100%{{002[5

B4 F BB AR &
RIFRRRHEEIT TR 3

v FEEEG NIRRT T VEH & EEEEE T AVERIZET -
FAREAR O BT BT AR (H19- AW EIR-—%-002)

R 19 FE~ER 21 FE REMRHEE

MERTE & F=H

SRk 22 (2010) £ 5 A



I. #ERHES
e MERBEEMRERET VEH L
BHEIES T 7 VB I I 7o BRI
DFARIET D5
& ‘=W

o. BFREREROHITICET 5 —RE

L. BFFERRR DOTIITH - BRI

R



EEFBRFHAEMDE (AIREBRIIEFR)
WIEENT e E

| |
SEb bR I S AR & TR 7L AR S I T A BT O PSS I B S AR

EEHEE B B an%ETF@E?H%ﬁ-ﬁ/Aﬁﬁﬁﬁﬁ iz

MEEE

P EREFAEERT 2 2 L3O FEMEAEZ P L TOHRER2HEET D LT
W L 7 AR ARSI OBANOBRD TEETH S, RMATHRAMmMBE/Y /&
ATLL) A ARICE <, B TPERROHILV-1T A VA ZHE &9 5 BihE masEs T bH
V. SHEBERERRICBWOTATLL Y VEF VIR EBEEIL R b O LE X DND, AR
WBWTITEPATLLET A =7 4 A0 Z BAIC, HTLV-1EAMAR (CM-14ka) %
TR =7 A YL 2 BHIC B ARE G L2 D% ORBEHE U, BAKHLPIcE@Himic
HILV-1DFENEE S, 0% —BEICHATLV-1IEOHBR 23807, EHEFCH
FHTLV- 1RO B % —@B%IcEB D - b 00, HILV-1OFERM M FIZIEEE 0 b s
o, SHRBEMEEROBREEHA L. EPTHILV-1X v U 7T —h =7 4 FALDOEHRE
FOCLREETHIEEZONE, ZOMELZEIL, AFESLBMEE T2 X FICH
REMR/NEEE T Y—F Yy FERHBE LEKRFEITIZLEL, a2 v—F
v b 2BERICHTLY- 106 4 JBa (MT-208) 2, IERERN G L IXRERIRICR 5 LT, JERE
N EREICBOCHERL EIch - VHILV-15EE O LR/ & 7 oA VA ORMZRD
TEY. v U 7REOEBICERI Lz, S%AEmElRIZ2#&E3 52 & T, ATLLRES
FEOFAREMEIC OV TORITHTFETH D, X

Bl EmSEMEEOT CHIERTROBENT 4 FT VT 4 THREEBHEMEY
2B MBI ST A ETHIERERRICBVWTL, atrv—Ftty NETFT VB THH
WWhBbDEEIOND, IFYyv—FEy MZAMY o WMEBET VEERT S H
BT, LUF A NNARY F—% BV T-pl90 ber/abli&mFE A B F KA & /R e
BN EHMN~DORIVVFIANARY & —EEEAZITV, BEFIZBWTRENIZE
ve—Ety MR S NS ERMEMNIC 1008 TR EER D, LrL, £D
HplO0BEBETFIIRHTERIRVBEIE-» TS, AMBRELEIMHE T, %
IR D1 5-2p190 LIS O AHINH B F OB’ S EEREFT LTV 5,

agre—=Etty MELBLOGRELHEE LY REMICRE - o2 &idaer
< —Fty NAMKR S ICATLLET VO LE LD TEE L 25720, MREEL X
OSEEC A Bty ~v—TFty M7 n—UHREBERT D & L b, TORES
B L, . ShbOMRICHETEEDDaE L v—Fk v MEEMEOBRIEE
HZ S LT,

BETF v rA RS LERBESREa Ty v—Tty T2 L 2k
WEMICaE v —FFy b ES HIAA~D p53 Bl F~DEREAZITHILD, 2T~
—t v b pb3 &) MENT L F & FEIC Zine finger nuclease MERE - BEEIT o7,

sy IRE

BEZH TUNKZLRPHEIEFRRER - 8%
IR RRRFEREDIILRT - B
xRz 0 h FEREMTRIIER - 2R

A WFFERN
1. FRATHI A A fE « Y 2% JE (ATLL) i, HTLV-1
(human T-cell leukemia virus type 1) WA /b
ARG, BEHEOS v ) TIREEBETCRIET
HFRAROEMBEMEE CHY, REFDR
BRETREI SN TELTHIEATICEZL D
HILV-1F¥F % U 7 BRI CEEREBLCNDHZ &n
5., Fl-RIBRECEANAE TH D, BERL L
HEEL et L B E RN T RiEKREY &
LT > EDOATLLEF I ClcBE STy
50, b b EEBEFEHNERPLIVEVEREADTE
FATRTEREST STV, ABFZS i, ATLL
EFNAEME I =7 A AR ONT/NRERE D
Fyre—Fty hERAOTITWL, WTFRAEEZR
HILV-1E =7 VB R & L CRIERRBRICHW
B LB TEBEINTONTHRIT D,
2PT7 4 T NT 4 T)BREEBERARMEY
SPEBME (ALL) 1. 9BRa kL 228Gk
E A B dsE (9;22) (g34;q11) (Phl B fafg) H
54 U %pl90 ber/ablft 5Bz FE2EREETH
FHEAROEMRESEE CH D, KEADRIE

PRI S TR LT, EmAREBEREZIcBWT
bERERNPENIE LD, FlRBREOEANREA
BThD, EHERIFEOREM LAV E KT
TAHREEREY L LT~ R ALL BT VLT TIZH
EESNTWEN, b M EBEBEENEENRLVIEVE
EROEF MTE SIS TWRY, AR T
ALL ®T NMEHEZ/MIEREaE ~—F Y M
BWTITW., BiEFRRRBRICEVWAL LN TE IS
REH9 5,

YNEERREME LTHWDZLIZEY, IVEE

DE VTR LITO 2 ENFREL D, BiTE
£ BEICHEEIED LN TV ARBERSEEF
TREEP S0 TEMBREOFDMN - B2tttk
ST LR W AEBER IR SNE L E L DN D,
FZC, MNBIEREaEyv—FEy PERHWEE
BEFNEHRERABE LT, v—%F &y MESHilE~D
BLFEREALEORNET T, ot v—
Fy VERBWET A TFNAT o THEEEMEY R
HAMBET VOERICIIKED—Fy VEH
DB LI BN, YHFRHT & SN R L ERRC
HDH1-, BHEEETINERD S,
FITEHELLERD T L EET D HIECD
WTHRBRE L,

4, w—Fky MISATRANRUD 20 EREFRY . i

DIF > HEERBWET L EHB L TCELLLEHT
bHB, -T, AMFEEFOEAIKRD LTZES

_1_




T HH 7 o—HEEA 7 v — 2 BB S
LEhio, b R e P BIPaEv—
E v MBI A AW TRE L,
6. Zine finger nuclease (ZFNs) &% Fiv 7/=p53./
v 7 A UEWBER  VAEREERAEZEHT S
HEY T, RFHRBVAMBIEGET TH 5p538 R
FIZEH L, ph3BETFEREA Y /VESHIIADIE
BIEEZEF LT, ph3#fRTitt M AMIARIC
BOWTHROTCEHEECZOERIHERIN, £
< 7 ABEEEFMICEBO T HRBELGRFOREEN
EERNMEBERZFETDHIZ EBAREINTVD
(Lawrence et al.Nature. 356:215-221. 1992),
AFEciIaerv—Fty Fpb3BEFE/ ¥
777 MNTBHEMNT, T avre—Fty b
PE3BIEF~D /) v 7 A ENERRET 5,
WP 4vH—XZ L7 —F¥ (Zinc finger
nuclease : ZFNs) &2 HR L L C, =®v v
—%t v b ESHIFRD p53 &7 ) AEEER RN L,
BERINERE L, RIZZOFEHFEREE b
p53 & LriEER B L, b MEBICBWTERA
BRI —HEL Argl75, Arg248,
Arg273 [ B o vr<w—Fk v MEEEAL
BPRELE,
@) (V) OZEELE % —5 > b &9 % IFNs OFkEt
% Sangamo fHIZ{RIE L ZFN s BT XA X F&4{E
LT, # LU CERZps3 BT EIITHDZ &
ERER LI oE s w—EFt v MREESFMRIC
IFNs BB 7 A3 FEEKEAEIC LV ERET
AL, TOBBENRERET L,
(3)Sangamo fLIZ L VD EREF S NT= ZFNs (m® v —
Et v b pb3Argl77. E7-iL Arg250 OER B {E
f43) N7 &b MEEMARK 2937 MlEICEE
FEA (EHE~DBEAZE>0%, HEAZEIT
R ERICTHER) L, EAR4HBEOM
XY 7 L& L% ZFNs X7 O8IlghER %
Cell Ty EAEBICTHREI LTz, EHiZThb
IENs X7 L e bicHKE VNV B ERBT HIE
70 LAV F Ty 4 VAR Z— (IDLV-
ZFN-IRES~Venus) #{ER®IL, o <w—FF v b
aorta-gonad-mesonephros fEEK L VI L= HikR
(AGM #fiR) WBETFEAN (MR~ E AR
>90%., WAERBIZTHR) L, REOKHIET
ZFNs X7 OIS RE R LT,

(REE~DEE)
AFROEBICE L Tk IMFEHRREIIRIEE
TR AMEDOE _HERSEICY > THDI N
XHBBILEBS2EDIES] (—HIBEKR L
DNA FEBRIgSE) &L K IERANB M ERICEET 288
T KEEMERICET 288 [RREKEE)
MEBR =TI Do e VEERNEESI
BWTEREE (ERER), B2&hr > HEICH
ek EE LI,

C. R

1. ATLLEF L

(DATLLEF NI =7 A4 PO OVEHIFSE - CM-1H1Ha
OFEFEH B O M 38 T 2 B W CHIHTLV-15 A ©
—iBMO FRE2BIE LN, RS, AT T
IR L~ ETERT Lz, —F., MT-2Hiia
GZHRE U7 GHTLV- 15 iR O HERS X RERR S 7z
Moto, FEFICBWTHHARIB I U4, A
W hfe o THRHTLV-15E Mo EARBR I 1kt
DODZFNLURBIIREME L o, b, EERHIM
8 U CRAEORY & REIMES L OFEF DR
Mz FB VS THTLV-1 7 o VR DTEFEIXPCR L~V
BRHEEIN2hotz, EHIT, 2RKZEZLTE

*H#k % PCR YEIC CREHT L7228 HTLV-1 7 A /L A DTFLE
IHERcE o T,

(1) HTLV- 1R e (CM-1, MT-2) R 5% OB
(#001, #002) 72 & TN HT AT (#003, #004) o FHTHTLY-
IHEDOHES

@)ATLLEF L 3 ® rw—Ft v hOEHTFE | Bk
RS S EE G, HILV-1HEMO LR 2/ oh
o, —F. BREEAREMAEICBNTE, RE#
LV BIEE CUERL E, HILV-1HUR 0k 7e F
HEHRDHT(K2), WTHOBEEOMEHIRS ) 2
DNAD> & HHTLY-17 1 &7 A L 2 BRI X 1
Jro EBPCRTIXZ v 7 A N ABEIZINEKEB TH -
77. FEWIL A A7 T, ATLLICH#BIS R A%
BoMil (flower cell) X, BEE THDH LA TY
VR, BIIKBEOUNAARZ L o - HEP#HER &
Ni(®3), LELY., HiEHISENCRHDHD
O, Thnbaere—ity MAKICIVTHTLY-1
Xy UTREBEEHTIZENCTEE,

T rm———

OHTLV-1 antibody titer (2°)

\_ Time course J

(F2)MT-2HIRE & AR b L < IR RNICiR B X
%tégyv—%tybﬁﬁuﬁﬁém$mw4ﬁw
D

(

(X3) MT-2Mfa RN ICRESh-a® v —F
oy MEEREMPIZRD SNZEEY 93k

2 . Phip e REMEALLET L ¢

(D p190 B FEAEMATERARO B ZBE%. 2 @
HKoXHEmT4EE L 8 BEIC, BHTIX 13 8#E
{2 pl190 EET mRNA ORBIPFER S, BT
BH I ho T,

Q) KBEEHNICHEE YA NVARY X —EEATEF

_3_




EneCcarr~—Fty MIBWTHRES
NTWABZLBHLNE ST,
b)ZEv—FEy bps3 T/ Ah(ms VA
v )y REE & R EECSIRE:

LECIRE L cDNA EFIEBE IO ST
A~<—Fy bEERL, T v—Fky b pb3
Frnra(ms vy, Avha)iEE2REL
7. PCR 7 m—=V7HRIC K VEHY 156kb 57/
LW A BBE L. pb3 45/ LMEER CEEES
WEEZETLZ, TORE, e hEatrv—
Tty FEAKKBWTHED TEERSY ) 2HEEN
BEEINLTWARZERHELNE R T,

c) p53BEET DRI

a% v —Fk v MESHIBE KR O {Li5E L 7-EB
R 38V Cpb 3 fn T D R BLEHT % RT-PCRIEIC
LD IT o TR, K4 {LESHIM Tpb3EEF D
HNBEIN,

d) ZFNsTEME D in vitro TORE] :

Argl778 X OArg250 8 BAERIZENAR 7 & 3FEEH I
DWT, 203THIlE~EBEFEA LU HRE KR
SLi-EZ A2 B L EETFEAMIBICEBNT
MRS FER S NN, 48 BICIIEEE, BEEm
MBI BN TArgl T2 84 B ZFNs~2 7 SFELFH D &
IPNs T BMER LTz & 2R T AR (GE
BT ; 392bp. BIWTHTF ;190bp) ZFERCX -,
IOMEED O L, YR OE N - 2EED
IDLV-ZFEN-IRES-Venus (BIWTEAL ;

14734/14735, 14742/14744) % 293T #ifak &
UAGMMIIS I B FEA L & 25, AGMMIRIL2
ABLOHMRONSANT v PRERTE, 4HH
ICBWTZNSIZ L B4 7 LA 08I (SECINT ;
392bp, YUY ; 287bp) FEERTE 7= (293THEAE ;
6 (F) . AGMMAE ; M6 CH) ) .
BAEIO>OpS3R R o€ ~w—F & v MESHIfR %
ERLL TWB, T4 52-20IDLV-ZFN-IRES-
Venus DA % BETFEA LArgl 77T BRUTZESHE
fa, A bwa FUr2llmoiteZ Bk b (R
XN BArglTTEAT Dp534° 7 LAERH % RV NIZESHA
M, £L Tt FEMEECEHEICRHBEIND
—H R LR 2 FOESHIR A2 ERIT 2 FETH
5,

400b,
300

200b

Marker
14734 : 14735
14742 : 14744
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Abstract. This study was designed to elucidate the therapeutic
effect of transfering the brain-specific angiogenesis inhibitor 1
(BAI1) gene to a mouse renal cell carcinoma cell line
(Renca). Female BALB/c mice were inoculated subcuta-
neously with wild-type Renca (Renca/Wild) cells or Renca
cells transfected with the BAI-1 (Renca/BAI-1) or LacZ
(Renca/LacZ) gene. Tumor growth was observed every other
day from 3 to 35 days after implantation. Moreover, the
intratumoral injection of the adenovirus vector containing the
gene encoding BAI1 was conducted at two-day intervals
from 11 to 31 days after implantation of the Renca/Wild or
Renca/BAIl tumor. Tumor blood flow was measured by
colorimetric angiogenesis assay (CAA). The concentration of
the vascular endothelial growth factor (VEGF) in the cell
culture supernatants was determined by enzyme-linked
immunoassay. The size of the Renca/BAIl tumor was
significantly (p<0.01) suppressed compared to the Renca/
Wild and Renca/LacZ tumors 21 days after tumor
implantation. The injection of the BAI1 viral vector at 2-day
intervals significantly inhibited the growth of both the
Renca/Wild and Renca/BAIl tumors. The blood volume
measured by CAA and microvessel density was significantly
lower in the Renca/BAIl than in the Renca/Wild and
Renca/LacZ tumors (p<0.01 and p<0.05, respectively). A
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significant (p<0.01) reduction in VEGF concentration in the
supernatant was demonstrated in the Renca/BAIl compared
with the Renca/Wild and Renca/LacZ cell cultures. These
observations suggest that the transfer of the BAI1 gene to
Renca can suppress the tumor growth via the inhibition of
angiogenesis. The down-regulation of VEGF production in
tumor cells contributes to this anti-tumor effect.

Introduction

New vascular formation is required for tumor growth,
invasion and metastasis (1,2). Various factors that regulate
angiogenesis have been elucidated successively over the
years, and cancer treatments that target these factors have
been devised (1,2). Radical nephrectomy or nephron-sparing
surgery is the main-stay of curative treatment for localized
renal cell carcinoma (RCC), which is unresponsive to
radiotherapy and also refractory to chemotherapy (3).
Immunotherapies using interferons and interleukin 2 have
been used for advanced RCC. However, the two therapies
alone as well as in conjunction have demonstrated disap-
pointing success rates of 20% or less (4). RCC is a typical
hypervascular tumor, and neovascularisation is thought to
play a principal role in tumor progression (5). The inhibition
of angiogenesis could lead to promising developments of new
treatment modalities.

A brain-specific cancer-regulating p53 target gene was
isolated and identified as a new angiogenesis inhibitor, and
was named the brain-specific angiogenesis inhibitor 1 (BAIL)
gene (6). The BAI1 gene encodes a 1584-amino-acid product
containing five thrombospondin (TSP) type 1 repeats. A
recombinant protein analogous to the TSP type 1 repeats of
this gene product has been shown to inhibit angiogenesis
induced by the basic fibroblast growth factor (bFGF) in the
rat cornea (6). Although BAI1 mRNA was initially reported
to be expressed specifically in the brain, this gene has
subsequently been demonstrated in the neoplastic and/or
nonneoplastic tissues of the colon, stomach and lung, and its
expression correlates inversely with vascular density (7-9).
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The overexpression of BAII inhibited tumor growth by
suppressing tumor angiogenesis in human pancreatic adeno-
carcinoma cells (Panc-1) (10). Moreover, the overexpression
of BAI! induced cell death in human umbilical vein endo-
thelial cells (10,11).

We designed this study in order to elucidate the
possibility of gene therapy by BAI1 gene transfer in RCC.
Gene transfer in a mouse RCC cell line (Renca) was
conducted using replication-deficient recombinant adenoviral
vectors encoding BAI1 (10). Tumor growth was observed
after the subcutaneous inoculation of Renca cells transfected
with the BAI1 gene and compared with wild-type cells and
cells transfected with LacZ. In addition, we evaluated
whether the anti-tumor effect of the BAI1 gene transfer is
associated with the inhibition of new vascular formation.

Materials and methods

Reagents. A commercial MTT [3-(4,5-dimethylthiazol-2-y1)-
2,5-diphenyltetraslium bromide] colorimetry kit was
purchased from Chemico (Temecula, CA, USA). X-gal
staining solution was from Gibco BRL (Tokyo, Japan) and
used at 37°C. An RNeasy Mini Kit was purchased from
Qiagen (Tokyo, Japan). The commercial ELISA kits (human
bFGF ANALYZA ELISA and mouse VEGF ANALYZA
ELISA) were from Genzyme (Minneapolis, USA).

Cell lines and animals. The mouse RCC cell line (Renca)
was kindly provided by Dr R.H. Wiltrout (N.C.I., Fredrick,
MD), which was maintained in vivo by serial intrarenal
passage. In vitro culture of the Renca cells was performed in
RPMI-1640 containing 10% fetal cow serum (FCS) at 37°C
under 5% CO, (13). Female, euthymic BALB/c mice were
housed in a special pathogen-free facility and used routinely
at 8 to 10 weeks of age when they weighed 22 to 24 g.

Gene transfection and in vitro tumor growth. Gene transfer
in the Renca cells was conducted using the replication-
deficient recombinant adenoviral vector encoding the full
length cDNA of BAI1 (Renca/BAIl) or LacZ (Renca/LacZ),
at a multiplicity of infection (MOI) of 20 for 72 h as described
previously (10,12). Renca cells not transfected with any gene
(Renca/Wild) were used as the controls.

For the in vitro cytotoxicity test, Renca cells (1x10%/well)
and the viral vector at an MOI of 1, 2, 10, 20, 50, 100, 200 and
300 were added to a 96-well microplate. After incubation for
72 h, the MTT reagent was added and the cells were
incubated for a further 4 h. The reaction was then stopped by
the addition of isopropanol hydrochloride, and the absorbance
(540 nm) was measured.

In order to confirm the vector transfer efficiency, Renca
cells were transfected with the control vector (AdexCA-LacZ)
at an MOI of 20 for 72 h and B-galactosidase was assayed
using X-gal staining. The Renca/LacZ cells were fixed in 2%
formaldehyde and 0.2% glutaraldehyde in PBS(-) for 10 min
at 4°C. The fixative was removed, and then X-gal staining
solution was added. After 3 h of reaction at 37°C, the cells
were examined under a light microscope.

In order to measure the in vitro cellular proliferation
capability, Renca cells (1x10°) inoculated in a 25 cm? tissue
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culture flask were transfected with the virus vector (AdexCA-
LacZ or pAdex1Cawt-BAI1) at an MOI of 20, and cell counts
were performed on days 1,3,5and 7.

Confirmation of the BAIIl gene transfer using RT-PCR. RNA
was extracted from Renca/Wild, Renca/LacZ and Renca/
BAI1 cells using the RNeasy Mini Kit, and subjected to RT
reaction using oligo(dT)12-18 and SuperScript II (Gibco
BRL) at 37°C for 90 min. PCR was then performed using
Taq Gold DNA polymerase (Applied Biosystems, Tokyo,
Japan) and the primers given below. The thermal conditions
were 95°C for 10 min, followed by 35 cycles (94°C for 30 sec,
55°C for 30 sec, at 72°C for 60 sec), and a final extension at
72°C for 10 min. The PCR products were electrophoresed on
a 1.5% agarose gel, stained with ethidium bromide, and
examined under UV light. The primers used were G3PDH,
S"“TGAAGGTCGGTGTGAACGGATTTGGC-3' (sense) and
5'-CATGTAGGCCATGAGGTCCACCAC-3' (anti-sense);
BAIl (6), 5'-ACTCATCCTGCGACGGTGTG-3' (sense,
E1S) and 5-TCCCTCAGGTCCTTCATGCG-3' (anti-sense,
E1A). The RT-PCR products obtained in the above manner
were fluorescent dyed using the BigDye Terminator (Applied
Biosystems), and the base sequences were determined using
the ABI PRISM310 Genetic Analyser.

Assay of bFGH and VEGF in cell culture supernatant.
Supernatants were obtained from the Renca/Wild, Renca/
LacZ and Renca/BAIl (n=5) cell cultures on days 1, 3, 5
and 7. Concentrations of bFEGF and the vascular endothelial
growth factor (VEGF) were determined using the commercial
ELISA kits mentioned above.

In vivo tumor growth. Renca/Wild, Renca/L.acZ or Renca/
BAII cells (1x108 cells in 0.05 ml) were inoculated sub-
cutaneously into the dorsal skin of mice (n=10). The tumors
were observed on consecutive days for 35 days, and the long
and short diameters of the tumors were measured. Tumor
volume was estimated according to the following formula,
and used as a measure of the antitumor effects: Tumor
volume (mm?) = (short diameter)? x (long diameter) x 0.5 (13).

In order to examine the changes in BAI mRNA expression
during the experimental period, we obtained Renca/BAIl
tumor tissues on days 3, 5, 9, 15, 21, 29. RNA was extracted
from these tissues and subjected to RT-PCR using the same
method used for the cultured Renca cells.

Tumor angiogenesis assay. Tumor neovascularisation
activity and intratumor blood volume was determined using
in vivo colorimetric angiogenesis assay (CAA) (13).
Renca/Wild, Renca/LacZ or Renca/BAIl cells (2x106 cells in
0.05 ml per site) were inoculated subcutaneoulsy into 4 sites
of the dorsal skin of a mouse (n=8 per group). After 72 h,
0.25 ml 1% Evan's blue solution was injected into the caudal
vein, and the tumors were removed 2 min later. The
specimens of these tumors were dissolved in 0.35 ml sodium
sulfate/acetone, and the absorbance (620 nm) of the super-
natant thus obtained was measured with an ELISA reader.
Mouse blood collected after the injection of Evan's blue was
dissolved in the same solvent and serially diluted. The blood
volume was then calculated using the absorbance of the
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Figure 1. (a) In vitro cytotoxic effect of the viral vector at various multiplicities
of infection (MOI) on the Renca cell culture. MTT assay was performed in
duplicate. No cytotoxicity was observed when virus vectors were added at
MOI 50 or less. (b) RT-PCR of the three Renca cell lines and normal kidney
tissue. The expression of BAI1 was detected only in the Renca cells trans-
fected with BAIL.

supernatant obtained from serially diluted mouse blood
samples as the standard. The total blood volume of 2 trans-
plant sites was defined as the tumor neovascularisation
activity. Normal samples were obtained from non-inoculated
sites in order to measure the blood volume in the non-tumor
regions.

Immunohistochemistry and quantification of microvessel
density. Immunostaining for CD31 was performed on 3-5 ym
sections from paraffin-embedded tumor tissues (n=6) on day
15 using rat anti-mouse CD31 (BD Pharmingen, San Diego,
USA).

Intratumoral microvessel density (MVD) was determined
by light microscopy after immunostaining the sections with
anti-CD31 antibody. The MVD was expressed as the average
number of the 5 highest areas identified within a single x200
per fields.

Intratumor administration of BAIl gene vector. Twenty
microliters of pAdex1Cawt-BAIl (1.7x10% pfu/ml) or PBS(-)

were injected into the subcutaneously implanted Renca/Wild .

or Renca/BAIl tumor, starting on the 11th day after implant-
ation and continuing on every other day for a total of 11
doses (n=10 for each group). Tumor volume was estimated
using the same formula as described above.

Statistical analysis. The Mann-Whitney U test was used for
the statistical analysis of the comparative data. Values of
p<0.05 were considered significant.
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Figure 2. In vitro proliferation capability of Renca/Wild, Renca/LacZ and
Renca/BAIl cells. No significant difference was observed among the three
cell lines.

Results

In vitro tumor growth. No cytotoxicity was observed by the
addition of the virus vectors at MOI 50 or less, but toxicity
was seen at MOI 100 or higher (Fig. 1a). Therefore, sub-
sequent viral vector transfection experiments were performed
using an MOI of 20 in order to eliminate the possibility of
vector cytotoxicity. Beta-galactosidase staining of the Lac Z
transfectants (MOI 20) confirmed a very high infection rate
(almost 100%) of tumor cells by adenovirus-mediated transfer.
The results of RT-PCR of the RNA samples obtained from
normal mouse kidney tissues (n=3) and the three Renca cell
lines are shown in Fig. 1b. A strong 453 bp band was seen
only in the RNA sample of Renca/BAIl cells, signifying that
the BAI1 gene was transferred to the Renca cells. The base
sequence for the PCR products obtained from the Renca/
BAII cells exactly matched that for the human BAI1 gene (6).

Fig. 2 shows the in vitro proliferation capability of the
Renca/Wild, Renca/llacZ and Renca/BAIl cells. The cell
counts increased ~7-fold in all three cell cultures by the 7th
day. No significant difference in the proliferation rate was
found among the Renca/Wild, Renca/LacZ and Renca/BAIl
cells.

Concentrations of bFGF and VEGF in cell culture super-
natant. Assays of angiogenic factors in the cell culture
supernatant are shown in Fig. 3 (n=5 for each group). VEGF
levels on days 3, S and 7 post-infection with the viral vector
were significantly (p<0.01) lower in the Renca/BAIl cells
than in the Renca/Wild or Renca/L.acZ cells (Fig. 3a). In
contrast, no significant differences in the bFGF level were
observed among the three cell lines throughout the experi-
mental period (Fig. 3b).

In vivo tumor growth and angiogenesis. Renca/Wild and
Renca/LacZ tumors demonstrated rapid growth, as shown by
the tumor volume measured up to day 35 (Fig. 4a). In contrast,
the growth of the Renca/BAIl tumor was significantly
(p<0.01) suppressed from days 27 to 35 compared with the
Renca/Wild or Renca/L.acZ tumor. The expression of BAI1
mRNA was maintained in the Renca/BAI1 tumors until day
15. However, the attenuation of BAI1 mRNA expression was
observed on days 21 and 29 (Fig. 4b).
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Figure 3. Concentrations of VEGF (a) and bFGF (b) in the cell cuiture
supernatants. The levels of VEGF were significantly lower in the Renca/
BAI1 cell culture than in the Renca/Wild and Renca/LacZ cell cultures on
days 3, 5 and 7 post-infection (a). No significant differences in the level of
bFGF were noted among the three cell cultures (b).

Intratumor blood volumes as measured by the CAA
method are shown in Fig. 5a. The blood content (mean *
standard deviation; in #1/66.4 mm?) of tumors inoculated into

KUDO et al: SUPPRESSION OF TUMOR GROWTH BY BAI1 GENE TRANSFER IN MURINE RENAL CELL CARCINOMA

the mouse dorsal skin was 10.02+2.97, 10.87+3.06 and
5.44+2 .48 in Renca/Wild, Renca/LacZ and Renca/BAIl
tumors, respectively (Fig. 5b). The intratumoral blood
volume was significantly (p<0.01) lower in the Renca/BAI1
tamor compared with the Renca/Wild or Renca/LacZ tumor.
The blood content of normal skin was 1.75+0.88.

Microvessels stained with CD31 were attenuated in the
Renca/BAIl tumors compared with the Renca/Wild and
Renca/LacZ tumors (Fig. 6a). MVD was significantly lower
in the Renca/BAI1 than in the Renca/Wild and Renca/LacZ
tumors (p<0.05) (Fig. 6b).

Intratumor BAII viral vector injection. Tumor growth was
inhibited significantly in the Renca/Wild tumors injected
with the BAII viral vector compared with the tumors injected
with PBS(-) from days 21 to 31 (p=0.004 on day 31) (Fig. 7).
In addition, the same antitumor effect was found in the
Renca/BAIl tumor injected with the BAI1 viral vector
compared with the tumors injected with PBS(-) from days 25
to 31 (p=0.003 on day 31) (Fig. 7).

Discussion

Tumor growth and metastasis depend on angiogenesis, and
the suppression of new vascular formation is one of the
pivotal strategies for inhibiting tumor progression (1,2). A
variety of pro- and anti-angiogenic molecules regulates new
vascular formation. Angiogenesis is switched off when the
effect of pro-angiogenic molecules is balanced by that of
anti-angiogenic molecules. In contrast, a net balance tipped
in favor of angiogenesis begins the angiogenesis process.
Tumors themselves produce some angiogenesis activators
and stimulate new vascular formation. Blocking angiogenesis
could be an efficacious therapy for preventing tumor growth
(1,2). VEGF is one of the principal members of pro-angi-
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Figure 4. In vivo tumor growth up to day 35 after the subcutaneous inoculation of tumor cells (a) and changes in BAI1 mRNA expression in the Renca/BAIl
tumors during the experimental period (b). The volume of the Renca/BAI1 tumor was significantly reduced compared with the Renca/Wild and Renca/LacZ tumors
from day 27 onward (p<0.05). The expression of BAIl mRNA was maintained until day 15 (b). On days 21 and 29, BAIl mRNA expression was attenuated.
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Figure 5. Tumor neovascularisation. (a) Macroscopic findings of tumor
vascularization 72 h after subcutaneous inoculation. Angiogenesis is not
promoted by Renca/BAI1 cells. In contrast, a stable vascular network is
established by Renca/LacZ (arrow). (b) Intra-tumor blood volumes
determined by the colorimetric angiogenesis assay method. A significantly
lower blood volume was observed in the Renca/BAIl tumor compared with
the Renca/Wild and Renca/LLacZ tumors (p<0.01).

ogenic molecules and the effectiveness of anti-VEGF therapy
in inhibiting tumor growth has been reported (2). On the
contrary, BAI that was originally isolated as a p53-target
gene possessing an extracellular domain containing TSP type 1
repeats has been considered an inhibitor of angiogenesis (6).
In vivo experiments have revealed that the transfection of the
BAI1 gene into human pancreatic adenocarcinoma cells
(Panc-1) results in suppressed tumor growth by inhibiting
angiogenesis (10). In vitro studies have detected no difference
in tumor growth between parental Panc-1 cells and BAI1 or
LacZ transfectants, although an antiproliferative effect was
found in human umbilical vein endothelial cells after the
transfection of the BAI gene. In our in vivo study, the Renca/
BAII tumor implanted subcutaneously into female BAL/c
mice demonstrated significantly suppressed growth, while
similarly implanted Renca/Wild and Renca/LacZ tumors
proliferated rapidly. Intratumor blood volume and MVD
were significantly reduced in the Renca/BAIl tumors
compared with the Renca/Wild and Renca/LacZ tumors. Our
in vitro study showed no difference in cell growth between
Renca/BAIl and Renca/LacZ, consistent with the observation
in human pancreatic adenocarcinoma cells (10). Since the
BAIl gene was expressed only in Renca/BAIl cells and not
in Renca/Wild or Renca/LacZ cells on RT-PCR, the

789

suppression of tumor growth in Renca/BAI1 could be attributed
to the reduction in vascular formation as a consequence of
the BAIl overexpression.

A peptide containing TSP type 1 repeats suppresses
bFGF-induced neovascular formation (6). BAI-1 is a trans-
membrane protein and has five TSP type 1 repeats and an
integrin binding site (RGD motif) in its extracellular domain
(6). BAI-1 is proteolytically cleaved at a conserved G-protein-
coupled receptor proteolytic cleavage site (GPS), releasing
its 120 kDa extracellular domain (14). This extracellular
fragment has a potent anti-angiogenic action (11,14). The
definite mechanism for the anti-angiogenic effect of BAII is
being studied, but recent study has reported that the secret
extracellular domain of BAII exerts anti-proliferative action
on the surrounding endothelial cells by blocking av35 integrin
partly through activating the caspase (11). In a previous in
vitro study, a reduction in VEGF and matrix metallo-
proteinase-1 (MMP-1) expression has been demonstrated in a
human pancreatic adenocarcinoma cell line {Panc-1) after
BAI1, but not after LacZ transfer (10). The present study also
showed a reduction in VEGF concentration in the super-
natant of the Renca/BAIl but not the Renca/LacZ cell
culture. From these observations, BAIl shows anti-
angiogenic activity not through a direct action on endothelial
cells but through indirect effects by inhibiting other factors
such as VEGF and MMP-1.

The expression of the BAI1 gene was initially considered
to be specific to brain tissue (6). A lack of this gene is thought
to be the cause of chaotic vascular proliferation in gliobla-
stoma. However, BAIl gene expression has subsequenily
been demonstrated in lung, gastric and colorectal cancer,
suggesting that BAI1 plays an important role in the inhibition
of angiogenesis associated with a variety of neoplasia other
than cerebral tumors (7-9). A significantly lower MVD was
demonstrated in lung cancers expressing BAI1 mRNA
compared with those not expressing this mRNA (9). In
colorectal cancers, the expression of BAIl mRNA was
significantly lower in malignant than in non-malignant
colorectal tissues (7). BAIl gene expression was inversely
related to vascular invasion as well as metastasis, and also
inversely correlated with vascular density. These two studies
suggest that the expression of BAIl can inhibit new vascular
formation and/or tumor metastasis in lung and colorectal
cancers. The expression of BAI1 mRNA was also reduced in
gastric cancer (8). A significant prolonged survival period
after gastrectomy has been demonstrated in patients with
good BAI1 expression in the adjacent normal mucosa
compared with those with poor BAI1 expression.

In the present study, the transferring of the BAI1 gene to
mouse RCC Renca cells via an adenovirus vector resulted in
inhibited tumor growth and suppressed tumor angiogenic
activity in vivo, although tumor cell growth was not inhibited
in vitro. Transfection of the human pancreatic adeno-
carcinoma cell line Panc-1 with the BAI gene also resulted in
suppressed tumor growth in vivo but had no effect on in vitro
cell growth (10). The inhibition of in vivo growth of the BAI-
transfected Panc-1 tumor was associated with the suppression
of angiogenesis, as was also observed in the BAIl-transferred
Renca tumors in the present study. As mentioned above,
BAI1 could be one of the principal factors in the suppression
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Figure 6. Immunostaining for CD31 (a) and microvessel density (MVD) (b) in Renca/Wild, Renca/LacZ and Renca/BAIl tumors. The number of
microvessels stained with CD31 was lower in the Renca/BAIl than in the Renca/Wild and Renca/LacZ tumors (a). MVD was significantly lower in the

Renca/BAII than in the Renca/Wild and Renca/LacZ tumors (p<0.05).
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Figure 7. In vivo tumor growth after intratumoral injection of the BAI1 viral
vector. Repeated BAI1 viral vector injection significantly suppresses tumor
growth not only in the Renca/wild tumor but also in the Renca/BAIl tumor,
compared with the PBS(-) injection.

of tumor growth via the inhibition of angiogenesis and
should be considered for gene therapy.

In order to examine the possibility of BAI1 as a candidate
for gene therapy in RCC, we injected the BAI1 gene vector
into subcutaneously implanted Renca/Wild and Renca/BAI1

tumors from the 11th day after implantation at 2-day inter-
vals. The intratumor injection of the BAI1 gene vector
significantly inhibited the growth of the Renca/Wild tumor
compared with the PBS injection instead of the BAIl gene.
In addition, a significant reduction in the subcutaneously
implanted Renca/BAIl tumor was also achieved by the
intratumor injection of the BAIl gene, in comparison with
the PBS injection. These observations could indicate the
possibility of BAI gene therapy or the development of
efficient drugs based on the extracellular fragment of BAIl
not only for RCC with decreased BAI1 expression but also
for those with good BAI1 expression.

We investigated the antitumor effects of the BAIl gene
transfer into the murine RCC cell line, Renca, using replication-
deficient recombinant adenovirus vectors encoding the full-
length cDNA of BAI1. Significant suppression of both tumor
growth and vascular formation was demonstrated in the
Renca/BAIl tumor compared with the Renca/Wild and
Renca/LacZ tumors. The concentrations of VEGF were
lower in the supernatant of the Renca/BAIl cell culture
compared with the Renca/Wild and Renca/LacZ cell cultures,
suggesting that the suppression of VEGF production is
involved in the anti-angiogenic effect of BAI1. Growth was
inhibited in both the Renca/Wild and Renca/BAIl tumors
upon tumoral injection of a viral vector encoding BAII,
suggesting the possibility of the clinical application of this
gene therapy.
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BASIC-ALIMENTARY TRACT

A Critical Role of CD30 Ligand/CD30 in Controlling Inflammatory Bowel

Diseases in Mice
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Background & Aims: A CD30-ligand (CD30L) is a
40-kilodalton, type Il membrane-associated glycopro-
tein belonging to the tumor necrosis factor family.
Serum levels of soluble CD30 increased in inflamma-
tory bowel diseases (IBD), suggesting that CD30L/
CD30 signaling is involved in the pathogenesis of
IBD. In this study, we investigated the role of CD30L
in oxazolone (OXA)- and trinitrobenzene sulfonic
acid (TNBS)-induced colitis in CD30L knockout (KO)
mice. Methods: Colitis was induced by OXA or TNBS
in CD30LKO mice with BALB/c or C57BL/6 back-
ground, respectively, and diverse clinical signs of the
disease were evaluated. Cytokine production from
lamina propria T cells of the colon was assessed by
enzyme-linked immunosorbent assay. Anti-interleu-
kin (IL)-4 monoclonal antibody (mAb) or agonistic
anti-CD30 mAb was inoculated in mice with colitis
induced by OXA or TNBS. Results: CD30LKO mice
were susceptible to OXA-induced colitis but resistant
to TNBS-induced acute colitis. The levels of T helper
cell 2 type cytokines such as IL-4 and IL-13 in the LP
T cells were significantly higher, but the levels of
interferon y were lower in OXA- or TNBS-treated
CD30LKO mice than in wild-type mice. In vivo ad-
ministration of agonistic anti-CD30 mAb ameliorated
OXA-induced colitis but aggravated TNBS-induced
colitis in CD30LKO mice. Conclusions: These results
suggest that CD30L/CD30 signaling is involved in
development of both OXA- and TNBS-induced coli-
tis. Modulation of CD30L/CD30 signaling by mAb
could be a novel biologic therapy for IBD.

uman inflammatory bowel diseases (IBD), including

Crohn’s disease (CD) and ulcerative colitis (UC), are
characterized by inflammation in the large and/or small
intestine associated with uncontrolled innate and adaptive
immunity against normal constitizents, including commen-
sal bacteria and various microbial products.’-4 The respond-
ing T cells exhibit a T helper cell (Th) 1 phenotype capable
of producing interferon (IFN)-y in CD, whereas Th2 cyto-
kines are closely associated with UCS-7 Among various

experimentally induced colitis models in mice, spontaneous
colitis in interleukin (IL)-10-deficient mice? colitis in re-
combination-activating gene (RAG)-deficient mice trans-
ferred with CD4*CD4SRBh8 T cells,® and hapten-induced
colitis in mice caused by intrarectal administration of trini-
trobenzene sulfonic acid (TNBS)1°-12 are thought of as a
Thl-type colitis animal model resembling CD. On the other
hand, spontaneous colitis in IL-2-deficient mice!# or in
T-cell receptor (TCR) a-deficient mice!S resembles UC with
Th2-like responses. Another hapten-induced colitis caused
by intrarectal administration of oxazolone (OXA) is charac-
terized by inflammation with increased Th2-type cytokine
secretion and is thought to be associated with Th2-like
responses mediated by CD4* T cells including natural killer
(NK) T cells.16.17

A CD30 ligand (CD30L, CD153) is a 40-kilodalton,
type II membrane-associated glycoprotein belonging to
the tumort necrosis factor (TNF) family'8 and is expressed
on both CD4" Thl and Th2 cells, although there are
several lines of evidence for expression on macrophages,
dendritic cells (DC), and B cells.®-22 CD30, a receptor for
CD30L, is expressed preferentially by activated or mem-
ory Th2 cells but not by resting B or T cells.23-26 There are
several lines of evidence showing that the CD30L/CD30
signaling is involved in Th2 cell responses and Th2-
associated diseases.2>-26 However, a number of recent
studies suggested that CD30L/CD30 signaling is also
linked to Th1 cell responses and Thl-associated diseas-
s.27-30 Serum levels of soluble CD30 (sCD30) increased
in UC, suggesting that CD30L/CD30 signaling is in-
volved in the pathogenesis of IBD.3! However, little is
known about the roles of CD30L/CD30 signaling in IBD.

In the present study, to verify the roles of CD30L in
IBD, we examined susceptibility of CD30L knockout

Abbreviations used In this paper: Ag, antigen; APC, allophycocyanin;
CD, Crohn's disease; CD30L, CD30 ligand; DC, dendritic cell; KO,
knockout; LPL, lamina propria lympocyte; mAb, monoclonal antibody;
OXA, oxazolone; TNBS, trinitrobenzene suffonic acid; UC, ulcerative
colitis.
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