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ABSTRACT

Background: Disialoganglioside GD2 is a tumor-associated antigen that is overex-
pressed on tumor cells of neuroectodermal origin, such as melanoma, small cell lung
carcinoma and neuroblastoma. Immunity against GD2 has anti-tumor activities, but GD2
is pootly immunogenic. Anti-idiotypic antibodies that mimic GD2 may induce more
effective immune responses than GD2 antigen itself, because they are protein antigens
and are known to be able to break immune tolerance. In our previous study, we
produced anti-idiotypic antibodies mimicking GD2 (3A4 and 3HY), which induced
humoral immunity. However, cellular immunity is essential to eradicate tumor cells in
vivo as well as humoral immunity. In the present study, we investigated whether these
anti-idiotypic antibodies 3A4 and 3H9 could induce cellular immunes responses.
Methods: BALB/C mice were immunized with ant-idiotypic antibody 3A4 or 3H9, or
normal mouse IgG as a negative control. Lymphoproliferative responses, cytokine
production responses, and delayed-type hypersensitivity reactions were measured in mice
immunized with the anti-idiotypic antibodies. Results: Both the anti-idiotypic antibody
3A4 and 3H9 induced GD2-specific lymphoproliferative responses and IFN-y pro-
duction of lymph node lymphocytes in BALB/C mice. Only anti-idiotypic antibody 3H9
induced significant GD2-specific delayed-type hypersensitivity in the mice. Conclusion:
These results show that anti-idiotypic antibodies 3A4 and 3H9 have the potentiality of
inducing GD2-specific cellular immune responses that cannot be induced by the native
antigen GD2 itself. (Immune Network 2004;4(4):229-236)
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AEeolt Le Y A A)EA, 3 79 Ablol=
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T ATH@). o] & Fo|t ey I Fole TSIFAY

2
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2 AFddgME 7 &2l disialogang-
lioside GD2¢l] T3} 3}o]t] A Z3H L
™, o]5 % GD29 internal imageE 7}A 3L 1S Ao =
AgEE FA5(BA49) 3H9)S AEatar, o] & doly
QEFY] 3HA| 3A49) 3HOE EZ|OA FAFsle] dol e
Bt FA ] s A, 5 FFo|tJLEtY A (anti-
anti-idiotypic antibody: Ab3)S] A4S FE3FATHI0). E
719 A Wel e FIolt ey FA e dolvgL
EFS] Ao AT Wk ofye} B o] <l GD2¢}
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St A A% HRH 03 (delayed-type hypersen-
sitivity: DTH)-& ZA}8F A T
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AHgdoz AMEE A, Fo|t ety FA ol oA
A HEF 2, dx A g% R
oE7}Q A, B A A ARIHARS o] FUEE A
= YolH 7] 93t Ao A 3A4, 3H9, 123l normal
mouse [gGE "H-2 WY Ao 2 ALl o5 A
% 3A49} 3H9L disialoganglioside GD2¢l gt &o]tj 2
B FAEA Z APAAA Ax=HAoH, 4 FAE
Zy vp-2 o %3} . Normal mouse IgG (Cappel
JCN Pharmaceuticals, Aurora, OH, USA)= 3} o] t] 2 E}¢]
A 3A4¢}F 3H9O| gt SAHE WAAOZA 2Tt
op-- 2o HZE AT
Boukg AT, Folt o) BAR NH oo
MM GG F2, Mol EFIQ] A, F AAY ARIHY
S0 ks 93 AIFAEE GD2 EAKSigma, St
Louis, MO) ¥ GD2 & A3l WMI15(melanoma cell
line) & AHE-3HGiTh o] & AFAS0 e SAHEES
GDla - #}(Sigma, St Louis, MO) & GD2Z & s}#] &
= A|3EQl SWI1116(colon carcinoma cell line)S GD2%}
WM115e] tig Z42+o] Sz A=A 2 ARS8kl
WM1159} SW1116 M ¥EE 10% fetal calf serum (FCS)©|
H7bE L-15 v A el A v Fsh AE-st S
AYFE. do|toey gAY "I S 8 AHeEE 4
YT ELS ZF BALB/c TH-22X4 653 9] female UH-
25 AH&EtATh
v 2HE, Hx g S S No| BTl S S 9
A= o]t 2EHS] A 3A4 = 3H9S BALB/C v}
G229 whutetel] £ A vt Fetdon, AAE 7
UHGRES& F2st7] AsiMe 4249 ot ey
FAE vat2 & 3 JETAh 7 Al HES B
A 3= complete Freund’s adjuvant2} 4701 50ug] Ab2
& AEsHen, 259 9 incomplete Freund’s adju-
vante} 4101 50uge] AB2E AR HESHAT o A A
%3+ o= complete Freund’s adjuvant$} 43°] 100ug
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o Ab2E TeHFANT 22te] Ao BET 0t

229 A= normal mouse IgGE Fo|t] QLEFIY A9 F
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<, Phe2E2 R Y HAE | &
S single-cell suspension® Z THEUTH FZFES 5%
FCS©] ¥3tE RPMI 16408 #| o] £ 0] U-bottom platedi]
welld 2x10°708 231 zvzhe]l ZA 23R S (stimul-
ants)S 74 th, 37°CY] 5% CO, ¥ % 7]ollA] 347t
kst At ] S48 fEstr] As) AHEE A}
SAZAE GD2 EAFeF oo ek A HZS] GDla &
Zb, E]al ARA A 2 g WMLISAIE 9} o]of] thigh 54
22 A WA A SWI116 A EE AHS3lHow,
GD2 #4419} GDla EA= welld 30ugS, WMI15 A%
gt SW1116 A ZE welld 107025 H71akch 229
AFAE skl 347 wdet o, welld 1.0pCi)
*H-thymidine S 231 18417 B¢t O wlFatgich Wi Fd
HUIXZTES glassfiber filtero]l 22 TR liquid scin-
tillation counterg ©]&3te FIZ T2 F4E H- thy-
midine®] 45 Z438IATE o] Wl & FF APl i)
24z} Al A E(triplicate) S 7/ 8taL, Al AlE 378 Zh(cpm)
o FEHS Ttk 2x Y 4 AEx= 449 &
SAE H7HEs W @s A=A glo] bufferihs 7}
S wfo] o pE k<l stimulation index (SI)E A
Uheh e,

ol BFI &4, AXFE 93| EHE = cytokine>
capture enzyme-linked immunosorbent assay (capture ELI
SA)E Ab&ste Stk IFN-y¢} IL4¢] gk mo-
noclonal rat antibody = ELISA plate®] well<- coating$F T}
o, T2AZE 59t A2k ASA ST A w g gz
Hj kol of FFHE HIFSAL 4°Coll A 1247 3t vhS
A At o] W Z+7Fe] mouse recombinant cytokineS- 2HY
Aet 343} cytokine standardS ¥HE- 31 monoclonal rat
antibody”} coating® wello]l 3713t Th, P njj S
I T ZA wjSFETOZM  cytokine standard
curveS ATt Welloll coating® monoclonal rat antibody
o} 2% cytokine®] F& Z78317] $13H coating® FA|
o} g2 FAZAK(epitope)S A 3}= biotinylated
rat antibody S 718}l Ao A 2A17F WEEAZ T o
Al alkaline phosphatase”} Z 3% streptaviding 3 7}8}3L
458-7F o] ¥h-3A1 71 © M streptavidin®] biotinol] 2 ¥H3}
=5 39t mpAE S 2 10% diethanolamine¥} phos-
phataseol] T3t 7128 78t 1087 WA 7] O,
ELISA reader®] 415 nmol| A S35 Z73}aL cytokine
standard curveS ©]83l] 72+ FFTol | F3H= cyto-
kine®] ¥E& Tstth

A9y FHHGRS 4. 4 ¥

e HF 7
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BALB/C v}-$-29] @ 22 Flo& WAlA A 23 WM115
HE E= GD2 EAE FAISHL, vl$-29 9& Fo=
WA X 2] 8 SW1116 Al ¥ EE GDlag FAlet4th
WM115 Al E ¢} SWill6 Al EE 5x1070% FAFa 4L
™, GD2¢} GDlaw 11gX AME3IA T FAF & 244]7L,
48417, T2A 3 e 242y A8 FAE caliper® 57858kl
FAF A FALY AolE HRIE US| 93 F71A]
2 At

BA 24 A7y 27y BAEE 2o ttestd]
o3| A EA3tH e, PvalueZt 0.05 ©]3HQ 7Bl &
Ao Z fFogt a7t e Aoz AF3AT

2 ot

Fgold ety dY whg2e] T F kg, 3ol
ek Al 3A49) 3099 ©]%F W o] T4 GD2
of Holgt X FE SAATI=A Gotr7] S8, 242
o] A2 HAAZ] vhe-29] FEZ TS GD29F GDla, 1
23 GD2 Hd AEQl WMII59F GD2 HI'TE A2
SW11160. 8 A58t 9] S Y5 S463
o ooln) P=d Yo v HETE Fejste] B
2 APstvh. Folt et A 344 WY whp29
HEd g2 GD2 BAE A58S 45 oA Y
3 SAUZE AFA QA GDla BAZ AFH S B-¢ET
of 15 B &2 HEF 54 ¥E& E S H, normal
mouse [gGE A YA 7] vff-29}9] vl A= oF 1.48)
S71E S veS Btk a8y FAFoZE 9n
A= Aol 2 YEFYA] & THTable I). WM115 Al E A}
ol digh 924 gz F24 932 oA i &4
iz AFA SWI162.2 A4S o] F2ukg3}
Hlalske] of v A= S71eF 0™ (P<0.05), FolH
EFS] 3+ 3A49] W3 S A ZE W Y2 normal mouse
I[gGE HHA 7|2 WML15 A|EZE A3 7499} vl

Table I. Proliferative responses of lymph node lymphocytes
from mice immunized with anti-idiotypic antibodies to stimulants

Stimulation index (means*SD)

Stimulants Immunogen

3A4 3H9 NL mouse IgG
GD2 3.14%£3.15 3.16+2.05 2.32%1.52
GD1a 2.16%1.05 2.12%0.98 1.16+2.38
WM115 2256£4.25%  19.05+3.16*  4.12+2.45
SW1116 3.6520.58 2.78%+1.32 2.45%0.56

*Values are significantly (P<0.05) higher than each of the con-
trol values.
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W THP<0.05). o)t S EFY 34 3H9C. & WA Z] v
G229 g2 P L GD2 A ATl dsiA =
GDla A= t)Z 2 normal mouse IgG © & thz 9} ¥l
sto | F2Alo] Z47; oF 1588} 148 FIHE L
o, WML15 Al Z2 538 Ffde 429 sAA=x
o BlafA oF 7u)(P<0.05)¢}F 581 (P<0.05) =71E €=
T 52 ¥EgS H Y TH(Table ).

B Yz o 25 AFdMe ot ety a4
3H9 W mhg-29] HIZ X uko] WMLLS Al Z2=E A}
FPS w SAHSE ogule HEF FA WSS H
GO (P<0.05), Fo|ti LEIY A 3A4 A nl¢-22
BE o v A ZTE WMIIS AXE TS 490
SANEEY BHluste] gule gZF T4
Zpol & Ho|A] ¥SkTH(Table II). &e]t] L ELY
o} 3H9 WY wlg-2o] H|F YEZ A= BF GD
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Table II. Proliferative responses of spleen lymphocytes (sple-
nocytes) from mice immunized with anti-idiotypic antibodies to
stimulants

Stimulation index (meanstSD)

Stimulants Immunogen

3A4 3H9 NL mouse IgG
GD2 2.57%1.54 2.36+1.99 1.63£0.76
GD1a 1.13+£2.12 1.72+2.51 0.97+1.34
WM115 3.61+2.98 16.25+1.73*  3.54+1.78
SW1116 2.75+1.75 3.11+2.45 1.87+1.11

*Values are significantly (P<0.05) higher than each of the con-
trol values.

Aoy, BAIASE gugles Ato]l& ol Th(Table
D).

Folt ey WY vk RO)EFY AL o]
T2 ery & 3A49} 3HOO 2oJ3] WA w29 Y
TEo] 4T GD2o ¥Hg-3te MolETQlY] A4
< TV A ZARSHZ] A3 Aol E71QD IFN-y¢}
IL49 BAAFS SA3IAT o] Zeo= g=xd g
T Hd HEFE st Adsidon, gxd 9
sz o H|A FIEZJLE GD2, GDla, WM115, =5 SW
111622 =3 o5 A E Z242He Mol BTl &S
Hlastdt, 9xd fgxgE gidez g AFoA
(Fig. 1), go]t] 2 e}9] | 3A49} 3H9o| o3 HAH
20 FEFSE BF WMILLSY Ao thajA =
IFN-yo] o] Zzte] Sz vl dA A F
7HE 1.0 (P<0.05), GD22] A=l = SAH =
BT} IFN-y] A7do] %7t F 71 A th(Fig. 1A). IL-4 A
A Aol M= 3449} 3H9 WS vl BEoA PzA
Hr3Eo AT wgd o2 HY gufle 9
IL45 A58 7+ fllthFig. 1B). HIF JZF 5 thde
2 3 A A E(Fig. 2), Folt LEFY A 344 W
n}Q-~ 0] HAAZE WMIISE AFES Ao &4
25 HIsiA IFN-yo] @A A S7HE EIC
Y FA 3HIZE WA vpg-2=9] v
AE wjgdoe FAHSRE rje gloy 2T s
of HlajA 27k Z71E IFN-yo| A F71E Yebdo
(Fig. 2A). W% 9235 x4 Y79} npirix =
ghdoz A= wldd Yol F7HE IL-49 S
g3 & Ak

Folt ety WY vz AAF FWHGES .
golt) Q By A 3A48} 3H9O] 9] W o] mpg2o

I

25 [ A IFN—y m3A4 257 B, |L—-4 m3A4
| E 3H9 [ 3H9
R 20 ONL mouse Igé 20 [ ONL mouse IgG
E | I
2 15 15
=
8 |
s 10 10
=
[0}
e 5 5
Q
@]
e owe B B (W me w me
GD2 GD1a WM115 SW1116 GD2 GD1a WM115 SW1116
Stimulants

Figure 1. Production of IFN-y (A) and IL-4 (B) by lymph node lymphocytes from mice immunized with anti-idtiotypic antibodies
(3A4 or 3HY9) or normal mouse IgG (NL mouse IgG) in presence of stimulants. GD2 and WM115 (a GD2-positive cell line) were
used as the stimulants, and GD1la and SW1116 (a GD2-negative cell line) were used as negative controls of GD2 and WM115

respectively.
A=l el M SAWEES vlaste] S7bE WSS

A GD2Oll Hold A FRIHEARES Fdst=A
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30 |
20 o0 T
0 ‘ 0

24 48

24 48 72

Hours after challenge with stimulants

Figure 3. Delayed-type hypersensitivity reactions in mice immunized with anti-idiotypic antibodies (3A4 or 3H9) or normal mouse
IgG (NL mouse 1gG) to GD2 (A), GD1a (B), WM115 (C) or SW1116 (D) challenge. GD1a and SW1116 (a GD2- negative cell line)
wete used as ncgatlvc controls of GD2 and WM115 g» GD2-positive cell lmc{ res JEecn\/cl

dolr 7] 3, vb2E Al grouplE Yol 4 group
94 vl E 3Ad4, 3H9, = normal mouse IgGE HH 4]
71 T2, ©A] 7} groupS 270 9] subgroup o= L}Tﬁiﬁ}.
Els subgroup-/] ueAE QEE Ho] GD2 BAE FA
3lal 9% Aol GDlag FAFSFH 2™, T2 subgroup
u}%it QEZE Ao WM115, 9% Fo SWIl16S F
AFSHIL 24, 48, 12X o] A9 FAE A 5 th(Fig.
3. A% 23, olt Le1 2 3H9L.E AN v}
F2E WMISE A538S 35 o
Oﬂ vt #A oA S7HE 1]?3
5 Uk (Fig. 30). ©] A¢-ole
Yet 7247 Foll = SAH= ZWf:LZﬂ(SWlll )
= YA NL mouse IgG)H} HI LS wf 2jn
a3 JJr‘E’_]‘?i‘luﬂH}oJ 2ol Bt ot
A 3A4E HAAZ] vuf-20 = WM1159] X]—"]
A AAY HARIHEGEZ o] AFAFHGOY, &
=0 HIgiA FAZALSE oule Aol oAt
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Disialogangliosidle GD2+ melanoma, neuroblastoma,
small cell lung carcinoma &2 -2 4173 2] 1l Y (neuroec-
toderm)ol| Al 7|43 FYAEZEANA FEHo] F71E o Q)

= FYAA Y (Tumor associated antigen)©] TH(11,12).

OE.}_O

Aol 4 o] GD2ol WiF GLdF
& YA E o] &3 5981 ] melanoma®} neurobla-
stoma $AE O A EHo FFF AARE UE
2.1 (13,14), PF-2o A= GD2oll Ui gL 2 A7}
TEHlE JAB7IE st TH(15,16). 1H Y FEHY

TEF Lo g AEHQ HAWhES fFiEst7] of
o2 o avgolu A&HQ AAukgS Fis)y)
P sEHI Y EC] A=A it GD2 ¥4

Ao Abgsts A5 e GD2 FdY ¥
H ] 914 (immunogenicity) S 2. 9+317] 93 GD2 &
KLH(Keyhole limpet hemocyanin)$} 22 31+A}2] &
iﬂ(carrier)% AN 71 AY, GD2 W A] o}74E (adju-
vant)& g7 }” “*‘%‘3501 AHEE AL glth GD2-
KLH conjugate$} o}57 l—é— Al AHAIZ] AR S
A1 GD2 &7} 5t 80}% FA o Aite] FEHIU
om, g gt 37 P EAE AN gGFA 9
AAE FEHATAT-19). 22y o]H3 A 23S
< GD2-KLH conjugate #4lo] J3) A vl 7] w3
o] frd & Uvh= AHS ¢Sk, GD2-KLH con-
jugate WAlo] MEwAAGNZS vt AF+Z2
= otF7HA HalEe] A g

2 dA7AsEd 92 AEQ GD2 FHS "Alsto
GD29] internal imageS zril ot o
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[e]
9} 3H9o| Eejo FTFAFLQ! GD2ol| HisA SolFHe=z
AR & A= A S FET F d5S g9lst
Hom, ol AFr = Fo|t] LEFY FA| 3A4¢}
o] GD2 o Eolgt MEZHARES T & U=
A ARE ZASIA .

2 Ao AFSHE GD2 @HE Y 2 24 HMEE
WMI115¢F SW1116 Al 2A 2tz A}#H9] melanoma cell
line¥} colon cancer cell line©]T}. ©]& A|3E7} BALB/c v}
F229] AXAARES 9 AFAZ AMEHOZHN AF 4

oA HFH NEHGNSES] FI AFAEL £H
o] o]% 39 (xenogeneic antigen)Eol th3F HGuk-S-<]
A7 7HsAdS ¢ wWiAE e fioh 2y £
Ao e WA =X GD2¢} FAMSE FE2E Ze
ol 2 EFS] FAE(BA49 3HI)S AHE3IACER WA
IS ASA 2 AFE3 AE e oy FYE T W
AYo = AL EHAYY FdH 53 g 5 GD2ol| o

A EA o e A EujsjEguSo] fitEgE
AA ol o 22 Ao] 7bsslth -4 normal
mouse 1gGE AG PO Z A-§-3 -9 FoJt] LEY
FAE WAoo E AES F-E Bl S wf, WML15
o At A Aot LEFY A 3A4 H 3HIOE
AAAIZ] w20 X o] g Y2 F2 o] normal
mouse IgGE WAl whg-2o A 8] TR HTE oF 4u)
WA sul A /4o EH, g F2 9hg-o] d4
3 2}o] = H I THTable I). 3+ 3A4 2 3HOO. & A
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