MN/CA9 ZZIXIE 7}Zl Replication-competent O}C|'=H}0 |2 A S

0|=Zst AMZERH0] CHet S2

Tumor-specific Gene Therapy for Renal Cell Carcinoma
Using MN/CA9-directed Replication-competent
Adenovirus
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Purpose: A new therapeutic approach is needed in patients with metastatic
renal cell carcinoma (RCC) because of a dismal prognosis. MN/CA9 is
a transmembrane glycoprotein that was first identified in the human
cervical carcinoma cell line, HeLa. Since MN/CA9 protein is highly
expressed in RCC tissues, but not in normal kidney, we constructed a
tumor-specific replication-competent adenoviral vector utilizing MN/CA9
promoter (Ad-MN/CA9-Ela) and demonstrated its selective cytotoxicity
toward MN/CA9-expressing RCC cells in vitro.

Materials and Methods: MN/CA9-positive (HeLa, SK-RC-52) and MN/
CA9-negative (SK-RC-29) cells were used. RT-PCR assay for MN/CA9
mRNA was performed in each cells. Ad5 Ela protein production in each
cells after infection with Ad-MN/CA9-Ela was determined by western
blot analysis. In vitro cytotoxicity assay was performed for assessing the
selective cytotoxicity of Ad-MN/CA9-Ela to MN/CA9-expressing cells.
Results: RT-PCR assay showed that a distinct 255-bp fragment
corresponding to the sequence within MN/CA9 ¢cDNA was detected in
HeLa and SK-RC-52 cells, but SK-RC-29 cells did not have MN/CA9
transcripts. Western blot analysis demonstrated that HeLa and SK-RC-52
cells showed much stronger Ad5 Ela protein expressions compared with
SK-RC-29. In wvitro cytotoxicity assay revealed that the growth of
MN/CA9-positive cells was significantly inhibited with 0.1-1MOI of
Ad-MN/CA9-Ela, but the growth of MN/CA9-negative cells (SK-RC-29)
could only be inhibited by as many as 100MOL

Conclusions: These results suggest that a novel replication-competent
adenoviral vector mediated by MN/CA9 promoter, Ad-MN/CA9-Ela, can
selectively replicate in MN/CA9-expressing cancer cells with cytotoxic
effects and may be utilized for the treatment of RCC. (Korean J Urol
2004;45:456-462)

Key Words: Renal cell carcinoma, Gene therapy, Adenovirus, Virus
replication
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MN/CA9+ carbonic anhydrase (CA) family2] ¥ Z-o]H,
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*M]i%@l 7$-9l MN/CA9E MN 32 G2509] ]
T A7t Ao shed Hd B 5% =
] A ok PP 3 MN/CA9E ¢k 90% 9] AlA| E ¢holl /\1 1]
SR Y NzHd e HHE A ggon MN/CA94
WS AANEYG Ao AEEH FRo] dso] B
A" whebs MN/CA9E AA 2] At 2 X85
A3 A2} B FHAR o] § sFedo] AAHAL I
2 AFoA e otdmule]# 29 FZAE o] &3St
A5 MN/CA9 ZZ1AHE o] &3t MN/CA97} L&
He GAE Yol AT 24 BojHog BAHEE e
Ad-MN/CA9-Ela o}d|=nlo] 2] 2 —Ee— FE LA, o] ofd| =uf
o]# 227} MN/CA9S & sl= AAEQA Aoz
AZFERE YA gotr izt shqih
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MN/CA9 ¥4 AEFQ QA AF 454 A EF HeLa®
+ American Type Culture Collection (ATCC, Manassas, USA)

ol A FUABFATE A AAEL AEFZ MN/CAY YA
HEFQ SK-RC-52¢F MN/CA9 &4 M EF2 SK-RC-
29'""= Neil H. Bander 15 (New York Hospital-Cornell
Medical Center, New York, USA)ol Al A &g o} AL&-31
o). A3} (transformation) ¥ 1 A| o} 2o} (retinoblast) Al
X391 9113} PER.C6> ZZ} Introgen (Leiden, Netherlands)
¥} DirectGene (Annapolis, USA)o| A A3} T} ulj oo
2+ HelLa Al ¥ minimum essential medium (MEM) (Gibco
BRL, Grand Island, USA)<, SK-RC-529} SK-RC-29 M X+
RPMI 1640 (Gibco BRL)S A3}, 9113} PER.C6 A3
+ Dulbecco’s modified Eagle’s medium (DMEM) (Gibco BRL)
S ALESIA T ZF w kAol 10% fetal bovine serum (FBS)3
100units/ml penicillin, 100mg/ml streptomycin (Gibco BRL)<-
A7k, 24 NEEL 37°C, 5% CO A 5732 W
o7 AEujeFstart.

2. Ad-MN/CA9-Ela O}C|'cH}O[2{ A Q| AHA

MN/CA9 =71 2}ol| oJ3) oft=nfo] 2] 29| Ela7} 4455
T=E TE replication-competent ©}H|x=H}o] 2 2 (Ad-MN/
CA9-Ela)E Whe WS o334 2ot pMN/CA9PGL3-PY
UE 550-bpS] MN/CA9 & ZIA}HE EcoRI A|gtEAE o] &3
A Zehd 3 pABPAEIIS] EcoRI A 3a A F9]0] A¢dst
o] pMN/CA9E1aE YHE1T} ©] pMN/CA9Ela shuttle = E
9} pIM172 DOTAP liposomal transfection reagent (Boehrin-
ger Mannheim, Indianapolis, USA)S ©]-&3}o] 911 A3
cotransfection*] 71 4] homologous recombination %3-S %3}
o] Ad-MN/CA9-Ela otd|=nie]jAE wEUH. FAd€
Ad-MN/CA9-Ela o}d|:=ulolgj2ae Z+2+9] plaqueEH-E
cloningdl™] PER.C6 A|ZAA ZFZEA]Z] & CsCl gradient
ultracentrifugation W ol &J3le] £3lA7] B S5 A 0
2 FAS Aldste] -80°C AL WE o] Easiit

e

3. MN/CA9 mRNAO]| CHEF ¢DNA &4 L S50

2512 (polymerase chain reaction; PCR)

Z} A 50| A Trizol €4 (Gibco BRL)S ©] &3] A ¥
E<5 THAAA RNAE F28 & d&EE2 A7,
diethylpyrocarbonate (DEPC) (Sigma, St. Louis, USA) ] 2] 3t
SH52 £31A]Zth RNA 2ug¥ random hexamer primer
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02ugS oA F 20u=2 WS, 70°Ce] 5&7+
= g %‘7”15’3“% o] RNAS’Jr APEA (primen ] &9
o 1mM deoxynucleotide triphosphate, 20U/l ribonuclease
inhibitor, 50mM Tris-HCl, 50mM potassium chloride, 4mM
magnesium chloride, 10mM DTTE 3 7}3}a 25°Col| 5E7F
A3 F 7 E5ol WzHAIZl F, Moloney murine leuke-
mia virus (M-MuLV) reverse transcriptase (MBI Fermentas, Han-
over, USA) 20U/WE 718ttt JAAL whg-S 96t
37°Col A 1AIZE F8F FrAIAIZ § 20°C WE Lol E st
Aot
¢ E 232 Bartosova 50|
B FAste Algsiat. Al A E= 5°-CCG AGC GAC
GCA GCC TTT GA-3° @71XE 9| senses}t 5°-TAG TCG
ACT AGG CTC CAG TCT CGG CTA CTT-3° @7]A4 <49
AHE-3}o] MN/CA9 cDNA W 9] 255-bp 415 =
ZANAL, YF HZE 93l pactin cDNAE A FZA|
Ztt WS 242 A (denaturation)S 95°Co| A 20%, 2
¢} (annealing)2 65°Cll A 30%, 72°Coll A
40%4 % 35 cycleS A3 & 72°Col A 527 FAAA
THELANEY AH= 1% agarose gelS ©] &3}
A719E o2 el

£ A7)

o188 WHe o

antisense =

37 (extension)<

OfH|'cHIO|B{A Ela Thel 2+5H0f| CH St western blot

7} S AdS Ela B 28-S 8H9laly] 980
2x10° A EZ24 100mm disho] Z#)©]E3}21 Ad-MN/CA9-Ela
old| :znlo] H 25 1MOI (multiplicity of infection)2] &%
14417F < ZFAAF T ot mntol g = 2 29 Fof] Al

< 345hed 20002 cell lysis buffer (0.1IM Tris-HCI
(pH 7.4), 0.5% SDS, 5SmM EDTA, 1mM phenylmethylsulfonyl
fluoride, 1uM leupeptin)Z &3JA| 7], 14,000rpm O 2 204
7 AR A5 dEs AT O FEE dye binding
assay (Bio-Rad, Hercules, USA)E ©|-&3}o] =439t 20
pge] @S 12% SDS-PAGE gelol X A7 538l £
< polyvinylidene difluoride membrane (PVDF) (Scheleicher
& Schuell, Dassel, Germany)ll %% t}. Ad5 Ela ©eje] &

o] &9l Uz} A (MS-587-P1, NeoMarkers, Fremont, USA)
2 WFS-A] 713, thA] goat anti-mouse horseradish peroxidase
2 EAH o]z A Z WEAZl & enhanced chemilu-
minescence (Amersham, Arlington Heights, USA) W o2

w3k

5. Ad-MN/CA9-Ela O}H|'=H}O|2{ 22| in vitro M| ZA}
Asn =y

Zt HEES 24-well ZH 0]Eo] 7 welld 5x10° A X
Z Y o] E3laL, 24A17F Fo Ad-MN/CA9-Ela ©}d]| = n}o] &
2~Z 0.01-100MOI <] ﬁ}ohﬂ FEE ZFIA AT ofd =t
o]y 2 744 (Day 0) § 3U 7 5YA ol ¥ ] Huks A

2% wjgdo =z ZdolFth ZF welld Ao 3
AESFE0, 1, 3,5 787l 3 Z°]EH crystal violet
A& Aldste] 2431313, A= ACMN/CAY-ElaS 34
ANANA Fe hETF A ES0] il Ad-MN/CA9-Ela 7t
At AEFO WEEE FASHATH

£ ot

1. MN/CA9 280l CHEE AXALI SEEAMMELS
(RT-PCR) E4

g 737 N EF9] HeLad}
52 @ SK-RC-29914 RNAS F ‘HH AL} TFELA
Huke-& o] 83t MN/CA9S] HdS FAMEIYT: 1 A3}
MN/CA9 %4 Al E3F<] HeLa®} SK-RC-52 A Eo| X+ MN/
CA9 cDNA7} = ot} MN/CA9 &4 MEFQ SK-
RC-29 Ao A& MN/CA9 cDNA7} &= 2] ¢F9k} (Fig. 1).

W'&

2. O}H|H}O|2{A Ela tHeH 24540f| CHSt western blot

Ad-MN/CA9-Ela o}t =nlo]H 25 7AHAA7]
4] western blot F4]S o]8-3}o] o}d=n}
o] Ela @9 Ud JL 5 ZAISIQAHE BE AXEE
A Ad-MN/CA9-Elas THEA7]7] Aell& ofd=nfo] 22
Ela ©o] W& %) %] ¢kglth Ad-MN/CA9-Ela 74+ Fo&
MN/CA9 %A A EF¢] HeLa®} SK-RC-52 A| Z o A& 35-

o
i
o |
o
e

MN/CA9

(3-actin

Fig. 1. RT-PCR assay identifies the 255-bp fragment in MN/CA9
c¢DNA in HeLa and SK-RC-52 cell lines, but not in the SK-RC-29
cell line. B-actin is included to confirm RNA preparation.
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46kDa =719 Ela ©¥jo] 73}Al &&= 2, MN/CA9
S A AEFQ SK-RC-29 A Lo A& Ela Trile] W& o] uf
+ v eF3t AT (Fig. 2).

y;lz *)}
> & fzS’fL
& ¥ ¥
- 35-46kDa
Ad5 Ela
a-tubulin
Fem— e —

Fig. 2. Expression of Ad5 Ela protein by Ad-MN/CA9-Ela. A
large amount of Ela proteins ranging in size from approximately
35 to 46kDa are detected in HeLLa and SK-RC-52 cells. However,
SK-RC-29 cells have a much lower level of Ela proteins. a
-tubulin is included as an internal control.
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3. Ad-MN/CA9-Ela O}H|=H}0|2{ 29| in vitro M

S §J—|'

Zt N EE A Ad-MN/CA9-Ela o}d:=nfo]# 9] |
vitro EZAFEHE BA3)7] 938te] Ad-MN/CA9-Ela 0}
t)=nlo] 2] 2 E 0.01-100MOIE A7) & A FEAAE T}
Z 3helste] Bkt 1 AT MN/CA9 %A A EF¢) Hela
A E 8} SK-RC-52 Al X A= 22 0.1IMOIS} IMOI2] w&
TR MEAGEIAE HQl WA, MN/CA9 &4 MEF
9] SK-RC-29 A Eo A& mj-¢- & =2l 100MOI) 4wt
M EAFEI7F e (Fig. 3).
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Replication-defective A| 23} o}ol| =n}o] & 2~ & in vitro 2
in vivooll Al 312 HEs 913 HEE dE o] &5 =
), AR g5

2 & glomz A FPA:

1gite A% RE FALE

T —
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—— 0MOI  --x- 1 MOI
--&- 0.01 MOl  -3- 10 MOI

--A-- 0.1MOlI —e— 100 MOI

Fig. 3. Selective growth inhibition of MN/CA9-positive
cancer cells by Ad-MN/CA9-Ela. After cells are exposed
to 0.01-100MOI of Ad-MN/CA9-Ela, cell growth is
evaluated in vitro. Data are expressed as the percentage of
cell numbers in the Ad-MN/CA9-Ela infected group
relative to the uninfected control group. Unlike the growth
of MN/CA9-negative SK-RC-29 cells (C), growth of MN/
CA9-positive cells, HeLa (A) and SK-RC-52 (B), is signi-
ficantly inhibited by a small number of viruses. Results are
represented as mean+SD.
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2 Z Yehfe #AHe g

g o) £k S8 F32 Eo]ZQl EXAE 71A replication-
HA2s o]%fs&u}@ _,__049] 24/\1- M E
e &4 FA ¥odA dste u]’ G ol At nlo]
g7t BASAN FEHEE AA HALE FANA =
o 4 9lth> o] 8 & replication-competent O} H| =H}o] ] 2

o T3+ AT Z prostate-specific antigen (PSA) ZZ1 Aol 2]
3 ofvizulo]e X Elad] HEE FEFESE T ot

Hho] 21 23] CN706& PSAE Wdste PSS AE U
Ak el H o g BAste] AEAFERS RYY £3
alpha-fetoprotein (AFP) Z-Z12}el] 93| o}u|=ulo] 2|2 Ela
o] FHE FE3 =S THE AvElaO4i ofF|mnlo]g2e
AFPE Hste THAZY AE Yol Awt ez oz Ex)
slo] AZAETE RYo? B A7 ME MNICA &
27k o3 ofd=nto] 22 Elad] HHES FEJES
Ad-MN/CA9-Ela o}d]=ulo] 827} MN/CA9S 33}
AMEG AE ol Xut el oz BEAE YOoAA

o

competent ©}H| =1}

e

FN Nz rlr rlﬂ

AZANEAE JER]ER] Gol R A} 519321, MN/CA9
7} A2 BAE A AZAREY HEF HelaZ ¥4
FoR olgasrh.

MN/CA9:= <F 90% 2] A A E ol A & = x| vk A} 2
ZAGME FAE 2] FEThPE £ 3 Murakami 570 493
of AANEY 24, 228 9] HF AxA 7 58 9] A TH
| (oncocytoma)S o2 wHg&a QA ShaL
Huhg BAS Al A3 MN/CAIE 8 AIA
E}—E— 28A e roh A SHEAL, A 7|dA

W7o vlE) EA FAE YO, MN/CAYZL =4 w35

A7t GHA i s 5o vlE o 7t E %t} Bui
o 3218 9] EHAMEY ZZ o)A MN/CAS T3t A
Az FA S Aldste 85%Y GAAEE AUX=E
A 2 o)A GAEHE 1y 1 oElel AL

2 Ak 1 A7 79%9] Aol A nHdES YER T, A
o] AN LS BAfef| A o] Hit AJEELS MN/CA9ZF %
HE ALoE 24870Y, LAY A
MN/CA9 H&o HES 4 =HA<l oal—??‘ﬂx}%iv}. 4 Al
HELG A NME F8 o] P o]
2 grade>2)°] MN/CA97} 113 &)
N9 ¥H MN/CAY7F A& E 74
107] L utol] =)= ero}x] MN/CA9 el & 01]%?2} iRy,
Atk WA MN/CAIE AIAM G A] wl§- F8.5 A=}
2kl sk Th

WO o Al MN/CA9S] &2 ofx A ATl
MN/CA97} ¢te] XIg)ol #ojste|etes I FAEC] At
MN/CA9 ¢cDNAE NIH 3T3 A F Adf-olA| 39 transfection

_>L:

ol rlr iﬂ > e

o

+=g°] 30.3

A71™M ot EHE (malignant phenotype)S = 4
TFS w3 MN/CA9 &S HeLa A Z 9} A f-obA 29 hyb-
ridol] A9 F4E A XY (tumorigenic phenotype)Zt 1T
o] 31oJA, MN/CA9 & & FFE& FATHA &= hybrid
A3 (clone CGLD)AIA = $IA W F%S A 5}= hybrid Al

F (clone CGL3 ¥ CGL4)°I A= A D} weka MN/CA9
= AEY F24 9 HE 9 x4 #AAqste Aoz A7gh
o7 o]y 3 ZAERE B ) MN/CAYE AAEYe] A
@ 9 A5E A% BAA Z2 FHAR o] JMEstAe
o, & AT = MN/CAYE ZFZAZE 0] 834 replica-
tion-competent O} =1}o]# 291 Ad-MN/CA9-Elas YHE
oAA A o] &3ttt

fﬂ?ﬂ”}x] sheared Ad5 DNAZ 1A o} A4 A X2 A
174*1 1= 293 A 27} A %3 ol ulo]y A2 e
d B3 helper A EFZ 714 Zo] o] &H 1 =y ?

Ao A= 293 A E
ejo} wutol A EFEQ] 911 A E*9} PER.C6 A E
9. 1 o] replication-competent ©}H] = H}o] 2 X
1S u] ThE replication-competent ©}H| l=nfo] 2 27} g
HFAY E] %] oFotol Eh=t, Fallaux %26’”94 By oshd
911 A ¥4 PER.C6 Al EZ o] &3} 1t
tive o}d|:=u}o]2] 2~ WE batchol A= replication-competent
oftl| mnfo] g 27} WA E A] Fokthal B a13He] 7] Wi o]t
MN/CA9 4/ MEFRI QA A3 E 5 MEF Helas
kA ;Hz4o§ o}"l Al gﬂuol— HNEFEE MN/CA9 oFA
AN FEF¢] SK-RC-529F MN/CA9 &4 A EF<l SK-RC-292
0]-§-3t] Ad-MN/CA9-Ela o}t =nfo]2j 27} 22 5o
2l 3‘—%11 9 NEAGETHE HoleA gRlste] Bt 7}
A ES oA MN/CA9 L& FdS Rlsty] et A3t
O—%‘{W ¥ a2AH S A7} HeLa 2 SK-RC-52 A o
A= MN/CA9 ¢DNA7} &= 9] 1} SK-RC-29 A oA
+ MN/CA9 cDNA7} Z& = A] 29ttt Ad-MN/CA9-Ela ©}
tliubolg 2 74 3 MN/CA9E HE st A Yo At
AEl A 0 MN/CA9 Z71A}ol| 9]3 Ela T o] ddo]
TR geldt7] 93] western blot2 A)3Ystgct 1 2
3} HeLa A X9} SK-RC-52 A E oA+ Ela @ o] 713}A
3 59 21} SK-RC-29 A Zo| A= Ela @] @& o] uf
G\ okt MN/CA9E H3st= A E ol At ofvmn}o]
27t e o g BAsts s g% + den, o
© FHA FFELAHNES 9] Aol AR5 T Ad-MN/
CA9-Ela o}t =n}o] 2] 27} MN/CA9S W& sl A Zof| gk
A A o2 ANEZAFERE HoleA Lolr 7] 93ty in
vitro A XA a3 A AFS AlsaT. o2 A3 MN/
CA9 %A M EF9 HeLa®t SK-RC-52 AN EoA+ ztzt

tj2le] Ad5 E1 #4918 A&A171

7;_ O]

X o oo 2 ol or rﬂ
1=}

F= replication-defec-
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0.IMOI9} IMOI] w9 W& Fr o] upo]g 2o M E Al E
AAETHE BPAT MN/CA9 24 Al EF<] SK-RC-299]
A& 100MOI9] tf$- & Fx ol ulo]#] 2o Aut A EA
& 73E Bt} Shirakawa ¢ ¢31H SK-RC-29 A&
o Ad-RSV-pgal ofdl|=nlole~E 6A17F St 7HAAZ
ol X-gal G4& AP A ofdimuto] ¥~ E 2.5MOI
2 A Aol 34%) A2 A E A, SMOI
A& 45%, 10MOIY A= 72%, 20MOI A= 91%2] A7}
ZHad Aoz R3dle], SK-RC29 AlX+= ofdznfo] g
2o g3 Zhddgo] =& AEYS & & AUk w3 Brandl
5% o]} Ad-CMV-GFP o}t =nfo] 2] A~ Z SK-RC-52
A2 2} SK-RC-29 Ao ZHAIZ & flow cytometryS A]
gt HAE AEE Hrlsto] 2 A3 SK-RC-29 Al 27}
SK-RC-52 AlEHT 7Hede] o & He AL g3k
8B Z jn vitro AXEAGEY A4 Ao Ade AX
2ol opd=utol g 2o gt 7+ o] Afo] wlE-2 of
Ad-MN/CA9-Ela o}H|*=n}o]8]27} MN/CA9E '#& 3}
GA o AT el F o2 NEAFEIAE Bl AYS
4 otk wEkA Ad-MN/CA9-Ela o}u]i-ulo]2) e
CA9E Td3te AAMELY] FFHAAANEE S A=
HEZ o] & rheateleta AZg ey B A7
< in vitro AT A|P-& 393, MN/CAYZF Ad 1737
AU A Lo e B E 7] wjFo] Ad-MN/CA9-Ela o}t =
Hol g 28 AAH o7 Fodtes A9 948 FaAE
&S ZF MEAL gong A ANEYL ALY A8
o ©]&3}7] A= FFo in vivooll A 9] AT} Fof
AE Tl #H3 A7 FUHH R g Eojof F Ao
RARiR=

mE

z
o fo Z e

| =

A EZG gk A2 FAALRY M-S 5
MN/CA9 =Rz}l 2] MN/CA9S & st oA Eol| A
o MelH o g BA|Y == 3 Ad-MN/CA9-Ela o} =u}o]
HAE BEJY. o] ol =nlo] 2 A E o] &35 MN/CA9
G AZFRA A AFAEY MEF HeLaEs G4 ti=
TOo 7 a1, AA AMAEY AEZFZE MN/CA9 FA] M X
20 SK-RC-529} MN/CA9 &4 AAEF2] SK-RC-2991A]
AEZAGETRE BQlste] E A3, AdMN/CA9-Ela o}t =
Hpo] 2] 2= MN/CA9S L&t GAEo Ak g Ho =
BAgte] NEAGERE B A Ad-MN/CA9-Ela
ofd|:mnlol gl e AAES ] e N2 Ay

2 o188 F o 4Aa

10.

11.

12.
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