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ABSTRACT

The possible correlations between the appropriate use of traditional medicinal
herbs and good human health care are the ultimate good for investigation of this
study project. This aim is pursued by evaluating the specific effect on human
immune cells or systems as a response to treatment with a variety of traditionally
used herbal medicines or the derived phytocompounds. In this study, we are
employing the tools of systems biology, immunobiology, and molecular biology to
evaluate specific immune modulatory effects of phytocompounds on the maturation
human dendritic cell (DCs) and T cell differentiation. Our data showed that, among
many tested phytocompounds, R56 and R04 significantly reduced the expression of
LPS-induced DC maturation makers (CD40, CD80, CD83, CD86 and HLADR)
and impaired the secretion of IL-12 in DC. R56 and R04 retained the immature
state of DC with slightly increased endocytic capacity. In allogenic MLR assay,
R04 impaired the proliferation of T cells stimulated by LPS-induced, mature DC.
Our data showed R56 and R04 may have immuno-suppressive activity and
therefore, may be useful as therapeutic immunosuppressant in the future.
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TMI50 & » 7 iv 5 A3t Fend 352 )+
(2) 35 TALA f7

SRR e B B LR e f K 4 9 R4 » B-G
EEMR LB me e r TP L0 HEE S
LPS i% 4 positive control » 12 Vit.D3 i% 3 negative control - £
Bk R R Pm e 2 kv ’Fﬁiﬁl 2o 22t g op Sigma 2 -9 )Frma T

F s i2da % I S ’%ﬁ‘m_ﬁf PRI 0 S d BB
A ts > T arinie ¢ vkt v F’ A EE *E’»*n“r;?iﬁr‘ °

gy FHERE T e ¥ EF - &R raded
Fratmfskze gz 2242 - F il AR

CH W gk kKo de M Bide » B-G B AR F
b BB b ¥t Rl B e S0 Jod AR R
% 3oy ‘g’fi{a‘j@@ml fem ¥t Ao R A ’1*@’%‘ ?B‘—h,‘z’“\’
%,@ﬂw@}pgm9+€%oa’

I vt gen FrEL s R
» &4 MALDI-TOF § 3 t %> 3
FIFT B B A RIS Aird S

A ~ ELISA & 7

i iAo A% PR 2 P E - 5 A R &a
BIF %k Bme i 2 NFxB 238 > 3 2 > 96 ¥ ficiF T4 e »
F % B F o 0 FBSHE A A 0 4 r - bl 0 - SdM-pE S i
448 (2nd Ab-Enz) {6 & 4 > rt ELISA 3f 48 f R4 Tk £ T oz
K E o
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5 8%

AR Z PR A APFARY FRAG PRSP F U
AL AR R LR f 5 Ao i Ap T M
AR - e ﬁéf;ﬁ/ﬁﬂi}%?ﬁﬂ%?‘ yi2H P ¢ 5 F4A XM (innate)
% 132 M (adaptive) SFE 2 A BFEF i b b A SEEA R wmie ~ B
Yrimfe ~ BEvilmie ~ p AR E e B ~T i ot R EE LA

I AT 5 R e L s et ek frdk i b ;ﬁr A H T T E
f,\éii’%,l. ﬁﬁ?iﬁﬁﬁ 2 ag A : pE e ST oo naEFERA
4 1@ + 1z % (hemostasis ) o p a @ > A F ?5%‘? ¢ i NF-xB £ 7% &5 7]
+ 5 I“ﬂ‘ 22 'z 5% (cytokines > 4 IL-4 ~ IL-6 ~ IL-8 ~ IL-10 ~ IL-12
¥ TNF-alpha % ) /&5 3 R a1 o wbe e 1 ah B3 e
= (profilings) ¢ ¥+ ¥ % 'w?¢ (monocytes )~ E v n*¢ (macrophages)
#+% & dmre (dendritic cell, DC) ~ B 'm# o T ‘% & 4 4 ‘m %% chA it
= R feis v 4 P A Paﬁifim%fgﬁ od A E B % ,.m;?ﬂi}s AR MR F B N E )
BAAPEET R Ep - H SRR iE'J'i%%EE?‘uﬂg Witz fgit e
TR AEAS TR WA F R F 2 F ;ﬁd - KL EE - mre
Bich 3+ 258327 32 Jlr Bt 2 it iwe ik 2 4675
B Ffad o aiE 1 S e (B 2 Rk e 2 T e (DC-TC) B 503

£

3
IR RR AT A I R R AR e
B

Ar

— ~RBeh ksu® > NF-kB #4575 72 1p]

1y

mAFHKE S HEAITIT 60 B2 i & NF«xB %
M REEEL B o B % ko 2 R0O4>R06°R30 %2 R56 7 #% 7 NF-«xB
FrdlEE (B- ) pPoF s~y T o ’xlé’ﬁ,,nf‘i’NF-KB - 334
E T 3 FAAIBAAA LS I LA AN Y
Y EEhE ¢ ONFkB V3 A A& F52 P wiplo p a2 drdrd)
BHR sk v (dendritic cell, DC) 1 NF-xB /& M 81 bugd W 22 4 g% Fr )
ARG PBEE L T SRR P A 2 it b AR LR LR
R ILBM o AP A e A I E P % (monocytes )
l%ﬁd dmie e enf s 1Y R & w2 (dendritic cell, DC)

~ JE Y B SRR B dm R fmPe 4 MR
BARAP* MTT assay & {75 (b 2 5 it o SRR K dnve fn e
3 ¥ (Cytotoxicity ) il3# o & % BEom 44 1t 2 48 14 40 87 20 2 BB R b

hﬂ*ggm
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2 32 % A8 | S o % B 21 RO4 0 RO6 2 R30 Z 10uM ik B
T e 3 E T B 80% 0 m R56 EJ A UM T > e 3R E T
%3 80% kAR IOUM R 3 EF &£ L 20% 0T (Bl= ) °
Blmie 3 s SR AR 2 bR T s AP E B RO4 R06 A
R30 (10uM) % R56 (1uM) i % {6 & A B2 18 % kAR -
~ B GK e A 3 iR ie £ Lp)R
ARl Bt AR R iy T RS AP i
FRFR O e & e & LRI 1 1 4 R56 2 RO4 A 6% 7 12 1uM
Z 10uM kB ASE A 2 3R K mre 12 /) pF > £ LPS (1ng/ml)
LERBER24 PGk me D41 LB F kLA (4o fluorescein
isothiocyanate (FITC) % phycoerythrin (PE) )3 % %_% 7 4 % #%3=(CD
marker) £ N e ik (flow cytometry ) B TR fmre 2 3R
2z (CDA40, CD80, CD83, CD86 2 HLADR ) & JLiE M o &% &7
R56 22 RO4 A %] & 1uM % 10uM = » ¥ 12 4 ] F] LPS #7 1 ;f%
s i Ze CD40 ~ CD8O0 ~ CD83 ~ CD86 %2 HLADR (Bl= ) >
Prfl R i RATR E P 2 LA P FIA 10,25- D1hydroxyv1tam1n
D; (f§ 4 VitDs) & IpM Frl & RAZARARF © f 2t 2 > fE it F R56
22 RO4 & B 702 1uM 2 10uM jk B a2 A = BAFR K w2 36 | pF
o B A AT A SRR R e 4p it o 2% A7 R56 & RO4
v Frd] 2 3448 2e CD40 ~ CD80 ~ CD83 ~ CD86 2 HLADR &4 3575 1+
(FHRABT) o L L 5HTHEH R56 & RO4 7 49 % 427 Fr )
AR R R e N o AR R R BB G % ]
/?J‘%\ii é’u ok o dmie g che by K- £ R IR HRNK wie
;ﬁ d £ g4 + (costimulator factors) (4 : CD80 ~ CD86 ~ CD40 )
j\,p it T et R K me R e gd REE T w% % LA
e > Hd g e 1 F 12 (IL-12)A30 5 A05 10 % - A T §f et lmve
(Thl) F B2 &2 L5 B ipk2 £ & ekt o
T~ v i & 12 R LA
LR AR R e e A F 12 AR iR A
FI% Ak L&~ 47 (ELISA) > g d #h 2 3B & - 25 o RIE
KRR A meD w1 & 124045 E o i $ R56 &7 R04 &
B 712 [uM 2 10uM R B A2 A S B Rk mre 12 ] pF o L &2
LPS (Ing/ml) # F 33 % 24 | P¥ 2 > fc b moe 32 £ 3% > J§ 9 IL-12p70
B FAR e L8RS 4T o % BT RS6 2 RO4 ¥ %5 (BRI dn e 7]
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LPS flgcm » 8 IL-12 2. 2 & (Blw ) » 22 7 J2 LPS & 2. [L-12
“ILEAY P R56 2 RO4 23 £ TLE 2 95 60%% 53% - pt 2% &
7+ R04 2 R56 7 #f 2 Vit Dy 2 3% o
Fo BATR M e BT R SRR
%’*‘?‘ﬁ'?&# fwie Loy MR A ﬁ'if’} X}ﬁ/ﬁzm“ Ao B S RFUR R

Mt f MHC b Jot 90 4 @3R3 T wme S5 o R R 0% ok

FRIFRE G B OprgiE (endocytlc capacity ) =1 > M FHFR K
dnte A REARY o H N R IE R BRI A o F|P o AT AR K e
Fak Y o RIZHER R me O e T FHE - FERFRIpR e

BIE R Y s fE b R56 22 RO4 & %)L 712 [uM 2 10uM jk & AJ2
AXBMRFwe 12/ £ 2 LPS (lng/ml)" s 24 ) pFis o
4e »~ 100pg/ml FITC-labeled dextran T2 Lk > 2 37CTH % 051
2 1.5 pF > £ 2oV e ik (flow cytometry ) Bl A% & fmve ehp
T EH R ERTRBE AR L R e p SRR D]
B R K o B A ASE A $ BRI 4p 0t RS6 2 RO4
L F Hi e o F P T EAE (BT ) 0 4 F 4 R56 £2 RO4 7 4
FAREAFH R e L AR PR SRR T AR TR L Y
R DCEF R B ISR o

LT e & 5 & MLR

MR e o AP R RS R TR e ALK e R
JiEr P R EfRadd o AARF Y AR K T BTG R
9 MHC A + & JREJEK 3578 38 5 Fu e B4 '-F]k T ‘m%e o R M o
vé?%ﬁ“ d Tk flcs + | (co-stimulatory molecular) » % ‘w#2 2
SR E e X T e £ et T e 7 A A%
4 R EMT Mm% F & MLR (mixed lymphocyte reaction)ip] &
AU S BRI e R R e T e 1T 5 - 87 I Rl
HEAF R I o Byt RIGEY o e RS6 £ RO4 4 Bk (70U
1uM 2 10uM kB AJZ A = 3R K w2 12 /] pF> £ 22 LPS (Ing/ml)
L4 24 L PS> F1% Xray B0Gy) AT #EITE 3k i
% /w10 2x102 0 2x103 0 2x104 = B 3 Fdp 4 er 5 T e (R &
BA GBI A 4o~ 1uCi/well ¢ 3H-thymidine - ~ /] pF
t 0 Jz S e > ¥ p| T 2 3H-thymidine & » 11 3F 5 ¢ X B X B $Hi
RERmre Al T w5 B % M7 8 A GACTRR e Ap it
LPS AJR {5 2 #5% m% 7 12§ seehiigé T e i34 (B+ ) -
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it 4 RO4 A+ 433 F] LPS RJdT {8 20 & BT R fm¥e #7313 T ‘wobe 3
45 m R56 &2 LPS H /a2 T4pttplaizm £ B o F)pt » RO4
ATk T4 2 k¥ ik doisip PR -
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HErER P v L2
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¥ e chim e F BOE M AT ER o
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SR E AR IR ERPEHE R e i 2 R LT i F]a
PRI T b 2R LRF Bl /oo p e ok

R wmefE Ak iid g 22 RGeS RFe FIATHIA
S AR e T e & RBER K e 0 R R li%’—?-!i“l R
W T A AR K e (tolerance-like DC) ¥ 33 % - A0 T fm
eR B R Ry A T wELEE - DL‘;\ R SRAR o 4 T
$ R56 2 RO4 7 ¥]53 ipdt & ifiechd o drdliem & ) 2 L 4
F1# VitDy4p % 0 P w2 SR Vit Dy etk e o A B R
MHFAASRIEES T IS - DT i LRF BT 2 2D
§f Tomre g d o p e Ril? %inf f WAAAJ -

F I dm e ek A AR R e A AR F A - £ R
1w X RV OBAR P A ki m”e,;,r-% A E S A e F - A ‘m”?,;r—% (4
IL-12, IL-2, INFy) #ii 2 B > i e 8 o ma o d 2 2
ekmbe ;% = Alkmre gcE (IL-4, IL-10) &t B2 48 p 2 4 FLfg*
FLASSERAMP oo B9 D IL-12 £ A2 5 - 3] T e
FR? BERhwme g2 — » A9 %% ELISA = 2B £ IL-12 04 2
1 E BT o B Y R56 2 R04 7 1 Frd] IL-12 4 & - &g f5 it 4
R56 2 RO4 A_ig e #ril % — 3] T ¥ F pend 4 o d iRtk dmbe ot
T b o R56 2 RO4 27 f 3 s R R e cop g5 1 (BT ) &
7 R56 2 RO4 ¥ s ¥ 304 AIFRTR P A SRR > & - 4
HplzE? (B ARET ) fLit 4 R56 &2 R04 4 %L {712 [pM 2 10uM
e R ERIE A 2 R R K e 12 0] pF > £ & LPS (Ing/ml) = 32 % 24 )
PE S o B TR dm e e oA M 0 B S BT MR dm e TR ICH e
fed B IPS aJ2Aprt v T E XA LR Bty R56 &2 R04 & &
4 2] 53 LPS e e m 3 Hopt 2R e enp el 4 o

R H%.zm’?é%% d T {4~ 3 | (co-stimulatory molecular) » % ‘m
e ek Rl g T et Thone ¥ e et Tinse i 74 0 3 4
H 2 opiFR e it 2T 5 933 8 Ly B LPS 1 ke 581 A & 4
T B F o R EAEHKT e % F i MLR (mixed lymphocyte
reaction)ip| 3 T A #* 12 2 3 R S m e j\'i'J//%i‘ﬁlﬁ'Eé'?;f T P » T4
S M LR F RERACS - A G g T ik dge
L x - ﬂljﬁnéﬁT WmPE > ﬁm.—k szagg-aﬁygq o F 20 F % -
"'ﬂzp‘ﬂé—‘“T wre kRN o B Time 34 F M- W35 od %% %
B VitDy 7 % 2474]d LPS #7if & ¢ 4 £ fi > R0O4 7 #1354 53%
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(LPS)#3% % ¢ signaling pathway B 70 2% i @ Zvig 5 pE (@ f£ 5 LPS)
SEFAKERaEREOS S - 0 SRBOPNEFEEF AT T
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Fig. 1 The inhibition of pure phytocompounds on NF-kB activities of B-16 cells
after in vitro transfection with NF-kB/SEAP plasmid. Data are shown as
percentage of relative activity compared to control (i.e. 10ng/ml LPS
treatment), the in inhibition by co-treatment with SuM test phytocompound
in combination with 10ng/ml LPS + SD
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immature dendritic cells 1DC)
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Fig. 2 Evaluation of cytotoxicity of test phytocompounds on human immature

dendritic cells (iDC). iDC were treated for 48 hrs with pure phytocompounds
and analyzed by MTT assays.
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Expression of surface markers in DCs that were pre-incubated with test
phytocompounds or VitD3 for 12hr, then stimulated with LPS (1ng/ml) for
24hr, and followed by analysis on expression of various surface markers. The

expression levels are expressed as MFI, determined by flow cytometry, and

the data shown as a mean from independent two experiments + SD
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Fig. 4 Phytocompounds and VitD3 impair the secretion of IL-12 p70 in DCs
post-treated with LPS for maturation. Immatured DC were pre-incubated
first with test phytocompounds or VitD3 for 12hr, then stimulated with LPS
(Ing/ml) for 24hr. Culture supernatants were collected and kept frozen until
using. IL-12 p70 in supernatants were determined using standard sandwich
ELISA.
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Fig. 5 Effects of test phytocompounds and VitD3 on endocytosis of FITC-labeled
dextran. Immatured DC were pre-incubated with test phytocompounds or
VitD3 for 12hr, then stimulated with LPS (Ing/ml) for 24hr. DCs were
incubated with 100 ug/ml FITC-labeled dextran for 1 h at 37°C. Uptake of
the same concentration of FITC-labeled dextran at 4°C were used as a

negative control, and cells analyzed by a flow cytometry.
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Fig. 6 R04 and VitD3 decrease APC activity of LPS-stimulated DCs. Immatured
DCs were pre-incubated with test phytocompounds or VitD3 for 12hr, then
stimulated with LPS (Ing/ml) for 24hr and DCs were harvested and
irradiated (30Gy). Irradiated DCs were used as stimulators for allogenetic
responder T cells. Three concentrations of DC were plated in triplicates and
mixed with 2x105 T cells per well. After a 4-day incubation period, cells in
culture pulsed with 1 pCi of [3H]-thymidine/well for 18hr, and harvested,
and the 3H-thymidine incorporation was assessed by liquid scintillation
spectrometry. Results are expressed as the average of triplicate wells.
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