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Abstract . Anti-idiotype antibody (Ab2) mimicking the nominal antigen (internal
image Ab 2) may be useful as vaccine for malignancies. Six internal image Ab 2 (NUH 31
-91) were isolated directed against MADG 250 which reacts with a large proportion of
human renal cell carcinoma (RCC). Immunization of rabbits and mice with Ab 2 resulted
in anti-anti-idiotype antibodies (Ab 3), which reacted with G 250-positive (G 250*) cell
lysates but not with G 250-negative (G 2507) cell lysates, indicating the presence of specific
anti-TAA antibody. Competitive RIA resulted in specific anti-TAA antibodies resembling
MADG 250 (Ab 1) in all Ab 3 sera, i. e., the immunization of mice and rabbits resulted in
a specific humoral anti-TAA response. To investigate whether the immunization with Ab 2
could induce cell mediated immunity against antigen-positive cells, delayed type hypersen-
sivity (DTH) tests were performed with G 250* and/or G 250~ cells. For all six Ab 2, a
profound DTH reaction was observed with G 250* but not with G 250~ cells. The DTH
responses could be transferred to naive mice by transfer of lymphocytes from mice sensit-
ized with Ab 2. These results indicate that mice and rabbits immunized with the Ab 2 mount
antigen specific humoral and cellular responses. Fine specificity studies of mouse and
rabbit Ab 3 sera revealed that the six Ab 2 could be divided into four mutually exclusive
groups.

Moreover, the anti-tumor efficacy of Ab3 sera obtained from mice immunized with
different internal image Ab2 was investigated. Nu/nu BALB/c mice carrying small
established NU 12 RCC xenografts or receiving a s. c. injection of 10° SK-RC-52 RCC cells
were treated by i. p. injection of 0.2ml Ab 3 sera. This treatment resulted in complete
tumor rejection and significant tumor growth inhibition as compared to control groups (p
<0.01). These findings demonstrate that immunization with Ab 2 elicits powerful anti-
tumor effects in immune competent animals.
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& LTSK-RC-59 A L. %7, #IBERALE 11T SP 2
/0~9R3=r— <R EER L.
2. Cell lysate

ELISA % X O'RIA 0 #iJE & L T cell lysate % F \»
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Fig. 1. Production of internal image antibodies
directed against MAbG250. The idiotope
of Ab2 mimics RCC-TAA, i. e., the “inter-
nal image” of TAA. Immunization with
Ab2 elicits Ab3 mimicking Abl (so-called
AbI).
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7o, G250 BB X UM 1g 2 4CPBS kT 2
[E] %% ¥ %, 10 mIPBS /0.5 % aprotinin 7 1= C tissue
homogenizer (Kinemacia, Switzerland)% B\~ 14
IR L, 13000 g 15 REMT 5. ¥BC 10 ml PBS
/0.5 % aprotinin/0.3 % deoxycholate %N % FE#E %
0813000 g ¢ 15 ElEiE L, E%% cell lysate & L T—

20CTHRF L. ¥, B EOFETTNTKETT .

3. /7 wF—rdk
VAT 4424 7HhkR2Y —=v 271, MABG
250(IgG 1+ X WIgG2a)F@b), 73 7 2 v P BX O

<~ R/t F2F G250 HECG 250 IgG D& H T

F(ab),7 5 7 # v + i% pepsin digestion #51c TPESLL,
cG 250 % Dr. Warnaar(Centocor BV, The Nether-
lands) X W5 X M. ¥, 507 m 7Y Vid= v R
JK¥5 % F\~ protein A affinity chromatography & Tk
8, Hi4k D] 12X % radiolabelling i chloramine-T
BT o FREN~Y R IgG, v~V A s =r —
~%EH MOPC-21(Sigma)®=v tmr—L t LTHAL
7.
4. BER I ONIRERLE

1% 7z 7A5 e FuEHAV, MADG250I1gG 11
Keyhole - Limpets - Hemocyanin(KLH) % coupling &
2 (MADG 250-KLH), <% immunogen & LT\
7z, 8 Btk BALB/c = v 212 50 ug MADBG 250-KLH
& H54 Freund 7 ¥ = X v + (CFAYELE ¥ 100 ul %
AuWTEBERCREL, RLHREEZHA VTR ES
Freund 7 < = S v + AFA) LB 100 pl 12T 3 BEFE
T3 ELEMAE L. Mlam&o 5 BATL b 3 B R
TEMBEELHE, SP2/0=v R i=r— <L
standard method & CHEfEEL A Lic. ~ A4 7V F—=D
BEEKIELISAKCTA 2 YV —=v 7 L agarose type
VIESHIC C 3B DEL 7 r—=v 7 LT,
5. Antigen binding ELISA

~ATY ¥ —<D Ab 2 EAFEIZOWTIZL, binding
ELISA & T#&EI L 7. 96 /X microtiter plate % MAbG
250 IgG 1 F(ab),® % \~ 1 MADBG 250 IgG 2 a F(ab?),
IZTcoat L, 1%4MiE7 7 3 v&4T PBS(BSA/
PBS)100 p1 w=T 1 B¥fd blocking L, ~4 7'V F ——<#
K 100 1 &0 %z, 1 BFREIZEIR C incubate L7-. BSA/
PBS 12T 5 4ff 3 mPEEREE, “Rkbithke LT+
& — Y FH~ v R [gGFc T 1 BERG S %, B
U"BSA/PBS 12 T 3 @#%#, O-phenylenediamine/
0.03 % H,0, TH X% 492 nm 12T OD HIE L 7.
6. Inhibition RIA

0.01 pg'*I-cG 250 & BEFEAIRN L 7ckEE Ab 2 % 45 45

x =

HIZ=R TG & 2,
L 7296 X5 1k € = 1 plate(Costar) iz BSA / PBS ¢
blocking L%, MMxic. FiE T 1KERIG X 275,
3EBEE L, cell lysate IcfE& L1c®I-cG 250 &4 v =
ATV E = TEHBEIL .

7. Western blot

ARV 727 I A7 I F & a(reduced/non-reduced) % F
VW, MADG 250 IgG 1, MADBG 250 IgG 2 a F(ab), & X O°
MOPC-21 #BEHKEL, =t mer e —2ECEE L
7z. 3% BSA/PBS iz T block L7=%, 10 ug/ml ® Ab
2 C2HHZERCRIGE R, 3% AF L ILZIZT3
BB L 78, »I-MADG 250 1= T blot * 1 BFEKR G X
B, BRI EBI— NI OF T T4 —REE L.
8. THFRIU=Y R Ab3MiERFTS Ab I'DEH

VHFRIO =T RG-HIA T 14 £ 1 FHEIMBE L,
6 7 AN NZW rabbit 36 X 006 B E M BALB/c
<v ARV, K% 250 ug, 50 ugAb2-KLH #HK &
LTCCFAZRWTHREL, 3BMETIFAX»HW3HE
BINEE Lt 7-10 B Bkt Uz, #RELL #- Ab 3 it
A G250 LR & Kt 5 HLik(Ab D) A FEHET % o
E 5 Y, ELISA i THRFR L7z, G250 Btk X Ok
cell lysate coat L7z 96 /X microtiter plate ICBRFEZ R
Ly 9 ¥H XU~ v 2 Ab3 MEXMxERc T 1K
MG & 2 RIUERL A F o £ — CEH Y FH~ v R
BLOH Yy FHEE A, ¥HBI1L3 3, 5 5-
tetramethylbenzidin /0.03 % H,0,T 1T \», 450 nm T
OD #Z#IE L.

9. Ab I'&% Ab 3 IfifE ® specificity

£ Ab 2 @ specificity 2\ T L& Ab3 B IC X %
£121-Ab 2  MADG 250 F(ab),~ D # & fH%E % RIA
TR L. T7bD, MADG 250 F(ab),iz T coat
L7: plate T—FEBDL]-Ab 2 & BFEHFN L 724 Ab
3 MiiE A0 % 1 B incubation L 7%, &4 L7-1%1-Ab
2 BPE L. FERITEZZI-Ab 2 ©.MADG 250 F(ab),
~ADREEHEE R -V TR LE.

10. Competitive RIA(Ab 1 vs Ab 3 Ifufs)

Ab 1'&7 Ab 3 Ifi 5 23 L B 1w MADG 250(Ab 1) & #&
BREETTHENE 55, WI-Ab1l &4 Ab 3 IiEH
THERRET o, ¥F 79 ¥ Ab 3 M5 OIEERY
P~y ARIGEERET 2 HH THEERN ~ v X 1gG
conjugate Affigel 10(Bio-Rad) # 5 2 &2 H\», Hi<= v &
Pk ®E L. G250 B cell lysate % coat L %z
plate vy, —FEEDWI-cG 250 & BREFR Lz v v
¥ Ab 3 Ifi{E # RN 2 Ab 3 Ifi{E ©251-cG 250-HL 5
MEHE IOV TR L 7.

Z @ mixture % cell lysate T coat
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DTH 7 X b &fT» 7z

6 BN BALB/c = v 2% 50 ug Ab 2-KLH/CFA
CTHREL, Ab2-KLH/IFA =T 2 EEMEEE L 7o,
7 B B i SK-RC-52(G 250 B&#:) % X 0° SK-RC-59(G
250 &R fifE 5 X 10408/0.01 ml PBS % H: 5444 24, 48 g
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Table 1. Characterization of anti-idiotype antibodies
Affinity binding 50% inhibition of

ALy Sobelas contant Al AT bdng o Ay
NUHI1 IeGl 0.93 0.66
NUH21 IeGl 2.13 1.14
NUHS31 IgGl 1.18 0.94
NUH44 IgG2a 1.25 0.42
NUHS51 IgGl 0.45 0.48
NUHS61 IgGl 0.66 0.43
NUH71 IgGl 1.25 0.67
NUHS2 IgGl 0.82 0.35
NUH91 IgGl 1.08 0.51

Fig. 2. Western blot analysis of Ab2s with MAbg250 on non-reduced SDS-PAGE.
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T, RERTo T A2y bre—at LT
i, BRI, specific ear swelling(s. e. s)& LT
FE L2,

RIZDTH RIGHHEI hic= T 2D ) v _ERic X 5
DO EHELD DD, BEIE~ T RITEIEY v BRE
BETHV VBRIV 277 -DTH 7R + %7 1z,
FE~ Y ADBEERE Y v &% 300 um X F v L =
Ay Y allTHEHEL, 40-T0F M v Y R vvaT s R
— %@L, mI# single cell suspension #fEh, Y v <
Bk 107ME/0.4 ml A=A 7K% tail vein X b EEME~ ¥ 21z
EHL, 30 s#cEEMRY AfRcEFRICESHN L DTH
RIS EEEL 1.

12. =v 2 Ab3 M OHIEESE OB
1) protection %5

17r—76Eo 6 Bk BALB/c nu/nu = ¥ 2
DOEREHE i SK-PC-52 #ifa 105E 24 L, Rk
CIEE BB L. L, 1. NUH 31-KLH a8 L
7= v 2MiE(AB 3-31), 2. NUH 71-KLH %~ v =
1#E(Ab 3-71), 3. NUH 82-KLH &~ v 2 5 (Ab
3-82), 4. NUH 91-KLH %% <= ¥ 2 [ (Ab 3-91),

Lane a:MOPC-21, Lane b:MAbG250 IgGl, Lane c: MAbG250 F(ab”),

IgG2a, M : maker.

Reduced & non-reduced : Coomassie Brilliant Blue

stained gel, NUH11-91, MOPC-21 : autoradiogram of Western blot incubated

with NUH11-91, MOPC-21.
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5. fEBERE (cont), 6. MOPC-21-KLH #fE~< v R Il
(Ab 3-MOPO), 7. IEHE~ v 2 11iFE(NMS), 8. MAb G
250 IgG 1 TfT\>, Ab3 I, NMS Z0.2ml, MAbG
250 1% 250 £g/0.2ml PBS %58 2 M E RIS L 58
fIfefT Lic. EEY 1 R 1x sliding degital calliper (Mit-
sutoyo) Iz CHEIZE L, FERI7~3 tumor size index (TSI
CTRLE.
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Fig. 3. Inhibition of MAbG250 binding to antigen
positive cell lysates by Ab2. Mixtures
of 25 -MAbG250 and serial diluted Ab2s
or MOPC-21 were added to wells coated
with antigen positive cell lysates. After 1
hr incubation, plates were washed with
BSA/PBS and bound radioactivity was
measured. Results are expressed as per-
cent inhibition of *2* I-MAbG250 binding to
G250* cell lysate. The values shown are
averages of triplicate assays.

2(A

OD 450 nm

x =

TSI=REXEEXFHE/2
2) Renal Cell Carcinoma(RCC)xenograft i3 %%h
X

NU 12 & + RCC xenograft ® 2~3 mm¥NEE R %
6 Bk BALB/c nu/nu = v A GRIESHME TBHEL,
2-3BBEE YV 1 X2 20 mm3IT 7x - 7o BF 5 C ran-
domize L, 1 74 =7 6ED 4 7'V — S}, BiEY
BE#A L 7. T 7t b, Ab3-82, Ab3-91, Ab 3-
MOPC, MADG 2500250 ug) %8 X ORI D 5 Bt b5
JTEHIR & Rk CIR RGN 6 B, EEokX
XX TSI TEL .

U=} %

1. $i1 7 4 A& 1 THAADOIER

ATV —<EBEEORAZ ) —=v LD,
MADBG 2501gG1 F(ab?),% X O'MADBG 250 IgG 2 aF
(ab), FE ST BHLA 7 4 + &% 4 7Hifkix Table 1
CRTZEL 9D Y, Affinity binding constant 38
LU T\, F72, Western blot TiZ\Fh $ non-
reduced gel T @ & MADG 250 & X O MAbG 250 F
(@b, IT#EE 2 ER® b i, reduced gel TIFLLFEE L
ho 7= (Fig. 2). Inhibition RIA TIX3XTdD Ab2 %
dose dependent 7z inhibition 7R L (Fig. 3), 2#b®
WRID, 9EDOAD21ZAb2a HB\VAD2B #4147
THHZ EBTHEE . L%, NUH3L, 44, 51, 71,
82, 91 @ 6 B> THEI L 7.
2. Ab3 DFHHE

NZW v 4 Fie B\ CHAb2 RF LI VB bhik

B o s

—A— NUH44
—O— NUHS51
—0— NUH71
F —V¥— NUH82
—8— NUH91

—¢— MOPC21

%\A
—_— .,

I 1

1:50 1:150 1:450 1:1350 1:4050

antisera dilution

Fig. 4. Detection of anti-anti-idiotype antibody (Abl’) in rabbit sera.

1:50 1:150 1:450 1:1350 1:4050

antisera dilution

Microtiter

plates were coated with G250-positive (A) and G250-negative cell lysates (B)
and incubated with serial dilutions of rabbit sera. After washes with BSA/
PBS, bound Ab3 was detected with swine anti-rabbit IgG coneugated to horse

radish peroxidase.
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Ab3-NUH mE T h b G250 HLREEE M cell lyste
ERIGT 50D (Fig. 4 A), G250 & cell lysate &
R ERD ek o7 (Fig. 4B). ¥ 7= control & LT
MOPC-21 a2 ic T B 7z Ab 3-MOPC 1% G 250 #1
R, B celllysate & S IRRIG Lish otz $ich
B, Ab3-NUH miEFicix, G250 FUREER ichitk
(Ab’'D OFERB I hi. F7, Ab3-NUH IfifE &
15]-¢G 250& © competitive RIACIZ#13 55 b DD, 3
AT D Ab3 I E T T -cG 250 D G 250 B ¥ cell
lysate NOFESEHESGL, MEX D, 6D Ab213G
250 LR @ internal image ¥ FL TW5 EFE 2 bhi
(Fig. 5.
3. DTH RGO FHE

AT 4424 7HEBD DX D G250 iR R
il R R FE S b 20 & 5 PR
cH3 % DTH Rsic THE L7e. 4 Ab 2(NUH 31,
44, 51, 71, 82, I THEE I i BALB/c = 7 AT\
Thid G250 RN DTH RiG% R Lz, G 250
PR D challenge o L Ci34sR 7 DTH Kt
BRI e ot Fo, MOPC21 TRES hic< ¥ &
Tk G 250 FURGH & X Ot 8272 DTH K
ER& e -7 (Fig. 6). ZoHEEREY DTH Kt
L Ab2 BB X » TREI hic ) v RICE Bd D &

100

4 —o— NUH31

§5 —am nunag

80 1 A —0— NUHS1
0.

—0— NUHT71

60 \‘ —v— NUH82

—8— NUH81

-*- MOPC21
40

% inhibition

20

10 50 150 450 1350
antisera dilution

Fig. 5. Competitive assay of Abl and Ab3 to
antigen positive cell lysates. Microtiter
plates coated with G250-positive cell
lysates were incubated with serial dilutions
of Ab3 sera pre-absorbed with mouse
serum. A fixed amount of *I-MAbG250
was added and incubated for lhr. After
washes, bound radioactivity was deter-
mined. Results are expressed an percent
inhibition of !*»I-MAbG250 binding to
G250* cell lysate. The values shown are
averages of triplicate assays.
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E1bhBZEND, Ab2HFE~< Y AD Y v Bk 1X107
{8 % naive = v A transfer L T DTH KK O FE D
BEYTENDT. RERIIEIEY v BR% transfer i
<~ U AT RCEHFEEEN S DTH KIS %3S, G250

60

- Ag+ cells

(I Ag- cells

S.E.S.(x10 -3E mm)

NUH31
mice immunized with Ab2s or MOPC21

NUH44 NUH51 NUH71 NUH82 NUH91 MOPC21

Fig. 6. Specificity of DTH responses to G250* (A)
and G250~ (B) cells in Ab2s-sensitized
BALB/c mice. BALB/c mice were immun-
ized with Ab2 or MOPC-21 conjugated to
KLH in CFA. After 2 boosters, 5X10* cells
were injected into the ear pinna. The
increase of ear thickness was measured 24
and 48 hrs after tumor challenge. The ear
swelling is expressed as s. e. s.X107*mm
(see Material and Methods). * : p<0.01,
* % p<(.05.

50

] Ag+ cells Ag- cells

40

S.E.S.(x10 -3E mm)

NUH31 NUH44 NUH51 NUH71 NUH82 NUH91 MOPC21

sensitized lymphocytes by Ab2s or MOPC21

Fig. 7. DTH responses to G250* (A) and G250~
(B) cells in naive mice that received 2X 107
lymphocytes harvested from sentitized
mice. 30 min. after the lymphocytes trans-
fer, 5X10* antigen-positive and-negative
cells were injected into the ear pinna and
DTH responses were measured 24 and 48
hrs after challenge. The increment of ear
thickness is expressed in s. e. s.X107® mm.
% 1p<0.01, * % @ p<0.05.
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Fig. 8. Fine specificity of Ab3 antisera. Microtiter plates coated with MAbG250 F
(ab”), fragments were incubated with a fixed amount of any df the 25I-Ab2
and serial dilutions of Ab3 sera for 1 hr at room temperature. After four
washes, bound *I-Ab2 was measured. The results were expressed as the
percent inhibition of binding of *I-Ab2 to Abl F(ab?),.
[ —6— Ab3-31
[ —&— Ab3-71 OA 807 —o— Control ’ 1’
—¥— Ab3.-82 £ 400 [
+ —*— Ab3-MOPC
o ::;g‘ é 350 1 —e— MAbG250 I l
e AvamOPC 0E> 300 —*— Ab3-82
B —+— NMS S 250 —&— Ab3-91
L —— G250 g 200
=~ 150 T
L o 1
. £ 100
L S .
= +~ 50 =
- - 0" i B4
2 3 4 5 6 7 8 0 1 2 3 4 5 6 7
week week
Tumor growth curves of RCC challenged Fig. 10. Anti-tumor effects of Ab3 therapy, in

Fig. 9.

animals treated with Ab3. BALB/c nu/nu
mice received s. c. injections of 10° SK-RC
-52 cells in the right flank, and treatment
was started. Four groups of mice were
treated with i.p. injections of Ab3 sera
(Ab3-31, 71, 82 or 91), and three groups
served as controls:no treatment was
given (None), mice were treated with
serum from MOPC21 immunized mice
(Ab3-MOPC), mice received normal
mouse serum (NMS),or MAbG250(250.g).
Tumor volumes are expressed as mean
+ SE. Figure is representative for several
independently performed experiments.

mice with NUI12 established RCC xeno-
grafts. Significant reduction in tumor
growth was achieved with Ab3-82,-91, or
MADbG250 treatment as compared to Ab3
-MOPC treated and non-treated mice
(% :p<0.01, * % :p<0.05 vs Ab3
-MOPC treated and non-treated tumors).
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B L CRBRRIGE RS o te. i,
MOPC-21 fefE~ v 2 1% G 250 FiEEH: Fs X Ot A
RN DTH RIGER & isd- e (Fig. 7).
4. Ab 2 fine specifity O#&T

ZEAD2RBCIVFEINLGHIMERFEENK
Ab I’D¥eEM DT Ab 3 MiiE % inhibitor & L 721
-Ab2 D Ab 1 ~DFEEWHFT 5 inhibition RIA ##ifT
Lic. ZORR, 68D Ab2 34 DB/ N —F
K52 ENTER. Tihbh, NUHTL &91 1344
B HHE L7 Ab 3-71, 91 2 X » TD % inhibition %38
% (Fig. 8D, F),NUH 31 & 51 i3 igiEE—o Ab2 &%
z b7 NUH 31 1% Ab 3-31, 51, ¥7 NUH51 % Ab 3-
31, 511X - THELIL % inhibition 7R L 7= (Fig. 8§,
A, O. @i NUH 44 & NUH 82 3L L o1 T4
F—TEREBELCNBEELLR, ALV —7Tho
7-(Fig. 8 B, E).
5. Ab3 M X s HEEHE
1) SK-RC-52 cell challenge {33 % ¥Rl 5

Protection R >\WCikRiRD 4 77— 7 X b Ab
3-31, 71, 82, 91 A VTHE Lic. JAEE REEE
B X ERLEERRTING YR, BERBE 4B
av e - AREHEL, TCRESY A XXERICD
< (p<0.05), WBHFEHKT % 3 B BEIATE 8 :B) TIX Ab 3-
82, I RER LW TEEBEEALERE LS, EHK
HEBSRE»RD = (p<0.0D) Fig. 9.
2) NU 12 RCC Xenograft i3 5 HiEELI R
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