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Abstract
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1. I ntroduction

Dendritic cells (DCs) are professional antigen
role in initiating and controlling i mmune resp
can capture and process antigens into a small

surface with co-stimulatory molecul e€sT but the

cells [2]. DCs can recognize pathogens through
directly identify pathogen-associated mol ecul a
mi crobi al pathogens [3]. Toll-1like receptors (°
PAMPs such as |l ipopeptide, zymosan, doubl e-str:
profilin, CpG DNA motifs, and flagellin [4]. W

they become mature DCs and migrate to secondar

cells [4, 5]. Activated DUscedhspbgseptraguil qeé

MHC 11 (signal 1) and co-stimulatory molecul es
DCs can be controlled by chemokines and cytoki
of DCs is crucial for the |Iinkage between inna

The activation and differentiation of Th cel

mol ecul es on their cell surface, are necessary
responses against foreign pathogens [10]. Nawpyv
classified into several subsets depending on t

including Thl, Th2, Th1l7 and regulatory T (Tr e
amount ofg ( hgFPFWWBroh-are mainly involved in en
i mmune responses and also for effective el i min

viruses and bacteria. Th2 cells produce inter!]l
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2 . Resul ts
2.1. Hydrophilic Ast-Gal induces expression of
Matured DCs have the ability to activate T c
mol ecul es and MHC class [8]. Nevertheless, iDC
receptor (TCR) because they have insufficient
and T cells have a good interaction between an:
primed T cells hardly progress to effector T c
whet her Ast - Gal has an effect on the expressi ol

incubated for 18 h with Ast or Ast-Gal and the
determined by cytofluorometric analysis. As sh
maturation of DCs. I n contrast, Ast-Gal signi f
cCb86, and MHC Dds.onNexDhllcwe analyzed whether As
increased the expression of surface markers on
Gal. These results (Figure 1C, D) showed that

mol ecules in a dose-dependent manner.
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2. 2. l ncreased expression of i mmune-stimulatin
Maturation and activation of DCs influences
including cytokine genes. Therefore, we analyz
cell -polarizing cytokines such as |1 L-1b, Il L-6,
concentrations of Ast-Gal, or Ast as a control
|l evel s of 1 L-16b, I L-6, and I L-12p40 in Ast-Gal
compared to Ast-treated DCs in a dose-dependen
also induce functional maturation of DCs at th

Ast - Gal or Ast. The |l evels of 1 L-12p40 and I L-
determined by a sandwich ELI SA. Consistent wit

enhanced secretion of 1L-12p40 and I L-12p70 in
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(Figure 2C). These results clearly indicate th
Figure 2
A B . -
g = 15 ** )
83 = *
2 = -~ . ESu
L6 3 (L 22 | J-‘
- NE X3 ‘
3= 3= 5
- 0 .l — ~
IL-12p40 LPS (ng'm) - 100 - - - - - W = = = =
Ast (uM) 100 - - w0 - - -
GAPDH i o
AstGaldd ~— ~— — 10 50 100 10 50 100
LPS (ngml) - 100 =~ - - =
-
Asgdp - - 100 - - - £§Z 15 *
AstGal@M) ~— — — 1050 100 ;; i
73 10 x
ﬁﬁ
e 2 =
(N FESC] EEh FeN] )
LPS (ngml) - 100 - - - - 100
AstM) -~ ~— 100 - - - - - O - - -
Ast-Gal (uM) = = = 10 50 100 - = - 10 50 100
pe

2.3. Ast-Gal -sti mulgaptreodd ulxQsi*Denrc léedni DidinF N4 t r o

Matured DCs induce the polarization of Th <ce
and Th1l7. I L-12 is known to have the potenti al
such as enhagpemenctoonl BNt down-regul ates Th?2
medi ated responses. Given that Ast-Gal enhance

Gal -treated DCs on t'he cglloki afet er od o1 es!| tod r &€ D

interesting changes. To investigate whether As]
medi ated response, OVA-pulsed, Ast-Gal -stimul af
with*dD4ells. After incubation for 3 days, the

popul ation subset was confir megdf accbhdi gl It o, tI
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for Th2 cells, and I L-127A for Th17 cells. As s|
that were cocultured wgthodT-cltli olh denl las diorscer- edee:
manner. In contrast, Ast-Gal did not affect th
Next, we confirmed that the increased percent a
greater secretion of Th subset-specific cytoki
cytokine in supernatantgsgbhydiEdIlISN.i Threasdedawiel
concentration of Ast-Gal , indicating that Ast -
(Figure 3C). Ast-Gal had statistically negligi
Furthermore, Ast-Gal did not *dTi rceecltllsy affect t
(Supplementary Figure 1). These results reveal

i mmune responses vVvia DCs.
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2.5. Ast-Gal-treat gdprQsu cutp*oine gienl 8sDedi h FN+i v o

We confirmed that Ast-Gal-treagtkeyl "OIZ4 enhanc
ceihsviTherefore, we expected that Ast-Gal-tre:
producti*od bwl @P%Foo i nvestigate whether Ast - Gal
pol arizatian,vo®MD-Tl Ic ethilse were i mmunized by foot
with a & ©®VaAl pafs&#d DCs that were stimulated wi
draining | ymph nodes were collected on day 7 a
shown in Figure 5, immunization of mice with A
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3. Discussion

FIl avonoids are polyphenolic compounds that pos
as anti-inflammatory, anti-oxidant and anti-ca
flavonoid isolated from several Rt.r adyirteisdan sl he
[19]. It has been reported to have various pha
anti-HIV, anti-allergic, and anti-inflammatory
glucosyl unit at the C-3 position of the flavo
shortcoming has restricted clinical applicatio
was proposed as a solution to the inadequate c

This study reveals for the first time that A

maturation of bone marrow-derived DCs. Ast - Gal
sever al maturation-related surface markers, su
cCb86) and MHC class 11 molecule on DCs. At the
expression | evel of immune-stimulating cytokin

Furthermore, Ast-Gal -sti mulgapreodd uDcCtsi ocna ubsye dt haen a

speci ffiTc cCDl4dl s. Therefore, Ast-Gal may induce t

subtype, as indicated by the stimulatgory effec
producti*oh c¢al COP4by Ast - Gal treatment. These r ¢
as a stimulus for the induction of Th1l cell - me

Thl-skewed i mmune responses are related to e
tumor i mmunot herapy and some infectious microo
medi ators of i mmune responses during infl ammat

function in adaptive i mmunity. Furthermore, th
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I L-17A, and APC-conjugated anti-CD1l1lc were pur

4. 3. Generation of bone marrow DCs

The BMDCs were generated via a modified vers
by Inaba et al. [32]. In brief, the femurs and
flushed with RPMI-1640 with a syringe equipped
was dissociated by gentle pipetting and the ce
cell strainer (BD Falcon, Bedford, MA) . Red bl

containinga0.,151 MnMszfo fdNMHIH®O 1 mM of EDTA. The b

cells were then suspended in growth medium. Th
adjusted cted I5 /xml1,0 and the cell suspension was
were cultured in RPMI-1640 medium containing h

of 2-ME (Sigma-Aldrich), 2 mM of glutamine, 1
100 wunits/ ml penicillin and 100 e€g/ ml streptom
granul ocyte-macrophage colony-stimulating fact
containing cytokine was replaced on day 3. At
and fresh medium containing cytokine was added

|l oosely adherent DC aggregates were harvested

4. 4. TDddel | isolation and T cell pol arization

CD4 T cells were isolated from | ymph node and
and MACS system (MiltenyT 8éebtecfréamboapyeCB8b7

(1. 06xle0 | s/ 200el) were cultured in antibody (1
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anti-Cb28 antibody (1 e©€g/ml) for (Th1l and Th17
Ssubset-polarizing cytokines (240 mAb nflormlTh 11;2 pZriC
ng/ ml ml L-4 and nPAb nfgo/rmIT han-t 62-01 ZhNp/gnmiml mIhLT GF - b 1,

ng/ mi anti-1IFN-2 mAb, and 20 ng/ ml anti-mlL-4

For the in vitrd Tcoc-ecdulst urheata shsaady ,beGn4 i sol at
were cultured at a 10:1 ratio with Ast-Gal -sti
t horoughly washed and used for phenotypic and

supernatants were used for cytokine evaluation

For the in vivo assay, OT-1I mi ce were i mmun
1x9MCs per immunization on dayl. The cells obt
coll ected on day 7 and cultured for 72 h. The
phenotypic and functional characterization, wh

evaluation by ELI SA.

4. 5. Flow cytometric analysis

For cell surface staining, single-cell suspe
washing buffer (0.5% FBS and 0.05% sodium azid
fixation and intracellular staining were perfo

solutions (BD Biosciences) according to the ma

intracellular cytokines, cel(@smwerenamycvated
presence of Gol gi Plug (BD Biosciences) for 5
performed with gating of |ive cells using FACS.

Bi osciences).
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4. 6. Reverse transcriptase-polymerase chain re
Tot al RNA that was obtained from the cells w
then PCR ampliycation of the c¢cDNA was perfor me
Daej eon, Korea). The sequences of the PCR prim
( Fw, 5° TGA ACA ACG ATG ATG CAC TT 3° ; Re, 5°
TC 37), I'L-1b ( Fw, 5° CTA AAG TAT GGG CTG GAC

ACT TTG GAG TC 3'), TNF-U (Fw, 5° GGC AGG TCT

5° ACA TTC GAG GCT CCA GTG AA 3 ), Il L-12p40 (F
GCT TG 3° ; Re, 5" AGC TTC TTC ATG TCT CCA AA 3
AGA AGG TGG TGA AG 3° ; Re, 5° ATT CAA GAG AGT
amplification, the products were separated on
with a Staining star (Dyenbio, Kyeongki, Korea
4 . 7. Enzyme-linked i mmunosorbent assay (ELI SA)
Supernatant was collected from each sampl e an
guantities of 1 L-12p40, Il L-12p70, Il FN- o, I L- 4

determined via sandwich ELI SA using mAbs speci
coat the plates and the Dbiotinyl atHBd 79e aoidd mA
XMG1. 2; aln2dp 40o,r AlL7. 8 and-C2p7®;, Ladd&.nRlodmd C17.
I L- 4, 11B11DAhd &B«VIDAAOrMohse |1 L-17A ELI SA kit (

according to the manufacturer s instructions.
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JLVHWLQ D IODYRQRO LQKLELWV 7+ W\SH F\WRNLQH SQRBXFWLRQ E\ L
£0LQ ,PPXQRO

+LUDQR 7 S$ULPLWVX - +LJD 6 1DND 7 2JDWD $ 6KLPD < )XMLPI
7 .XZDEDUD < .DzZDL O .DZDVH , 7DQDND 7 /XWHROLQ D IODYH
H[SUHVVLRQ E\ DFWLYDWH@WKXDBR FMYRBKILFPPXQORO

H O +X : 4 2X\DQJ - 'DL % :X < 7KH HIIHFW RI DVWUDJDOLQ R
FXOWXUHG 0XOOHU FHOOV XQGHAL RRAIG DDOXMFRY HORQGLWLRQV

LP 0 6 .LP 6 + ,QKLELWRU\ HIIHFW RI DVWUDJDOLQ RQ H[SUHVVLR(
LQIODPPDWRU\ PHGLDWRUV WKURXJK $1) AKDBSDYP L5H PDFURSKDJIHV

6RURPRX / : &KHQ 1 -LDQJ / +XR 0 :HL 0 &KX ; OLOOLPRXQR
< 'HQJ ; $VvWUDJDOLQ DWWHQXDWHYV OLSRSRO\VDFFKDULGH LQGXFH
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UHJXODWLQJ 1) NDSSD% ¥LRGREBPYILRBWKZBHYV &RPPXQ
&KRL - .DQJ + - .LP 6 = .ZRQ 7 2 -HRQJ 6 , -DQJ 6 , $QWLR|
LVRODWHG IURP WKH OHDYHV RI ORUXV DOED / DJDLQVW IUHH UDGLF
KXPDQ UHG EORRXK BAODOW 5HV

/LX - &KHQJ < =KDQJ ; =KDQJ ; &KHQ 6 +X = =KRX & =KDQ
$WWHQXDWHY $OOHUJLF ,QIODPPDWL RQODP POUXLRQ@H $VWKPD ORGHO

/H *DUUHF ' *RUL 6 /XR / /HVVDUG ' B6PLWK ' & <HVVLQH 0 $
3RO\ 1 YLQ\OS\UUROLGRQH EORFN SRO\ '/ ODFWLGH DV D QHZ SRO\PI
DQWLFDQFHU GUXJV LQ YLWURERQWWUR X 5YROHIDAXDWLRQ

6DYMDQL . 7 *DMMDU $ . 6DYMDQL - . 'UXJ VROXELOLW\ LP¢
WHFKQLBEEHBKDUP

+DQ 6 +DQK 1JX\HQ 7 7 +XU - .LP 1 0 .LP 6 % +ZDQJ . + O
&KXQJ % .LP < 0O .LP 7 6 3DUN - 6 .LP ' B6\QWKHVLV DQG FKI

DVWUDJDOLQ JDODFWRVLGHV XVLQJ EHWD YRQIPFWRVIUREVH! FKR & D F L

GH -RQJ ( & 6PLWV + + .DSVHQEHUJ 0 / 'HQGUBWWUEQEHQAO PHGLDV
6HPLQ ,PPXQRSDWKRO

%LOHQNL / :DQJ 6 <DQJ - )DQ < -LDR / -R\HH $ * +DQ ; <DQ
& DOSKD GHQGULWLF FHOOV '& LVRODWHG IURP PLFH LQIHFWHG ZLW
SRWHQW LQ LQGXFLQJ SURWHFWLYH-LPPXQIW\ WKDQ &' DOSKD '&

&HUQLHFNL % - .RVNL * . .ROGRYVN\ 8 :X 6 &RKHQ 3 $ OLFN
7 :X 0 )R[ . 5 :HLQVWHLQ 6 2UHO 6 * 9RQGHUKHLGH 5 &RXNR
/ 6SLW] ) 5 5RVHQ O /HYLQH % / -XQH & =KDQJ 3 - 7DUJHWL
FDQFHU GHYHORSPHQW XVLQJ GHQGULWLF FHOOV ZIDNM NW BAWG LQWH |
+RNH\ ' $ /DUUHJLQD $ 7 (UGRV * :DWNLQV 6 & )DOR / ' -U
SRODUL]JHG GHQGULWLF FHOOV LQGXFHEDK) FRHGEEWHG WXPRU LPPXQ
‘HVD $ .DOLQVNL 3 .LUNZRRG - 0 7DWVXPL 7 B6WRUNXV : - 3RC
‘& SURGXFLQJ KLJK OHYHOV RI ,/ IDPLO\ PHPEHUV UHVFXH SDWLH
&' 7 FHOO UHVSRQVRARX®R WMAMWR

,QDED . ,QDED 0 5RPDQL 1 $\D + 'HJXFKL 0 ,NHKDUD 6 OXUDF

*HQHUDWLRQ RI ODUJH QXPEHUV RI GHQGULWLF FHOOV IURP PRXVH ER
ZLWK JUDQXORF\WH PDFURSKDJH FR/GRIHKG/WLPXODWLQJ IDFWRU
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Figure Legends

Figure 1. Ast - Gal induces expression of matur a:
on DCs.
Bone marrow cells were isolated from C57BL/ 6

described in Matpri BCs® @k MEWbbUy. wére cul tur
the presence of an i ndimk)at eAds tcnidag e i trlrOdtPiSo f 1 @10
ng/ ml). The expression of CD8O0,c«&€IDI8 was MHCI |
determined by cytofluorometric analysis using
anti-Cb86, and FITC-conjugated anti-MHC |1 ant
with isotype controlB) ahheé boes elst § shadmd( Ay earsé

mean N SO (inD>=G3s) .we(re cul tured for 18 h in the p

(10, 50mMM)amd AGG - Gal , D)r TLhPeS r(elsOwl tnsg /fnrlgm ((C)
summarized as mean N SD (n=3). The results sho
from three independent experiments.
Figulaecreased expression of immune-stimulating
(A) i DCs %(delbl x/ w®l 1) were cultured for 6 h wi
Gal, or Ast (100 wuM) or LPS (100 ng/ml) and to

PCR produbt sl Lf-o6, ITINFI-2p40 and GAPDH were analy
gelB3. The results from (A) ar@ dUDGmarwiezed ta e ame
with various concentrations of Ast-Gal for 24
the culture supernatants were determined by a

mean N SD from three experiments which were co
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Figu®Ret-Gal -stimul at ggdp rDCtu etnihtafHGOM.EQ4YLWUR

The i DC%cEedlw/wWell) were pulsed with 10 Og/ m

for 6 h with various concentrations of Ast - Gal

control ). Next, untreated- and treaTedeDICs wer
from OVA-specific OT-11I mi ce at the rgatio of 1:
Il L-4-, and I L-17-expressing T cell popul ation

The results shown are represeB)t afhe er edultthy efer c
(A) are summari zed®) aShenepmnodu Sty ¢mEBdyekiadof L} |
were detected by a sandwich ELI SA. The data ar

experiments which were conducted in triplicate

Figu4é-12 secreted by the Ast-Gal -trgated DCs

producti dvnl icrelCDB4

The i DC%ced9Iw/well) were pulsed with 10 Og/ m
6 h with AM)t -ocGalmegddi0a0 al one (untreated control)
DCs were harvested and cd6cTulcteulrlesd awi tthh eOWAa tsipoe
days in the presence of wvarious concentrations
or isotype coAMtThle k0O cCGmét mgkess ifndg FN-cel | pop.
were determined by B)l olwh ec yrteosnuelttrsi cf raonma | (yAs)i sa.r ¢(
mean N SO (Thh=e3)p.roductg was|l deebstefl bFNa sandwi

The data are expressed as mean N SD from three

triplicate.
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