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(57) Abstract: The present invention relates to a composition for enhance-
ment of immune activity containing genipin or a derivative thereof and to a
use thereof and, more specifically, provides a pharmaceutical composition or
food composition for enhancement of immune activity containing genipin or
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a derivative thereof. The genipin or derivative thereof according to the
present invention exhibits effects, such as increasing the number of CD4+ T
cells and CD8+ T cells and decreasing the number of regulatory T cells
(Treg). In addition, the genipin or derivative thereof is a natural material, and
thus can also reduce side effects that frequently occur from chemical materi-
als. Therefore, it is expected that the genipin or derivative thereof can be fa-
vorably used as an active ingredient of a pharmaceutical composition or food
composition for enhancement of immune activity.
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[38]

4

of| 2 AU EA}o] = (geniposide), Al 3] 2 t}o] 4] Ak (genipiodisic acid),
H e}f-o} Al & A U] 3£ AL o] = (penta-acetyl geniposide; Molecular Pharmacology, 70(3),
997-1004, 2006), 6a-3} ©] =5 A] 4| L] 3£ A} o] = (6a-hydroxygeniposide),
6b-3} 0] =5 Al Al Y 3£ A} o] =(6b-dhydroxygeniposide), 6a-H| & QA A LY EZA}o] =
(6a-methoxygeniposide) B 1= 6b-H] & QA A| L 3L Alo] =
(6b-methoxygeniposide)©] T (Journal of Health Science, 52(6), 743-747, 2006).
vt A 8 A= Al EAL| = A 5= dvk AW ALl =3= A H Al AW A
Algrell oM A o2 thAbE B Ay A 37t o5&
A el Al A8 & Aloj vk

g ol Qloj A, 7] 2AEE A A Fast 54 5 &l
AGAE HAE AAAF 2N HAgA T4 a3 E vehd 5= Atk
kg o] o] Ax|dof] 2, CLPE F-5¥ 38 5 Zd-& AL&-3ho] A
Jfﬂoﬂ w2 B ] CD4+ T Al 32 2 CD8+ T Al 3 4=2] W35 g9l Ax}
g o] A9, T HZ A9 A7 A A 8] JAH & st

E
r,
o
=

T aE Ue .

< Lol o2 Ao whEw, Ay Aol thE WA o] HEAME
AAE e Ao, AYAE 543 2] 745, CD4 I CD8* H L -9
A AP AL B HF2), WA ZEAEAL 24491 Bim,

4
FADD, caspase-3 2 caspase-8 T2 & o] oA ¥, A EAPE AR {2121
[e)

Bcl-2 ¥ kg o] F7tbslkE AS F1e i th(E 5 Fx).

Ul 20], CD4+ T A 32 3 4] A A| 2~"lol| A 53 % &47] A| 3E (effector
cell)o] i, o] 5L - F wh-So| A F o3 oS v}, H3} L F3 9o
Al = THXET=Thl, Th2 2 24 T A EE Yo A 4 ‘Iﬂr Th1
A Z= AH #H E-47HIFN-y) 2 TH F71-2(IL-2)F A48, o] & Al | 7|

hya o

O

Hol 1 o Z=uk2 S w3t} Th Al E = Q1E F71-4(IL-4) 2

Q1 E] F71-10(IL-10)& *Mlﬁbll, O] 52 AN HH Al ~El 3} gl F Hh-g-2
Hdetth A THEETHIET AdEo 2 AL T A XL B8V %
AS A E 2] Aol EFRRQI ¥R E JASEAY T

Foh 24 TAEE O E
Hzgmo] W3} A =T HZ A A EAPEALS 5o B W Al 2289
YA E A e 9 gho) H 2 Balo] E, 248 T A2 7%
FA ol A A E Fdh= 8% 5 st E e Al

g o] v E Ao o wh=, Ay A A l ol EEP—E— A T A & W3}
D AL EZFQI o] WSHE Elg A, Ay g Fo gk 779 49, CD4+CD25*
Foxp3+ % CD4*CD25*CTLA4+ =4 T A 3£ H]&-0] d A 3] A ¥ a1, Thl &
ALO] EZFQI(IFN-y % IL-2) A Ako] F-7F8h, Th2 f-2ff Ake] E7FQIAL-4 H IL-10)
Aakol A& ISt 6 3 =7 3x).
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[56]
[57]
[58]

A ERE 4 4

44 % T £ 5 9

EF o] 17754 F 2 ol 2] 7] GA, H e,

FEAND), T FUA R A FvA ol FlA, FAA E SR =,
S35, MEA Y 10] ¢, BHAL L 19 G, 71, BEA TRl
A4, pH 284 HE

o A5l =

=
2 i sl e R

0 TFpz £33 3L,
J o, Aol /b A

2 AREE 5= 71wkl

2
Ir
ox [
N
ok
n(e)
s
=
A
o
>0

[ Al <]

AN 1 A B A A

1-1. 29 =4

A -& Wako Pure Chemical Industries, Ltd. (Osaka, Japan)©l A4 -1 &} S T}
Roswell Park Memorial Institute (RPMI) 1640 ¥l %], Dulbecco's phosphate-buffered
saline (PBS), penicillin/streptomycin 2 fetal bovine serum (FBS)+> Gibco Life
Technologies (Grand Island, NY, USA)°ll A 71 8F31 o). f-AH 3£ ¥4 (FACS)S
213+ &4 i= eBioscience (San Jose, CA, USA)o A ] 3FSt). o] 2] Al £ njjoF
£ 252 Sigma-Aldrich (St. Louis, MO, USA)°ll A 1513t Z& A% 242
reagent grade S AHE-3 ST}
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a2 Y9329 5202 Wkt o1y National Institutes of

NIH publication No. 86-23, revised 1985)°l ula}
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1-3. W8 A 2 9 5 3 H(cecal ligation and puncture; CLP)
Ay # ol A e} 1l (ketamine; 100 mg/kg; Yuhan Corporation, Seoul, Korea) 2
A2l (xylazine’lO mg/kg; Bayer, Leverkusen, Germany)2 5 5-A}5} ¢
n}3 Al 71 ¥, Chaudry ‘& (Chaudry IH, Wichterman KA, Baue AE. Effect of sepsis on
tissue adenine nucleotide levels. Surgery 1979;85:205-11.)2] Wi o] u}2} CLPE
OH T2 FEARAY S5, 52 BHE Aste] s QR e A
F, g o] dojibA] e 3 B o] wehg 3.0 B AR A sl
] 3?‘ 204101 4] ZHHI B & o] &5to] Wadel F /o] - & whEo] dAFo

(o]

WS HEAR O, o] F E3t] AL ThA B2 el ¥ 2.0 BEALE
2 F 7t Aojubd) GEF 1 mLo] A2 4 A5 E 98} FAS L.

1-4. FA|E A

H) A 3= gnb-$-2 CD16/CD32 34 & 15%-7F blocking 3T} ©] &, flow
cytometry buffer= R3S XA 71 & L4l &) 5] pellers F 3H3 T W8] g
H] M| 3£ = &-CD3 (PerCP-Cy5.5), 3F-CD4 (APC), &-CDS (PE), &-CD25 (PE) 2
3}-CTLA4 (APC) 1A ¢} §H-&-Al 7t} Al 3 U] ¢4 A2 Foxp3/Transcription factor
AN =l o AL-gEle] GAEEA T FA 3 FA 2 GuavaSoft™ software 2
Guava easyCyte8(Millipore, Billerica, MA, USA)E A[-8-5}Fo] 2 A| &} T

1-5. 9] 28 & 3(Western blot)

A WES 7.5-18%2] Ee]olal ool = Aol 23§, SDS-PAGES
Abgsto] ©helE 7 = sttt W2l ¥ @2 2 Trans-Blot Cell&
AL-£-3Fo] PVDF membrane 2. 2 %7 0.1, 5% B4 (& 1l: TBST)E A -of A
1A ZF blocking 3t SIt}. o] &, 1 2} A& sFE4 &<t 4°Coll A §EG- A o,

+ 22 FAE A2 A 1A HEE A AT whil o] 9k
g} stk -4 S A] 2~ 8l (iNtRON Biotechnology, Seongnam, Korea)& ©]-8-3} ¢

AZ3F3 2™, Total Lab TL120 software (Nonlinear Dynamics Ltd., Newcastle,
UK)E o] -&3}o] A &3st Tl Bim, B—Cell lymphoma (Bcl)-2, Fas-Associated protein
with Death Domain (FADD), caspase-3 2 caspase-8 1A = Santa Cruz
Biotechnology (Santa Cruz, CA, USA)°| A 43R o, 4 ¥ ohaa o2
B-actin (Sigma-Aldrich)2] THl2 oF o 2 1}iro] F38}3)5

1-6. FA A

A &S 71 4 3= Kaplan-Meier curve 2 log-rank test@ #4150}, &
A= At + o T AR Vel o, A 7] §-2] 4] -2 one-way
analysis of variance = =r- B39 Y. 7135 719 Z}o] = Bonferronic correction-S

Sokel p<005E 7120 R Folg e AFahgn.
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[81]

AX2.CLPFE HE8F FdgA AYHA XX BE ANES B3} 83

AEE F7HE ko], CLP sr 25 B 2443 5 Al A AW (1,25 3
5 mg/kg) == PBS (&) E ag] 4 & Fa Folatqlvh Ay Aol &% Fof
2= 7]<&E +=1-(Kim TH, Yoon SJ, Lee SM. Genipin attenuates sepsis by inhibiting
Toll-like receptor signaling. Molecular medicine 2012;18:455-65)< 323} 31t}

AEge AYZE §5 579707 BReGom, o F3F Bk 2719l

Aol dojubA] eeke-& RISt (v 109H).

1 A3} 5 1o YER vkl o], CLP 9] 49, CLP 3 1 YA 50% 2]
AESS R or 2 AM e 7AR7A 20%2] AEES A6k, wh
A& Fof gt a7 9] 49 CLPw ol H]slo] AEHo] Frfetl o, 53],
AY 3 2.5 mgkg S-S Fo gk 2] A9, CLP ol H]3le] AEHo] A3
AEEES T7HE S 203 5= A AT (p=0.0421).

$HA, 7] AEE B A E v o, o] 2o A7l A= A3 2.5 mg/kg
e AT 5k AP AFHE dolH oz 479 o=

(T F 6~87}2]): (a) & F<] sham " ('sham’), (b) 2.5 mg/kg A

o] sham " (‘'genipin’), (c) &1 Fo] CLP «* (CLP) % (d) 2.5 mg/kg Al ¥ F

CLP " ('CLP + genipin'). ©] W], sham-< thx2 7" 0 2 o & 52 {514 &2

A ol vt

AL 3. AYA X st HFEAH =7 &7 &9

3-1. AU A Ao i v A A = W3} 59

HAAM L FHAe= WG AA Al b= 7MY 5 83 54 5 shtolt
olof, &7 AAld 25 Fal Welg4 7He] wtel| - HAAME = A3t E
S A8 ok B A % 92, 'CLP' 2 'CLP + genipin't™ 2] 72 §-ol &=, 2 Al o
1-39] Wl o3 CLP =& 2 A3 45 Yl 2447 5 PBS (&) = Al H
2.5 mg/kgs Ag] A g B3l Fols it @HH, ‘sham' I 'genipin'v ol == PBS
(&) iz AR 2.5 mg/kgE A4 i AWE Fol Fost vk EF =
26 A RE 5, FALZ] aALF-E ol gt vl e A AY] AL, Al ¥ I T
A A7 Y8l 70-um YL 2 mesh strainerE ©]-&38}o] o] 73} ). o I A E
= Ad 7= A" 8 &1 (RBC lysis buffer) 2 F-al 3t o, Fo] ¥ A Fo
9*i= hemocytometer S ©] 838} =743} ).

1 A3, 520l YERW vEef 2ol 'CLP it ] -5, DT F
B] g A 3£9] 473= sham -]l W] 8} 52.6% A8k ot AW Hl &
- ('CLP + genipin'v") 9| 7 -7, & 8] Al 329 5= A7 §1A 8] 7|44
T AT (*p<0.05 compared to sham group. *p<0.05 compared to CLP group). $+H,
AU G5 Fol = F u)gA o] ol G g v x| %] &k

m

3}
o
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[92]

3-2. AW A A Aol W= v A | CD4= 5 CD8=FIE - 4~ ¥} 22
'CLP' ¥ 'CLP + genipin'v~2] 74 3¢l =, A A of 1-39] ®Hof| 9]t CLP %S
AT A5 g 244 3F 3 PBS (& vl) = AW F 2.5 mgkgE A E] AW FE
o5ttt -, 'sham’ R 'genipin'v” ol 5= PBS (€-1) == AW 2.5 mg/kgE
Fae] guls ol Folelvh A F 75226 A E 5, B A EE el F
CD4 %-CD8 X &-CD3 FA| & FAsto] 7] AA o 1-49] 74 3%
IA[8E AT, o, A3b= Ed + Ao HEAE YElgle
6~8 vk o] U},
JJr, 52 300 vERdl whef gEo], 'Sham' w2 2] 74 -5- ¥ W & CD3+ Al 3£
D4+ 2 CD8+ {3279 v &2 7171 10.1 £0.2% Z 5.4 +0.2%°] AT}, 34,
52 26 A ZF -, CLP'A 9 B LH & CD3+ 4| 3£l T gk CD4+ 3 CD8*
7o ¥ &2 747} sham+ 9] 28 7% R 352%% st o, xﬂu%%
& 77 ('CLP + genipin'vh) 2] 7 5- o] ] ¢ A7t A A 3] A& 1
3 TH(p<0.05 **p<0.01 compared to sham group. *p<0.05 compared to CLP group.).

)
!

_{\1

>

)

=
=]
T
+

EHE;\EJE%mm
oy,
O~
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I
0 ru}& -1> tlo

olN

o dm oo 8
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'CLP' & 'CLP + genipin'e-2] 7 -5-ofl i=, A A o] 1-39] WH )| 9] $ CLP 7+%&
AR A5 52441 5 PBS () s AW ¥ 2.5 mg/kgE 21E] G % =
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Z2pzf me] Qg Fal Folsk vt shE S -5 26 ARE 5 H]Z} W Bim, Bcl-2,
FADD(Fas-Associated protein with Death Domain), caspase-3 2 caspase-8<] @42
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WS B2 A7) A Aol 1-39] 9] 228 £ (Western blot)'H & & 435} ¢ ). o] w),
Abz A W] B2 AR Vel e o ahEl i 6-8 kel o| vk,
1 A3, % 50) YEb vhe) o), s -5 26 Al ZF 3, 'CLP' 2 W4 U
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oj¢hi=de AU A S Sk 3"('CLP + genipin'v") 2] 7% Bim T2 dhad 2o
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A& Fof gk 77 ('CLP + genipin'v") 9] 74 -§- o] &t F-71=0] A A 3] A E &
g1E = A AT (*p<0.05 *p<0.01 compared to sham group. +p<0.05 +p<0.01
compared to CLP group.).
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T A X v & H 3} &9l

'CLP' 2 'CLP + genipin'v=2] 7 9-olli=, 2 A o] 1-32] HhH o] 2] 3k CLP +%-&
1A 3E 25 2 24431 5 PBS (&) 3= AW 2.5 mg/kgE Ae] G H-E F3l
F$l T}, $H, 'sham' 2 'genipin'v™ ol 5= PBS (£-1l) = Al YA 2.5 mg/kgE
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, &-CD4, 3}-CD25, 3F-Foxp3 2 @-CTLA4 34| & F2sho] A7) A A of 1-49)]
FAl FE 28 A A5 T CD25*Foxp3+ 2 CD25*CTLA4+ X 2] H]| &2 2 A
CD4+ ¢ - 7o) thh v & 2 A4Sttt Aab= B + 1o FF A=
el o ot vk 2= 6~8 Wl o]t

1 A3, = 6ol YERI v} o], 'Sham' w2 B W] CD4+ & X o] off 3t
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'CLP's- 2] H] U] CD4+ ¥ 32 -9 tff §F CD25+Foxp3+ | 3Z-1-2] H] & -2 sham -]
Hl5to] 154 S7Fet o, AW A& F o;ﬂ 7-('CLP + genipin'v") 9] 7 $-

ol 2] gk F7H7F AA 8] AAHE ST 5= AU

T3, 'Sham' 2] B W] CD4+ 9 =7 1 o 3t CD25+CTLA4+ H X -2] H| & &
0.34 £ 0.04%°] A}, I D F 75 2641+ 5, 'CLP'v 9] H] 74 W} CD4+ ¥ 320
o 3+ CD25*CTLA4+ H S 7-2] H] &2 'sham'w-ol] B¥]&}] 3,61 F7}38}S %) vk,

A A& Fo] g *('CLP + genipin'v) 9] 74 -5- o] &) &+ F-717F A A 3] A H &
gelsl = A A (p<0.01 compared to sham group. +p<0.05 compared to CLP
group.).

3-6. Al A A o] whE v AF ) Abo] EFFQI HH] W g 8l
'CLP' ¥ 'CLP + genipin'v~2] 74 3¢l =, A A of 1-39] ®Hof| 9]t CLP %S
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AR A5 5244 3 3 PBS () = AW 2.5 me/kgE AE] S E Sl
F-ol 3kl th. 4, 'sham' ¥ 'genipin'v- ¢l &= PBS (1) =& Al Y3 2.5 mg/kgE
Z+7k

H ELN

2y ] g2 Fel Folekith A 5 26 AR F ] g
H] A 3 (1x109/mL)E 3F-CD3e (5 ug/mL; eBioscience) & 2-CD28 (3 ug/mL;
eBioscience) & A & 24 Al ZF RS A T 18] a1 YA, 2 AHE S A H (BD
Biosciences, San Diego, CA, USA)-S o] -8-3}o] v Al 3 0] &F vl %] ]
AV FZ1-2(IL-2), Q1E] ¥l &-FHIFN-y), Q18] F71-10(IL-10) R S1E] F71-4(1L-4)
HH S SAST oo, Aot Wt + W o] EE AR Yo
T k] = 6~8 k] o] T

1 A, % 70 YR 81} o], 'Sham' 2] B] A E IL-2 D IFN-y ¥-H| &
Z¥7F 2125+ 9.2 2 1876.6 +£226.2 pg/mLo| At} A F |- 26 A FF,
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37% 7 Akl oy, AW g Fof gk 7H(CLP + genipin'v) 9] -5~ o] ] & 7 A7t
A3 3e s = ASdH
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IL-4 38 %2 shamaroll ¥ 3l 747} 1.6 H 2.5W] F7bat i o, AY A& Fol g
7('CLP + genipin'w) 2] 79 o] ] §F Z-717F A A 3] AAE S AT = ATk
p<0.05, "P<0.01 compared to sham group. *p<0.05+p<0.01 compared to CLP group.).
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