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The adjuvant effect of PAMAM dendrimer G4 (PAMAM) on the induction of humoral and cellular
immune responses against keyhole limpet hemocyanin (KLH) was examined. Mice were immunized
subcutaneously twice at two-week intervals with KLH, with or without PAMAM dendrimer (100
g/mouse), and the mice immunized with KLH*PAMAM showed significantly higher antibody titers
against KLH than those immunized with KLH alone. The assay for determining the isotypes of the
antibodies showed that PAMAM augmented the KLH-specific antibody titers of IgG1, 1gG2a, IgG2b,
IgG3, and IgM. In addition, mice immunized twice with KLH+PAMAM followed by a subcutaneous
injection of KLH (20 ug/site) 7 weeks after the primary immunization exhibited a higher delayed-type
hypersensitivity (DTH) reaction than those treated with KLH alone. In an in vitro analysis of T lym-
phocyte proliferation in response to KLH in week 8, the splenocytes of mice treated with KLH+
PAMAM showed significantly higher proliferating activity than those treated with KLH alone, and the
culture supernatants of cell cultures from mice immunized with added PAMAM dendrimer showed
higher levels of KLH-specific cytokine (IL-4 and IFN-r) production. These results suggest that PAMAM
dendrimer G4 possesses a potent immune-adjuvant activity for enhancing both humoral and

cell-mediated immunity specific to foreign antigens.
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AAS gsiA fsAZ o] A7 i W T2,
24]. 2 FAAE polyamidoamine (PAMAM) dendrimer+
Holl 8 £5F9 amide®} amine©] WHEZ 0 F F A H o
< dendrimer FFol™ AAH o2 FH S Yefy, 7=
9] core typed EH7]|% 7] (functional surface group)®] &
Foll @} 10 F 79 A o(generation)& ¥ 3 A7} o}
Aol wheh 9o o B 27140 AEH ”Eﬁﬁoi o
£ dendrimer] W3} o & A AFAHE F T AT,
7,12]. ¥uA 02 dendrimers Al EU KA o EHEH 94
£ 54& vehie 222 ¢eA 9o, PAMAM den-
drimer®] SAol| #3 27] AFAEE st A2+ vt
N9 atol& AT THE dendrimer ol M3 AA A L
Z =40 e AR HUH L i)

In vivo A@ANA FHH AF ATl ostH, 15 =9
NH71 & #7}3 PAMAM dendrimerE vh$-20o £id 2
%, @4 9| AST (aspartate transaminase)$t ALT (alanine
transaminase)®| &%=} th2a o] HE| i FolAE AoE
UERRTH2, 7, 10, 19]. ASTS} ALTE A X Yo Ex38t=
BAEAM, AGA HAAE 44 & otz A5,
&40l e Afol FA7 dsstA Bvp]. wekA, 1
$9 NH, 7]& 27}3 PAMAM dendrimer £ ol A &
4 AST 8l ALTY| 37k M 259 -NH, &0 54
< FEIde AS gt AT @t =9 NHz 7]
£7} PAMAM dendrimert} PAMAM dendrimer3H& ki
AFAME o5 49 85 v5¢ 28, U84 ‘34 &5
219 5o YAME Fou| Aol AHHA RS Ao E
H ol PAMAM dendrimer= -NHy7| & #7hg T2 A 5]
A9 ko] HAHY, I AARORE A 4] gle
AoE Ao

g PAMAM dendrimere A AW k&9 AGA 2 A
9 715 Y5 I AAEA Y= %(atrophlcs)«] O*Zﬂ, NER
I aga FEs 24 5 Y Aegdel de dos
dHA irh24]. stA T oF2 PAMAM dendr1mer9Jr HYA
E9| FuAgoly " sgo] tF AHE A W
AAolth, & 7o AE PAMAM dendrimer®] W32 A
S ] HE FHOE, me2E o =449
oA & Ao o Agnkgo wAE WA FAE4
el zAbstit

HJ ox X0

R

Al

£ AT A4¥ PAMAM dendrimer (ethylenediamine
core, generation 4.0 solution PAMAM dendrimer G4, Fig.
1) [10]& Sigma-Aldrich (St. Louise, MO, USA)l A 71 3}
o, FYOE AE3 Keyhole limpet hemocyanin (KLH)
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Fig. 1. Schematic structure of PAMAM dendrimer.

o 4L Calbiochem (California, USA)oll A1 Z+zb <91 8}%
. KLH= 2§ 3% % phosphate-buffered saline (PBS)ll
=9 ¥ 02 ym9 filter® o #43 & AHEstAT A7 24
91 A Z+= HRP (horse radish peroxidase)”} conjuga-
tion® 24+ 3A ¢l Goat Anti-Mouse IgGAM-HRP, Goat Anti-
Mouse IgG1-HRP, Goat Anti-Mouse 1gG2a-HRP, Goat Anti-
Mouse IgG2b-HRP, Goat Anti-Mouse [gG3-HRP % Goat
Anti-Mouse IgM-HRP+= SouthernBiotech (Birmingham, AL,
USA)ol Al Ful 3} 1, cytokine & ZFoll &
munosorbent assay kits (ELISA kits; BD Bioscience, San
Diego, CA, USA)E Ar&3t%ith

tlo 4

Enzyme-linked im-

M| ZZHH S

H| A M L= 10% fetal bovine serum (FBS; Gibco BRL Life
Technologies, York, USA)< %3}+3}= RPMI Hl #| (Welgene,
Seoul, Korea)ll penicillin? streptomycin (Gibco BRL Life
Technologies):% A7Fe v A ol A w el oH, A9 S
HH-8-2 3-(4,5-Dimethyl-2-thiazolyl)-2,5-tetrazolium bromide
(MTT; Sigma-Aldrich, St. Louise, MO, USA)E A}-8-3to] &4
35 TH[25].
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Balb/c #F-2(65%, ¥A)= Raon Bio Inc. (Yongin, Korea)
oA FYsted AHgstAon, FE4ES Yt IACUC
(£91M & P20-05-A-01)¢] %4 s} | ey

Z T (none-treated), KLH (5, 10 2 20
d= Folit 1831 KLH+PAMAM (100 ng/
mouse) FHTOE o], 2+ IFHE FFAE F3f 27



Ao % 28 AASGT WY 3,4 121 557 o et
£ 5ol AL & S PBSAl 34 ske] 30Tl A Htst
Aok KLHY tf@ @A (IgG+igA+IgM)S Z4 2 indirect
ELISAR o °J3] 43l th. ELISA platee]l KLHE 2 pg/ml
o =2 3¥6til 3% BSA & = blocking? ¥, 7 well
of EHE 2v) AT Hete] Hrleta 247 & 37CAA
WS AIAT O 3 PBS-0.05% Tween 402 7} well& 33
A &, peroxidase’} F2H 22} A2 goat anti-mouse
IsGAM-HRPE ¥ 1 2417k Wh-g-A1 Z1th. PBS-0.05% Tween &
do= 33 A4 %, 02 mM ABTS (2,2-azino-di-(3-ethyl- ben-
zothiazoline-6-sulfonic acid) diammonium salt (Sigma-Aldrich,
MO, USA) 714 &1-¢ 7183 37Tl A 3087 18417
o 7t well®] &3 % (optical density, O.D.)& 415 nmol A &
ettt $dA o KLHO| i3 &4 A7be B4 vhe2= &
A zz)ol g 0D 2 & Uetli= 3 4H 2 AA st
HTH25]. 282 & KLH 349 isotyped -2 "2 =
2] 7t isotype g 2 A (HRP-conjugated IgGl,
IgG2a, 1gG2b, 1gG3, IgM)E ol &3t AA s At

XY molgts 58

o] g A9y FRIk-S(delayed type hypersensitivity;
DTH) £4-& KLH (20 ug/mouse) &= $-& KLH+PAMAM
(100 pg/mouse)®] ZHAOE 25 A0 E UYL F, Hx
A 754 o v} ‘%H}‘ﬂ'(footpad)ﬂ] KLHE 20 pg¥ 3
ofFAbet AL, 4847 o ot fr =5 footpad swel-
ling®] F71& digital caliper (Mitutoyo, Kawasaki, Japan)&
ol &3t ZAst¢th. DTH w89 F7be izl W
swelling®] &2 7A4tste] dA4 o ¢l Th[25].

10
mouse) &% & KLH+PAMAM (100 ug/ mouse)«] z10
2 23 "YstAnH25]. & WA §F A vpe2E npHE
T YA A HIAE A Z3E3 homogenizers ©] &3t HIA
A ZZ single cell2 A th W AAEE 96-well plated] 5x10°
cell/well®] =2 Y1 37C, 5% CO, 79 incubatoro] A
8AZE & AT T F 7 wellel KLHE 10 ug/mH
FEE A7heta 2443t wjFatith Al 29| F4HEE-S MIT

ol s 33k H Th25].

Cytokine MZ¢

KLH &g tidt THEY Ate]EZY EHlo mA&
PAMAMS] G2 P F9 FAHS Ao Ag¢ v A

ZE o] gste EA5H T 48-well plated] 7+ welloll B AHA|
22 1x10° cell/well® ¥-& & KLH (10 pg/ml)Z 3 7}3k]
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ug/mouse) 9t 7 WA 154 KLHE &=
23 vlaste] fFolstAl A A7 e
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Fig. 2. Effect of PAMAM on induction of KLH-specific antibody
response. Five Balb/c mice per group were immunized
subcutaneously (s.c) with KLH (20 pg/mouse) or
KLH+PAMAM (100 pg/mouse) twice at the interval of
2 weeks. The antibody titers of serum specimens were
measured by ELISA as described in Materials and
Methods. ***p<0.001, compared with the control group
(KLH alone) by Student’s two-tailed t test.
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Fig. 3. Adjuvant activity of PAMAM according to the dosage
of KLH. Three Balb/c mice per group were immunized
s.c. with 5 or 20 ng of KLH admixed with or without
PAMAM (100 pg). Immunization schedule and the meth-
od to determine antibody titer to KLH were the same
with those of Fig. 2. **p<0.001, compared with the con-
trol group (KLH alone) by Student’s two-tailed t test.
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3} Z%Z# PAMAM (100 pg)# £33kl 23 714 0.2 23
FA e FAZVE Blwst k. 1 A, Fig2ol A ¢
éo}ﬂl 20 ug®) KLH ¥l 58, Fo&Fo] 425
ng?l KLHo| Fdjo] tjs] A= PAMAM &A|718 #9J3HA|
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Fig. 4. Determination of subclasses of KLH-specific antibodies in serum specimens. Five mice per group were immunized s.c. twice
with KLH (20 ug) or KLH+PAMAM (100 pg) as the same method described in Fig. 2. Isotypes of KLH-specific antibodies
were determined by ELISA using 1,000-fold diluted serum specimens. *p<0.05, **p<0.01, compared with the control group

(KLH alone) by Student’s two-tailed t test.
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Fig. 5. Effect of PAMAM on induction of KLH-specific DTH
reaction. DTH reaction was performed using mice im-
munized twice with KLH (20 pg) or KLH+PAMAM (100
ng) as described in Materials and Methods. DTH re-
action was expressed as the percent increase of footpad
swelling. *p<0.05, compared with the control group
(KLH alone) by Student’s two-tailed t test.
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Fig. 6. Effect of PAMAM on T cell proliferating activity to KLH.
Splenocytes obtained from the boosted mice 8 weeks af-
ter the primary immunization were co-incubated with
10 pg/ml of KLH for 24 hr. Proliferating activity of T
cells was measured by MTT assay.

ol THI= agA & 9FS AAA ot
(Fig. 6), ALl E7HQl Eulo] Qo] A IL-49} IFN-ye] A4 o]
T F7tske Aoz &5 A (Fig 7). AT IL2E
e} A BAou, T ke AAHA gt
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& 79, PAMAM? [gGl2 E& [gG2a 349

FA WS =

Joe TR (Fig 4), TAZZREH 3 Sold<l
IL49} TFNwy Abo] E7}elo] A4S lno]% 102 solgalc
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o FHE Feta, 1 A3 BAZEHE Thl type FA <
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&3td PAMAM o9 o3 54| 5= 7ke] A H
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A dstFAsta, 22 B 19 F9 5 AST 3 ALTS
A A3 54 JdAFHA gskon, B ASAS U
Etlfl= 8% creatinine (CRE)# blood urea nitrogen (BUN)9
FEE 45atA ¥9kth(data not shown). T Ao )0
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Fig. 7. Cytokine assay for KHL-specific cytokines. Three mice per group were immunized s.c. twice with KLH (10 pg) or

KLH+PAMAM (100 pg). Eight weeks after the primary immunization, splenocytes of the immunized mice were co-incubated
with KLH (10 pg/ml) for 24 hr. The level of KLH-specific cytokines (IL-2, IL-4 and IFN-y) in the cell cultures was measured

using ELISA Kits.
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