interferencia transzfekciora gyakorolt hatasa

Az endonukledz inaktivalas transzfekciot fokozo hatasanak igazoldsara

siRNS-eket hasznaltunk ezen endonukleazok “csendesitésére” (silencing).
TKPTS sejteket kezeltlink DN4az I-, EndoG vagy mindkét siRNS-el, majd
pECFP-N1 plazmiddal transzfektaltuk.

EndoG siRNS target szekvencia: AAAUGCCUGGAACAACCUUGA
DNase 1 siRNA target szekvencia: GACATCGCTGTTATCCAA,
(Dharmacon, Lafayette, CO). Az siRNS kezelt sejtek (DNéaz I, EndoG
vagy DNaz [+EndoG) szignifikansan magasabb plazmid transzfekciot
mutattak, mint az siRNS kontroll (8.8% vs. 2.4% of pECFP-NI1
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transzfektalt sejtek, *p=0.001) vagy csak a transzfekcids reagenssel
kezelt (TKO) kontroll sejtek (7.dbra).

Az eredmények bizonyitjdk, hogy az endonukledzok barmelyikének
“csendesitése” jelentds mértékben noveli a tubuldris epitél sejtek

transzfekcids hatékonysagat.

124

104
8
4
2,
0

kontroll sSiRNS EG siRNS DNaz | siRNS EG+DNazl| siRNS
TKPTS sejtek kezelése

PECFP-N1 transfektalt sejtek (%)
()]

7. abra. A plasmid transzfekcio hatékonysiga TKPTS sejtekben EG siRNS, DNaz 1
SiRNS és EG+DNaz I siRNS kezelést kivetden. TKO- TransIT-TKO Transzfekeids
Reagens; control siRNA- siCONTROL Non-Targeting siRNA.

6. Az EndoG inaktivalas RNS transzfekcidt fokozo hatasa

A DNaz I-€l ellentétben az EndoG nukleaz mind a DNS, mind az RNS
lebontésara is képes (Kalinowska és mtsai., 2005). Kovetkezésképpen
anti-DNS aktivitasa mellett az EndoG fontos szerepet jatszhat a sejtek
RNS transzfekcidjaban is. Ennek kideritésére EndoG KO és WT sejteket
transzfektaltunk fluoreszcens-jelolt siRNS-el (Label IT RNAi Delivery
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Control shRNA, Mirus Bio Co., Madison, WI). A Label IT RNAi
Delivery Control fluoreszcensen-jelolt duplaszala RNS duplexeket
tartalmaz, melyek hosszusaga, toltése és konfigurdcidja az RNAI
vizsgalatokban szerepld standard siRNS-ével megegyezo.

A 8. dbra bemutatja, hogy 48h inkubalast kdvetden az EndoG KO sejtek
transzfekcios ratdja a WT sejtek kétszerese (14+2 vs. 29+4 Onkényes
fluoreszcencia egység/sejt, n=3, *p<0.01). A sejtmagot DAPI-val kék
szinlire festettiik. Ez a megfigyelés arra utal, hogy az EndoG nagy
valoszinliséggel kettds szerepet jatszik a gazdasejt védelmében az

“idegen” DNS ¢és RNS ellen.

WTsejtek EndoG KO sejtek

40 1
35
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10 1

H

onkényes fluoreszcencia egyseég/sejt

WT sejtek EndoG KO sejtek

8. abra. A primer sejtek RNS transzfekciojanak hatékonysdaga aktiv (WT) és inaktiv
(KO) Endo(G jelenlétében
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7. Extracellularis DNaz I inaktivalas hatasa a transzfekciora

Mig az EndoG teljes mértékben intracellularis enzim a DNaz I
szekrécios enzim (Lacks, 1981). Az extracellularis, szekteralt DNaz I
transzfekcioban betdltott szerepének meghatarozasa céljabol G-aktin-t
hasznaltunk. A G-aktin a DNaz 1 specifikus és irreverzibilis
inhibitoraként ismert (Lacks, 1981), nincs toxikus hatassal a sejtekre,
azokba nem 1ép be ¢és igy felhasznilhato arra, hogy az extracellularis
DNaz I-re hatva kikiiszobdlje annak hatasat.

TKPTS sejteket G-aktinnal kezeltiink 0 - 2 mg/ml koncentracid
intervallumban. A kezelést kovetden az endonukledz aktivitast plazmid
hasitasi teszttel hataroztuk meg (9.4. dbra). Teljes aktivitas gatlast a G-
aktin 1 mg/ml koncentracidjanal értiink el (n=4, *p=0.018, **p=0.0052,
**%p=0.000).

Masodik kisérletiinkben TKPTS sejteket kezeltiink 1 mg/ml G-aktinnal
vagy kontrollként 1 mg/ml albuminnal, majd pECFP plazmiddal
transzfektaltuk a sejteket (9.B. dbra). Nem taldltunk kiilonbséget a G-
aktin és a kontroll albuminnal kezelt sejtek kozotti transzfekcios
hatékonysagban (15+£5 vs. 15+8% CFP-pozitiv sejt, n=6), amibdl arra
kovetkeztethetlink, hogy az extracelluldris DN4z I nincs hatdssal a
transzfekciora és nagy valdszinliséggel nem vesz részt a DNS ellenes

sejtvédekezésben.
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9. abra. Az extracelluldris DNaz I nincs hatdssal a DNS transzfekcio hatékonysdgdra.
8. Génbevitel hatékonysdgadnak ndvelése az apoptdzis
gatlasaval

Irodalmi utaldsok torténtek arrél, hogy a bejuttatott, idegen DNS
apoptozist indit el és a sejt endonukledzai aktivalédnak (Nur és mtsai.,
2003; Stacey ¢és mtsai., 1993), de az apoptozis gatlasat nem kisérelték
meg felhaszndlni a génbevitel hatékonysdganak novelésére. Szamos
madszer ismert az apoptotikus sejtek azonositasara (Afanasyev és mtsai.,
1993; Bryson ¢és mtsai., 1994; Darzynkiewicz ¢és mtsai., 1992).

Az endonukleolizis az apoptozis kulcsfontossagli biokémiai folyamata,
ami a DNS oligonukleoszoma méretii feldarabolddasat okozza. Ezt a
folyamatot gyakran hasznaljdk az  apoptozis  elektroforetikus
detektalasara. Ez az eljaras viszont nem szolgal informacioval az egyedi
sejteket illetden, sem a sejtapoptozis szoveti lokalizalédasarol, sem a
sejtdifferencidcioval vald Osszefliggéseirdl. Az apoptozis ilyen jellegli

vizsgélata a DNS szal torésének enzimatikus in situ jelolésével érhetd el.
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DNS polimerdz, valamint terminalis nukleotid transzferaz (TdT)
hasznalatos a jelolt nukleotidok és a DNS szal torésének eredeti
helyzetben torténd 0sszekapcesolasara (Gold és mtsai., 1994; Gorczyca és
mtsai., 1993; Sgonc és mtsai., 1994; Zager és mtsai., 1994).

A “tailing” reakci6, amit a TdT enzim katalizdl TUNEL assay-ként
(TdT-mediated dUTP nick end labeling) is ismeretes (Gavrieli és mtsai.,
1992; Mochizuki és mtsai., 1994; Portera-Cailliau és mtsai., 1994; Sgonc
€s mtsai., 1994). Segitségével fluoreszcens jelzést hordozd nukleotidok
épithetdk a hasitast tartalmazo DNS-be. Jelentds elénye a DNS polimeraz
altal katalizalt in situ nick transzlacioval (ISNT) szemben, hogy nagyobb
jelolési stirliség érhetd el, a reakcid kinetikdja gyorsabb, mint az ISNT
esetén, valamint a TUNEL metodika specifikusabb az apoptotikus, minta
a nekrotikus sejtekre, ezért az apoptozist elkiiloniti a nekrédzistol.

Kisérletiink soran az apoptdzis inhibitorainak alkalmazasaval gatoltuk
az idegen anyag 4&ltal kivaltott apoptdzist, amit TUNEL-assay-vel
detektaltunk. Ezzel indirekt mdédon gatoltuk az érintett endonukledzok
aktivitadsat, majd plazmid-transzfekciot kdvetden vizsgéltuk a génbevitel
hatékonysagat.

TKPTS sejteket aurintrikarbonsav (ATA), cink-klorid (ZnCl,), zinc N-
acetilcisztein (Zn-NAC), pifithrin (PFT) és benzoilkarbonil-Val-Ala-Asp-
fluorometilketon (Z-VAD-fmk) apoptozis inhibitorokkal kezeltiik
pECFP-N1 plazmidtranszfekciot megeldzéen (Anyagok és modszerek).
Az inkubalast kovetden a CFP expresszigjat fluoreszcens mikroszkoppal
detektaltuk. A 10.A. dabrdan lathatd, hogy a kezelt sejtek a kontroll
sejtekhez képest szignifikdnsan magasabb, kozel kétszeres transzfekciot
mutatnak (ATA: 7£1.3%, Zn-Cl,: 7.3£1.3%, Zn-NAC: 7.3£1.3% versus
H,O kontroll: 3.6+0.5%; PFT: 6.7+0.9%, Z-VAD-fmk: 7.1+0.5% versus
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4+0.5% DMSO kontroll, p < 0.02, n=4). A bejuttatott idegen anyag, ez
esetben a plazmid DNS apoptozist indukal, ami TUNEL assay-vel
detektalhatdé (/0.B abra). A kiillonbozé gatldészerek -beleértve a ATA
univerzalis endonukledz gatlot- az apoptdzist bizonyos mértékben
csokkentették (ATA: 2.8£0.4%, Zn-Cl,: 2.1+£0.5%, Zn-NAC: 2.2+0.5%
versus H,O+pECFP-N1 kontroll: 4+0.4%; PFT: 3.9+1%, Z-VAD-fmk:
1.5+0.4%, versus DMSO+pECFP-N1: 6.9+1.9%, p <0.01, n=4).

A kapott értékekbdl arra kovetkeztethetiink, hogy az apoptdzis
folyamataban részt vevo elemek specidlis gatlasaval a génbevitel esélyei

novelhetodk.
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pPECFP-N1 transzfektalt sejtek (%)
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10. abra. Az apoptoézis-inhibitorok hatiasa a DNS transzfekcidra és a sejthalalra. A
TKPTS sejteket mindkét panelben 10nM ATA, 10uM ZnCl, 3uM Zn-NAC, 50uM
PFT, 100uM Z-VAD-fmk hozzaadasaval kezeltiik.
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V. MEGBESZELES

Kisérleteink arra irdnyultak, hogy a DNaz I és az EndoG aktivitasanak
csokkentésével megvédjiik a gazdasejtbe bejuttatni kivant “idegen” DNS-
t. A génterapidk problémajanak e latszélagosan egyértelmi
megkozelitése, vagyis az endonukledz enzimek sejtvédd hatdsanak
kikapcsolasa nem meriilt fel kordbban, egy beszamolotol eltekintve,
amely egy masik endonukledzzal, a DNaz gammaval kapcsolatos (Wilber
¢és mtsai., 2002).

Korabbi adataink alapjan a DNaz I-et tekintjiik a legjelentdsebb és az
EndoG-t pedig a masodik legjelentésebb endonukleaznak vesesejtekben
(Yin és mtsai., 2007). A plazmid, - és az idegen DNS bejuttathatd a
sejtekbe, de endonukleolitikus tdimadasnak vannak kitéve a sejten beliil és
kiviil is. A Lipofektamin noveli a transzfekciok hatékonysagat, de nem
védi a plazmid DNS-t az endonukleazok lebontasatol. A sejtekben 1€vo
endonukledz aktivitas magasabbnak bizonyult a sejtek altal kivalasztott,
médiumban megjelend endonukleaz aktivitasnal.

Megfigyeltiikk, hogy a plazmid incision assay altal kalkulalt teljes
endonukledz aktivitds szignifikdnsan magasabb volt primer PTE
sejtekben, mint immortalizdlt TKPTS sejtben. Ez magyarazatul
szolgalhat primer sejtkultarak transzfekcio elleni rezisztencidjara, amit
szamos esetben leirtak koradbban (Stacey ¢és mtsai.,, 1993; Welter és
mtsai., 2004; Zhong ¢és mtsai., 2005). Ezek a megfigyelések korrelacioba
hozhatok korabbi adatainkkal, miszerint vesekivonatok endonukleaz
aktivitasa magasabb a primer sejtekénél (Basnakian és mtsai., 2005), ami
ahhoz a konkluziohoz vezet, hogy az endonukledz aktivitas a kovetkezo

sorrendben csokken:

41



Vese sejt > primer sejt> immortalizalt sejt.

Gének bejuttatdsa a vesébe és vesébdl izolalt primer sejtekbe sokaig
megoldatlan problémat jelentett a magas DNaz szintnek kdszonhetden.
(Basnakian és mtsai., 2005; Djurovic és mtsai., 2004; Kalinowska ¢és
mtsai., 2005). Mas primer sejtek transzfektalhatosaga is ugyanilyen
gondot jelentett, mivel a hatékonysdg novelése specialis technikékat
igényel a sejtek rezisztencidjanak legy6zése érdekében. Ez a nehézség a
primer makrofagoknal is fennall (Stacey és mtsai., 1993), amelyek magas
DNaz aktivitasukrol ismeretesek. Radiofrekvencias elektroporacio
nemrég hatékonynak bizonyult primer chondrocytdk esetén (Welter és
mtsai., 2004). Primer szarvasmarha endotél sejtek transzfektalhatok
linearis PEI-PEG-PEI triblock kopolimerek hasznalataval (Zhong és
mtsai., 2005).

A mi stratégiank az idegen gének sejtekbe torténd bejuttatdsara az
internalizalt plazmid DNS és siRNS talélésén alapul. Ezt bizonyitja az az
eredményiink, hogy a DNaz I KO ¢s az EndoG KO sejteknek
szignifikdnsan magasabb a transzfekcios ratdja a WT sejtekénél. Tovabba
EndoG KO sejtekben a fluorescens siRNA transzfekcié magasabb, mint a
WT sejtekben. Ez arra utal, hogy az EndoG-nek ketts szerepe van a
sejtvédekezésben: amellett, hogy lebontja az idegen DNS-t, megvédi a
sejteket a DNS és RNS felvételtdl.

Az extracellularis DNaz 1 gatlasa G-aktinnal nincs hatdssal a DNS
transzfekcid hatékonysagara jelezve, hogy az intracellularis DNaz I az
elsédleges molekuléris szerepléje az idegen DNS-elleni gazdasejt
védelemnek. Bar nem kérdéses, hogy az endonukledzok fontos/dontd
szereppel birnak az “idegen” és sajat DNS (pl. apoptozis, nekrdzis)

lebontasdban, mégis felmeriil a kérdés, hogy egyéb sejtfaktorok részt
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crer

vesznek-e az  Orokitdanyagok degradacidjdban, befolyasolva a
transzfektalhatdsagot.

Kisérletesen alatamasztottuk, hogy a vesében a DNaz I sziikséges az
EndoG indukélasahoz (Yin €s mtsai., 2007). Okkal gondolhatjuk, hogy
ez a két endonukleaz egyiittmiikodhet a sejt védekezésében.

Az apoptozis a szervezet homeosztazisanak fenntartdsara iranyuld
folyamat, szamos fiziologiai esemény résztvevoje. Kiilso jellel indukalt
formaja sokféle lehet, de mind koziil a legszélesebb korben ismert
tulajdonsaga a genomikus DNS lebomlasa. A hasitasért felelds enzimek
azonositdsa vita targyat képezi. Szamos endonukleazt irtak le, mint a
fragmentacioért felelds enzimet, példaul a thymocytdk Ca*-Mg?*'-
dependens endonukleazait (Montague és mtsai., 1994; Pandey és mtsai.,
1997; Peitsch és mtsai.,, 1993; Shiokawa és mtsai., 1994). a Mg*'-
dependens, Ca**-independens endonukledzok human myeloid sejtvonalak
apoptézisdban vesznek részt (Kawabata ¢és mtsai, 1997). Az
endonukledzok lehetnek caspase-aktivaltak, vagy részt vehetnek caspase-
independens apoptozisban (Padron-Barthe és mtsai.,, 2007). Annak
eldontése, hogy egy adott endonukledz DNS bontdsa mely sejt
apoptozisanak melyik részét teszi ki, tovabbi kisérletek targyat képezi.
TKPTS sejteken folyatott kisérletiinkkel az apoptdzis fontos
résztvevoinek, a nukledzok aktivitasat gatoltuk és ezzel a génbevitelt
konnyitettiik meg.

Osszefoglalva eredményeink tiikrozik a DNaz I és EndoG
sejtvédekezésben betdltott szerepét a génbejuttatas szempontjabol primer
tubularis epitél sejtek esetén. A jovoben szeretnénk tisztazni, hogy a két

endonukledznak milyen a kolcsonhatdsa ¢és egyiittmiikodésének
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természete. Az endonulkeazok ideiglenes €s célzott gatlasa 1) lehetdséget

nyUjthat a DNS stabilitéas javitasara génbevitel folyaman.
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IX. SUMMARY

Gene delivery to kidney cells is essential for the development of gene
therapy of nephropathy. Maintaining DNA stability is crucial for
successful gene delivery. Endonucleases are known to play a role in
degrading “foreign” DNA imported to the cell. However, what these
DNases are and whether inactivation of these enzymes can improve gene
delivery has not been examined. We have recently shown that two pro-
apoptotic endonucleases, deoxyribonuclease I (DNase 1) and
endonuclease G (EndoG) are responsible for more than 90% of the total
endonuclease activity in mouse kidney. Since primary cells are
notoriously resistant to transfections, we studied DNA stability during
gene delivery to primary renal tubular epithelial cells isolated from mice.
We found that as compared to immortalized mouse tubular epithelial
(TKPTS) cells, primary cells had higher total endonuclease activity.
Endonuclease activity was present both in total cellular protein extracts
(DNase I, EndoG and other DNases) and in culture media (mainly DNase
). Pre-treatment with Lipofectamine did not protect plasmid DNA
against in vitro digestion by endonucleases. DNase I- or EndoG-deficient
primary tubular epithelial cells isolated from knockout mice showed
significantly higher rate of transfection by Lipofectamine-packed
pECFP-N1 plasmid DNA than wild-type cells. We examined whether
specific inhibition of these endonucleases may improve DNA stability
during gene delivery. The transfection efficiency was increased by
apoptosis inhibitors. Complete inhibition of extracellular (secreted)
DNase I by G-actin did not improve plasmid transfection, which
indicates that only intracellular DNase I is important for DNA stability.
These data demonstrate the important role of the cytotoxic endonucleases
in host cell defense against gene delivery in primary tubular epithelial
cells.
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Uptake of Foreign Nucleic Acids in Kidney Tubular
Epithelial Cells Deficient in Proapoptotic Endonucleases
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Degradation of DN A durng gene delivery is an obstacle for gene transfer and for gene therapy. DiNases play a
major role in degrading foreign DNA. However, which of the DNases are involved and whether their inacti-
vation can improve gene delivery have not been studied. We have recently identified deoxyobonuclease T
(DMNase I) and endomuclease G (EndoG) as the major degradative enzymes in the mouse kidney proximal tubule
epithelial (TKPTS) cells. In this study, we used immortalized mouse TKPTS cells and primary tubular epithelial
cells solated from DNase T or EndoGG knockout (KO) mice and examined the degradation of plasmid DNA
during its uptake. DNase I and EndoG KO cells showed a higher rate of transfection by pECFP-N1 plasmid than
wild-type cells. In addition, EndoG KO cells prevented the uptake of fluorescent-labeled RNA. Complete in-
hibition of secreted DiNase T by G-actin did not improve plasmid transfection, indicating that only intracellular
DMNase 1 affects DNA stability. Data demonstrate the importance of DNase T and EndoG in host cell defense
against gere and RNA delivery to renal tubular epithelial cells i tritro.

Introduction

arRACELLULAR DMNA wrrasE oocurs during normal and
cancer tissue growth (Bergsmedh ef al., 2006; Yan ef al.,
2006) and during viral and bacterial infections (Chu ef al.,
2006; Metifiot ef al., 2007), and is routinely used in genetic
manipulations and tal animals (Tanswell ef al.,
1998; Glasspool-Malone et al, 2002; Freitas ef al, 2007). The
entry of foreign DNA (FOMA) is harmful to the host cell (Li
et al., 1%9#), causing DN A-dependent cell death, whereas
DMase treatment before transfection prevented cell death
(Stacey ef al, 1993). The introduction of single-stranded DMNA
in cells induced DNA damage and apoptotic factors, acting
upstream of ATM/p53 in the pS3-dependent pathway (Rur
et al, 2003). Studies have also demonstrated that the intro-
duction of fONA induces mutations due to homalogous re-
combination {Thomas and Capecchi, 1%86; Torchilin, 2006).
The uptake of DNA is restricted by a number of cell de-
fense enzymes, the core of which consists of DNA endonu-
cleases (Tanswell ef al., 159%; Glasspool-Malone ef al., 2002).
Despite atternpts to protect the f3N A by modifications, lipid
or viral packaging, increased rate of DNA delivery, or by
precise targeting to a tissue, our knowledge about the pro-
tection against the cellular defense system remained insuffi-
cient (Tanswell et al, 19%8; Glasspool-Malone ef al, 2002;
Freitas ef al., 2007 ). Endocytosis of DNA normally leads to its
lysosomal delivery, with DNases playing major role in de-

grading fON A (Torchilin, 2006). However, it is still unknown
which of these DMases are involved in the degradative
process, and it was not decided whether the inactivation of
these ymes would improve gene delivery due to the lack
af tools such as knockout (KO) endonuclease-dficdent mice
ar endonuclease inhibitors.

In our previous studies we have selected those two of the
nine known cellular cytotosdic endonucleases, which can
degrade nonmodified DMNA, namely, demcyribonuclease I
(DMase I) and endonuclease G (Endo(s). These two were the
most active endonucleases in kidney tubular epithelial cells
(Peitsch et al., 1995; Basnakian et al., 2005; Irvine ef al., 2005).
Dhase [is a 31 kDa cytoplasmic enzyme that digests single-
and double-stranded DAL It can be excreted from the cells.
Maximal enzymatic activity of DMNase [ can be measured
when both Ca®* and Mg®~ ions are present (Basnakian ef al,,
2002). Endo is a nuclearencoded mitochondrial nuclease
that translocates to the nucleus during apop tosis (Zhang etal,,
2003), i expressed in the cytoplasm as a precursor (33 kDa),
and is converted to its mature form (28 kiDa) upon entering
the mitochondrion (Ikeda and Kawasaki, 2001). Endol; is a
preferentially Mn-dependent enzyme (Widlak et al., 2001)
that is capable of digesting double and single-stranded
DA, RMA, and DNA/RNA heteroduplexes (Huang ef al,
2006).

As primary cells are known to be resistant to DNA
transfection, we have improved DMA delivery to primary
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tubular epithelial (FTE) cells using Lipofectamine. To deter-
mine the role of DMase I and Endo(, FTE cells were isolated
from DMase I or EndoG KO mice Our data provide evidence
that in DMNase [ KO and Endol KO cells the efficiency of
transfection by plasmid DNA is significantly higher than in
wild-type (WT) cells, indicating that these two endonucle
ases restrict DMA uptake in murine renal cells.

Materials and Methods
Animals

Homozygous DMase I KO mice (CD-1 background) were
obtained from Dr. T. Moroy, University of Essen, Germmany.
Endo(: KO mice (1290057 /B6 background) were obtained
from Dirs. M. Xu and J. Zhang, University of Cindnnati, OH.
Because Endo(/~ animals are not viable, the cells were
isolted from heurruz}'gu.m mice (EndoG KO). DMNase | KO
mice were bred as heterozygotes, and End oG+~ mice were
bred with WT mice (EndoG ™~ 7). All mice were genotyped by
PCR as previously described (Zhang o al, 2003; Djurovic
et al, 2004). All animal experiments received human care to
the criteria outlined in the Guide for the Care and Use of
Laboratory Animals prepared by the National Academy of
Sciences. All animal ecxperiments were approved by the
Animal Care and Use Committee of the Central Arkansas
Veterans Healthcare System.

Cel cullures

Mouse PTE cells were freshly isolated from DNase I KO,
Endo(: KX, and WT mice as described by Nowak efal. (2003),
and cultured up to 10 days (passages 1 and 2) before ex-
perdments. Immortalized mouse kidney proximal tubule epi-
thelial (TEKFTS) cells were obtained from Dr. Eka Bello-Reuss
(University of Texas Medical Banch, Galveston, TX) and were
cultured as previously described (Ernest and Bello-Reuss,
19495). The cells were cultured in Dulbecca’s modified Eagle's
medimm (DMEM)/HAM F-12 medium (Sigma-Aldrich, St
Louis, MO) supplemented with 7% fetal bovine semm (Hy-
done, Logan, UT). Cels were maintained in a CCh incubator
at 37°C in 5% OOy, fed at 45-72h intervals, and used within 1
day after reaching confluency, with the ecception of RMA
interference (RMNAI) experiments described below.

Tolal protein extracion Fom cullured cells

Cells (24 10%) were gmown as described above Cultured
cells were collected by centrifugation (1000 pm, 3 min, 4°C).
After removal of supernatant, the cells were resuspended in
phosphate buffered saline and centrifuged again as de
scribed above For protein extraction, cells were diluted in
100 ul. Buffer A (50 mM Tris-HCl, pH 7.9; 0.25M sucrose)
and the Complete Mini Proteinase Inhibitor Cocktail (Roche
Diagnostics, Mannhsaim, Germany) (1 tablet/10mL), and
disrupted with Virsonic 475 (Virtis, Gardiner, NY) (2x20s).
Particulate material was precipitated out from the extract by
centrifugation (14,000 rpm, 10 min, 4°C), and the supernatant
was collected. The extracts were dialyzed against storage
buffer (55% Glycerol, 10mM Tris-HCl pH 76, 05mM DTT)
and stored at —20°C for up to 2 weeks without loss of en
donuclease activity. Protein was measured using the b
dnchoninic acid protein assay (Pierce, Rockford, IL). Bovine
serum albumin was used as standard.
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Plasmid incision assay

Endonudease activity in total protein extracts from kidney
cells and i culture medium was determined using the
phsmid incision assay (PLA) with pBR322 plasmid (New
England Biolabs, Beverly, MA) as substrate as described
previously (Basnakian ef al,, 2005).

To determine whether Lipofectamine is protecting plas-
mid DMNA from degradation by endonudeases, pBR322
phsmid was pretreated with Lipofectamine before it was
exposed to the culture medium. Plasmid and Lipofectamine
were diluted separately in serum-free DMEM/HAM F-12
medium (Sigma-Aldrich), mixed together, and incubated for
20min at mom temperature.

After adding serially diluted samples (1:5) to the reaction
mixture (lpg pBRIZ2Z plasmid DNA, 2mM CaCl,, 5mM
MgCly, 10mM TrisHCL pH 7.4, and 0.5mM dithiothreitol)
the reaction was incubated for 1h at 37°C, after which the
reaction was terminated by adding Stop-solution (10 mM Tris-
HCL pHT7 .4, 1% 5DS, 25 mM MNa, EDTA, 7 5 mM bromophenol
blue). The samples were run on a 1% agarose gel in Tris-
acetate-EDTA buffer, pH 8 (7V/cm, 35min), and the DNA
was viewed with ethidium bromide. The EagleEye scarming
densitometer (Stratagene, La Jolla, CA) was utilized to quan-
tify the relative amount of endonuclease-treated plasmid
DMA present in a covalently dosed circular DNA (C), open
circular DMA (0), or linear DMA (L), or create a digested fomm
(. One unit was the amount of endonuclease capable of
canverting 1 pg covalently closed supercoiled plsmid DMA
to open drcular, linear, or digested DMA in 1h at 37°C.

This assay was also used for the characterization of en-
donucleases in primary cells. Endonudease adtivity was
measured the same way as above in samples containing se-
rially diluted protein (1:5), 1 pg plasmid pBR322 DMA | New
England Biolabs), 2mM CaClz, 5mM MgClz, 10mM Tris-
HCl, pH 7.4, and 0.5mM dithiothreitol to determine the
Ca/Mg- ent (pri ily DMase I) endonuclkease activity
or 5mM MnCL, 10mM Tris-HCl (pH 7 4), and 05mM di-
thiothreitol for the Mn-dependent {mainly Endo() activity.

As opposed to PLA, zymogram gel electrophoresis, pre-
wviously used by us to assess DMNase | activity (Basnaldan ef al.,
2005), was not applicable for Endo(: due to low spedfic ac
tivity of the enzyme in the used tubular epithelial cells.

Reaklime raverse lranscriplase polymerase
chain reaction

Our previoushy described protocol was followed (Basna-
kian et al., 2006). Briefly, 1 pg of total RNA was reverse-
transcribed in a 50-pl reaction mixture followed by real-time
reverse trarscriptase polymerase chain reaction (KT-PCR) in
a 25yl reacton using SmartCycle (Cepheid, Sunnyvale,
CA). Reaction mixture was prepared using Flatinum SYBR
Green gPCR Supermic-UDG (Invitrogen, Carlshad, CA) ac-
cording to the manufacturer’s recommendations. Primers for
endonucleases were as follows: F-GATGAGACCATOCCTC
TGGAD and F-ATGTGAGIC AGOCCATCTOC-Y for En-
dol, and 5~ACTCAATCGGGACAAACCTG-3 and 5-ATT
TCCACA GGGTTCACAGC-Y for DMNase I Two-temperature
cycles with annealing/extension temperatume at 62°C for
Endo(: and DMase [, and 64°C for 185 mENA were used.
The fluorescence was measured at the end of the annealing
atep. The melting curve analyses were performed at the end
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of the reaction after the 45th cyde between 60°C and 95°C to
assess the quality of the final PCR products. The threshold
cycle Cft) values were cakulated by fixing the basal fluores-
cence at 15 units. ¢cDMNA samples for real-time PCR were di-
luted to 1:5, 1:10, and 1:200 for EndoG, DMase I, and 185
mRMNA, respectively. Three meplication reactions were per-
formed for each sample, and the average C (t) was cakulated.
The standard curve of the reaction effectiveness was plotted
against serially diluted (five points) mixtures of amplified
<A samples for EndoG and for 185 mEMN A Calculation of
the relative RMA concentration was performed using Cepheid
SmartCycle software (Version 20d). Data are presented as
ratio of EndoG/18% mEMNA or DMase /185 mEMNA

Plasmid transfecfon

FTE cels were transfected with pECFP-MN1 plasmid
(Clontech Laboratories, Mountain View, CA) that encodes
cyan fluorescent protein (CFF) using Lipofectamine 2000
(Invitrogen) according to the manufacturer's protocol. Cells
were seeded into six-well plates 24h before transfection.
Briefly, 4 ug plasmid DNA and 17.5 DNA /liposome ratios
were diluted in separate tubes in 250ul  serum-free
DMEM/HAM F-12 medium (Sigma-Aldrich), mixed to-
5&&1&, and incubated for 20 min at room tempera ture. Two
milliliters serum-free DMEM/HAM F-12 medium (Sigma-
Aldrich) was added to the cells. Transfection complexes were
then added dmpwise onto the cells. After 24—48 h incuba tion
at 37°C in 5% OO0y the expression of CFP was detected by
fluorescent microscopy using cyan filter.

Small interfering ANA transfeciion

FTE cells were transfected using Transl T-TK.O transfection
reagent (Mirus Bio, Madison, WI). Cells were seeded into six-
well plates 24 h before transfection In brief, 18 yL transfection
reagent was diluted to 250 pl. with serum-free DMEM /HAM
F-12 medium (Sigma-Aldrich) ncubated for 15min, and
then 75 pl. (1 pM) small interfering RMNA (siRNA) ffluorescent
sikMA (Label IT ENAiQ Delivery Control-Fluorescein; Mirus
Bio) was added and incubated for further 20 min at room
temperature. After incubation 1172 pl. serum-free DMEM/
HAM F12 medium (Sigma-Aldrich) was added to the cells.
The tansfection complex was then added dropwise to
the cells. After 48 h incubation at 37°C in 5% OO, the ex-
pression of fluorescent-labeled siRNA was detected by fluo-

The Label IT RMNAG Delivery Control-Fluorescein contains
a chemical dye fluorescein, also known as Fluorescein lIso-
thiocyanate. The Fluorescein Isothiocyanate label i attached
via a linker molecule and covalently bonded to the nucleo-
tides. The introduction of short RNA dupleces into mam-
malian cells kads to sequence-specific destruction of target
mEBEMNA. These short double-stranded RMNAs, referred to as
siRMA, which can ad catalytically at sub-molar ratios to
cleave greater than 95% of the target mEMA in the cell and
destruction of the mEMNA target, can ultimately lead to de-
creased expression of the encoded protein The RN A effect
can be long-lasting and may be detectable after many cell
divisions. These properties make siEMNA extremaly effective
at inhibiting target gene expression once introduced into the
cell. The sequence of the Label IT RMNAiI Delivery Control is
not homologous to any known mammalian gene and is not
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known to affect any cdlular events. It is designed as a tool to
facilitate observation and optimization of double-stranded
EMA oligonuclectide delivery during RMAi experiments,
both in oifra and in oo (see manufacturer protocol; Mims
Bio, Lit.# MLO3S).

TEFTS celk were transfected using Trans [T-TK() transfec-
tion reagent (Mirus Bio). Cells were seedad into 24-well plates
24 h before transfection. In brief, 4 ul. transfection reagent was
diluted to S0uL with serum-free DMEM/HAM F-12 medium
(Sigma-Aldrich) incubated for 15min, and then 15 pL (1pM)
siEMA was added and incubated for further 200 min at room
temperature. After incubation 250 ul. serum-free DMEM/
HAM F-12 medium (Sigma-Aldrich) was given to the cells.
The transfection complex was then added dropwise to the
cells. After 48 h incubation at 37°C in 5% C(» (medium was
replaced-medium with serum-after 2 h) cells were transfected
with enhanced CFP plasmid, pECFP-N1 (see Plsmid trans-
fection section in Materials and Methods). After 2448 h in-
cubation at 37°C in 5% OOy the expression of CFP was
detected by fluomscent microscopy using cyan filter.

Endo(s siEMA target sequence was AAAUGCOCUGGAA
CAACCUUGA, DNase I siRMNA target sequence was TGA
CATCOGCTGTTATCC AA (Dharmacon, Lafayette, C0), and
SICONTROL was Mon-Targeting siRM A (Dharmacon).

Slatisfcal analysis

Statistical analysis was performed with a  two-way
AMOVA and Student's f-test. Results were expressed as
mean+standard error of the mean. p< 005 was considered
sigmificant.
Results

Endonuclease activily of TKPTS cells
lo diges! plasmid DNA

Initial experiments served to determine whether plasmid
DMNA can be digested by endonucleases present in tubular
epithelial cells and excreted to the culture medium. After
growing TEFTS cells to confluency, cells and medium were
collected separately. Total cellular protein was extracted as
described in the Materials and Methods section. Protein
concentrations were measured in medium and protein ex-
tracts. Endonuclease activity was measured using the PLA. In
this experiment, the circular covalently dosed and super
coiled pBR322 plasmid DMA was converted by single
stranded breaks and double-stranded breaks to open drcular
(0} and linear (L) forms, espectively (Fig. 1A). The activity
was higher in cell protein extracts than in the ecternal me-
dium, indicating that the destruction of plasmid DMNA takes
place mainly inside the cells.

Lack of inhibition of exdracelular endonuciease activily
by kpolectaming

Lipofectamine is preferentially used for plasmid DRA
delivery during transfection of cells (Djurowvic et al., 2004). To
test whether Lipofectamine is capable of protecting plasmid
DMA from degradation by endonudeases, pBR322 plasmid
was pretreated with Lipofectamine and then exposed to the
culture medium. As shown in Figure 1A (right panel), Li-
pofectamine per se provided no protection against the en-
donudeases present in culture medium.
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FIG. 1. Endonuclease activity in tubular epithelial cell ex-
tract and culture medium. The activity was measured using
pBR322 PLA as described in the Materials and Methods
section. [A) Endonudease activity is present both in the
cellular protein extracts and in the culture medium (left and
middle panes). Pretreatment with Lipofectamine does not
protect plasmid DMNA against m vifro digestion by endonu-
cleases (right pand). Dilutions (1-6) of cell extract or medium
L1, I:5, 1:25, 1:125, 1:625, and 1:3125, respectively. O, open
drcular DN A (with one or more single-strand DN A breaks
but no double-strand breaks), L, linear DMA (with one
double-strand DMNA break) C, covalently closed drcular
DMNA (without DNA breaks), which is the primary substmte
for endomucleases. Endonuclease activity is seen only in the
first two dilutions in cell extract, and in nondiluted culture
medium. (B) Endonuclease activity in immaortalized TEFTS
cells and FTE cells. Pamary cells have a higher total endo-
nuclease a.cl:ivir:, (25 = 2umits/ug protan in primary cells vs.
7 =3 units {pg protein in TEFTS cells, n=3-6, p< t]ﬂt]l] as
measured using the pBR3Z2 PLA in the presence of U a®" and
Mg— ions (2mM Call: and 5mM MgCls), which are the
cofactors for most of the cellular endonucleases. PLA, plas-
mid indsion assay: TEFPTS, mouse kidney proximal tubule
epithelial; FTE, primary tubular epithelial.

Endonuciease activily in immorklzed
varsus primary cels

Primary cells are known to exert some resistance to DN A
transfection (Stacey ef al, 1993; Welter ef al., 2004; Zhong
et al, 2005). To determine whether the resistance to fONA B
associated with the high endonuclease achivity in primary
cells, we compared the total endonuclease activities of pro-
tein extracts isolated from immortalized TEFTS cells and
from FTE cells.

The PLA show s that endonuelease activity was several imes
higher in primary cells than in immortalized cellk (Fig. 1B),
confirming our notion that the resistance of primary cells to
transfommation is primarily due to their nuclease activity. This
conclusion is based on the assumption that the permeability of
plasmid to membrane is the same in primary and TPEKTS cells.

Endonucieases in KO primary cels

As endonucleases have overlapping cation and pH re-
quirements, direct comparison of the activities characteristic
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Diase | +/+ DMase | -i-
Contred Ca Mg CM Mn ES Ca Mg CM MRES
—0
p—_
—n
B 0

=
Z o3
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FIG. 2. Adivity and expression of endonucleases in FTE
cells. {A] In the total protein extracts isolated from DMase [
WT mice the ﬂl:mngeﬁt erh:l-'nu.cl.eaﬁe activity could be ob-
tained when Ca® and MB ** jons weme added together, re-
sulting in digested DMA This is characteristic to DiNase I,
which therefore provides most of the endonudlease activity
in the normal kidney. In the kidney tissue extracts obtained
from DMase | KO mice, Mn-dependent end anuclease was the
most prominent, suggesting that Endols is the second major
endonudease in the absence of DMNase [ (Widlak ef al, 2001 ).
Vertical row: (3, open circular DNA; L, linear DNA; C, co-
wvalently closed circular DMNA; [, digested DINA. Horizontal
IO cnnl:ml nondigested pBR322 DNA; C 2 mM Cal’l,,
pH75; MB , 2mM MgCl,, pH 7.5 CM [Ca _ME ] 2mM
Call; +2 mhd MgCl: Mn™=, 2 mM Mri"l,, pH 75:; E5, 2mM
EDTA, no cations, pH 5 (to measure DMNase I activity). (B)
Expression of endonudeases in WT, Endols KO, and DNase 1
K} cells measured using real-ime reverse (ranscriptase
polymerase chain mreaction. DMase I ression is wiped out
almost completely, while Endol: KO is partially inhibited
because these cells were isolated from heterozygous animals

(n=4, *p < 0001} DNase I, deoxyribonuclease I WT, wild-
type: KO, knodkout; Endols, endonuclease G.
to specific endonudeases & usually impossible. Theretore,

the use of K{) mice provides a unique opportunity to de-
termine individual endonucease activities belonging to
particular endonucleases. DMNase [ and Endols endonucle-
ases were chosen since they turned out to be the two most
active anes in murine kidney cells (Basnaldan ef al., 2005; Yin
ef al, 2007). FTE cells were isolated from WT and KO mice as
described, and ther proten extracts were tested for endo-
nuclease activities using the FLA in the presence of different
cations. Results show that the majority of the endonuclease
activity in WT mice is Ca/Mg-dependent DMNase [, the major
endonudease in these cells (Fg. ZA). After inactivation of
DMase | in DNase [ KO cells, the second most active endo-
nuclease could be detected as Mn-dependent endonuclease,
correspanding to Endols. Partial inactivation of Endo(s in
heterozygous Endo( KO cells was assodated with a reduced
Mn-dependent activity without any effect on the Ca/Mg-
dependent DMase [ adtivity. However, the reduction of Mn-
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FIG. 3. Effidency of plsmid trans-
fection of PTE cells with active or in-
active endonuclkeases. (A) 55100
of CFP after pECFP-M1 plasmid trans-
fection n DMase | KO PTE cells is
higher than in WT cdls. KO versus
WT (21 = 5% va. B 5% transfected
cells, n=3, *p < 0013; 32 6% vs.
18 £ 5% transfected cells, n=3,
*p < (L025). Two time-points have
been used, 24h and 48 h incubation
after transfection. The second time-
point shows higher transtection effi-
dency and has been chosen for

t B, where Endo(: WT and
KL cells have been transfected with
the same plasmid. (B} Expremnnf

Endo KO cells

EndoG KO cells

CFF 48 h after pECFF plasmid transfecion in Endols KO FTE cells is higher than n WT cells (19 =5% ws. 8=
CFP-positive cells, n=6, *p < 0001). CFF, cyan ﬂmeqcm'llprtmn

dependent activity in Endo(: K{» mice did not reach statis-
tical significance, probably because the predsion of PLA was
not enough to measure incomplete inactivation of the en-
zyme in heterozygotes (data not shown). Real-time FT-PCR
was performed as an alternative approach to determine
whether the expression of these two endonucleases is de-
creased in murine KO cells. (dur data indicate a complete fall
out (#5-100%) of DMNase I adtivity in homozygous DMNase [
KO mice and a 60-70% loss in heterozygous EndoG in KO
mouse kidney cells (Fig. 2B].

Inacfvaled DNase | and reduced EndoG
conlnbule b DNA fransfection

The inactivation of DMase [ and/or meduced activity of
Endo(: may affect the transfection of DMNA into PTE cells. To
test this possibility we compared transfection effidencies of
WT and KO cells by introducing into these cells the pECEP
plasmid that encodes the CFP. Figure 3A shows that more
CFF entered in DMase | KX cells, indicating that the rate of
tramsfection is significantly higher relative to WT cells. The
tramsfection of Endol: KO cells was also significantly maore
effident than that of WT cells (Fig. 3B). These data confirm
that the presence of endonudeases reduces the efficiency of
DMNA transtecion.

SIANA Fransfection

KO mice and cells are vary valuable models, but the re-
sults obtained with them are often difficult to interpret, as
the long-term effect of an inactive protein may influence the
expression of other proteins. To confirm that the inactivation
of DMase [ or Endols provides a benefidal effect on plasmid
transfection, we have used siBNS to silence these endonu-
cleases. These experdments proved that silendng of dther
endonuclease stingly increases the trmnstection efficiency of
tubular epithelial cells.

TEFTS cells have been treated with DMase I siRNA, En-
doG siRMA, or both and then transfected with pECFP-M1
([cyan) plasmid. The Endols siRMNA target sequence consisted
of AAAUGCCUGGAACAACCUUGA. The DMase [ siRMNA
target sequence corresponded to GACATOGUTGTTATOC AA
(Dharmacon). Cells treated with DMase I siRM A, with Endols
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siRMNA ar with DMase [+ Endolc siRMA, edhibited signifi-
cantly (*p = (U001} higher effidency of transfection (=9%% ) with
cyan plasmid, than the siRNA control ( =25%) or the trars-
fection reagent (TELY) control (= 4%) (Fig. 4). These experi-
ments proved that the silendng of ather endonudease
strongly increases transfection effidency of TEFTS cells.

Inactivation of EndoG promaoles ANA Fanslection

Az opposed to DMase I, EndoG degrades both DMA and
EMA (Kalinowska efal, 2005 ). Consequently, besides its anti-
DMNA activity, Endol may alsobe an important factor in ENA
transfection of cells. To test the validity of this assumption
Endol: KO and WT celk were transfected with a fluorescein-
labeled siRMA (Label IT RMAI Delivery Control shRMA;
Mirus Bio). The Label IT RNAI Delivery Cantrol consists of

-1 transfecied cells (%)

Comteod s5iRNA EG siRNA DiNasel sENA ECGH DMNasel siRNA TEO
Treatment of TEPTS cells

FIG. 4. Efficiency of pECFP-N1 plasmid tmansfection in
TEFTS cels after BEG siRMA, DMase [ siRMA, and
EG+DMase | siBENA treatment. TEFTS cdls were treated
with Endo(;, DMase [, and EndolG+DMNase [ siRNA using
TransIT-TKO transfection reagent (TKOY), controlled with
sICOMTROL Mon-Targeting siRNA  (control siENA) and
transtected with pECFP-N1 cyan plasmid. SiEMA-silenced
cells (B, DMase | and both) show significantly higher
plasmid trarmsfection efficiency (8.5% vs. 24% of pECFP-N1
transfected cells, *p=0001). siRN A, small interfering RMNA.
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FG. 5. Efficiency of RNA transfection of FIE cells with

active or inactive Endols. Primary Endol KO or WT mouse
tubular epithelial cells were transfected with Aucrescent
siEMNA as described in the Materials and Methods section.
About 45h later RMA transfection was detected using a
fluorescent microscope. Blue color of DAFI was used to stain
the nuckei. Endols KO cells show significantly higher rate of
siRMNA transfection than WT cells (14 =2 vs. 29 = 4 arbitrary
fluorescence units per cell, n=3, *p < 001}

fluorescein-labeled double-stranded RMNA duplexes that have
the same length, charge, and configuration as standard siEN A
used in RNAI shudies. Assuggested by the manu facturer, the
sequence of this probe was not homologous to any known
marmmalian gene and was not known to affect any cellular
events. In our experiment, Endo(: KO cells had a two times
faster rate of siRMA transfection than these of WT cells (Fig
5). This cbservation suggests that Endols is likely to play a

A Gi-actin, mg/mil
0.25 51

FG. 6. Extracellular DMNase [ does not in-
fluence DN A transfection effidency. (A)
TEFTS cells were treated with different con-
centration of G-adtin in culture medium, and
endonuclease activity was measured with
PLA. G-actin inhibited DMase [ in culhure
medium (n=4 per concentration point,

*p =0.018, **p=00052, ***p =0.006). (B) The
efficiency of TEFIS cells transfection with
pECFF plasmid in the presence of 1 mg /mlL
(-actin was not different from the one mea-
sured in the presence of 1 mg,/mL albumin

units/ml
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dual role in host cell defense; it protects cells from both DNA
and FEMA invasion.

Inactivation of extracelilar DNase | has no elfect
on transfection

While Endols is entirely an intracellular enzyme, DMase | is
secreted (Lacks, 1981). To determine whether secreted extra-
cellular DMase [ influences the effidency of transfection, it was
inhibited by G-actin, a known spedlfic and irreversible inhib-
itor of Diase I (Lacks, 1981). When choosing G-actin, it was
ako taken into consideration that G-actin is not toede to cells
and it does not enter cells and thus can be applied specifically
to interact with and eliminate the activity of extracellular
DMase I TEFIS celk were exposed to Gractin in the con-
centration range bebween 0 and Zmg/ml in the medium.
Endonudease activity was measured after {-adin treatment
using the PLA (Fg. &) Complete inhibition of DMNase | ac-
tivity was found at 1 mg/ml. (--actin concentration. In another
experiment TEFTS cells were treated ather with 1mg/mL
Gactin or albumin as a control and then transfected with
pECHP plasmid (Fig. 6B). There was no difference between
Gractin and the control albumin treatment, suggesting that
extmcelular DMase [ is unlikely to influence transfection and
only intracellular MNase | seems to be involved in the anti-
DN A host cell detense. Control cells were not treated, and
abumin was used as a protein control In the experiment there
was no difference between the albumin control and G-actin
treatment. This explains why extracelular DNase | mactivated
by G-actin does not improve transtection.

Discussion

We have atternpted to protect the fDNA to be introduced
in host cells by redudng the DNase | and Endo(: activities.
This seaningly obvious approach has not been used earlier
due to the lack of spedific inhibitors and to insufficient data,
regarding the potential of these enzymes as host cell defense
enzymes. There is only one report showing the role of an-
other endonuclease, DMase gamma (DMase 1L3) in host cell
defense (Wiber ef al, 2002). Our earlier data showed that
DMase | is the major endonuclease in tubular epithelial cells
and Endols is the second major degradative enzyme (Yin
ef al., 2007). Plasmid as fONA was introduced in host cells,
but is subject to endonuclenlytic attacks both outside and
inside the cells. Lipofectamine increased the effidency of

m

2 C
-
—-—L
—C

% of CFP positive cells

(15 £ 5 ws. 15 = 5% of CFP-positive cells,
n=a).

Endonuclease activity

0.5

10 1.5 20 Control Albumin G-actin

G-actin, mg/ml
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tramsfection, but did not protect plasmid DNA from de-
struction by endonucleases. Cellular extracts turned out to
have a much higher endonudease activity than the nudease
excreted by the cells to the culture medium.

It is to be mentioned that in our experiments, DN A was
attacked by endonucleases, which are compartmentalized
and thus are not freely available in the cytoplasm: EndoG is
mainly localized in mitochondria, while DMase I is associ-
ated with endoplasmic reticulum. Therefore, either there are
enough preexisting free cytoplasmic EndoG and DMase 1
activities to destmoy the incoming DN A, or fON A induces the
release of these endonucleases from cellular compartments.
Such a release could be part of the host cell apoptosis in-
duced by fOMNA That the introduction of fDNA causes ap-
optosis has been described by Shimokawa ef al. (2000).

‘We have also observed that the total spedific endonuclease
activity measured by the PLA was significantly higher in
primary cells than in immortalized TEFTS cells. This could
explain why primary cells are maore resistant to transfection
than immaortalized cells. The resistance of primary celk to
tramsfection was also reported by others (Stacey ef al, 1993,
Welter et al, 2004; Zhong ef al, 2005). Our strategy to in-
troduce foreign genes in cells is based on the inactivation of
the two major endonucleases to contribute to the survival of
the internalized plasmid DMNA and siRMNA. That this ap-

has a perspective is proved by the chservations that
both DMNase [ KO and EndoG KO cells had significanthy
higher rate of transfection compared to WT cells. Moreowver,
in Endo( KO cells the rate of fluorescent siRMNA transfection
was also significantly higher than in WT cells. This suggests
that Endols has a dual role in host cell defense: besides de-
grading fOMNA, it protects cells from both DINA and RMA
uptake. Inhibition of extracellular DNase [ by G-actin did not
affect the efficiency of DNA transfection, indicating that onby
intracellilar DMNase [ is the primary molecular player in the
antiDMNA host cell defense. Although, there is no doubt that
endonucleases play an important if not decisive role in the
degradation of foreign and self-IIM A (e.g.. apoptosis and
necrosis), the question arises whether cellular factors other
than endo- and exonucleases are involved in the degradation
of nudeic adds, their knocking out of which could contribute
to the effidency of transfection. In a recent study we have
confirmed that in the kidney, DMase I is necessary for Endo(G
induction (Yin o al., 2007). It is thus reasonable to think that
there might be some cooperation between these two endo-
nucleases during the protection of cells against the invasion
of nudeic acids. The experiments carried out in murine renal
system (WT and KO) determine fu ture studies, which will be
directed to (a) selection of spedific drugs that inhibit DMNase 1
and Endo(: as a new stategy for efficient gene therapy in
kidney cells, (b) assessment of the function of these endo-
nucleases in apoptosis in the degradation of fONA, and (c) to
determine whether other factors could modulate DMNase [ or
Endo(; activities to increase transfection/transducton effi-
ciency through the partial downregulation of endonucleases,
and (d) another viable approach could be the sup pression of
DN A-induced apoptosis and thus indirectly suppress other
antifDMA endonuclease activities that may contribute to the
DMA destruction. Although FDNA induced apoptosis and
DMases in other studies (Stacey ef al., 1993; Nur ef al, 2003),
the inhibition of apoptosis has not been previously used for
improving the delivery of fDMA.
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The delivery of fNA into DNase I-defident cells raises the
question what the physiological consequences of impaired
dearance of DMNase I could be. According to an earlier view
DMase | may pmtect against development of systemic [upus
erythematoaus (SLE), suggesting that DMase [ treatment may
be helpful in preventing the onset of the disease Direct ewi-
dence was provided that defident DMNase I function may lead
to fupus erythematoaus (Mapirei ef al, 2000). In addition, KO
mice lacking DMNase [ develop antichromatin autoantibodies
and glomerulonephritis. These observations indicate that
DMase | may protect against SLE by digesting extracellular
DMA (Napirei ef al, 2006). Although DMase I defidency was
shown to produce a lupus-like syndrome in mice and [upus
patients often have low levels of DMase I, there is no evidence
that any human SLE is caused by DMNase I deficiency alone
(Walport, 2000). Consequently, supplementing the enzyme is
unlikely to offer SLE patients more than partial symptom re-
lief, as DNase I defidency is only one of the factors in lupus
disorder (Mapirei e al., 2000},

Incondusion, our data reflect the impartance of DiNase [and
Endols in host cell defense against gene delivery in FTE cells.
Futurestudies will shed light on the cooperative nature of these
two endonudeases in destroying FOMNA. Temporary and tar-
geted inhibition of these endonucleases may provide new
maodalities to improve [N A stability during gene delivery.
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Induction of Renal Endonuclease G by Cisplatin Is
Reduced in DNase I-Deficient Mice

Xiaoyan Yin,* Eugene O. Apostolov,* Sudhir V. Shah,*t Xiaoying Wang,*
Konstantin V. Bogdanov,* Timea Buzder,* Anna G. Stewart,* and Alexei G. Basnakian*t

*Division of Nephrology, Department of Intemal Medicine, University of Arkansas for Medical Sciences, and
*Central Arkansas Veterans Healthcare System, Little Rock, Arkansas

ABSTRACT

Nephrotoxicity from the chemotherapeutic drug cisplatin is associated with DNA fragmentation and cell
death. We have recently demonstrated that DNase | knockout mice are significantly protected against
cisplatin nephrotoxicity, but it is unknown whether the DNA fragmentation that occurs is produced by
DMase | or another endonuclease. In this study we assessed the expression of several endonucleases
involved in cell death after injection of cisplatin and found that the expression of endonuclease G
(EndoG) increased whereas the expression of DNase | decreased almost to zero. Immunostaining
showed that some nuclei contained both fragmented DNA and EndoG, suggesting that EndoG may
cause DNA fragmentation induced by cisplatin. The increase in expression of EndoG was greater in
wild-type mice than in DNase | knockout mice, indicating a potential link between the two endonucle-
ases. In support of such a link, overexpression of DNase | in cultured mouse tubular epithelial cells also
induced EndoG. Furthermore, gene silencing of EndoG in vitro provided significant protection against
cell death. Taken together, our data suggest that both DNase | and EndoG mediate cisplatin injury to

tubular epithelial cells.

J Am Soc Nephrol 18: 2544-2553, 2007. doi: 10.1681/ASN.2006080896

The nephrotoxicity of cisplatin (cis-diamminedi-
chloroplatinum II) is the major factor limiting the
use of this drug in the chemotherapy of cancer.* It
is known that cisplatin accumulates in the kidney
more that in other organs, and its toxicity to the
kidney is dosage dependent.* The mechanism of
cisplatin nephrotoxicity is not completely under-
stood. It is known to be associated with DNA
fragmentation determined either by a 200-bp DNA
ladder in agarose>¢ or by using the terminal deoxy-
nucleotidyl transferase (TdT)-mediated deoxyuri-
dine triphosphate nick-end labeling (TUNEL)
assay.”* These types of DNA fragmentation are
commonly attributed to apoptosis mediated by an
unknown cell death endonuclease that is capable of
internucleosomal DNA fragmentation and genera-
tion of 3'OH ends available for the TdT reaction.’®
Cell death endonucleases are a recently recognized
group of enzymes that includes deoxyribonuclease 1
(DNase 1), DNase v, caspase-activated DNase
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(CAD), endonuclease G (EndoG), and DNase
11115 They act both premortem, leading to cell
death, and postmortem, providing a “clean-up” af-
ter cell death.'® Because these two processes cannot
be easily distinguished and there are no specific in-
hibitors for the endonucleases, the use of knockout
(KO) models is the only available tool to study the
role of premortem endonuclease-mediated events
n vivo.

We previously showed that DNase [ is the most
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active cell death endonuclease among cell death endonucleases
in the kidney.'s'” Renal injury by ischemia-reperfusion was
associated with the induction/activation of DNase 1.1%!® The
suppression of DNase 1 by antisense was protective against
hypoxia/reoxygenation injury to renal tubular epithelial cells
in vitro.'* Our recent study of cisplatin-induced renal injury
demonstrated that DNase I KO mice are protected against cis-
platin.'” It remains unclear whether DNase [ is the sole enzyme
that produces DNA fragmentation and induces cell death or
these processes require the participation of another endonu-
clease.

In this study, we demonstrated that DNA fragmentation
induced by cisplatin strongly depends on the contribution of
EndoG. EndoG is a nuclear-encoded mitochondrial enzyme
that is known to be released from its original location, translo-
cate to nucleus, and degrade nuclear DNA during caspase-
independent apoptosis.”®*! Importantly, we showed that the
presence of DNase I before cisplatin injury was necessary for
the induction of EndoG, which therefore serves as the execu-
tioner of DNase I-mediated cell death in the kidneys of mice
that are treated by cisplatin. The expression of DNase [-cyan
fluorescence protein (DNase I-CFP) fusion protein in immeor-
talized mouse proximal tubule (TKPTS) cells caused the in-
duction of EndoG, which provided additional evidence for the
role of DNase I in EndoG regulation. In support of the role of
EndoG as a downstream executioner of DNA fragmentation
and kidney cell death, the EndoG activation was associated
with increased DNA fragmentation in vivo, and the silencing of
EndoG byanti-EndoG short interference RNA (siRNA) or per-
oxisome proliferator-activated receptor a (PPAR-a) agonist
provided protection against the cisplatin injury of TKPTS cells
in vitro.

RESULTS

Renal Endonucleases before Injury

This study began with the characterization of endonuclease
activity in the kidneys. As determined by using the DNase I-
specific single radial enzyme diffusion assay, inactivation of the
DNase I gene (in DNase I KO mice) caused complete removal
of DNase I activity from total kidney extracts (Figure 1A).
Semiquantitative reverse transcriptase-PCR  (RT-PCR)
showed that DNase I is not expressed in KO mice, whereas
other endonucleases are expressed at the same levels as in wild-
type (WT) mice (Figure 1B). We found that in addition to
DNase I, three other proapoptotic endonucleases—DNase II,
CAD, and EndoG—are expressed in the kidney, whereas
mRNA for DNase y could not be detected.

In total protein extracts from nontreated WT mice, the
strongest endonuclease activity was observed in the presence of
Ca’* and Mg“’ ions added together (Figure 1C). This is char-
acteristic of DNase I, which is known to be the most active
Ca/Mg-dependent endonuclease in mammalian tissues.'”
Therefore, DNase I provides most of the endonuclease activity
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Figure 1. Expression of DNase | and other endonucleases in
wild-type (WT) and DNase | knockout (KO) mice. (A) Single radial
enzyme diffusion assay showed that protein extracts from WT
kidneys contain active DMase |, whereas it is absent in KO kidney
extracts. Human recombinant DMNase | (Domnase; Genentech,
South San Francisco, CA) was used as positive control. (B) Semi-
quantitative reverse transcriptase—PCR (RT-PCR) of cell death en-
donucleases expressed in normal kidneys of WT and DNase | KO
mice. Products of the RT-PCR reaction were produced and sep-
arated in agarose gel as described in the Concise Methods (top)
and then quantified by densitometry (bottom; n = 4 to é per
group). (C) Inactivation of CaMg-dependent endonuclease
DMase | activity (CM) as measured using plasmid incision assay in
total protein extracts of DNase 1-/— mice. Mn-dependent endo-
nuclease G (EndoG) activity (Mn) is the most prominent in these
mice. DNase |l activity measured in EDTA at pH 5 (E5) is very low
O, open dircular DNA; L, linear DNA; ¢, covalently closed circular
DNA; D, digested DNA.

in the normal kidney. In kidney tissue extracts from KO mice,
Mn-dependent endonuclease was the most prominent (Figure
1C, right), suggesting that EndoG, the only known Mn-depen-
dent endonuclease, is the second major endonuclease in the
absence of DNase 1.

DNase | Is Suppressed during Cisplatin Injury In Vive

For definition of the changes of renal endonucleases associated
with cisplatin nephrotoxicity, renal failure was induced by a
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single cisplatin (20 mg/kg) injection as described in our previ-
ous study.'” Because cisplatin kidney injury has been reported
in association with increased DNA fragmentation,>7'7 it was
expected that the endonuclease activity would be increased af-
ter cisplatin injection. Contrary to our expectations, the endo-
nuclease activity of total kidney extracts measured using plas-
mid incision assay in the presence of Ca’* and Mg”™ ions was
decreased at day 1 and then had a tendency to recover on later
days (Figure 2A). Because Ca/Mg-dependent activity was pre-
viously shown to be mainly represented by DNase 1,'7 these
results suggested that DNase [ activity is decreased after cispla-
tin injection. Mn-dependent endonuclease activity, which is
known to belong to both DNase 122 and EndoG,'® remained
unchanged after cisplatin treatment (Figure 2B). This sug-
gested that while DNase I is downregulated, EndoG activity is
increased during cisplatin injury. These data also showed that
the increase of EndoG activity occurs only in DNase I-positive
WT mice, whereas DNase I KO mice have very little induction
of EndoG.

Urine DNase I is an important marker of DNase activity
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Figure 2. Endonuclease activity in total kidney protein extracts
from DMase | KO and WT mice that were treated with a single
dose of cisplatin (20 mg/kg). Activity was measured using plasmid
incision assay in the presence of Ca®* and Mg®* (A} or Mn®* ions
(B) as described in the Concise Methods (n = & in each point). (C)
Activity in urine measured using plasmid incision assay in the
presence of Ca®* and Mger (n = & in each point). (D) Zymogram
gel of kidney protein extract isolated at days 0 and 4 after cispla-
tin injection.
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in the kidney because it is secreted by tubular epithelium.>*
The measurement of total CaMg-dependent endonuclease
activity in urine showed that DNase I KO mice have only
approximately 1% of endonuclease activity left, suggesting
that urine DNase is represented almost entirely by DNase I
(Figure 2C). The activity of DNase [ in urine was decreased
almost to zero within 4 h after cisplatin injection and re-
mained suppressed up to 8 d after the impact, which ex-
plains the decrease of the total endonuclease activity. Urine
DNase I also disappeared as determined by zymogram gel
(Figure 2D).

EndeG Is Induced during Cisplatin Injury in Mice
Expressing DNase |

As determined by Western blotting, the expression of DNase I1
and CAD was not changed after cisplatin injection (Figure 3A).
In contrast, EndoG was strongly induced on day 1 (data not
shown) and reached a maximum 4 d later after cisplatin injec-
tion. As described next, EndoG induction correlated with DNA
fragmentation and tubular necrosis as determined by histol-
ogy. Importantly, EndoG was induced more in DNase I WT
mice than in KO mice, suggesting that DNase I may be neces-
sary for the induction of EndoG (Figure 3B).

Overexpression of DNase | In Vitro Causes Induction
of EndoeG

For studying whether DNase I can cause EndoG induction,
cultured TKPTS cells were transfected with pECRF-DNasel
construct or empty pECFP vector as described previously. An
alternative approach using silencing of DNase I seemed impos-
sible considering the large number of DNase I-like proteins in
cells.!"24 The expression of the fusion protein of CFP was de-
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DNase | +/+ DNase | /-
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Figure 3. Induction of EndoG during cisplatin injury in vivo. (A)
Induction of EndoG in kidney extracts measured by Western
blotting during cisplatin injury in mice (4 d after 2 single injection
with 20 mag/kg displatin). The significant increase of EndoG makes
its presence in control kidneys almost invisible in Western.
caspase-activated DNase (CAD) and DMase |l are not induced. (B)
Induction of renal EndoG 4 d after cisplatin injection is higher in
WT than in DMase | KO mice as measured using Western and
quantified by densitometry (n = 8 *P < 0.01 between the cispla-
tin-treated samples).
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tected by fluorescence microscopy. The immunostaining of
EndoG showed that cells expressing DNase I-CRF have more
EndoG, whereas cells expressing CRF have EndoG expressed at
the control level (Figure 4, A and B). The expression of EndoG
directly correlated with DNase [-CFP expression but not with
CFP expression (Figure 4, C and D). These data suggest that
DMase 1 is capable of inducing EndoG expression in tubular
epithelial cells.

Immunchistochemical Detection of EndoG and DNA
Fragmentation in Kidneys during Cisplatin Injury
Immunostaining of EndoG in normal mouse kidney showed
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Figure 4. Induction of EndoG by DNase | in TKPTS cells. Cells
were transfected with pECFP-DNasel plasmid. The expression of
CFP or DNase |-CFP fusion protein and EndoG is presented in the
integrated OD units (IOD) per cell. (A) TKPTS cells expressing
DNase |-CFP fusion protein but not cells expressing CFP alone
show the induction of EndoG. Bars = 5 pm. (B) Quantification of
EndoG expression in the transfected cells. *P < 0.001 versus
either control or CFP vector. (C) Direct correlation between
DNase |-CFP and EndoG expressions. (D) Absence of correlation
between CFP and EndoG expressions.
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that this enzyme is mainly located in thick limbs of the outer
medulla and medullary rays (Figure 5A). In cortex, proximal
tubules had the most prominent EndoG expression, whereas
almost no expression was observed in glomeruli (Figure 5A,
segment 1). After cisplatin injection, the amount of both En-
doG and DNA fragmentation determined by TUNEL were
strongly increased, and the number of tubular epithelial cell
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Figure 5. Immunolocalization of EndoG and DMNA fragmentation
in kidneys during cisplatin injury. (A) EndoG (red) is unequally
distributed in the intact renal parenchyma—more in medullary rays
and outer medulla (segment 2) and less in cortex (segment 1}—
whereas inner medulla has the lowest expression of EndoG (seg-
ment 3). Proximal and distal tubules are shown by open and filled
arrowheads, respectively. White amow indicates glomerulus; yellow
arrowheads indicate straight thick limbs, and green arrowheads in-
dicate thin limbs. Bar = 100 um. (B) EndoG/terminal deoxynucleo-
tidyl transferase-mediated deoxyuridine triphosphate nick-end la-
beling (TUNEL)4' é-diamidino-2-phenylindole (DAPI) staining of
mouse kidneys 4 d after injection of saline (Control) or 20 mg/kg
cisplatin (Cisplatin). Cisplatin induced the overexpression of EndoG
and increased DMA fragmentation (TUMEL staining). Bar = 10 pm.
(C) Nuclear translocation of Endo(G is seen in mouse kidney 2 d after
displatin injection. The nucleus shown by open arrow is stained
positively for EndoG and TUNEL and has less DNA stained with
DAPI. Two other nuclei above are TUNEL negative and do not
contain EndoG. Bar = 5 um
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nuclei determined by 4',6-diamidino-2-phenylindole (DAPT)
staining was decreased (Figure 5B). Some nuclei in either live
or dead cells were both EndoG and TUNEL positive, indicating
that nuclear import of EndoG is associated with the fragmen-
tation of DNA and nuclei (Figure 5C).

Induction of EndoG and Suppression of DNase |

Are Associated with Tubular Cell Injury by Cisplatin

In Vitro

To study the cause—effect relationship between EndoG and
tubular epithelial cell death induced by cisplatin, we first re-
fined an in vitre model of cisplatin injury. For that, we used
TKPTS cells that were treated in vitro with 0 to 400 uM cispla-
tin for 24 h. This approach revealed the dosage-dependent sup-
pression of DNase [ and induction of EndoG as determined by
cell ELISA (Figure 6, A and B). These data confirmed our pre-
vious observations in vivo regarding the cisplatin-induced sup-
pression of DNase I and induction of EndoG. Significant re-
lease of EndoG to cytoplasm and its import to nuclei were
observed even at low concentration of cisplatin (25 uM) as
determined by immunocytochemistry (Figure 6C).
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Figure 6. Dosage-dependent decrease of DMase | (A), induction
of EndoG protein (B}, and intracellular redistribution of EndoG (C)
in TKPTS cells after cisplatin (24 h) treatment in vitro. (A and B)
Protein expression was measured using cell ELISA as described in
the Concise Methods. (C) EndoG pool redistribution measured by
quantitative immunocytochemistry. Whereas the total amount of
EndoG is only slightly increased after 25 uM cisplatin treatment,
EndoG leaks from mitochondria and appears in cytoplasm and
nuclei (n = 3 per group; 10 view fields per point). *P < 0.05, **P <
0.001 versus control samples.

2548

Journal of the American Ssciety of Nephrology

73

Inactivation of EndoG Is Cytoprotective against
Cisplatin In Vitre

The induction of EndoG was associated with cell death, which was
measured using lactate dehydrogenase (LDH) release. To deter-
mine whether EndoG is essential for the cisplatin injury to tubular
epithelial cells in vitro, we used two approaches. In the first, siRNA
was used for EndoG silencing (Figure 7, A and B). The EndoG
silencing was confirmed by the real-time RT-PCR and Western
blotting. In the second, we applied the PPAR-o agonist
WY-14643, which was previously shown by us to inhibit the ex-
pression of renal EndoG in vivo.?> Both approaches demonstrated
that the inhibition of EndoG expression is protective against cell
death induced by cisplatin (Figure 7, B and C). We also attempted
to determine whether inactivation of EndoG was protective
against apoptosis using Annexin V/propidium iodide flow cy-
tometry. This experiment showed that the number of Annexin
WV—positive apoptosis cells did not increase above 5% of total, and
the correlation with EndoG silencing was absent (data not
shown), suggesting that, in the used model, the inactivation of
EndoG protects against necrosis, not apoptosis.
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Figure 7. Protection from cisplatin injury by EndoG silencing in
TKPTS cells. TKPTS cells treated with anti-EndoG small interfering
(siRNA) or WY-14643 are protected from cisplatin injury in vitro
Inhibition of EndoG protein expression was confirmed by real-
time RT-PCR (A) and Western dot-blotting (B). Cells were treated
with EndoG siRMA (50 M), control siRMWA (50 uM), or transfection
agent only (“nontreated”) for 72 h before cisplatin (25 pM) treat-
ment for 24 h. Total RNA was used for real-time RT-PCR, and
protein extracts were used for Western blotting with anti-EndoG
or anti-actin antibody. (C) Cell death after treatment with cisplatin
was measured by lactate dehydrogenase (LDH) release. (D) In
separate experiments, cells were grown to confluence, and me-
dium was changed to a serum-free medium containing PBS,
vehicle (DMSQ), or WY-14643 (30 pM) for 2 h. Cells were then
exposed to 25 uM cisplatin for 24 h, and cell death was measured
by LDH release. For all graphs, n = 3 to 6 in each group; *P <
0.05, **P < 0.001 versus control cells without cisplatin treatment;
#P < 0.05, **P < 0.01, **¥P < 0.001 versus nontreated cells
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DISCUSSION

Our data showed that DNase I is one of the most active endo-
nucleases in the kidney. This observation confirmed previous re-
ports from our and other groups.'®72225.26 DNase [ was found to
be highly expressed in the normal kidney along with EndoG and
DMase [1, whereas the expression of CAD was low. The expression
of DNase y was not observed. These data support previous obser-
vations from Shiokawa and Tanuma,” who reported a very low
level of DNase y expression in the rat kidney.

Inactivation of DNase I in KO mice did not affect the ex-
pression of other endonucleases. We found that despite that at
the moment of cisplatin injection the activity of DNase I is
higher than activity of any other endonuclease, the exposure to
cisplatin strongly downregulated DNase I in vivo and in vitro.
The suppression of urine DNase I (secreted by tubular epithe-
lium) was especially profound and extended: It did not recover
even at day 8. A mechanism of this phenomenon is unknown,
and alternative pre-mRNA splicing can be suggested as one of
the mechanisms.'® DNase I KO mice were demonstrated in our
recent study to be markedly protected against toxic injury in-
duced by a single injection of cisplatin (20 mg/kg), by both
functional and histologic criteria. In vitro, primary tubular ep-
ithelial cells isolated from DNase I KO mice were resistant to
low-dosage (8 M) cisplatin injury. These data provided direct
evidence that DNase I is essential for kidney injury induced by
cisplatin. It is interesting that the total activity of DNase I does
not seem to be important for mediating cell death. It may be
hypothesized that DNase [ activity is already in excess and
therefore deviations of activity are not as important as the pres-
ence of DNase [ itself. In support of this, our latest studies of
acetaminophen-induced injury to the liver, an organ with mi-
nor amounts of DNase I, showed that the inactivation of the
DNase I gene is protective.s

Despite that DNase I was shown to be important for the
cellular response to cisplatin injury, it was not clear whether it
is the enzyme that produces premortem DNA fragmentation
during the injury. This study demonstrated that whereas
DNase I was decreased and other endonucleases remained un-
changed after cisplatin treatment, EndoG was induced in both
in vitro and in vivo models. We also observed EndoG translo-
cation to nuclei at day 2 after cisplatin administration, before
kidney necrosis was developed. The nuclear import of EndoG
increased further with the necrosis, often observed in nuclei
with fragmented DNA determined by the TUNEL assay.

Our unexpected finding was that the induction of EndoG by
cisplatin was higher in WT mice than in DNase [ KO mice,
suggesting a positive regulatory link between the two endo-
nucleases. The in vitro experiment confirmed that the overex-
pression of DNase I causes induction of EndoG. This places
EndoG downstream of DMase 1. Such a link had not been ob-
served before and may require further investigation. We can
speculate that the activation of the DNA damage pathway by
DNMase I-mediated DNA breaks may be one of the potential
mechanisms of EndoG induction.
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EndoG is a nuclease that has a unique site selectivity, ini-
tially attacking poly(dG).poly(dC) sequences in double-
stranded DNA, as a result of which the enzyme got its name.
Endo(G resides predominantly in the mitochondria, where it is
localized in the intermembrane space.>® Mature active 27-kD
Endo(G can be released from mitochondria during cell death. It
then translocates to nuclei and cleaves nuclear DNA without
apparent sequence specificity.?® As opposed to DNase 1, this
enzyme has a greater activity on single-stranded nucleic acid
substrates ssDNA and RNA. It preferentially cleaves the non-
canonical structures of DNA, damaged DNA, triplex DNA,
and R-loops that appear during transcription.’®

The abundance of DNase I and EndoG varies in different
tissues, and kidney is one of the primary organs of their expres-
sion.?>3! Neither DNase I nor EndoG is vitally necessary for
normal tissue development. At least in some models, complete
inactivation of the endonucleases did not lead to any abnor-
malities.'”* The inactivation of these enzymes in normal ani-
mals may become important if they are associated with other
unknown genetic changes. This is evident from the fact that
homozygous EndoG—/— knockout mice (129xC57BJ/6
background) were not viable,”* whereas EndoG null mice, de-
veloped recently in a C57B]/6 background, were viable.** Sim-
ilarly, the inactivation of DNase 1 caused lupus only in
129 C57B]/6 mice but not in CD-1 mice.!7** It was described
that after cisplatin or DNase 1 pretreatment, DNA becomes
more susceptible to EndoG digestion.'53%

On the basis of the finding that EndoG is downstream of
DNase I and the previous demonstration of the key role of
DNase I in cisplatin nephrotoxicity,'” we tested the hypothesis
that the inhibition of EndoG is cytoprotective against cisplatin
injury. The two used approaches, a nonspecific inhibition of
EndoG expression by WY-14643 and a specific silencing of
EndoG by siRNA, showed that the inhibition of EndoG is cy-
toprotective against cisplatin injury in vitro, thus confirming
the hypothesis.

Although in normal kidney cells EndoG and DNase I may
be dispensable, it is clear that during cisplatin injury the pres-
ence of both endonucleases aggravates the injury. At the mo-
ment of cisplatin injection, the activity of DNase I is higher
than any other endonuclease in the kidney. DNase I may in-
troduce first ssDNA breaks after being passively translocated to
nuclei as suggested by Polzar et al.'2 After the initial DNA dam-
age produced by DNase 1 or cisplatin, DNA becomes more
susceptible to EndoG digestion.!'>* After this moment, which
immediately follows the cisplatin impact, the abundance of
active DNase 1 is very low and the rest of the DNA damage is
apparently produced by EndoG. Our in vitro data showed that
Endo(G is important for cell death induced by cisplatin. Similar
to previous observations in other models,2®* cisplatin in-
duced the release of EndoG from mitochondria and its nuclear
import. The translocation of EndoG occurred even at a low
concentration of cisplatin (25 puM) that was not associated
with significant induction of EndoG synthesis. Higher concen-
trations of cisplatin (200 to 400 uM) induced EndoG in a dos-
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age-dependent manner. In vivo, the nuclear import of EndoG
could be rarely visualized by histology, apparently because this
maneuver caused prompt cell death. The presence of DNase 1
seems to be important only at the moment of injury, whereas
variations of its activity after the initial impact by cisplatin do
not matter. Further studies may determine whether this ap-
plies to other cell death endonucleases.

Taken together with the protection of DNase I KO mice
against cisplatin, our data suggest that both endonucleases are
essential for the tissue injury. DNase 1 acts immediately after
cisplatin impact. Although the presence of DNase [ is crucial
for the kidney cisplatin injury, the activation of it does not
seem to be necessary. During the inactivation of DNase I, En-
doG is activated, possibly by DNase I, and it executes the DNA
fragmentation, leading to the death of tubular epithelium.

CONCISE METHODS

Animals

DNasel —/— KO mice (CD-1 background) were obtained from T.
Moroy (University of Essen, Essen, Germany). The mice were bred as
heterozygotes and genotyped by PCR as suggested by Napirei et al*
Female 8- to 12-wk-old (20 to 30 g) mice were used in all experiments.
Cisplatin (Bedford Laboratories, Bedford, OH) was administered in a
single intraperitoneal injection 20 mg/kg in both DNasel KO and WT
DNasel mice. Control mice were administered an injection ofsaline. The
loss of kidney function and structural renal injury in WT mice and the
absence of renal injury in DNasel KO mice were confirmed as described
by us previously.'” All experiments were approved by the Animal Care
and Use Committee of the Central Arkansas Veterans Healthcare System.

RT-PCR

Semiquantitative RT-PCR was performed as described before.s738 All
primers were designed to have similar reassociation characteristics
and located in the coding sequence approximately 300 to 450 bp apart
to allow quantification by densitometry. Primers for endonucleases
were as follows: 5 -AACTCAATCGGGACAAACCT-3" and 5'-GTT-
GATGTGACTGTGGTGT-3" for DNase I, 5'-TCTGTGTGTCCCTC-
COGTTC-3" and 5'-GTCCTCTGTGGCACTGAAAG-3' for DNase
II, 5-GCCAGGATGACTCTGTGC-3" and 5'-CGGGGGCATT-
GGGCATCAC-3" for EndoG, 5'-GCTGGCGAGACCTGGCAT-3'
and 5 -TTCTGGAGTACAGAGGCGGC-3" for CAD, and 5'-TCAC-
GAAGAAGCACAACATA-3" and  5-AAACAAACTTGGGGTC-
CGTC-3" for DNase . All PCR products were sequenced to ensure
their identity.

Real-Time RT-PCR

Our previously described protocol was followed.3® Briefly, 1 pg of
total RNA was reverse-transcribed in a 50-pl reaction followed by
real-time RT-PCR in a 25-pl reaction using SmartCycler (Cepheid,
Sunnyvale, CA). Reaction mix was prepared using Platinum SYBR
Green qPCR Supermix-UDG (Invitrogen, Carlsbad, CA) according
to the manufacturer’s recommendations. Two-temperature cycles
with annealing/extension temperature at 62°C for EndoG and 64°C
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for 18s were used. The fluorescence was measured at the end of the
annealing step. The melting curve analyses were performed at the end
of the reaction (after 45th cycle) between 60 and 95°C to assess the
quality ofthe final PCR products. The threshold cycle (Ct) values were
calculated by fixing the basal fluorescence at 15 units. cDNA samples
were diluted for real time 1:5 and 1:200 for EndoG and 18s respec-
tively. Three replicate reactions were performed for each sample, and
the average Ct was calculated. The standard curve of the reaction
effectiveness was performed using the serially diluted (5 points) mix-
ture of all experimental cDNA samples for EndoG and 18s separately.
Calculation of the relative RNA concentration was performed using
Cepheid SmartCycle software (version 2.0d, Sunnyvale, CA). Data are
presented as ratio of EndoG/18s mRNA.

Total Endonuclease and DNase | Activities

Total kidney extracts were prepared, and endonuclease activity was
measured by the plasmid incision assay using pBR322 plasmid (New
England Biolabs, Beverly, MA) as substrate as described previously.1®
The reaction was carried out in 2 mM CacCl,, 5 mM MgCl,, 10 mM
Tris-HCI (pH 7.4), and 0.5 mM dithiothreitol to determine the Ca/
Mg-dependent endonuclease activity or in 5 mM MncCl,, 10 mM Tris-
HCI (pH 7.4), and 0.5 mM dithiothreitol for the Mn-dependent ac-
tivity. One unit of endonuclease was capable of converting 1 pg of
covalently closed supercoiled plasmid DNA to open circular or linear
isoforms in 1 h at 37°C. Protein was measured using the BCA protein
assay (Pierce, Rockford, IL). BSA was used as standard. DNase I ac-
tivity was determined using the single radial enzyme diffusion assay®
or by the zymogram gel electrophoresis of total protein extracts as
described by us previously.'®

Western Blotting

Total kidney extracts were prepared as described previously.'® Pro-
teins (10 to 20 pg) were separated in 11.5% gel according to the
Laemmli procedure.! Electrophoresis was performed at 100V for 2h.
Proteins were transferred to the nitrocellulose membrane in Novex
transferring buffer (Invitrogen) at 40 V for 3 h. For dot-blotting, the
electrophoresis step was omitted and the samples were applied di-
rectly to membrane (0.25 pg protein/dot). After soaking in the block-
ing solution overnight at 4°C, the membrane was incubated with
polyclonal anti-EndoG (Chemicon, Temecula, CA) or other antibod-
ies diluted 1:1000 and washed in Tris-buffered saline, and primary
antibodies were detected with anti-rabbit IgG horseradish peroxidase
(HRP) using a SuperSignal chemiluminescent kit ( Pierce). For allow-
ing quantification, filters were stripped with 100 mM B-mercapto-
ethanol, 2% SDS, and 62.5 mM Tris (pH 6.7) at 50°C and rehybridized
with anti-actin 1:1000 (Santa Cruz Biotechnology, Santa Cruz, CA).
OD of bands was determined by densitometry in quadruplicate for-
mat and normalized by actin.

Immunohistochemistry and TUNEL Assay

Samples of kidney tissue (1.5 mm thick) were fixed with 10% neutral
formalin (Sigma, St. Louis, MO) for 24 h, dehydrated, and embedded
in paraffin. For EndoG, TUNEL, and DAPI staining, sections of 3 pm
thickness were cut, dewaxed, rehydrated in PBS (10 mM sodium
phosphate buffer [pH 7.4] and 140 mM NacCl), pretreated with pro-
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teinase K (20 pg/ml) for 20 min at 37°C, and probed with diluted
1:400 anti-EndoG antibody (Chemicon) in blocking buffer (1% BSA
[wtivol], 0.012% saponin [wt/vol], and PBS) at 4°C overnight. The
primary antibody was detected the next day after triple washing with
0.05% Tween-20 in PBS (PBST) by probing with 5 wg/ml solution in
the same blocking buffer of anti-rabbit Ig (Ig(; goat) conjugated with
AlexaFluor 594 (Molecular Probes, Eugene, OR) for 30 min at 37°C,
and after the washing, sections were then analyzed with the TUNEL
assay using the In Situ Cell Death Detection Kit (Roche Diagnostics,
Indianapolis, IN). TUNEL were performed according to the manu-
facturer’s protocol. Each section was probed with a reaction mixture
of terminal deoxynucleotidyl transferase and anti-actin-FITC—la-
beled precursor in cacodylate-based buffer for 1 h at 37°C, rinsed with
PBST twice and water once, and counterstained with 10 uM DAPI
(Sigma) for 5 min. The slides were washed with water three times,
mounted under a ProLong Antifade Kit (Molecular Probes), and an-
alyzed using a Carl Zeiss microscope with 10, x40, and =100 ob-
jectives. Controls of the specific reaction of anti-EndoG antibody and
nick-labeling were performed with substitution of the reagents with
the buffers.

Cell Culture

TKPTS cells were obtained from Dr. Elsa Bello-Reuss (University of
Texas Medical Branch, Galveston, TX) and were cultured as described
previously.** The cells were maintained in DMEM/Ham F-12 me-
dium (Sigma) supplemented with 7% FBS (Hyclone, Logan, UT).
Cells were maintained in a humidified incubator gassed with 95%
air/5% CO, at 37°C, fed at intervals of 48 to 72 h, and used within 1 d
after confluence (except for the siRNA experiments described in the
EndoG siRNA Silencing section).

Construction of Expression Vector and Transfection
Previously cloned DNase 1 gene!® was inserted in pECFP-N1 vector
(Clontech, Mountain View, CA) upstream of the gene encoding CFP.
TKPTS cells were transfected using Lipofectamine 2000 (Invitrogen),
and the expression of DNase I-CFP fusion protein or CFP alone (con-
trol) was detected by fluorescence microscopy using a cyan filter.

EndoG siRNA Silencing

TKPTS cells were seeded in six- or 24-well plates and grown to 60 to
70% confluence. To knockdown EndoG mRNA, cells were trans-
fected with siRNA duplexes (sense siRNA 5"-AUGCCUGGAACAAC-
CUUGAdTAT-3" and antisense siRNA 5" -UCAAGGUUGUUCCAG-
GCAUdTAT-3") or control siRNA #1 (Dharmacon, Lafayette, CO).
The cells were treated with 50 nM siRNA mixed with TransIT-TKO
transfection reagent (Mirus, Houston, TX) according to the manu-
facturer’s recommendations, in serum-free medium for at least 48h.
After that, the transfection medium was removed and the cells were
treated with cisplatin for 24 h. EndoG mRNA expression was mea-
sured using real-time RT-PCR.

Cell ELISA
Cell ELISA was performed as described by Frahm et al*® The cells

were seeded in a 96-well plate (10,000 cells/well) and grown ina com-
plete medium for 24 h. The cells were washed with serum-free me-
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dium, permeabilized, and fixed with fixative (4% wt/vol paraformal-
dehyde, 0.012% saponin, and PBS) for 10 min at room temperature.
After fixation, the cells were washed and rehydrated in PBS and the
endogenous peroxidase activity was inhibited by exposure to 0.5%
hydrogen peroxide for 30 min at room temperature. Then the cells
were probed with the primary antibody in blocking buffer (2% BSA
and PBS) for 2 h. After triple washing with PBST (0.05% Tween-20
and PBS), primary antibody (titers 1:500 to 1:1000) was detected with
anti-rabbit antibody (Santa Cruz) conjugated with HRP. The HRP
activity was measured with 3,3°,5,5'-tetramethylbenzidine substrate
(Sigma) at 450 to 540 nm using the Synergy HT-1 microplate reader
(Bio-Tek Instruments, Winooski, VT). After measurement and triple
washing, wells were reprobed with anti-actin-FITC antibody (titer
1:10; santa Cruz Biotechnology) and washed again, and the fluores-
cence was measured at 485/528 nm (excitation/emission). All mea-
surements were done in quadruplicate per one marker per one cell
line and were repeated at least three times in different plates. Negative
controls of primary antibody were done by their substitution by
blocking buffer.

Measurement of EndeG in Cellular Compartments
TKPTS cells that were treated with cisplatin or vehicle were washed
twice with PBS and fixed with 4% paraformaldehyde and 0.12% sa-
ponin in PBS for 10 min. Cells were probed with rabbit anti-EndoG
(1:400) and mouse anti-cyclooxygenase IV (1:200) antibodies, which
were detected with goat anti-rabbit AlexaFluor 594 and goat anti-
mouse AlexaFluor 488 conjugates, respectively. Nuclei were counter-
stained with DAPI. Slides were analyzed under magnification of 600
using an Olympus IX-81 microscope (Olympus America, Center Val-
ley, PA). Images and acquisitions were made with a digital camera
HAMAMATSU ORCA-ER  (Hamamatsu  Photonics KK,
Hamamatsu City, Japan) and software Slidebook 4.1 (SciTech Pty
Ltd., Preston, Victoria, Australia). OD of cyclooxygenase IV signal
was used as the marker of mitochondrion localization and subtracted
from the EndoG optical signal. The result was considered “nonmito-
chondrial EndoG,” and the rest of the signal was considered “mito-
chondrial EndoG.” For measurement of EndoG presence in nuclei,
images were traced by DAPI, and part of nonmitochondrial EndoG,
which was co-localized with DAPI, was considered nuclear EndoG.

Cytotoxicity Assays

For measurement of cytotoxicity of cisplatin, the LDH release assay
kit (Promega, Madison, W) was used. The results were expressed as
the ratio of LDH released by treated cells into medium to the total
LDH. In the Annexin V/propidium iodide assay, Annexin V-FITC
(Invitrogen) and propidium iodide (Sigma) were used as described by
us previously.*

Statistical Analyses

Results were expressed as means = SEM. The significance of differ-
ence in mean values within and between multiple groups was exam-
ined with an ANOVA for repeated measures followed by a Duncan’s
post hoc test. The ¢ test was used to evaluate the significance of differ-
ences between two groups of experiments (SigmasStat; SPSS, Chicago,
IL). P =2 0.05 was considered statistically significant.
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