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Immunoadjuvant Effect of Platycodin D from Platycodon grandiflorum

Yongmoon Han®
Department of ImmunoMicrobiology, College of Phaymacy, Dongduk Women'’s University, Seoul 136-714, Korea

Abstract — In vaccine development, the major points may be induction of effective and increased levels of antibody pro-
duction. This is especially the case when the antigenic sources are carbohydrates. For many years, thus, we have researched
various types of formulations such as liposomal and conjugate vaccines. However, the fastidious formulation process and
high costs are a problem. For this reason, there is currently a focus on utilizing immunoadjuvants. In this present study, we
tested if platycodin D (PLD) from Platycodon Radix have immunoadjuvant activity against the cell wall of Candida albicans
(CACW). The resulting data showed that in the murine model of antibody production, CACW combined with PLD [CACW/
PLD/IFA] increased the production of antibodies specific to C. albicans when compared to the antibody production by
[CACW/IFA]-induction, which was used as a negative control (P<0.05). In the case of [CACW/PLD/IFA], the antibody pro-
duction was 1.4 times as that of the CFA. In addition, formulations containing either had a prolonged antibody inducing activ-
ity maintaining the initial titers of antibody as compared to the CFA formula. Cytokine profiling with the antisera displayed
that the PLD produced both Thl and Th2 immunoresponses, but Thl dominant was much greater (P<0.05). Furthermore,
[CACW/PLD/IFA] formula enhanced resistance of mice against disseminated candidiasis, whereas the CFA had no such
effect. In conclusion, PLD has an immunologic activity, which is protective against the disease. Thus, PLD can be a goof
candidate for a new immunoadjuvant in development of the fungal vaccine.

Keywords [] immunoadjuvant, PLD, CACW, antibody production, cytokine profile, disseminated candidiasis
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Fig. 1 - Chemical structure of platycodin D.
Z)ell sh+¥ platycodin D(PLD)E A17g3ke] o] Adw-2] g3}
=4 el st ARz gyE AFFARIICH

7173 (Platycodi Radix, Campanulaceae) &teJstol|x] A %
e} 73R 2 A5l L ARE F8ehA ARgsle Tt
okAlolr,? FH ol WS EIE BuE 1 kY A7l
triterpenoid saponin?} phytosterol -5 &Rk Sl=d], &
Aol A 273 platycodin D(Fig. 1) triterpenoid saponin®]
Ao g gt 9,2 He] platycodin D(PLD)7}
rdutele| A Be] wdA) gkl (HBsAg)S] MA 511
S Fe HRZFI) glgo] HuEIrhY HBsAgS: w2
A 07 Thl(T-helper 1) 2! Th2 A& B5F Wy
E]— 12)

AA A Fodh HeAx
lymphocyte(Th A3 )= %51*3] =
ol8kS $Hh Th Al F92] 7ol wle) Thiyt Th2z
slste] Alo]EFIRL (cytokme) 019} WeRESA] W Ajols
Holr o] subtyped] HTXES F
ZQ3 oA AL ATE' Thl AEE IFN<E 5
H|3}2L macrophage®] 33l o3t Alxuj7id ASdS f 5
sto] ATHke-S Welshs W], Th2t: = IL-49} IL-102)
APIEZIR] FH|E &5k A NS frieste] el |
kS-S AT Agubge] SHlolA oS X, ukek
Thl AF=do] deahA Edshd Alxmzigd Heie el v

W& o7 <13 CTL(cytotoxic T lymphocyte)ol A o]
oz AgatA HojA Ael 229 sllE ek wol 2}
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ole], & Arelx= PLDE ®rsl=a-del thsh HojR s
ko] o i3 AT AR o] AFE $I8iA, ©EEA &
oR= C. albicans®) AERA Feldk E2(CACW)S AR
31T}, CACW= 95% oldo] ’bpslas 2dwo) Quuh>1
CACWS} PLDS 7|&0l &£3t5lo] -8 (emulsion)dt MAIA|E 2]
Sg-j.ﬂ}\g/ﬂ _Pr_,_ Al UI Thlj,]_ ThZJ u:]oﬂql_ﬁ_/\é% 74/\14—;5}1 C
albicans 7117 A4 AL ThS FEEEA o] WalA 2

YT ZALHIC,

>
e
0z
I

AMEsE
Z91%85= (Central Lab. Animal Inc., Korea)|x] 5~
BALB/c 947! ABHE 743 &, B okshrjjste] =54 ]6‘34
SHdollA 17 1+ A8 F ”540}03‘3} AR71ZE <t
1 fiter-top cagedll AFS3H Eitd AlESt E& A7)
S5 s%on, FEAe e 25 20+2°C, 5 50+10%7t
FAEES st 282 12A7F 1HE 02 FokE Agos 24
sioith. e e sYAR g FEdErE Y s EARES
21919138] SRUIRB: FH9%%5201403-0211 wet =2 w2
ARSI

ot Lo
I e oﬁi

C. albians cell wall(CACW)Q| &

C. albicans®] A|XH FE2 & AN 7] Bash Wis
AREBIGITE 341922 o] Zzbn S F1ekelA| 713Pd, C. albicans
CA-1 755 GYEP(glucose-yeast extract-peptone) &} uljxo|
F%&slo] 37°C incubatoroll A 24417 F<F vljekst &, falwe]
o7 ¢lalel9l=2-9l(DPBS, Sigma, St. Louis, MO, USA)2.
% AlFska DPBSOl| thA] A1 ZIEE 1%, 0.1 M disodium
EDTA(pH 7.5)2 0.1 M trisodium EDTA(pH 9.0)% 2|35}l
0.3 M B-mercaptoethanol2-ME)S 7}5F Sof 2l&ojjx] 305
A EE ool s s s o] A ds FA Ut
(membrane cut-off=12,000 Da)el] Y1 Hitd & 0|55 F
Ao o2 Akg3te] 6AIRE piTE A NS ol 327 A4
slltt. FAlo] ehns thgel FA1 UpR-EAs dste] —50°C
olgtellA] FAZZ SISt w2sl ¥ CACWi= desiccatortol]
Axshn Agof ARE-SFAATE.
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Platycodin D(PLD)
PLDE= Aot oketelel 1934 o
AFof] ARE3IATE PLD AHE-o] Eal=
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PLDE %1159
A =2 vE 727 (high-speed countercurrent chromatography)
o= REaiglon, o]9l o] ¥ PLDY| £Ev 99.8%%
F7FEUeE o] PLDE 2 Aol AMg3l7] el AEska 7
=W dsto 2 LALLimulus amebocyte lysate) test kit
(Sigma)2 AME-all4] Uh52(endotoxin)®] &4 oJ5-2 ZALE1S]
th ZARE A, o] Aol isavt EAlE]o] 9] 35S &
0135} tH(data not shown).

(enzymatic transformation) W= 283k &

Hod x| St ZA

PLDS] R zA|2A 9] T35 Ak fIsiA 7] Al
A A3 whf o) whel 229 CACW 3Hle E3kslo] Candida
WS AFBIGA o5 WAAIE ] Al vt 2 1md
DPBS(OV\PQP%S_O—',*; Dulbecco’s phosphate buffer solution,
Sigma)°ll 400 pg CACW(3-)9} 10 mg PLDE 11 &3list &
1 m/®] IFA(Incomplete Freund’s Ad]uvant)~ %7}kl sonicator
Z 3K emulsion)A AT}, thz WAIAPEL PLD §lo] 24
CACWel 1 m/®] IFA %= CFA(Complete Freund’s Adjuvant)
2 s 1eh Lol U wHow fahAzth 8]
& (mineral oi)© 2% T4 ¥ IFA®} F=7]157 mycolate &
o7 Z3% CFA: Becton, Dickinson Co., USA°IA 13}
At} IFAE 6312 317] 98] AFEsiqin). maAdE AdFe
o RS 7 2ol A0 B4 100 S 1
HEehinday 0), 212 Fol 23 HES soich. 23 B <
TY $(day 28)°ll, 2+ ZFoIM AHsty dF¥Hwe v
AI31ck. PLDS) WelnzA &he] 7R= [CACW/PLD/AFA]
o= HFW AALEIN FAT GAS S [CACWS)

[FA]Z 253 Sz AF 9 [CACW/CFAIZ HE3t oF
ez A e GRS Szke) 247t vlaste] %7t
SIS

ol5 wale] o F s S SsiM A
7] ¢} %%”c‘z WP O 2 A %38 [CACW/PLD/IFA] WAl Hi=
[CACW/CFA] 9418 A3 HEDgel el 7 Z1572) AF el
Al Z12F ARSI iz A WAl tiale] 9.2 DPBSHH
& ol wiolth, 23 HF F AFUA|(day 28), 25%10° cells/
m/ sE2 0% C. albicanss 7t AFPREE 200 mp 2] g @
o= FARl] AN A F o5 AF ] AEAS 57
313t o] MA] Zit]tis(disseminated candidiasis)?] =5
e 2 A 7] Aol Tk WY 022 1 ol
Ag3c).

lo o

SRYMo| M
7 Mg oR A AR FARY oARE A
a1 $18ll 7] el ) ARg-3E ELISA S ARsigict ) o

8l 3k 484 ¢ %44 (maintenance) F E2 A7) YA,

Eolgt w0 7} wAAE 0T HES XS
nrefE oA 1x} A& (day 28) g vhaell FA|e] BdoRE A
AsATt, w3k, 131 A F 60UAl o] HAEZTE FHS
AR 271(day 28)8] FANYE =} 6044 15 #
A WP EE A vlwsiSict. A A 6‘%-"’321]
SARES WS ARESto] SASISIT AR vk 2
A, AlFEHE 1% BSAS $H$t DPBSE Alths|A st 5 7}
ol H4 10 W& AE D O-ring plate®] wellell 31, CACW=
FE3t beads[CACW-beads]E 10 p/ #7Fskar 2 2318t thgo]
SHAFE 75380t CACW-beadst= 7] 1ol Ag-8 )
Holl wha} Azslo] ARgslAk Y

Thl Cf Th2 MAHISAM 24

PLD?] WHoFEAS AMsh7]el8l, 38 Aol st
cytokine F7-2] 7412 ELISA kit(DuoSet mouse IFN-y, IL-2,
IL-4, IL-10, R&D System)> Al&3lo] z+z} 7 Aot
cytokine®] EFAAL AHEF ol Wkl Thl cytokine S =
IFN-y$} IL- ZE‘ A7 AL, Th2 cytokine® Z+= IL-4%} IL-10
= 41743139t}. Cytokine profiles oF HNIg-2] Hu)g%o] u}
£ Thl B Th2o] 941 %% nla B7lskict.

A

APd TR B £ 3F 03 Mean+SE)E ARYsIglom 7F 71
F] 5242 Student’s t-testsS ARE-SFITE P Fkol 5% w)
gkl woll= frel/de] = Aow delt AEEL] S
2 9-2]4)2 Kaplan-Meier Test(Systat 7.0: New Statistics of
Windows; SPSS, USA) W&l =2 H71s3it).

Al
=

oo

dnt

SN 2y

2877} [CACW/IFA] Aoz e BFA1E9) E3%
G2 (valuey= 31 0.018 FEQ) Whdo] EEA ot ARgah=
CFAR A}g-3lo] 21%% [CACW/CFAIZ Wol® aFAu)zxT9]
9% FAE 0.04201900HFig. 2). sAI%E, [CACW/PLD/IFA]S.
2 A5 AF 159 FETe Fduiroz ARSS [CACW/
CFAJel HlaiA] 149 o 22 3 Zt]t}t 3 (anti-Candidal
antibody)”} 8d ¥ ACHFig. 2). ©] F ] Aol B
Hog folgol i AoR FHFEUCHP<0.05).
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Fig. 2 — Combination of CACW with platycodin D [CACW/PLD/IFA]
induces production of antibody specific for C. albicans. This
production was app. 1.4 times greater than production
induced by [CACW/CFA] used as a positive control when
determined by ELISA. This difference (*) between these
two groups was statistically significant (P<0.05). These
results indicate that PLD has immunoadjuvant activity.
Error bar; S.E. Note: CACW, Candida albicans cell wall;
PLD, platycodin D; IFA, incomplete Freund’s adjuvant;
CFA, complete Freund’s adjuvant.

Algk 602A G| FAVIE -G ANk e A
Astlet. AFA TS EA8 R, [CACW/PLD/IFA]Z Hold
AFLEC R A 7R 325, STl [CACW/
IFAJeIM A8 137kt 169 32k0HP<0.05)(Table 1-A).

CFAE A3 o duizTe] da|d7l= 824, o] PLDE X
ZAZ ARSE 73991 329 FA|ed7tel| nlsie 25% ol E
HSFRATHP<0.05)(Table 1-A). ©] 55 1ks Whel <3t a4
7}e] Azl ELISACl o5t &A197} A/32] =19k L8t
sHH, FAREA L AES A7) Hei F S - 1
Aok 60dAel EHe] FA7HE nlwst Ar}, [CACW/IFA]S}
[CACW/CFAINA ] 11842 50% 7H43KiAI9t, PLDZ 3t
&t AFelM= AL fEAells WEo] glich(Table A &
B). o] A= A2 F242 Aol 271Y o]de] A HA o]
U & 7 ATk

[

v}

PLD2| iy

7 WA o R el Al A AP AfolET}
919 MAAEE Hrleldt). 1 A3, AA tiido] W= A&
711 (IFN=y, IL-2, IL-4, IL-10)2] 84175+ DPBS 3490z
Ae]El 7-g-oF AT 1k WA EE vlwsiE o, 7 8449
el 2ol 7k AAARE B o] = vh(Fig. 3). WA,
[CACW/IFA]®} [CACW/CFAJE ®]iwal|l i, Thl typeq! IFN-y
T} IL-2 BT 7]22) CFA HoRZAS ARgEE 735014
0|5 Alo]E7IQl BF7F CACWRES: ARS8 739~ [CACW/IFA]
o vlsiA B ol =ISIekFig. 3). 53], IL-2¢] -3-oll= oF
1.769] B Wo] AAEAA L, IFN-y= FA&HA A= 90t} o]
of| Hks)A, PLDE ghi-3t wialAla o] 74-9-[CACW/PLD/CFAI2;
CFAZ 3h4-3F ®A [CACW/CFA] AH% Hlw3S o, PLD=
CFAS] H]&lA] IFN-y= A9 4117} AAjo] %31 (P<0.01),
IL-28] 79 1.84] ©]%e] © @ o] AFHUATHP<
0.01) (Fig. 4). &5 AP 2] Z-9-ollx, Th2 type] Al|ETIR]
(L-47} IL-10)2] vleM= Al fAkst Fej2 Ado] =3l
ARk, Thl type?] Alo]E7F¢12] AAo] mlsMd B WA A
= AH(Fig. 3).

Table I - Titers of antibody specific for C. albicans measured by the agglutination assay

(A) 7 days after 1st booster

Serial dilutions

Antibody
Formulae .
1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 titer
Diluent only - 0
CACW/PLD/IFA + + + + + + - 32
CACW/TFA + + + - 2
CACW/CFA + + + + - 8
(B) 60 days after 1st booster
Serial dilutions Antibody
Formulae .
1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 titer
Diluent only - 0
CACW/PLD/IFA + + + + + - 32
CACW/TFA + - 1
CACW/CFA + + + - 8
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'Bg “CW/pL“CW/IFA W/CF 4 -0+ CACW/PLD/IFA  31.6+10.8
—w— CACW/CFA 92+23
m— |FN-
IL-2Y Fig. 4 - [CACW/PLD/IFA] formula enhances resistance of mice
s (-4 against disseminated candidiasis. The mice immunized
IL-10 with [CACW/PLD/IFA] before intravenous challenge with

Fig. 3-PLD involvement provokes Thl immunity in mice as
determined by cytokine profiling. In the sera collected from
mice groups that were immunized with a respective
vaccine formula, cytokine profiles of [IFN-y & IL-2 (Thl
type)] and [IL-4 & IL-10 (Th2 type)] were detected.
Results showed that the PLD-contained formula induced a
greater amount of Thl-type cytokine (*) of [IFN-y & IL-2]
than Th2-type cytokine (#) of [IL-4 & IL-10], which
indicates that PLD induces Thl immunity dominantly. In
particular, regarding to the Thl-type cytokine production,
difference between the induction by PLD formula and
induction by CFA formula was statistically significant (P<
0.05). Error bar: S.E.

ZHcict HAM Zid= (Disseminated candidiasis)oll CHE!

ol& Z WA C. albicans 714 ANA 739350] Tt
ars 4 47, 359 k] #5717 F1tell [CACW/PLD/
CFAIC 2 HFH A2 HAAEAZHMST: mean survival
time) (31.6+10.820)FA SAJtlzT 0] HHAYEAITH5.4+2.3)
o Hrh oF 269 o] FHHAEAIZEe] v A3 (P<0.05),
[CACW/CFA]C.Z HEW AWFH 152 FHBEAITH9.2+2.3)Y
o HlsiA 229 o] Afol7t UATHFg. 4). SRS A
A #5927} 11Y ofufel] =5 HAksE vbdel], [CACW/PLD/
CFA]Z WAE AH 152 80%= U=V F47HA] A&
thFig. 4).

Ak, 1009 A Bel, 2 A thekst FRe] Steldi
of el WaIn zA0] FE A7 2SI o]o] Tsle] 8t

live C. albicans survived approximately 22 days longer than
mice received [CACW/CFA] during the entire period of 35
day-observation (P<0.05). [CACW/CFAJ]-immunized mice
all died within 12 days, whereas 4 out of 5 (*) [CACW/PLD/
IFA]-immunized mice survived until the end of the
observation. This experiment repeated three times. Each
group contained five mice.

3lo]) Bk RS oLkl Rgl*P} R, B-sitosterol, >
18B-glycyrrhetinic aci 39 18] 3 icariin AFA TR %
R0 R o] T AR o] C albicans 71917 WA 1+
Zol Raawpt e IS F2sisitt. st WgolA, &
ol A= platycodin D(PLD) 2734 =
AT

2 ATE FEl S dlolHE aEsRd, 7S] e
ol WIEA ARgEl= CFA Wi 2Ax7 PLDE CACW
el gt 3 Aotk gAE F5 A8, o] A=
CFAMCT} ¢ 2 Zlo =g Hriw gt w3l [CACW/PLD/IFA]SH
[CACW/CFA] #2lA1E o] A o] #1438 vt Adat
oM, PLDE 33t AlFS F7HEE F 60L7HA] = &)
A7} AskA] ¢k AHA o' [FA7F H= Wbl CFAS]
A-ol= A7 71 50% HAEksit o] daE B PS u)
= PLD7} CFARUR: Rzt o 8= & 571 9
Stk o] AvE EEEH, dvdor AF ] Foggo] 2
HEE P agiohd 5~677 wel A7 60Y Sl vl 18
FHRETH: 5~6T+HIHTAZ N O 45+60L ©CF 87)]
o] Hr}. o]F AFEE] yol9} HlwshH 5~67F 2 A= o=k
AFre] 20thZEel alfdevtar 3 of, 18573<] AF = Akl 30
o &, $HF Axe] WaEgitta & s Zorh 1githd
[CACW/PLD/IFA] WMAAF ] g5 AEY T HAas 154 0]

d

D..
oy
P

>
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OZHL@JM UAPE ohd T
i, PLDS] W=z Fso] v

322919 (cytokine profile) < Ak&s}oa Thl tf Th2e] H
-2 AAS At [CACW/PLD/IFA]S} [CACW/CFA]
WA A T A AoE A vugs o, F
AY 25 Th1¥} Th2 HRES-S A3 A T Thl HRES-

SABkATE ZE3E 212 PLD d-A1do] CFA 3130
v IFN-yi= 719] 487} o Adeisla, IL-2¢] 749+ 1.8
I} o)) A4Ade] #5E|Q]). oli= PLD7} &AsHAl Thl A<
g—g— (s} Cg}l: 743& :ﬂ-zﬁo] Eh:]- 1831:}11] Th2 \:ﬁ_@'g}-ﬁ o
A5sh= C. albicans 71Xl el odaste] 7hsdol wig-
5 0= AlRHh A 4719 AR nFo R SiA,

DV =)

Aald AHYg FE R EellA o] [CACW/PLD/IFA] #1414 % 2
Hsa ARSI AtEd AvE s R, [CACW/PLD/

ol AF 172 FAAEARES dizrEel vlsiA 4
oAl Atk 1S 83 HE vxasel &3 AHE
Z713F 1294 Qlofjel] B FHARSIAIRE, Al oz v
¥ AF ] 80%= A TSV IR FAVHA] AESIIThE Floltt.
WA oM = AR A7t #5530t} CFA WY H A=
Thl HAHESAS DA A=) & o+, okl
Thl oFsty] wit o2 F4o] Hrt.

<] £ E3)|4 platycodin D A73dE-2 gk
sk el dish Thl ASRES/del| 719+ FAE f5she
WA R A2 G5o] Jvkes ASR =t ARk
PLD7} ZHt|t5ol] ‘iiﬁﬂ} F o= FAE sk ﬂﬁﬂﬂ
< opF &k 7k glvk # ATtAe] B HMAARE] W A
are] et 7194;?-@}32'33’3%} Bl sE w, PLDE ©]& %
AGEAE T M2 525 Bt dAgde F3&
o= F4o] "} ST, PLDE o] HARE-Eol vlsir 54
o] wjg- obx YL o eli = T MEe] F215 SAllsh=
7Z38Fko] QX" unpublished data), ©]%13] R R FF A7}
2 T Fre] "R )do] Hofshs Fo®m F7go] Hrk
ATIAPE Fosk o R Almdnt are 287 §F
7], PLDE] 3218 7Fs/3-5 I3l PLD2] /el thgh 37}
7} HAZAP} Elojof & Zlo|th, AR, oo AEsh A8
AR ZA| 9] FAo] Al 7]R1gtt}. ofe]l, 1 AFaleA=
@A) PLD =49] oksls Fallie HYRzAe G55 FAT

IFA]= A

T A HE el diEl FAeR ATE 1 Tl vk
2tAfel U
B ATE 93| platycodin DS 715854 Agthstm ok}
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