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Suppressive Effects of Cyanidin-3-glucoside on Th2 Cytokines Production in RBL-2H3 Cells

Hwa Hyun Jeong, Soo Jeong Yoon and Myoung Yun Pyo*
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — Cyanidin-3-glucoside (C3G), an anthocyanin, is one of the most widespread dietary flavonoids. We investigated
the effects of C3G in PMA/ionomycin (PI)-induced RBL-2H3 cells. C3G inhibited the production of IL-4 and IL-13 and also
decreased the level of mRNA in a dose-dependent manner. Furthermore, western blot analysis implied that C3G down-reg-
ulated the protein level of c-Jun, NF-ATcl and NF-xB but not c-Fos. Taken together, we suggest that C3G may have sup-
pressive effects on Th2 cytokines and will be studied further to develop as functional foods that help alleviate allergy

symptoms.
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IL-4, IL-13 5-2] Type-2 helper T cell(Th2) ¥z Alo]E7]Q]
< Th2 ¥ WY kg5 T7MAI71aL IgEe] A S7H IR 2

27 v del27) wkgol 7]oiFhhY IL4= Th2o] ¥3l=
w513 B A AF2ale] IgES AAleh) sk olaks: @it
IL-47F A9 vhe-2ollA 2] wgo] oJAwlon, whg-e)
71=e) L4 8A A3AE A&EH 0% FSeIiS o, IL-42
FoE ZIEyES T VR FARE ST7S0] A
Hek 3P [L-13S %7] B AI329] 243}, IgEe] A 5 IL4
FAES UERlE Zlog deA gov, FHell: IL-139]
IL-49} AR E Houks-S 2] 07] 4= ¢)8o] HkAw 5 IL-
13 Aol WA} SA A3 APES] 24, 181 7% NES
sty dedA 9lor, olEd| ) ofED] HA oAl T}
T3k IL-139] Aato] BarEgiek”

IL-48} 1L-139) 9H3le AP-1, NF-AT 2 NF-«B 59 tjoksh
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Cyanidin-3-glucoside(C3G, Fig. D)= A< &, A2 4, ¥%
Yl S5 Foll b EAlshs FEAlobd ] dF o=, A
7 @aksl 24 B golzkg 1910 N v 2hg- 10 gzt
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1 — Chemical structure of cyaniding-3-glucoside.
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ol thgtk 712 A4-2E, C3G7} compound 48/40% A4
o] slel EHlE 7l eSS oAllskaL, IgE= A= RBL-
2H3 AI3LS] Th2 AllE7IRLe] H|E AAISIth= Ba7t Q)
©om 20 gk OVAZ A= AARE HoM C3G7}F B=st A
MEN S o) A5}al Th2 Al]E71R1S] mRNA &S 7HaAZ]
Che 2ok QIek2 @i, ool thsk Al 2444 717l o
St A7 ob] 43| BISIA|A] k- AdEfjoltt.

RBL-2H3 A3 Al3E 312 IgE 48412 ez Weyks-
S ek AlolETRRIS B, S| 1ERS] #H] T HRhAIE
o} FARE SAES YeRlo] nvkA| e} 4 HodRkgel] #he
sh= oFE Fube Avehot £ AEndE I gt

B oA o= PMA/ionomycin® 2 A= RBL-2H3 A|¥=
o]g3lo] C3G) 23t IL-49} IL-132] 347} mRNA &) W
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h £ Aol EFR1e] W] solshs HARIAe]
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C3GE Sigma-AldrichOMO, USA)ollA FU3F o™, A
Eagle's minimum essential medium(EMEM) ¥®jX] <2} fetal
bovine serum(FBS)<> Lonza(MD, USA), antibiotic-antimycotic
< Invitrogen(CA, USAYIA 59t} 71 £] PMA, ionomycin,
cyclosporine A(CsA) 2! 7]E}A] k2 Sigma-Aldrich(MO, USA)
oA 13191 0, thiazoyl blue tetrazolium bromide(MTT)=
Amresco(OH, USA)°l| 4|, Rat IL-42} Rat IL-13 ELISA kit=
Z+7} BD Science(CA, USA)&} Invitrogen(CA, USA)oA <]
31Tt PCR #A10) AFE-¥ TrizolS- Invitrogen(CA, USA)elA],
polymeraset= iNtRON Biotechnology(Gyeonggi-do, Korea)®l|
A T-918F9 o1, western blot A& o] AFg-¥ AET kit:=
Active Motif(CA, USA)°llA4, c-Jun, c-Fos, 3! NF-xB w22
Santa Cruz Biotechnology(TX, USA)ol|A Z}2} 1]]s}3ict.

MIZHH 2k

B A%le] Alg¥® RBL-2H3 A+ American Type
Culture Collection(ATCC, MD, USA)AFelA 138k o,
EMEM®l| 15% FBS, 1% antibiotic-antimycotice 31713+ A 3Zn)
oS M3 7kslo] 37°C, 5% CO, incubatoroll ] BieFIATE.

HEYEE 24

RBL-2H3 A|3(7x10° cells/m)Z 96 well platecl] 100 pi/well
2 E5ste] 16713 vlleFAIz] 3 0, 05, 1, 5, 10, 15, 20 ug/ml
°] C3GE Azlslod 37°C, 5% COLMA 2477 w33, o] &

50 w2 MTT@ mg/m)E ¥l 37°Coll A 4417+ St mljekato]
crystal violets 3738t 3431, viigke] B $ wiRE AA38F
31 50 W2 DMSOZ formazans 2314171 ¥ ELISA microplate
readers ©]-8-3t0] 540 nm®] IFFelx FFEE ST

M=EE =5

RBL-2H3 A3Z(5%x10° cells/m)Z 24 well plate®]] 500 ul/well
= Raglo] 242170 MoAl7] F 0.5 uMe] CsA = 5 pg/mi)
C3GE A&3taL, 1A% & 5 PMA(G0 ng/m)$} ionomycin
(05 uM)E 7kate] 303 kst 5 1021 W2 A -5 &
A3tk Z+ 3w} siraganian 8 9(119 mM NaCl, 5 mM
KCl, 0.4 mM MgCl,, 25 mM PIPES, 40 mM NaOH, pH 7.2)
OF welts 284 MFs19 e, 5.6 mM glucose, 1 mM CaCl,
9} 0.1% BSA7} 3234 siraganian o) A8 3 AslT).
o] & AFsANS Fal), A5 20 uks substrate 39 80 Wk 3°C
oAl 303 F<F WH&AIZ] thE stop solution(0.1 M Na,CO./
NaHCO,)& 3715191 ELISA microplate readers: ©]431] 405
nme| oA FFEE S

A[E7IRl £X

RBL-2H3 A (3x10° cells/ml)= 48 well plateel] 250 pl/well
2 B3] 4Nz Mok F 0.5 uMe] CsA = 1.25, 2.5,
5ugmie] C3GE Aelsky, A7 ¥ PMAGO ng/m)e} ionomycin
0.5uM)S 7}8to] 37°C, 5% CO,0l4 16X17F vjokakgiTt, o]
S ATt F3l s 5] Al|EFIRI(IL4, IL-13)S ELISA
kitS o]g3lo] 1 FEE SASAH

RT-PCR 24

RBL-2H3 A3 (3x10° cellsm)Z 6 well plateel] 2 ml/wellZ=
5k 16A1E v FAI T 2 0.5 uMe] CsA HE+= 1.25, 2.5,
5ugmi®] C3GE #elsk, 117} 5| PMA(S0 ng/ml)?}l ionomycin
(0.5 uM)S 7k3ke] 37°C, 5% CO,0lA 6417 ujkaldt), vk
AS AASFL 500 w2l TRIzol Aok 716t AXE HLe o
£ 200 We) CHCLZ 713t 5 452 o] 5 2 200 W 3
319131, 52 iso-propanols 71st 3 4R ste] mAFA
2] RNAES ¢%lt}. RNAX= Maxime RT PreMix kitol] 881471
T 45°CellA] 1AIRE, 95°Cellx] 5 7k REGAIAH cDNA® H3kst
%t} ¢cDNAE primer, polymerase$} ¥+3-A]7 PCR thermal
cyclerelX] DNAE S3A1 % tH(B-actin, IL-4: 95°C-30%, 57°C-
45%, 72°C-30% 32 cycles, IL-13: 95°C-30%, 52°C-40%,
72°C-30% 40 cycles). %% DNAE 1% agarose gel(0.01%
ethidium bromide ¥3He]l X7§A]7] DNA image® £ bands
sRIgko 4 mRNA B JEE S43ISITE ARE-E primer?]
sequencess= U3} 2t} IL-4 sense, 5-ATG GGT CTC AAC
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CCC CAG C-3; IL-4 antisense, 5-GCT CTT TAC GCT
TTC CAG GAA GTC-3; IL-13 sense, 5-GGA GCT GAG
CAA CAT CAC ACA-3; IL-13 antisense, 5-GGT CCT GTA
GAT GGT GGC ATT GCA-3. B-actin sense, 5-ACC GTG
AAA AGA TGA CCC AG-3%; B-actin antisense, 5-TGT CAG
CTG TGG TGG TGA AG-3.

Western blot 24
RBL-2H3 A|3Z(4x10° cells/m))E 60 mm dishol] 4 ml/well=
ko] 16413F HiQFAIRD £ 0.5 uM2] CsA 5= 5 pg/mie]
C3GE #gJslar 117 ¥ PMA(S0 ng/mi)?} ionomycin(0.5 uM)
< 7F8ted 37°C, 5% CO. A 3AIZE wljeksSict. vljeFes #1174
3]_3,_ 500 ulg] ;‘(].7]._?_ PBsﬁ_on o7 /ﬁ]ﬁi /\‘]]% 6]- —&’ il T,li_g]
kits o] 23] & TS 2a)3lelt}. Hypotonic €90 Wi
HERE & AR 3] 5 AS AASkaL, protease inhibitor
cocktailo] E3HE lysis S4S 718l 304 Bt E515le] 4°Cell
H 1027+ 14,000 g2 93] 22 g 5olS A9let. 8w
S BCA w@id Hewyow o%k%}oi 10% SDS page gelell
110 VollA 1A)7F 30% 5<%t 171953t 5, PVDF membrane®]|

transfer 393t} Transfer® membraneS 2% ©A|EH-= 3H-
[e)

HIXE]

Ao A AFAIR= mean+SD. #OE F
A% T 712 HlolElE= student's t-test® FAlslo] FAS A
7gatsler, patel 0.05 ofsiql 2k FA14 0= feldo] 3l

Row e,

EA
S
X
T
[
=4

H

C3G7t MEZMEEZ0| 0|X|l= P&

RBL-2H3 xﬂ;oﬂ ot s C3GE 24 KF *2lskar MTT
assays A A AEES SHSATE L A, A Al
TS UxToR 3t JES % 100% % “ebES o, C3G
0.5~5 ug/ml F= Alo]ollA C3GE AL &g 2 IS 1]
2|A] EATHTable 1). 12122, % Ao = 1.25, 2.5, 5 ug/
m/ SEE AES Kt

C3G7} PI2 R=E RBL-2H3 M=9| EtnfZl0] O|Xl= Aqsk
RBL-2H3 A3l CsA B4= C3GE M3 A2lstal, Pl A
25} 307 HES-A171 & B-hexosaminidase release assay "
y#o g Apigalo] 1% B-hexosaminidaseS 313} 1
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Table I - Effect of C3G on cell viability of RBL-2H3 cells

C3G (ug/ml) Cell viability (%)

0 100+9.0
05 102.6+8.3

1 98.1+3.4

5 92.8+6.2

10 78.2+6.2%

15 58.5+2.6%
20 41.5+12.8%*

Values are expressed as means+SD from three independent
experiments (*p<0.05; **p<0.01 vs. normal group).

Table II — Suppressive effects of C3G on 3-hexosaminidase release
in PI-stimulated RBL-2H3 cells

B-Hexosaminidase release (%)

Normal 324+1.8
PI 100+2.67##
CsA 44.5+27.9%*
C3G 97.8+3.3*

The cells were pre-treated with 5 ug/m/ of C3G, 0.5 uM of CsA
for 1hr, and then stimulated with PI for 30 min. The levels
of B-hexosaminidase in RBL-2H3 cells were analyzed by [-
hexosaminidase release assay. Values are eipressed as means=
SD from three independent experiments (**#p< 0.001 vs. normal
group, *p<0.05; **p<0.01 vs. Pl-treated group).

Ay}, PRES UlE7-02 319 B-hexosaminidase 4% 100%

2 UEPAS o], CsAT2 44.5%% A= o1}, C3G 5 ug/ml

2] 2 98.9%% AES] B-hexosaminidase F-H]F-S A5k
A H-gok(Table II).

C3G7} PIZ
o O|Xl= A&k

RBL-2H3 A3l CsA %= C3G= 127 AgstaL, PIE A
gate] 16A13F RESAIZD § G Hol FH)H IL-49} IL-13S
ELISA Wi o= =3siivt. 1 Av, Ak Al of] vjal PI
A2l o] IL-48} IL-13 A3 o] 717} 4044.0 pg/mist 991.4
pgmi= A7 S7VeFaL, CsA AHz] wrollA] IL-49} IL-13 A3
2ke- 717} 1.1 pg/mi9} 39.2 pg/miz Plol| oJal 718t IL-49} IL-
139] o] AA3] A=A C3G 2] ol IL-49} 1L-13
WP FroER oz AgAElon Pl o) S8t L4, IL-
139] 429} vl@F-S o, C3G 5 ug/ml Aol IL-49} IL-13
o] A S 24955 pg/miel 679.5 pgmi= ZHZF oF 38% 9}
31% A= Ach(Fig. 2).

F=E RBL-2H3 MIZ2| IL-42} IL-13 4y

C3G7t PI2 REE RBL-2H3 MZS| IL-42} IL-13 mRNA
el DIXl= HE

RBL-2H3 A|3¢l] CsA =5 C3GE 1A Aeska, PIE A
ZJalo] 6AE HESAIR] §- AIEE Y] RNAS ##]skal ¢DNA
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Fig. 2 — Suppressive effects of C3G on cytokine production in PI- _g 1+
stimulated RBL-2H3 cells. The cells were pre-treated with =
C3G or 0.5 uM of CsA for 1hr, and then stimulated with E
50 ng/m/ of PMA and 0.5 uM of ionomycin for 16 hr. The oL

levels of (A) IL-4 and (B) IL-13 in RBL-2H3 cells were
determined by ELISA. Values are expressed as mean+SD
from three independent experiments (**#p<0.001 vs.
normal group, *<0.05; **$<0.01; ***»<0.001 vs. PI-
treated group).

= A|%31o] RT-PCR WS 2 mRNA ¥ xS 438159t
2 A3}, Ak A o Blel PI Ag]old IL-49} IL-132] mRNA
W o] 7 Z718191a1, CsAZF Ploll 9J&ll S713t IL-49} IL-
139] &S AAEIITE C3GToll IL-49) IL-13 2
A= lom Plof| eJsf 7k IL4, IL-139] 4]
wl, C3G 5 ug/m/ A]eIA] IL-49} IL-13°] mRNA

31%$} 35% A= ActH(Fig. 3).

1< 5o e
= U1 O -

=

C3G7I PIZ2 =& RBL-2H3 MI=Z2| AlO|EF|Rl
0f5k= MARIXI| O|Xl= A&t
RBL-2H3 Al32e] CsA B C3GE
, PIE AgJste] 3A1ZF WESAIZ & AL
2]5}al western blot RO 3 ] HARIALE
A3k3ith. cJun®l 7, B2 AlaEel] vlsl] PlirelA] cJunsl

o oo

Fig. 3 — Suppressive effects of C3G on gene expression in PI-
stimulated RBL-2H3 cells. The cells were pre-treated with
C3G or 0.5 uM of CsA for 1 hr, and then stimulated with
50 ng/m/ of PMA and 0.5 uM of ionomycin for 6 hr. Cellular
RNA from each treatment was extracted and the mRNA
expression for cytokine in RBL-2H3 cells was analyzed by
RT- PCR. The mRNA expression was quantitated by
densitomeric analysis with that of the control being 1 fold.
Values are expressed as mean+SD from three independent
experiments (*#p<0.01 vs. normal group, *p<0.05; *¥p<
0.01 vs. Pl-treated group).

weo] 974 F7FsFaL, CsASt C3GTollA Ploll ol&) 718t
c-Jun®) W&do] AAEIL, Pl 8 5718 c-Jund] W&} u)
WS wl, C3G 5pug/ml HelolA cJun?] Ld2 oF 25% A
= A TH(Fig. 4A). c-Fos®] -, 47 Alze] nls)] PltollA] c-
Fos?] &lo] =14 £71815daL, CsAdold Ploll oJal 5713t c-
Fos?] do] A= Sict. 12t C3GTellA c-Fos®] dell=
J3kS w|x]#] EFTHFig. 4B). NF-ATc19] 7, A4k Aol
Hl3|| PRIlX NF-ATcle] wHlo] A7 S71skslar, CsAet C3G
ol A Pl 98] 5718 NF-ATe12] @H3io] A= 3ict. Plo
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Fig. 4 — Effects of C3G on Pl-induced activation of transcription factors involved in the Th2-associated cytokines expression. The cells were
pre-treated with 5 ug/m/ of C3G or 0.5 uM of CsA for 1 hr, and then stimulated with 50 ng/m/ of PMA and 0.5 uM of ionomycin for
3 hr. Nuclear extracts were isolated and separated by SDS-PAGE. The level of each transcription factor, (A) c-Jun, (B) c-Fos, (C) NF-
ATcl and (D) NF-xB p65 was determined by Western blot analysis using specific antibodies. Values are expressed as mean=SD from
three independent experiments (*<0.05; *#p<0.01 vs. normal group, *$<0.05; **p<0.01 vs. Pl-treated group).

o8] 7kt NF-ATC1?] s} wwghs o, C3G 5 ug/ml 12
oA NF-ATc12] e oF 239% ©JA|¥th(Fig. 4C). NF-«B2)
735, 73 Alxzel vl PREeIA NF«xBe] Wéo] =A F7tst
AL, CsAS} C3GellA] Pl <]l Z7ksk NF-«kBe] o] o
A= i}, Pl <&l 7Kt NF-kBe) W&} v|ude o, C3G
5 ug/ml el NF-xkBS] L& oF 19% A=tk (Fig. 4D).

Ao B ATl QEEAloRd AdQl C3G7F RBL-2H3 Al
3z Th2 ## AP|EFI0I0] Walg JAsh= ayls ol
,1
[
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B-hexosaminidase= HA> HIRFAIES] 2] whof] #7=|o3ict
74, A7} el 23} IgE/FeeR19] Aol o) 243t
histamine®} 37 #ujHo] Ax2] dulg]S A= ¥R
AT C3G7) Pl #4d3tE RBL-2H3 A% B-
hexosaminidase #H]F)| v|x:= S 7Y A3}, C3G= B-
hexosaminidase w-H]ol| Q&S v]x]#] L3}, o]= C3G7} IgE
2 Zgdslel RBL-2H3 AIE2] B-hexosaminidase H#H|E A5}
A EFvh= Aate} Ax)§h 20

Wb PIZ 2431 RBL-2H3 Aol #0]E Th2 Heut
S Fashs Al|EZIQ] TL-49) TL-132] 4’97 mRNAS] 1
o] C3Gel| 2Jall FEoEH 0T oAlH= 28 RIS o]
= IgEZ 5% RBL-2H3 AI3E2] IL-47F C3Gell 2J3) A=
3L, OVAZ F=¥ WA Relo] F oA IL-49} IL-13%] mRNA
ukEo] o A|E Itk Hargl AX| g} 0 ek ekEAjopd &
o MES 21733 AdAelAl AFHAIR AR, IL-49) 1L-139] A3
o] F2Eglvhs ®Bar) 9ok
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HIREAISEOA TL-49} TL-139] 22 AP-1, NFAT % NF-«B
o} & ArRIAEo] Ao ma izt Ak e
sh= Zow A k. NFxB AP-12 a2z 23] A &
Aol EAdsle]o] enke-S L oyn AHT Algto] Aupd &
J3kel T A SAGAATE MEL] T3S oAlste] HA WY vk
o WH-& FAAZITkL LA ek w3k NFATE: AP-13}
o] 149 LS sk 2o dejd k2 o))
CsA= NF-ATZ} 3107 o)Fdh= 218 oAIgto 24 Solz o
JolA A& 2Hg-sict - dea= PIE @43l¥ RBL-2H3
M3 C3G A 7-ollA cJun¥} NF-ATcl ¥ NF-«xB2] @3o]
AAEE= AL gttt C3G7F AP-13F NEATclel vx|&=

32 o}z R upy) glovt, IgEE E/d3kE RBL-2H3 Al
3 o]gsk ATl C3Gell 2§k NF-«kBe] A7} Ha=3le.
), A3 A AHE THP-1 A2t Q13 Ald7g 2o Al 2

T3 vl A E BV-2 A|ES 0] 83 Ao qr
77} C3Gell 9J3F NF-kB2| A7} ®as]o] glu}. 202729

b, 2 G- A3 S8 C3G7F RBL-2H3 A|¥EoilA AP-
13} NFATcl 2 NF«xBe| &44-& oJAsto =M 14 ¢ IL-13
o] 447} mRNA 2&S &1k 243l del=r] ve-S da
AR T s RIS olF ve = C3G7F RBL-2H3 Al
o4 AP-1, NF-ATel, 127 NF-xBe @4S Z2sto 24
Th2 HeNkS-S Fshs AO|ETIQIY WS oAs) L=
7] g3 x5 avpF o #ge 1o VgEr, 5 7]
79 AR ] Q13 71 A Daskohar Al E

5 afeda] Aol 2
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