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ABSTRACT

Allergic asthma is a chronic disease associated with airway hyperresponsiveness such
as bronchial inflammation, eosinophils infiltration and increase of serum IgE. Previous
in vitro studies were reported that velvet antler can decrease the production of IL-2, and
suppress pro-inflammatory cytokines including IL-1p, IL-6 and TNF-a. Otherwise, in the
clinical study, it was discovered that the concentration of histamine and leucotriene were
decreased and IFN-y was increased in serum of asthmatic children after velvet antler
treatment. But the relative mechanism is still unclear. In this study, we established the
animal model to realize the effect of velvet antler (VA) in airway hyperresponsiveness.
Female BALB/c mice were sensitized and challenged with ovalbumin (OVA) to induce
airway hyperresponsiveness and administered with various doses of velvet antler (50, 100,
and 300 mg/kg) or prednisolone (10 mg/kg) for seven weeks. After seven weeks
treatments, mice were determined the enhanced pause (Penh) using whole body
plethysmograpy, pulmonary cell infiltration and T cell differentiation, anti-OVA antibodies
(including Anti-OVA-IgE, Anti-OVA-IgG;, Anti-OVA-IgG,,) and cytokines (such as IL-4,
IL-5, IFN-y) analysis, the paraffin section of lung for hematoxylin-eosin stain and periodic
acid-Schiff stain. The results indicated that Velvet antler extracts (VAE) could increase
the Th1 cells (Tim-3, CD4") and reduce the Th2 cells (CD278", CD4") and to modulate T
helper cell differentiation. VAE significantly decreased the secretion of IL-4 and IL-5 in
bronchoalveolar lavage fluid (BALF) of asthmatic mice. Anti-OVA IgE and IgG; were
significantly decreased and anti-OVA IgG,, were significantly increased in serum and
BALF of asthmatic mice. It also decreased the leukocytes infiltration and eosinophils
counts in BALF. Moreover, VAE reduced the infiltration in perivenous regions and
periarterial and periboronchial regions and inflammation in alveolar wall. VAE
significantly decrease Penh after OVA challenged in allergic BALB/c mice. Furthermore,
we used in vitro cell culture system to determinate the molecular regulation mechanism.
Various doses of VAE or VAE fractions were treated EL4 cells and RAW 264.7 cells to
observe their cytokines modulation. It was showed that VAE significantly raised the
production of IFN-y in EL4 cells. The chloroform fraction of VA stimulated the IL-12
expression in RAW 264.7 cells. It suggested that velvet antler might effectively modulate
Treg cells, regulate T cells tend to thl cells differentiation, down-regulated allergic IgE
and inflammatory cells infiltration to regulated airway hyperresponsiveness.

Keywords: Airway hyperresponsiveness, Allergic constitutions, Immunomodulation,
Velvet antler.
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AHG Aluminum hydroxide gel

AHR Airway hyperresponsiveness

ALN Airway draining lymphocytes

APC Antigen presenting cell

AP-1 Activator protein-1

BALF Bronchoalveolar lavage fluid
DMEM Dulbecco’s Modification of Eagle’s Medium
DMSO Dimethyl sulfoxide

DPBS Dulbecco’sphosphate buffered saline
ELISA Enzyme-linked immunoabsorbent assay
ECP Eosinophil cationic protein

EDN Eosinophil-derived neurotoxin

EPO Eosinophil peroxidase

FACS Fluorescence-Activated Cell Sorter
FBS Fetal bovine serum

FceRI High-affinity IgE receptor I
GATA-3 GATA binding protein 3

HBSS Hank’s balanced salt solution

HRP Horseadish peroxidas

H&E stain Hematoxylin & eosin stain

IGF Insulin-like growth factor

IgE Immunoglobulin E

IgG, Immunoglobulin G,

IgGaa Immunoglobulin G;,

IFN-y Interferon-gamma

IL Interleukin

LTC4 Leukotriene C4

MBP Major basic protein




MHC major histocomparibility complex class
NFATs Nuclear factor of activated T cells

NF-xB Nuclear factor-xB

OVA Ovalbumin

PAF Platelet activating factor

PAS stain Periodic Acid-Schiff stain

PBS Phosphate buffered saline

PEF Peak expiratory flow

PGD2 Prostaglandin D2

PIF Peak inspiratory flow

PMA Phorbol 12-myristate 13-acetate

SATA Signal transducer and activator of transcription
Te Expiratory time

TMB Tetramethyl-benzidine Substrate Solution
T-bet T-box expressed in T cells

RPMI Roswell Park Memorial Institute

RT Relaxation time

VAE Velvet antler extracts
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%ﬂ A5 E (Mm% >1990)0 SAMW,, )RS RE X PR 8 X (4 ,_B_j]{»\:i 3 7
P Ok B PP REHE 4e > P o IRZEN Z M) § ’J" ¢ ptér 2 (luteinizing hormone, LH) &
B # % (Wangetal., 1988) -
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JR* R (S EED SAH LB E P B AR N A i BRI E 9 T8
FoSAM &k R v pRA S RLE F Bk 8 X {40 W R MFETZE 5 ¢ malondialdehyde
Zz £ % H=xj it f& B (monoamine oxidase B, MAO-B) &4 » 3 4 iF%gAZ § L L 1t fis
(superoxide dismutase, SOD ) =42 (Wangetal., 1988 ) L B -k 3 4~ ic H#f 55 & & /| &
(24 7 &£ )2 2 BU(1 ? # )"~ "F¢ SOD & "% K559 7 = fF(malondialdehyde,
MDA) & c@ RRE DT 7 5 PR ~ RE ¢ fE PR ¥ MAO-B 2 #1473 P B dr
#]i¥* (Wang et al., 1988) @ 2 &2 (1989) * R E T 7 AR5 B ¥ A3 di 2
(urea) ~ Fiefex_(uracil ) ~ #+f& fi* (creatinine ) ~ = & #%#4 (hypoxanthine) % - 4 3R
FRefpeg 2 =X e ¥R B4 MAO-B #E -

5. s (T
RET R f hARE wrert i B SR B ERBe otk RE LG 4
fﬂfﬁi@VA#tomﬁﬂuﬁ%ﬂ%m.ﬁ¢LL*uﬂ&:§%géﬂ@4f%7mﬂw
st 4T % A (0.5MCa™) ¢ pedsdrty o Cliffordetal. (1979) % B H 5% 4§
”‘i‘ﬁ ARV R AcH B (strokvolume) o B A E R B Z B > 7 R TIRTF R
v ROR R 4%33_?:}7%55 v REE L o PR B i B R A B A Tk B 0% e U
j“} *‘?1%'“1“ cAviB s o B < SRR R 0 R v R ’]Iﬂﬁ&i-‘*/w\éj_mﬁéﬁqﬁ’g‘"
f"‘ R R e gt th s TR S HRC B AR R B e R R
viE o fRAR L K Y R B IR E AR FIERw 4 BB A H IR ORISR Iﬁi#ﬁﬁ
“"'ri ‘\‘@—“—}E;‘;‘i"" &ﬁf&ﬁ?—vﬁtﬂ

() BRI 2 erplien

PREFEFIRIAELEARES R B- RERERTY O BEF Y
ﬁrﬁﬁ‘ﬂféﬂﬁt‘ﬁ}% N “zg"-‘;{"}i% g’“#"‘?%é;ﬁ‘fﬁa’ 2k E\.@’*Iw-ﬁfk e %
%Wﬁ%&ﬁngﬂﬁﬁﬁﬁﬁioﬁ&ﬁJ6§P@“Wﬁﬁ%ﬁ>?ﬁ%zi,
3 S RN ARE A K SN N 33 AR G R N I Sl DLl S R
B EEAPE LR RE o A bk v b n P ERE S 30 kA RNICA v RS
E%ﬁﬁﬁiﬁ%'m% B R BoE WERY AHCATEMAE dEy L g
ity EF TR o BT &k JEFRAI BT SRR dofljed A
R AR S REP B R i QRS RO F L REFRT ERHEA
Hovaslg#idoerin? 2% om Zhang H et al. (2000) A B 3 Miplidiaes @
FI o MR E 2 g/kg it {7 subacute toxicity test (1 g/kg, 90 days) @ =K DI F gk
R RERES AFREFEREFL LA
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= > F *8

(<)~ A
# W4 7 3 2 (National Institutes of Health, NIH) 221E) I R I Y el 3
( National Heart Lung and Blood Institute, NHLBI) % 1997 =& »E" T L e dpd]
( Guidelines for the Diagnosis and Management of Asthma) Beg vl TR S - A
Bt Cena o LR PG T HDF IR g F L F g (airway
inflammation ) ~ ¥ [ ewf e if i & ¥ & (airway hyperresponsiveness) forf sif £
% (airway remodeling ) » 3¥ % 4% + ‘m® (mast cells) ~ E ¥ w* (macrophages) »
“‘g fald v o 3k (eosinophils)~*3 # v & 3% (neutrophils )~ T ‘e ~ F & w% X wmbe >
"% % gr% (cytokines) ~ %1 % (chemokines) ~ 4 b F-v ~ Ak & mre &0 4
Tzt et e g @ o .g),@.«:«r{ﬁ%«,ﬂ BoRgerudg 2408 9IR2 vt
ERA A FEINF D F R PTFIRRS ’&r’“f»%ﬁwﬁﬂ (F 258~ s~
SR W R LA A ) B Tl S RB Y ERE BRI S G E R R o

E‘IS

\F"
S ™

% %’«';’—uﬁ\z;m PRGBS A F o AR T o e
2 F A R &&*&ﬁ%?m@w@ﬁ*ﬁwﬁ@’m*
f¢m4$ﬂrm%%# 4%
BEME L hF B AL - %Jﬁiﬁﬁ Vo Wk*“r i"? el %“@Wmﬁw@
PR AR SR FRE RS GG Y BB iR ] P Y R et

&\ WY

w3y BB oA LR AN FA G R P R EZS DA F el F BB R L F
BEEMFE R éé_iﬁ%ﬁ:}?ﬁ!{ﬁagm%tﬁ){}@,ﬂ_éIgEm #"%’ﬁfi'fiéﬁ;lﬁ
,P;g;,rgmﬁu}k agtt;g:%ﬁ,;ﬁr?ﬁ; | ok FA] & r‘]—ﬂlj,/‘—}f\:,%z_ia&,%%é\;,l_%

AR GG B B2 BF o

<

s - B AR KR T R REA D ERS 0l
F 8 b"’@ﬂ{fiﬂ“ 7 (Intematlonal Study of Asthma and Allergies in Childhood,
ISAAC) &z P w;’iﬁ a3 =2R4A0 R F 4 P EH Aoy vn%,’vffia“‘% TR
RS T3 *?&ﬂ%*“4ﬁ%g_m%$ﬂi%§%?%iﬂ%ﬁﬁ%Lgé
As Apg BEEEAM - L EFE IR RIcCER S B0 BT FRoc £ A d
G R T S SR 0 T R R R
» ifh"ifh")jlfgi A H FARAR e 1 F ik € 0 FriehF T 5 4 AXF 2 2006 £ 1 2007 £
2R 133 14 RIZE R g vl BT AR13.2%3 4 2 13.7% 0 62 T RIZE El

EJ 11.1%3 4v & 11.6% o & BB iefa8 4o chAg 4 » Tl d ~ 2025 & #-35 45%3] 59%:+
RS R T MERARKRL S EXE R AR A v A4 o B AT o
2025 # F vy A v R A 10 4 oA Ttk A F 53t 01998 E e B m(F
w#ﬁrw:srsrggttﬁ,;%)m; = H R REE 11 o 2001 £ B a S A = R
.- o p 1974 #3 1994 & > S F » 73 15R/ | B4 e XA 8 FR SN
BEF FREA 1974 & 5 1.30% 0 1985 & 5 5.08% 0 1991 # 5 5.80% ° 1994 #
% 10.79% 20 & A4 A B 0@ ST FrriEd Rt 2007 £ K 0 L3R 5
A - %F%{c“ii oAt R - EREF K 24458 =8 § i {7 ISAAC § v Tl
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r}f‘ffi:’mﬂ: A %m;‘}t—ﬁ@qd_'&&é‘j%pw&

,1%41%‘:4:%5}%‘%\:%:. ,Q-&ILILPg}%‘d\'ﬂ\ml6/o,i? =
24%

20.3% ° yxiE A S

F A
e .,
FogE b o pkiEh oA

(2)~ FapEsEi

AT vh R - AR A i Ha &P 13 R F R (airway
hyperresponsiveness, AHR ) ; 2. ¥ &3 ZRWM R > B A 5L 4 0§ e eig e B0

AT g e TR A Rl e P LR g R R A g E
# (remodeling) °

F v ﬂ””“)»ﬂiﬁ' rﬂad ’“,S?"ﬁ Bl ¥ A Bt L e P EA
o N r‘ﬁ * ;{%’f? Ll AbR ol N A fmre ST
%A A ;%ﬁ%%@:’w L 75 ?’*#’ﬂ’z},@ SRRV IR e i i
?éﬂﬁ’@ﬂﬁ Sl4e 3 L F J €@w3¢¢&’ﬁﬂW%#+?ﬁ’¥##

o e /ﬁiﬁiii‘géﬁrﬂ%?lﬂlﬁ“’lmﬁi@ CRFFRELRFA IS
{ L7 ﬁ ?. FeE s f 4 RArE S & Tk CDATT dmre iR ¥ G e ik
;% (bribchoalveolar-lavage ﬂuld BALF) PR TR LR Baere ek fodk itk
—/% o

Smooth muscle cells

Exudate, fibrin

Plasma exudate,
fibrin

Basement membrane

| Airway surface
1 liquid

Alveolar septae

ey Blrecy i, Codumiten Unisprasly, el Brooie Grnelinger, J. (i iovesl.

Mucosal and peribronchial inflammation;
luminal fluid, exudate, and fibrin

(Michael et al., 2004 )

AR 2, 4L
()~ F&k &5

EREOE B A - kPR e s LA TR Ry e R BT R T 2 A
Fe ke LAF i i R BT s LA R e 2 B Dp T R 0 S SR R
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RAE T AFMEN LB RN A H AR WINT LSS A s AL LA
F J& (innate immunity ) > *~ L& - B LB F B 1 E X LR F & (acquired
immunity)) e X LA F REBRZEE - BELEF R ‘7”%?@55(1];3];]#9 AR T
( pathogen associated molecular pattern, PAMP )o & £ % M £ & F & 72 § %) ixér‘ b %
R FFE o 5 d SR ,.L}EL ‘n?z (antigen presenting cells, APCs) % 4oA& 4 — 12 8
LEF R PG XELEERF K-

doF ok sid 3F 5 _EL]%‘« BE é’bf‘ mie & &3 otk o ¥ & (bone marrow) &
¥ irinre (stem cells) ¢ 4 it Z ¥ & % (lymphoid lineage) % ¥ %% 5t (myeloid
lineage ) o @ # ¥ h4ie 35 T W% ~ B wfop R ZL % (nature killer cells, NK
cells) B wme p ¥ 4gY 7 S RE > §RF AL A F e X IR T ,;rft\)]%b'? 7
RA Bz ¢ 2 ST Fefihddmhit 5- —k%LftW | e 9T A 4
A 1 £ T -9 M (immunoglobulin M, IgM) & 2 » F 8 573 40 b 2 5 02 i
RS EpE o P4 2 g R G (immunoglobulin G, 1gG) % i o T wm? A5 Hf]{
(thymus) ¢ & it 2 3 > ¥ & 5 T 4w (T helper cells, Theells) ~ T & # sn¥e
(T cytotoxic cells, Tc cells) 2 T3 & % (Tregulatory cells, Treg cells) o # &L 5 #
LR S R LERE S 3 ) - %%ﬁmﬁﬁ;ﬂmﬁww P X AT B oM
Tmir v od AT BTREINT B (lymphnode)‘ %% (spleen) % 2% AR
Bk s gtk e %;f?_Pﬁﬁ#w BE A& HT BE (Kubyetal 2003 ) -

(3)s Feainm o=
1. v =n 3
(1). % % 3% 39 E (immunoglobulin E, IgE )
#AEIkEF9 E (IgE) &- fal A LRI e 0 e £ % 200KD 5 &
FraErdma il s+ 5 s e g GEREI W At g R
#.4- IgE receptors (FceRI) » # i it 3@ % fm¥e » & 4 4 3gfit > 34 5
MmA A - kFBATF i o BAT R 58 APCs & 4 Th2 cells 14 » B fm#z } ef
B7 ¢ ¥2 Th2cells ' chCD28 % & » i&m jF it T ke » & i e Th2 cells 2 =
IL-4 » %3 CD40 ligand 22 B ‘w*® } (7 CD40 2 & » # B lmie izt » @ B
iz‘;é‘. =+ IgE (Gouldand Sutton, 2008) X FH H L 2% > ¢ F 4w F ¢ IgE
ES > g% 0.1 2 09 pg/ml- i@ F § (e F 3050 o SBATRE T & AR
'}%—'&dz s B"F :* IgEﬂg%ﬁr“é"‘ ¥ Ao

(2). % % 3% ¥9 G (immunoglobulin G, IgG )
Eaks v AR I G(IgG) 2 & d B~ g hltimie g S 4
i MR B F & (humoral mediated immunity ) » 3 & ¢ kR BB 2
LEERY O RAATRFY P70 5 T5% 0 IgG ¥ i 5 7ndF 0 3k AT
SR E A o AR B ow AT A g6~ 1gGs ~ 1gGs ~ IgGy s @ o) R fE 87
3] 5 1gG ~ IgGoa ~ IgGop ~ 1gG3  # 7 IgGy 22 Th2cells 7 B 5 @ 1gGya £ Thl
cells 7 B -
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2.

(1).

2).

3).

(4).

3.

(D).

Q).

3).

KIRES o4

/i v % 4 (Interleukin-4, IL-4)

IL-4 2+ & 5 18KD» # 58 T 'wbe adxffiih i~ it 5 Th2cells > £
s e ll-4 - 1L-4 g Frd| E e mre 5 o JEET IFN-y % i E vm P2 T }”ﬁf
d 4% - 31 & wApFAF £ & (major histocomparibility complex class II,
MHC II) eh& m B i eh B % & R IgE &m 5142k & - B ¥ T#”ﬁ
IL-4 %> ¢ {1 ThO cells » it 5 Th2 cells > I Fr4| E v m?e &2 B R fn 72

( Dendritic cells, DC cells) 4 i IL-12 » i& @ Fr4] Thl cells 4 i o

i v % 5 (Interleukin-5, IL-5)

IL-5 23 %45 % 50KD > & Th2 cells % % < ‘m¥% & i 5 ¥ {1 B o
A E i&i@vgﬁiﬁé wIRA LN @R é??%,@,‘"ﬁé_i’;f XFERE W
IE B e

i v % 12 (Interleukin-12, IL-12)

IL-12 43 8% 70KD>d p35£2 p40 s B B ~ o st aa & 2
®op35 A Sdcimie AR fe pd0 W AE L A APCs A R AR o d B
P BRFR e Ak 0 WA Y B ARAKE me > A IR naive T lw¥e A fRfF

Fik ts & v 5 Thl cells »

vy 4]+ # % (Interferon-gamma, IFN-y)

IFN 5 pEdv - 8> P 5 7 A = a B~y = A% 4] - IFN-y 4 Thl cells ~
BER Smte s f AL fm % 574 o o IFN-y ¥ 84 APCs + MHC 1 2 MHC II
chi I ¢ T fwve L 8- %5 1 o IFN-y 7+ ¥ {83& naive CD4" T ‘w¥e 4 i
= Thl cells @ $#r4] Th2 cells =34 it o

‘mPe Ay ?ff

‘e si% (histamine )

A3 RN I F 5 CHNy» 5 - fBF IR f 4 o 5 09 &
s RARILG TR 0 R M e dbte s o @ HI o H2 e gon
ARG ET R LETFed 2R E L R LS

v = ’fﬁ% C4 (leukotriene C4, LTC4)

BEEEAE o d BT K v s V‘Fﬁf@;']&_é w I V%’ﬁé}'b&é s S BIRLP “or el
AT TR AF ek F B A 0 A LTDA T # s ok
RS REF TR EEE T RS P EE

T 7 9:11;% D2 (prostaglandin D2, PGD2 )

B G CoHsOs o G- P i e 1 &d 57 2 lmie f3c > @ of il
v on I~ V’ﬁ%#’ié w3k %2 Th2cells 7# 7 A > T 75 wxbvef FLeE gy » 7 R
A F O e~ 3l dzpEm o
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(4).

(5).

(6).

(7).

(8).

4.

(D).

2).

w -] £ % it F]F  (platelet activating factor, PAF )

L8545 CuHsaNOP > & — famsiasg A o o ‘1%’ LA ER IR I v‘g%}'r_}_é I
o RPN LB s s FORE L BT P ERE S R
¢ ‘z‘kﬁ&]@’ v on IR U v ’F."'r o

1 & 4k 3¢9 (major basic protein, MBP )
317 BrRRATE S 2 v o d ShARiEY £ 5IE 3 B % o MBP
FRALEAESC L L mre i S dE S o

‘f%’ faltv w B3 39  (eosinophil cationic protein, ECP)

d 160 Bl & > L - APPEYH ok f2pF (ribonuclease) > o F%’ fie
B A S VIEE F L A cECP R A § b A e g RS e
e F M > 9% % (heparin) % & Blic #r4] ECP ehim®e & 4 -

PRt TR A &4 % (eosinophil-derived neurotoxin, EDN )
BEEAEG RE X RIS AR o B F E TR o & BCP
Koo wimie 4 45 ECP 020 3 30 & o

PREALd G SR F TR (eosinophil peroxidase, EPO )
R T IR N L

e 155+

(+)
1.

CD3
A

CD4
A
* 71

CD8
A

GATA binding protein 3 ( GATA-3)

GATA-3 £~ %  § zinc finger &%) » @ a Teell + 3> § i T
ﬁ@ﬁﬂﬁtéﬂﬁwmo@wA3%ﬂ$g@»@wﬁm%—gTM@%
#cE 7 B o promoter & & > & IL-4 ~ IL-5~ IL-13 44 % 3 o

T-box expressed in T cells ( T-bet )
T-bet = T-box FI&igérF+ 2. - > 73 5 200 %A pk - *f:{%h B
IFN-y X Fld# 45 2 (B8 fm#2 48w Thl cells & it o

p:h M wme ke R A T AR

B20KD» 5 Timbe 2 d Fh2 — o

£ 55KD 5 A s amse R we s L T iR £ E A W

T e T # B4 i o

£ X30-34KD > 5 MHCIT % - 4| %% - ¥ &7 5 T & Mlwmbe o
- 16 -



4. CDI9
3R ISKD 5 Blmte & fuz - o

5. CD25
s+ & % 55KD » 5 IL-2 receptor alpha chain » /# it ¢ T ‘w2 ~ Fit? B %% -
Bt T ~ e Ei Bl ~ iR Mm% ~ 4F e ~ ”»]’9;]1 WP X w4

’ﬁ AT

6. CD69
A F £ X 35-39KD e A it e EiL T dmve s & Bt Blimre s 2 E i NK mfz & o

7. CD278
>+ & 55-60KD » 7~ ICOS » & Th2cells 2 /it T fmfe #1435 -

8. Tim-3
% Thlcells 7 W% £ 6 fLk o

() F AR

FEAE 4l CDA Tlwwe b f w0 Y BIwFApY €& hd ¢ o BAE
FETIEAT R P oo @ﬂ(@li‘vi Boig ¢ i85 APCs ¥ > ¢ AL APCs 1 Bvgi®* 5 » » L %%'
d MHCII k¥ 4Lk H B EIRE CDA T e &1t 16 ch CD4 T smre ¥ A (b & 5 — 4
# 24 fm7e (type I helper T cells, Thl cells ) & % = 3| # 2% 'w#2 (type II helper T cells, Th2
cells) i&m A4 -8 % i B F }?& o pom e Fr]L-12 § B4 CD4" T fmve A iv %
Thl cells ; IL-4 # & Th2 cells 4~ i* o @ Thl cells ¥ 2 = chlw*z % 5 interferon-y
(IFN-y) ~ IL-2 % tumor necrosis factor-o. (TNF-a) > i & %% % | &% it 5 Th2 cells
v 4 = IL-4 ~IL-5~1L-9 ~ IL-10 ~ IL-13 » & :ipac l\mp’%i""}a B o Thl £2 Th2 #1
4 Xt E L F AT o AN REFEFRY DS ET TR G 3 o
o fiRk AT 3 o 48 B JRIARE & 2 (Rheumatoid arthritis, RA )~ ‘=524 j3 78 ( Systemic
lupus erythematosus, SLE) % p ¥4 % % 7 & F AP Thl cells V" bl 5 @ @K i~
>EMHAE B T*T’Lﬁ’» NG Vg ?.'*“?ﬁ o Th2 cells +* "?'J@r‘—é o AT F vk g
kF ffe Th1/Th2 2. B2 T 75 B 7 i ﬁﬁ!{l’?"ﬁ’ SR BT fetiere ¢ AR R
% Th2 > % 8% £ % (humoral mediated immunity ) ; @ # iz cniE g8 > B T 4 84 lm 72
¢ 48w 3 E 5 Thl > % w4 % (cell mediated immunity )

Th2 cells it ?J%;E\‘ = B mre i A fReriTA gk B B e MHC 11 A + % & i
& 4 > Th2 cells % m 2. T cell receptor (TCR) _} 1 CD40 ligand &2 B ‘w?*e mCD40 =
52 L4 fell-13 515 07 & 2 2+ ffpizfr e & % IL-4y chain H &1 B
2 + e IL-4R % IL-13R 5 /& v 3 4 1?; i# B¢ (signal transducer and activator of
transcription 6, STAT-6 ) ; £ 4c + H & ;\ X REMT E B B¢ B lwie A 1 s
LB~ A, iF]%jsm’f'fE ML Ak At l:}ml}%" J_FRE e 4 0 4 A A RA L FE IR
v IgE - (Zavorotinskaya et al., 2003) o 87 < tmiz B 5 frIgE 3 R frenX 8 > § iE
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AR IgE B &1 > A4 £ & 3% % 'm?2 o IgE receptors (FceRI) » # 4c }

IL-4 IL-9IL-10 > ¥ & 3¢ & Pz 5 it » & 4 3 3k (degranulation) - F#3c _9_7%\ e
(histamine ) ~ v = J’fs % C4 (leukotriene C4, LTC4) ~ # 7| Jj{—% D2 ( prostaglandin D2,
PGD2) - i /] {5 7% it F]F (platelet activating factor, PAF ) &4 W |+ 4 & (Becketal.,

1989) - %:yz;\ F BT ARR A A e s b F B e 2 R FEEA a!éf\
L HRE 22 Finmg (Kubyetal, 2003) o o 65 B 2 SRR 4p 4§ Lig
WE IS 2 30~4m:ER > miF 1l 2 2/ i %P Kk (early phase reaction) ©
A oad R Y T # #iwie v Frdl § vh o (7 (Stock etal., 2004 ) -

@ IFN-y € #r#] Th2 cells sr4 it 2 838 4 = IgE © naive T in?¢ & [L-4 c§fe4 ™
¢ 4w 3 B 5 Th2cells> IL-4 & Fr4|E eim?2 51 > o7 IFN-y & i E eiim?e > 1 )
Foie s mre 2 £ 2 3¢5 (Tykocinski etal., 2005) o Th2 cells ¢ 4 i fn% 4 4o IL-4 -
IL-13 5@ %9 + A moe 2 T Az glait > 2 ) eotaxin © “‘%’ fadte w3k X 3
d Th2 cells % 3 + tm¥e 974 b2 IL-50 % d %@ F 4 tmie & T jfacimie AT 18097
fxdeheotaxin & 1t 16 0 2R B A A & 46 F-9  (major basic protein, MBP )

“‘g fatte o ZEHE 3 39 (eosinophil cationic protein, ECP) ~ V‘Fﬁ fatte o A 53 F
( eosinophil-derived neurotoxin, EDN ) = FJF,’ et v o Ik iE F i fF ( eosinophil
peroxidase, EPO) %% X+ 3-v % > MBP - ECP ~EDN ¥ E f2 @3 i + A mbe &
e R o gt R R F 0 £ iE s\l"%‘iﬁllﬁ_é w Zf (basophils) fe¥* + ‘w2 3
AR R R WS B R F ] 5 BE oG & 3§ e 4§ LTCA e
PAF » ¢ o5 S if & ff vofcg ~ i fes § LB 4E 0 {7 a0%5 {5ty £ R BT
P REEGE BRI E B OLF BEFF LTS et g UM R F R
SRR o A B AR F R 6L 12 FFA T2 3 X2 A0 f
% 16 ¥ F & (late phase reaction )

ANTIGEM
[ - -
MAST CELL ,,r--" T
e T
//_ \ MACROPHAGES
P roinflammatory IL-4
———— — -
u Cytokines, (L4 Ja
TN " TCELL pee s
Histarmine / | L / - :
i |
Leukatriensas ".I \ LB | L5 e '.
Chemaokines | ) < Proinflammatany |I
LTB4 | Tryplase H‘ JI - Cytokines ;
EQSINOPHIL
BRONCHOSPASM - e
L. y
», Cytokines ) o~ .
— " MACROPHAGES
MEUTROPHILS Activated L
- -
INFLAMMATION
Acule - = Subacule -- &= Chranic

(NHLBIL, 1997)
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Fora g L E }@%ﬁ d % it e 45 %] (transcription factors ) % & promoters *+ >

malde— P IR EF o BF R FLF B M oEET]S #é nuclear factor-xB
(NF-xB) - nuclear factor of activated T cells (NFATs) - activator protein-1 (AP-1) -~
cyclic AMP response element binding protein ( CREB protien ) % ¥ % signal
transduction-activated transcription factors (STATSs factors) % o NF-kB & % # 33" B
iz o B RAIERM S T E T LAY «light chain A F]3# 53 + (enhancer )
+ GGGZCTTTGG B 7] » i B fmie % J‘f(,..m "z (plasma cells ) Igk 2. L F1 & > T ‘m¥e ~
Hyof s Ergiimrz ~ ) L iwre 2+ 4 o £ % 7 3 NF-xB (Barnes and Karin, 1997) -
BRI f ek A drs g 1L in s G NF-kB BT ek i 10 0 ) NFB e 1t
ORE et g F L F s o NF-xB o STAT6 ¥ 34 4572 Th2 cells 4 i 3 4 3 B il 45 5]
+ GATA binding protein 3 (GATA-3) - GATA-3 & - 7z 3 zinc finger e & %]+ >
Wh Tceell } 23> €1 T wre s it Fdkw Th2 cells - GATA-3 & 1t {5 € & » fm2 %
po22— i Th2 w2 5% 5 B < promoter % & > & IL-4~IL-5~1L-13 4% % 3R ( Yamashita
et al.,, 2006) - IR E 5 ATk {1 CSTBL/6) | B2 6 F 58 ¢ F I > HiE W IR
522 3 % % I GATA-3 mRNA £ 3Tt ng FFERBwE - IL4 2 IL-5ARE
€ 43@“*&]4 0o IR A S H A @ ﬁ’ﬁ'j'fl“}a%rs (Justice et al., 2002 )~ @ 22 GATA-3 -
gE=a ]%L A fnaive T ‘w2 e ¥ — ul% 47 %]+ % T-box expressed in T cells( T-bet ) T-bet
does X B R ] 2 2000 £ A 4> L T-box 3 F]R2E Y AAEA TS 0 45 200
Bkt > & — {24 2% Thi cells » T-bet 5 IFN-y #25% ® (IFN-yR) % STAT-1 #73
oA W T-bet chk IR g 4k & i 5 Th2 cells H T ‘m? * 4% Thl cells » #f 4¢
IFN-y 436§ » £ % i IL-4 ~ IL-5 A % & (Mullen et al., 2003) « f1* & 40+ %
T-bet & EL4 # = Bime th? * £ A ¥ @ w2 4 & ) 4 4 [FN-y o T-bet “f”» A
Thl fm% jck s & ¢ > & gt ThY fn% ek 5045 1 3 GATA-3 3 7 (%
& Th2 Mm% % cnd = > 7% Fr )k Thl % 2 04 2 (Kiwamoto et al., 2006 )

\

(,\)\ # n%r]%‘

Pavw BAicf i i 58 o & FHF ARSI BTRA P RFDEP LA
BB A ETE NG R R SR F R R LA T R G
i BRI AA e AL ERREE - EAFNE Y AEFEZ EAFY -

F V-’r?‘& AR 6 R B E AR R IR o 1 F cnE S R B Pt sy g L
F 8 % f3F Ak en® S ok & 1 o @ 358 FIE (corticosteroids) ~ v = % & 3 &
#| (leukotriene modifiers) ~ £ # ¥ # 5 & (bronchodilators) ~ B3] 2 g 4 (58 F &
( B-agonist) ~ F#"24k & (anticholinergics) -~ % & % #) (Methylxanthines) % o %
FEREREEL AT TEFABREDERER LI AL AEL LD RF T
AL EERF B EIRIT L g g FlF oA SRR LTRE L ISR F D
_I_-Qjé%‘# —1'1 {”Pﬁ“i‘:"lﬁjﬁ“ kf‘_}%"e“&i;}ﬁii%iiﬁf‘] B erteE o RV A A
i}i—-‘?;‘:}ini‘:ii\?‘F’J;]‘Lﬁ cPrd 2 LA SRR E R ﬁ”’?ﬁ%@r;ﬁnfﬂ (‘_,,—%i )
2001) o ¥ gl EH R LG EADBIEY o2 F KBRS

RypmrctuiEmd % 2002 £ 57 > FIRY 30 2 40%4 73 %3‘ € P& KAp b

¢ %fﬁk&lév}%/z % e B R ﬁ'[%ric’”jﬁg;ar}iﬁg‘}}gﬁ'“; r‘#‘ié% ee %g%‘” Al
fod o iis 5 A MTRA R Y o FF AR AR L A o 4 R LS R
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o T ERAES AR R e R rp it f R E P (SRR
2010) oM 1P Y Fev HA R L EEEAR bﬂ rh BN el 4 S P ”?IFLJ EER A S
*E R g T e onk o 2 ,1 BfR B R 24 ) PFIS /)E'“wf‘“i“"lﬁﬂ il
R s SR L AR R L R S A S AR

E’—f’];&g i%"‘f o
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Fv mipea

RE (velvetantler, VA) S A B AF L2 R4 H L2 %4 o p+524  RE
LR A MR I Lt St R, A A RE S
% FJKR® o Kim et al. (2003) A5 # W > A H kK E 4 p g bargsd T A B
WM T A S L 9 SR chin e ek Bl4eIL-1B ~ IL-6 ~ TNF-a - Wang et al.
(1985) % A 7 55— ERIAL 5 b WA [T 5 B 55 2 3 B4
LA AN X %}Wwfwﬁw"}fw jr e TR R
FrRZE LA B G BT ’PR’* BE S ok (histamine) )RR T E
cAg% > T [FN-y B34 > @ o 3"%?C4(LeukotrieneC4, LTC4) 2 & **% (% - = >
1994) - e HAp s & 441w 2 P B » Tl AR ﬁ_nﬁ‘i%‘%d BORH EFPR 02 e gl
WA LB HEFEHAREH IS EERF }'@~€L BE TR o
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AN

10.
11.
12.
13.

14.

15.
16.

2.

T~ g

3 SR
5 AR
£ % 59 F9 (Bovine Serum Albumin, BSA, A-5503 )~ 7 & F-¢ (ovalbumin,
OVA, Chicken egg albumin, Grade V) ~ & ¥ i* 48"} (aluminum hydroxide gel,
AHG, 13 mg/ml, Sigma A8222 )~ % i* 4» (NaCl, S-6191 ) ~ Dimethyl sulfoxide
(DMSO ) ~ Phorbol 12-myristate 13-acetate (PMA ) ~ Con A ( concanavalin A,
C-2631) ~ LPS (lipopolysaccharide, L-9143 ; 1L-8274) 12 + p£p Sigma %
(4fox @ imm)e
RPMI-1640 ( Roswell Park Memorial Institute, ALMS51319A ) ~ DMEM
(Dulbecco’s Modification of Eagle’s Medium, ANE18791A) - FBS (Fetal
bovine serum, 092k83011 ) ~ L-glutamine? * p#p HyClone ( 2 #£= 2 (32 ) -
Bovine serum albumin ( BSA, 10857) ™ F A USB (F & o> 7 K32 ) o
Gentamicine (15710-064) 12+ pp GIBICO™ (£ F 22 %32 )
Liu’s stainj% ;% % (Liu’ A Solution, BA-4001 ~ Liu’ B Solution, BA-4002 ) -
IL-4 cytokine ELISA kit (88-7044 ) ~ IL-5 cytokine ELISA kit ~ IFN-y cytokine
ELISA kit (88-7314) ~ IL-12 cytokine ELISA kit + P p eBioscience (42#
AN AR
Mouse IgE ELISA kit ~ Mouse IgG; ELISA kit ~ Mouse IgG,, ELISA kit!2 + pi
i Bethyl (i 28 %)
Tween-20 °
Sodium azide (21610) - p USB
BCA™ protein assay kit (23225 ~ 23227) P PIERCE -
Periodic Acid-Schiff stain kit F#p ScyTek o
CellTiter 96" AQueous One Solution Cell Proliferation Assay ( MTS, G3582) B
p Promega °
? A% (methanol )~ * @ *% (n-Hexane )~ % 7 (chloroform )~ i 7 fi% (n-Butanol )
PRGN S S S R
z f*_(Ethyl ether, 9112302 )~ = ? ¥ (xylene ) ~ 10% Formaldehyde ' * pp
P F R o
4 32 & % -k (Saline Solution, 4AK1677) 2+ fEp 5 & o
95%FpF FEp &t o
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KE -~ EBH
Ventilated Micro Isolator System (VMIS ) #p % ** Individually Ventilated Cage
System (IVC System ) > o #2754 gl in 5 U 7 fig 2 ) BE*

el N

A S B A

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

3l e

24 w ) Q4T £ (5 IR T - MCT115 w/w MCFCP)

Buxco /] # 4~ & 30 & 3% > 48 e § ) % 3L (unrestrained whole body
plethysmography ) MAX II 1320 Modular Unit -

iworx % #f if Bedpiodk ks o

Laminar flow °

FACSCalibur (BD 82294R ) Mtp Becton Dickinson (i {7 %32 ) -
£ F A3 (HERMLE ~ HSIANGTAIL) (%% = @ 832 ) -

7T N do s (KUBOTA6200) (A # R B2 )o

Microplate reader ( Enzyme-linked immunosorbent assay ) Pt p Thermo
Labsystem ( A2 @ (32 ) o

ELISA washer B p BioTek ( # 42 2 A 12 ) o

RS kst (R-210) g BUCHI (1 4 2 @ 52 -

5% CO, Incubator -

Water bath °

B2 pesk. (Nikon E200 » Nikon TS100-F ) P p Nikon ( AL~ & (32 ) o
B4R @@?J ® (Nikon DS-U2) Pt p Nikon (RAL2 & (A3 ) o

Iml ~ Sml ~ 10ml &~ FrEp Top °

Bl ARG~ ITER 200 P AR EFEER RUE -

# ¥46¢ (PESOtube) BEp Becton Dickinson e

E TR

Sealing Tape Applicator F£p NUNC o

e & (Filter paper, Advantec NO.1 125mm ) -

624963 FrEFIVFEEMp TPP - NUNC -

610 2234 pp TPP -

15 %2 50 %2 gt % pi NUNC o

1.5ml eppendorf P Axygen °

£ HE W E A 3P

polypropylene round-botton tube with cap 12 x 75 mm ~ FACScan Flow
cytometry P p Becton Dickinson °
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~ RERE
(=)~ ®TPHrEIELE

%%ﬁgwsiw,ﬁ%i@ﬁﬁwBMBmyn@(ﬁﬁw;@%pzé
s A ) o R B RN A 5 5 2 D Naive B (RS F TR EJIZ )~ Control 2 (1218
ARRRATE ARG ETIRES ,f»\ pﬂ,zgf.g’ k 10 ml/kg/day) ~ % #% = VAEL ~ VAEM -
VAEH (™4 RAc% 4§ ¢ v JR% S VAE 50 mg/kg/day ~ 100 mg/kg/day ~ 300
mg/kg/day) ~ 4 2 I ¥ 2 Pred. ("MiEACRIIRATE &S F U JRY%E S Prednisolone 10
mg/kg/day); # 2 &5 8 & > £ 2 & IVC system k5 T M & f,%]"é?’% #E%
BB EAPE AR RBER S 183 22°C > p i 5 12/12 ) pF o 0% ‘\\ﬁ (- RN
BAF RSB F I 2 AP B -

)~ REEXRBRPFUG AR
FoY TR RES2007E 107 9P p B EESE (27 )EEr» 2445 %
150 %> % oA KB ATER E o

I RE W F P

im&i“p§$%’%%%30n%*Aj3Wﬁﬁ3mnﬂmi%ﬁﬁ’*
3ICHEE Y RFEP 1425 1 ,ﬁ}iﬁ,&vfﬁﬁ-&—/ﬁ.ﬁ i i /}a,ﬁﬁp 166.67 ml » ;'}é.f‘-fﬁ'}}%’_
B 5 50C > #mmﬁiﬁﬁ%&2M%mgé’mmo@ Ao 10 A4Es B
T B b o R T 1S5 ml g P o B 100 pl A e SN E g Rk
B 5 10.8 mg/ml > B3 5 0.054% o 1R A4 KHEH SR RS R % 0Tk
B o

k) A&k GHEIL S FRESH G %A (US Food and Drug
Administration, FDA ) #1722, 2_ ’%ﬁ% o F% A £ # & 2 3% (Formula for Dose Translation

‘lﬂ

Based on Body Surface Area) 5 F2. ("t & 2E2 'R 6 )o iz PB 2> ;% % Suttie and Haines

(1998) #% 2 & p = A HES £ 1050 mg/60 kg » # & = | &4 & § » & 5 VAEL: 50
mg/kg/day ~ VAEM: 100 mg/kg/day - VAEH: 300 mg/ kg/day > 4p % >+ % §84% 8 & VAE-L:
243 mg/60 kg/day ~ VAE-M: 486 mg/60 kg/day ~ VAE-H: 1458 mg/60 kg/day -

2. RE &ML i T B
(. Aexe

BB E Fo% o & 20 5002 200 ml ® f% (methanol ) iZ72 > 4 W24z 5 R BT 20
b EAFF PR3 BE PR & BBl (125mm) > FIRGFE PR o

(2). R—iRIE

ko BB g P 80 fRES 0 ]~ £F 150ml Bk AREL ¢ o2 150ml o
¢ »% (n-Hexane) {7 3 = /li—/liﬁrﬁﬁﬁﬁ’*i"ifééﬁﬁ ; ifééﬁﬁ“m_fi = 40°C » o ¢+ }éjﬁx«
¥ot (VAE-H) - #1773 % 12 150 ml § # (chloroform) 533 = & k45 » k458
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B i 40C > d T REEZES (VAE-C) o #1473 % £ 11 150ml & 7 fE (n-Butanol)
TP 3 H R RHER 5 60C 0 0 2 EEE (VAEB) < $ois ok 2 38
Ak T RS RMER 5 60C  BE E PP (VAE-M) - 554 £ & » %] 5 VAE-H:
102 mg~ VAE C: 121 mg~VAE-B: 163 mg 2 VAE-M: 106 mg- 12 = ¥ £ ;7 ( Dimethyl
sulfoxide, DMSO ) #-% B4 e ]l & 100 mg/ml » £ 2 RPMI i DEATTER o

(=2) ~ ®PHRIAEN

)R AR AR ARG 28 X {0 AL - X XA RA F- B R
rFg e b (intraperitoneal, LP.) = ;4 #-9F v 3¢ (ovalbumin Grade V, OVA) 10 ul/g
M lLéF’-‘ (aluminum hydroxide gel, AHG ) # =328+ 3 /| &BE]N - % 40 X FR o >
fpx = & F"/ﬁ v2i# L (intrnasal, LN.) * 8 %3 OVA 150 pg - jFiix = %] * &
VM%_HEPH DR T 5440 @ OVA piRim ~efviif > 5 % o 30 % 49 < L f
B FEXE AR A OVA LSO pg s iFii 2 s 1 [P ~3 [ FE~T [ p5~ 16 | pF ~ 24
o] BE S 48 ) pER) E) Bl eig R4 (Airway hyperrespinsiveness, AHR ) » I3t 52 %
W -

29 41 42 43 44 45 50 52 days
IP with OVA, 10 pl/g, IN with QVA, Challenge  Sacrificed
0.5mg OVA = 2mg AHG kg mice 150 pg/day, with OQVA,
for five days 150 ng

(=) ~ HAH
1. & (serum)

| BURRESR & 2R ’ﬁf)’?é’f’ﬁ‘ﬁ'ﬁi@—i ERRCE S E R LR ﬁfjﬁ'ﬁifﬂISml
oo g FE o 95%;ﬁﬁ3‘-v§i§"i£’f CHEZRIPERTIRARE L Nl mlEF
11%3_,&%%\% (25200ml) > # % & Fs > 2 10000 xg » 4°C » #s 10 & 45 > w2 B~
B /)a R %13 -207C kg o

2. "% tn% (splenocytes )

T ] B v TR ) BN ) s Bk B R T ) f#ﬁ’@ﬁ””’&’% R
T8 %7 10%FBS/RPMI ch6 a3 4w ¥ A @FHR TSP U AR pﬂ~ﬁm(200
P OBRAESE G 5~ 15ml g F o0 12300 xg 0 4C > g 10 2480 53 iR B
PR P2 12 0.1 @ HBSS (Hank’s balanced salt solution) % 2 & HBSS #-%= & 3% %
fR15 0% Bt e I 1S ml e H 0 12 300 xgo 4C > B 10 A 480 3 % 1 i
4 > 75 10% FBS/RPMI  j& @ B~ 5 pl fw#2 ;% 4v 290 ul analysis buffer (0.05% NaNj »
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5% FBS/RPMI/PBS ) 4= 5 ul PI stock solution 14 FACS Calibur 3+ B mie #ic o

3. FInr M~ % (airway draining lymphocytes, ALN )

Tl B s PR RGN (HBRF E RN OFINEEHRT S
%3 10%FBS/RPMI eh 6 2 A s % @ > 12 & A2 4% & (200 P ) BRF> i5] » 15 ml
oo ? » 12 300 xg > 4°C > #ew 10 2 480 4 K’%" ,ﬁ'—,. » 4v ~ 10% FBS/RPMI o j& @ B~
5 pl g % 4e 290 pl analysis buffer (0.05% NaNjs » 5% FBS/RPMI/PBS ) 4= 5 ul PI stock
solution 2 FACSCalibur 3+ 5 % #c o

4. AL F IR (Bronchoalveolar lavage fluid, BALF )

o] BURRRG L B R ko * OS%FWE A 2L AL 0 d TRRGIET R
LRI (5 PRI A F gﬁi% §/ ) wdEr #3 (PE 50 tube) 4 0.5 3 1.0
AR N XL bts?'+ﬁré’u_ FEem R E T AR SR (25
G)» #-E3 Imlé @ e FPBS S84 » ] BUREBIR w @ e p 382 =0 » B 303
BB 3mlis 0 300 xg 0 4°C 0 A 10 A4 T R o BN B o
JE# B 5l dmPe % e 290 pl analysis buffer (0.05% NaN3 » 5% FBS/RPMI/PBS ) = 5 ul
PI stock solution 2 FACS Calibur 3+ & ‘m#& #c o

5. IR
ER PP E N APE R = e M %i}gﬁ&-ﬁﬁ?%&f@gf%hﬁx‘f D AEE o A B 10%¢
1445 5 & (formaldehyde) ¥ /Zi¢ 30 % 12+ o

(1)~ RS
1. =wig e 4 (Enhanced pause)

Penh & & — flr¥ e ig rm;fﬁfﬂ 0 ,__a, 50 % 2 EP G Fev fOVEFILIRACIS 0 A Y
PR3P ST L 16 ] PE 24 ] PE S 48 [ PRAE (T ] R 14 R
KL BURE IR T ‘TFT;PV oo i Buxco Ik N et e §p) % 32 (unrestrained
whole body plethysmography ) MAX II 1320 Modular Unit 2 iworx % #7if #icdy 3o 45 %
Soo B BT YRR 2 Buxcofisu‘ FP o :{J ,2. B B e ) B
| & en% § i i pneumotachograph  j » jt )] B W””B* Rl e KR F
BRI g5 d LabScribe 2.0 ] 2| &% #4e¥ 5 /i & (peak expiratory flow, PEF »
ml/s )~ &% 2% i & (peak inspiratory ﬂow PIF sml/s )~ #¥ 5 pF & (expiratory time, Te °
7f /) %3 pFR (relaxation time, RT » ) ) > £ f1#* 2 ;% Penh=(Te/RT — 1) x (PEF/PIF)

41 Penh & o

2. FEINFEM T dmve s MR R e kR Y it 4o A F FutliRe A 4T
¢ * Fluorescence-Activated Cell Sorter ( FACS ) 4 457 » 2 in ;8 ¥ ik
(FACSCalibur ) 4 47 » 41 * Fluorescein isothiocyanate (FITC ) 2 Phycoerythin (PE)
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A4 hH PR 7 Fﬁ%ﬁﬁ*ﬁf?‘%—%ﬁ‘” Glo RS RRS TR B FE 0T F
e T FE R AR }E‘Ej":\;{‘ﬁ/&?p a5 /Tk? »U S e feFRltR S - AR
R e BB ERE RS B BRI o FRlE AR BT A E 7
o R ET MR TE oA Y KL N X g 7T HRESF D LAY L }F
PEA A kdrste g sk 2 (090 B2 ot i ¥ k28> 2 CELLQuest #ic %Y
R

B e B U E B8 10 pl ¥R £ R53 R E 0 N ATCHE
=3 }@30 kb o ‘l“\ % fe £ 4c 3 ml i# 7F % (0.0595 NaN3/PBS) “j‘fé\ﬁé‘u‘ 2_FRy
B 300 xg > 4°C > 10 ~ 48> BH ¢ FiR drEcime {4 > £ 40~ analysis buffer (0.05%
NaN; » 5% FBS/RPMI/PBS ) 250 pl » & #7545 %2 » 12 FACSCalibur 4 47 3 3% 3% 8 #
= w2 (ALN) -~ %-58m% (SP) % %2 # ek (BALF) # = w2 % o FL & &

(CD marker) ¢ 3£ CD3, CD4, CDS8, CD19, CD25, CD69, CD278, Tim-3 °

3. & ¥ OVA # B 1 IgE - [eG ~ [pGa, 54l 5 £ i8] 2

FI# A% | i% % (0.05 M sodium carbonate * pH 9.6 ) #- OVA 5 i fF# 1 5 pg/ml >
BE I awﬂ& B oI A AC IR P 1R % (0.05% Tween 20/PBS )
}% e Z & & & 350 ul/iwell » #- % A A H 2 4 3 K I OVA 4T R i“f v 218

7 Blocking > & well ® 4c » 300 pl e %773 ;% (50 mM Tris > 0.14 NaCl > 1% BSA -
pH 8.0) # % 30 248 £ iR RFHEZ S 0 £ = 350 pliwell » 4 » 20 B A
FHRA O REZERA- P P UGRARGART X o & well ¢ 4 r 100 pl (Ff
2 1:10) = Goat anti-Mouse IgE-HRP conjugate & Goat anti-Mouse IgG;-HRP conjugate
2 Goat antl Mouse Inga -HRP conjugate ** 8 F F Jis— /| o BIH-E L L 236‘}93 it
He T =X o B is4e » § 4 A tetramethyl-benzidine Substrate Solution (TMB) L& % ¢ &
R B4 a*»ﬂj};?;r A5 @ ¢ enfs F o e (5iF horseadish peroxidase (HRP) s f% % _mfél_“
o FEgEd € B R S OKES 0 F 4o r S0l Ak (HaSOs 0 2M) B 0F 5
oo PR EEd €d REH LR ¢ > IV A BRI E AR 450nm T sk o
A-ﬁﬁﬁf{ﬂ\’b’ e%R 3+ E D EU &

-

4. IL-4 ~IL-5~ IFN-y s % 7 £ %

11 * coating solution - anti-mouse IL-4 capture antibody - anti-mouse IL-5 capture
antibody ~ anti-mouse IFN-y capture antibody % # % 96 3“ fic & dw 43 F > & F 45 5
IRt R B iz > IR RBR4C - 1§ B "Rz R (0.05% Tween 20/PBS )
FF'-??& = = & 350 pl/well » #- 5 A2 R F 2 g + K3 chapture antibody # 7} f v 2.
t6 & well ¥ 4c > 200 pl crassay diluent 3R # 8 1] pF> L 0ifiki3iikz= 5

= 350 pl/well » £ 4 » B 522 A>3 g _,,,_,Wi‘“%\ﬁ SR Y ,m,p,,f&,ﬁ e T oo
# well ® 4c » 100ul detection antlbody HERTE A - LR EEEE ’P PERE P
I &K of 4 » IL-4 Avidin-HRP & IL-5 Avidin-HRP &t IFN -y Avidin-HRP ** 2 8 * * J&
30/7:\‘,39_’11_'%#-19-?-'1/}3 BRI S oo Bfs A 2 | 3”"?' | TMB L% ¢ & i 8 4 3|
BoAG®d e F o w5 HRP v (2 » & hppd ¢ d mﬂgk/ﬁrﬁ RKEI B
g 155 well # 4c » 50 ul Fipt (HpSO4 0 2M) ¥ i 1: @, SRS 6 KR
R URTCEFEWPIEAL 450nm TR ke o R R Rk A Y Z LR E HRE
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RRER KR U E FE LR

Recombinant mouse IL-4 % & i & 7 I )k & A 7|4 5 500 pg/ml ~ 250 pg/ml ~
125 pg/ml ~ 62.5 pg/ml ~ 31.25 pg/ml ~ 15.625 pg/ml ~ 7.813 pg/ml ~ 3.906 pg/ml -
Recombinant mouse IL-5 &3 5-i% fe % Fe Jk & A 714§ 5 500 pg/ml ~ 250 pg/ml ~ 125
pg/ml~ 62.5 pg/ml ~ 31.25 pg/ml ~ 15.625 pg/ml ~ 7.813 ~ 3.906 pg/ml - Recombinant mouse
IFN-y 3 =iz R 3 k& B 71418 5 2000 pg/ml~ 1000 pg/ml~500 pg/ml~250 pg/ml ~
125 pg/ml ~ 62.5 pg/ml ~ 31.25 pg/ml ~ 15.625 pg/ml °

5. %ﬁﬁéiﬁ‘%ﬂﬁéiﬁ‘#Wﬁ‘ﬁﬁﬁﬁﬁ

Liu’s stain #7* 9% ;% ¢ 7 LiuA{f-LiuB & 8 - Liu A 7 7 Eosin Y ¥ #4144
B = ﬁé iz 4 > methylene blue ¥ #-‘wfe p Bt pr Fdrimie % 2 i Fira =% ¥ 4
¢ ;LiuB R 73 Azurel fr methylene blue » ¥ #-Jmfe $% 11 2 9 5 Tf m?%’ﬁéﬁ IR 13
Fe o F ER I o B LB P BALF w? - {* Shandon Cytospin 4 #-km % 3. 3 3t
P He 300xg04C oS 4480 £ % Liusstaini& 744 o 2 LiuA 4 454 0 Liu
B4 90 Fyts * -Kibik AL R ATE 2N b kep AR §7 0 F B 3F xylene B4k AP o
v B ficdi Nikon E200 i B2 i & % 4 V%’ fette o 2% (eosinophils) “‘%’ LA e S
(neutrophils ) ~ # = 3% (lymphocytes ) ~ E ¥ w%¢ (macrophages ) e

6. ofhpIdss 2
Poizie ot P MARS P IR B A A E At e 1 g (casette) P BT L E e
RS ETRARS ‘1‘; # i 4 ¢ ;2 (Hematoxylin-eosin stain, H&E stain ) frif @ ik #
% 4 4 (Periodic acid-Schiff stain, PAS stain ) o 1 & #ic43 Nikon E200 > Image pro 5.0
BABESAH  m RR R AR A T B RIS L A TR (1 43)
(Jeffrey etal., 1991) -

(1). H&E stain

¥yt e ﬁ_{‘ ZP B EAO60CT 10 2 15 248 MR EFME o Rt

i B A%~ Xylene 3 & 4b ~ xylene 3 4 48 ~ 100%FpE 3 4 48 ~ 100% 7+ 3
,»@_ 95% FpE 3 5 - 75%;@% 3 44 BorgEAR R BERA R
(hematozylin) jF**gL 7 + B EiE & .r‘e«ﬁﬂ\ v BIES A gtS  p ROk
éilﬁd’*“ifﬁ}iﬂiﬁﬁb@ﬁ/’IA/E“PBS PRRERFEES (95
%)’~~%%ﬁﬁ3m@ £ -2 A (eosin) JF s At R E 30
Fyo BB R OS%IERHE ~ 100% P ~ 100%FH #cf) ~ xylene 5 448 % %
b 52 R 0 £ 0 E R R 0 3N B e Nikon E200 » Image pro 5.0 L% 3h
P& o hematoxyline 5 F¥% ¢ s 2% > v 2wl P p R EE 4 E 1=
fmfz M oeosin iz d BRME AR F R mie BT “’FEP&?’&?” [ e “’"3 °

(2). PAS stain
12 Periodic Acid-Schiff (PAS) stain kit 3 4 = £ #-3 5 iz g 2 ¥ > 60
TP 103 15 #4501 3038 7 W o Bgh 7 & B 3 » xylene 3 4 4% ~ xylene
3 4 48~ 100%FYfE 3 44+ 100% 3 88 OSYFIE 3 4 48~ TSP 3
A ks o LN AR R > - Periodic acid solution (PAQ250) jFtal* 1+ &
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AR A o RIS SIS o YA R E AR > £ 4 Schiff’s solution
(SRF250) FRRS P REFFBESEA R LS 4480 L KRR
w3 B EapoRe ;‘r*r%;tgq; ;‘ﬁ, Hematoxylin, Mayer’s (HMM125) %
F23344 0 p koRGRE3 AW > LF 2+ Bluing reagent (BRT125) %
,F:? 30 ) 0 * ARG R RE 0 BT OS%IFE ¢ sk 0 BT R §0 i
£ E R B4 R 3T B4t Nikon E200 > Tmage pro 5.0 B2 30 fR © PAS it 2
5 pEXE ~ 27 P& (mucopolysaccharide ) ~ Z: % 3% (mucoprotein) % f# F-v
Fofie T I IERIRTE PASSLF L 2 ZRRINA o

(=) » 1 EL4 % thfrRaw 264.7 fm ¥z A 5 48 N do e
1. wesh i
(1).  EL4in% tk
EL4 wre 5 B TH = % (T lymphoma ) wm?e thH ¢ — f& » £ C57BL/6N/| &
= 189,10-dimethyl-1,2- benzanthraceneﬂ/;rfe v HE A A R B me > LR
A A AR eir bk o Z R o HERE 2 RBIRA

(2). Raw 264.7 im %z &
Raw 264.7 % % Balb/c ] & E viimie R £ ¥ fr’v%fﬁa% SE Y L
w?2 ( Abelson murine leukemia virus-induced tumor ) 2. E ¥ im® ~ H 23 fm

Fg' o 7‘; ]T'g H_H‘J”g' ’ I‘E_‘;‘_ ]jﬁ]r]/ o

2. v ids

#- EL4 w*2 ~ PBS ~ trypan blue ™ 1:2:1 W G|R £353 > p o R HE
(hemocytometer) + chamber W ¥, figte » - F 1+ FL 5 o 12 B fics Nikon TS100-F »
100 & @L% - d *% trypan blue g T mie L} TdoomiEme Fllme W i § i
ok o 28 1-9 B+ 3 2 fmre i (Hch 5 253 200 B > > fR 8V AR fmbe S8
@R ) 1.;' CEAASE SIS E EET S8 VAR a1 N 30 s F
,‘TT'!‘“" B2 3 g o £k 104 » L E ml ¢ dwe Rk 2 e i o

3. EL4 fmethd £ v A 5 p i ipl %

#-BL4 fmee 1R 5 10° @/ml 2t 37°C » 5% CO, 35 % 24 ] pF ~ 48 /] f& ~ 72 /]
FF~06 ([ PrFis > Mimiet i N E e i o L ABSVARAE IR A dmie & B PERE o
IRP AL ERFE RS % o

4. RE FP$ Tl EL4 o 5 7 )

#-EL4 v 2 fmre % R 10° B/ml #8396 3432 % 45 ¢ > 12 & FBS h RPMI £ %

3 37C 2 5% COx % » B3 PR E 1 > B2 R k4= 10% FBS/RPMI » 4 %[ +4c » i

1 E 24 (VAE) 0.064 pg/ml ~ 0.032 pg/ml ~ 1.6 pg/ml ~ 8.0 pg/ml ~ 40.0 pg/ml

200.0 pg/ml % phorbol 12-myristate 13-acetate (PMA ) 1 ng/ml > ;42 % 24 ~36~48 »
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64 - p¥ > ¥ 2 RPMI % # P %2 o 4] * CellTiter 96° AQueous One Solution Cell
Proliferation Assay (MTS) ip| @_EL4 ‘m*¢ 3% % o CellTiter 96" AQueous One solution
reagent # F tetrazolium i & % [3-4,5-dimethyl-2-yl]-5-(3-carboxymethoxyphenyl)-2-
(4 sulfophenyl)-2H- tetrazolium inner salt; MTS] > 2 £F ¢ (* &% » ¥ & [Shmrz (v ¥

SRR A A % 2 formazan @ S dm e RE R i o £ #0653V 35 & A B 4 37
CSE. KB E 2P UHIVERE 4@&3-,? TAE 490nm T kB 0 Bk EARR AT
Bl e A% % o VAE & E{c PMA &% & RPMI efpt » 10 F pho ) dm¥e W 78 |17 o
ARHFEAF 2 ERTER = o

5. REF PP {1 EL4 fmre o m e FoE
(1). B EFE 3 P~4 (Velvet anlter extracts, VAE )
#-EL4 ¥ 12 0% B R 1o6 Tl%/ml 3243132 % 4 ¢ 5 11 g FBS énRPMI
BAEM3TC 5%CO, 7 » 53 ) PEFE T 1 > B33 % R4k 5 10% FBS/RPMI »
A} g4 ~ VAE 0.625 pug/ml ~ 2.5 ug/ml ~ 10.0 pg/ml ~ 40.0 pg/ml 2 PMA 1
ng/ml > ¥ 12 RPMI Z ¥R e > flg3z & 72 /] FF{s > 3w 300 xg» 4°C > 10
& 4B e P~H b gk o 12 ELISA Rl 2 % 5 Thl cells s IFN-y % #* % 5 Th2
cells P IL-4 & f& 02 & -ELISA BRI 22 2 2T RI 2 | 4P & 2 BALF
PIL4~IFNywm% %2 3 £ c T 9 %A e £ 5

(2). BEZFi&IEEPE (VAE-H - VAE-C ~ VAE-B » VAE-M)

#-EL4 me 1 mie 2 R 106 1 /ml #8324 34 32 % 45 ¢ > 12 & FBS 7 RPMI
BAW37C5%C0, 7 » 53 ] BFAEE (5 > #38 & ke & 10% FBS/RPMI »
/> %4 » VAE-H ~ VAE-C ~ VAE-B ~ VAE-M % 0.4 pg/ml ~ 2.0 pg/ml ~ 10.0
pg/ml ~ 50.0 pg/ml 2 PMA 1 ng/ml > & 12 RPMI 5 4/ 2 > {532 & 72 /] p*
ts > drs 300 xg 4°C 10 A 480 fc B~ F % 0 11 ELISA ] € IFN-y 2 IL-4-
ELISA il % > 2 5 R| £ -] A M 5 i 2 BALF ¢ IL-4 ~ IFN-y ¥ jfc % 2
B oARRBEAY=FR -

6. B E Z PP % Raw 264.7 fm¥e & b mie g3

#-Raw 264.7 ‘w% 12 fmie % & 10° B /ml 635 24 332 % 4 ¢ » 2 & FBS H DMEM
B & 37C 5% COy® » &3 | prfEets » #8 % k4= 10% FBS/DMEM - 4 5]
4r » VAE-H~VAE-C-~VAE-B~VAE-M % 0.08 ug/ml~0.4 pg/ml~2.0 pg/ml~10.0 ug/ml ~
50.0 pg/ml » ¥ » DMEM % $Hp8 ‘e > {132 % 72 /) pFiS > s 300 xg > 4°C > 10 &
b o JgB-H ’F #% » 11 ELISA ip] 2_1L-12 - ELISA | %> j* Pf"'f‘/EJ,_ EL4 ‘w2 &
KILES *o SF A
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FE ~ ool

-~ H 73 % 2 #&4 $7 (one-way analysis of variance, One-Way
ANOVA)

BRHAy CRIL gy PEA k) H TS B R A AT H
B 7 %% 4 2 (Duncan’s multiple-range test) i& 7 % {4 #& % (P<0.05) - ( Duncan >
1955) 4+ & % (control ) 2 & % = (naive) 4a+* 12" P <0.05, ""P <0.01, "*"P < 0.001
BT LR EEN ) Bk e R eipt 1205 P <0.05 %P <0.01, *** P <0.001 &7 £
PEHEM -apR I AT L% > FAREET > ZF LR (P>0.05)-

= #£ 2 3L ¥ (Non-parametric statistics )

3L PR gy 4 E S Pk 47 3R % > T Mann-Whitney U-testig (7 # & o
P 2 (control) £ it ¥ % (naive) 4+ 12" P <0.05,""P<0.01,"""P<0.0014&7 £
BREFEM R BB g F P <0.05 % P<0.01,***P<0.0014&7F % 8 k¥
lri o
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o
3= N
7

it
4=

- S ﬁviv,;;ﬁ@fi};;%a £ A&
(=)~ P EME A R L R 2 g

hod TERI1 P Bro 52 X385 ¢ 7 %/@»F&ﬁ%ﬁﬁi‘ggiﬁ@g.ﬁ;g{o
M52 % Pu F-v (OVA )R ATHIN RS 5B OVA 3 140 RH P , % ( control )
# ke (naive) 4p2t > MR HARE £ \"ag"rfﬂi WL A RS e (P

< 0.001)° %77t OVA #F3 2 § e B A+ # » FHRdF kR (OVA) &
yé’u m@ @ ik . (VAEL - VAEM VAEH ~ Pred.) #2448 2. 4p 1 & > VAEL

~ VAEM % -~ VAEH % | &% P 53 ’JT\E‘B OERE Y oE A 3"fl“if% it » VAEH %]
Mﬁp\ ”3—”5% SR e#pw BFRR S (P<005) @ Pred e | RN 45
TE2WERE Y REFEE S (P <0001):> ﬁ’m?a‘ﬂ*ﬂﬁ «;F FHg (P <
0.01) - &7 Pred.._J ‘5‘,«‘]""@4(5)@;1 LEDBENLEPFFE R -

(Z )~ BEERF P EINFRR e e gt

4o@B 2 ¢ BT 52 X OVA RATHNF % {6 0 518 OVA # % {5/ & H Control
fe 27 Naive ‘e fpit » #3R87% &% (bronchoalveolar lavage fluid, BALF ) ‘m* #icj & ¥
b 3 4o (P <0.001)- @ H &35 227 Control ®24p+* F » VAEM % %2 VAEH &%
ok kR mie A E P R (P < 0.01) VAEL 2% Pred. 2 38% %% nve fic'd P
i #i2 Control ‘e gk > (P< 0.001)> BT 38k e {3 EATF 7 A D & LA PP F

(=)~ cinkﬁ@}iﬁ)@.ﬂ nic;lgigﬁmzmp?_;} 2 B
e g ko ¥ 4% (airway draining lymphocytes, ALN ) © ik = ‘m?e 23 £ I >
VAT AMANNLEF o 4B 34567977 0 BE 4T

1. Tm e B mP ¥ ik

T im#2 (CD3+,CD45 ) - B 'm# (CD19", CD45") ¥ F#t = s o R - 22 Control
wAprt > VAEM 21 ALN %2 ¢ B fm%e (CD19°, CD45") v |48 % & % ** Control
o (P < 001) » VAEL 22 VAEH 2. @3 F 24 & > Pred. }e <1 B lm¥e vb (| f &g i<
+* Control 2 (P <0.05) @ 5 2 T mw% (CD3+ CD45") chp A F g ¥ 4
_;Ei o

2. T ! w8

T wofe ¢ 35 T §ff 4 e (CD4",CD3") 2 T & #'m¥e (CD8 CD3") °Pred./e T
B4 A e (CD4", CD3") iz | 4~ v B % # 4 Control 2 (P <0.01) T # #w
% (CD8",CD3") & ¥ # % ** Control 22 (P <0.001 )- @ VAEL % ~ VAEM /& » VAEH
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% ALN fm?% @ T #fpsm% (CD4", CD3") 2 T 4 #wm* (CD8", CD3") £ Control
EAp T REFELE

3.  Thl cells £ Th2 cells - #rh# %
Th1 cells/Th2 cells % 75 # & Eac2 € & F|F o Control 2 ALN ’m#z ¢ & en
Th2 cells (CD278", CD4") & % # % ** Naive % (P <0.05)¢ Pred. & @ & it -1 Thl cells
(Tim-3,CD4") % ;% e Th2 cells (CD278",CD4") %8 % 3 ** Control & (P <
0.001)- @ VAEL 2 ~VAEM % -VAEH 2 2 ALN ‘w% @ & it c1Thl cells( Tim-3, CD4")
% 751 e Th2 cells (CD278",CD4") ¢2 Control e 4p't F R A F L R o

4. T et mre e ji

2 control4p ¢ T > Pred.fejE it ¥ i TH B4 fmPe ( CD4", CD69") ¥ BAVEYE
% **Control (P <0.01)» & 7 v 1T 24 fm 22 (CD4", CD25" ) 7 o kg #ie g (P < 0.05)°
@ VAEL ~ VAEM 2 ~ VAEH 2 2 ALN/m® ¢ © & i ciT#f e m% (CD4', CD25")
Z & ¢ T et e (CD4",CD69") #2Controliefpi % @B ¥4 4 8 -

5. TH & w2 iy

T# & wiew & = Treg-1 ‘m¥e ( Tim-3, CD25+)L;55? Treg-2 'm ¥ (CD278+, CD25+) )
Pred.i= ALN # Treg-1 fw® (Tim-3,CD25") % Treg-2 ‘% (CD278',CD25") &
¥4 % > Control 22 (P<0.001)- @ VAEL % ~ VAEM ‘. ~ VAEH £ Control i 4p
Rl ERFELR o

(2 )~ eEE AR F B WINPT e SRR

w2k (BALF) ¢ %% £ 07 B 7 42300 a0k M2 75 o 4B 89 10
. L%

1. T m? %8

T~ i T (CD4", CD37) 2 T 4 #im#e (CD8', CD3") - VAEM
T et 4] e (CD4’, CD3") 1t 6 f" &7 % »* Control & (P < 0.05) - Pred.e T
# e me (CD4Y, CD3") v P &8 i<+ Control 2 (P <0.001) » VAEL &% VAEH
Een T #es 3] e (CD4",CD3") # Control gt ¥ B AT E L B 5 @ kT
FMwe s GEAVFAEERLE

2. Thl cells &2 Th2 cells L #7h %

Thl cells/Th2 cells 4 75 ¥Rk Esc2 £ & F|+ o Control ‘e rd i ¥ i i = fmoe
¢ & it e Th2 cells (CD278°, CD4") %8 % % ** Naive 22 (P < 0.01); @ £ Control
f4pt > VAEL 2 ~ VAEM ‘e ~ VAEH /2 it e Th2 cells (CD278",CD4") * & 4 %
M AR s Pred. 2 ? & it 1 Th2 cells (CD278", CD4") B &g B ** Control 2 (P <0.01) e
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VAEL ‘24r VAEM /&% it ¢ Thl cells (Tim-3, CD4") % %% % ** Control % (P <0.05)
VAEH 7% it e5 Thl cells ( Tim-3, CD4") %8 % 3 ** Control 2 (P <0.01) > Pred. = B

3. TH B4 wre e fi
Wk g ¢ T s fm iz (CD4', CD69™ ) % ¢ & i 1Tt 24 bm#e (CD4", CD25")
W& Controliep it ¥ m B EFMH LR o

(I)~ g R F b7 W%H = e X RE2 1

B R PR BT TR BT e SR EART B N 2 PR AR
25 0 eBl11~ 12~ 13~ 14~ 159575 » % 40T

1. TimPs¥r B wmP 2y

T % (CD3',CD45") fo B tn% (CD19°,CD45") % Btk ® 4 st R = 2 Control
fAprt T > Pred. 2 s T e (CD3",CD45") +t 6% % #+ % ** Control = (P <0.001) >
B im# (CDI19", CD45") +* &|p & i<+ Control 2 (P < 0.05); @ VAEL 2 -~ VAEM
&2 ~VAEH 2en T w222 B 3“7)??—!5 TS &?¥'ﬁiﬂ s

2. TP % ik
Twmee 5T ﬁlﬁ’E" m e (CD4+, CD3+) 2 T 2 Mm% (CD8+, CD3+) > 22 Control
fAp vt VAEH 550 = e ¢ s T if 22 3] e %2 (CDA’, CD3" s 47 ¥ & ** Control
2 (P<0.05) VAEL 20T 4 #m (CD8',CD3") A # v &P &g i< (P <0.05) ;
@ Pred..e T #f e+ 4] m*e (CD4",CD3") % T & #m* (CD8',CD3") v & ¢ B ¥ %
*+ Control £ (P <0.001) o VAEM T #2434 s (CD4",CD3") 2 T 4 #im¥e
(CD8",CD3") £ Control fefp+t & & A FH LB -

3.  Thl cells £ Th2 cells T #rh %

Thl cells/Th2 cells % 75 HRiEa2 £ £ F]F o Control e M55 = fwmiz ? F 1
1 Th2 cells (CD278", CD4") % ¥ ¥ % ** Naive 2 (P <0.01); @ £ Control &4p+* »
VAEL &7 it e Th2 cells (CD278",CD4") & % M i< (P <0.01) > VAEH &/& it e
Th2 cells (CD278",CD4") & %} X (P<0.05) VAEM & p| & 38 ¥+ £ B > Pred.
f @ & e Th2 cells (CD278",CD4") ¥ % % ** Control & (P <0.05) @ VAEH %
7% i e Thl cells (Tim-3, CD4") % % % ** Control /2 (P <0.05) > VAEL ‘24c VAEM
¥ @B EFM LR > Pred &% i 9 Thi cells (Tim-3, CD4") & % 3 ** Control % (P <
0.01) -

4. TH B4z e jy

27 Control 224p+t » VAEH 75 it ¢ ch T g et fm%e (CD4', CD69") & ¥ 14423
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(P<0.05)> VAEL 22 VAEM e Rl& A F 4L B > Pred.2? &1t ¢ 1T g B4 lmoe
(CD4",CD69") P %8 % ** Control 2= (P <0.01)° @ VAEM % % VAEH = %% ©
fmre @ e FE v en T g e4 kmve (CD4Y, CD25") ' & % % % Control %2 (P <0.001)> VAEL
f¥7 conrtol AP BEEEM LB o Pred.iec Eiven T et imie (CD4Y, CD25") &
¥ %" Control 22 (P<0.001) -

5. TH & me B fi
T & i 7 A % Treg-1:m% (Tim-3, CD25") ¥ Treg-2m% (CD278",CD25") -
#2Control24p +* » VAEM 2. 2 VAEH 2 %% © ‘m* ¢ Treg-14n%2 (Tim-3,CD25") &
¥ B > Control 2 (P <0.05)> VAEL 2 | & %¢ % 1+ £ B > Pred. =¥ Treg-1’w* ( Tim-3,
CD25") P &g # % (P <0.001) @ VAEL % » VAEM &~ VAEH & %% = ‘o7 ¥ Treg-2
‘e (CD278", CD257) + |22 Controliefp it % B F |+ £ B o Pred. 2 FTreg-2m*
(CD278",CD25") # % & **Controle. (P <0.05) -

()~ PogiERF 7 IR R e g 2 R
dod 27 Bt 52 X OVA KA\ A% 60 53 OVA F % 18 ) 8O
s ¥7 Naive fe4pit » 330+ e (BALF) ¥ & 4 % Thl cells 0 IFN-y # 2
M 34 (P<0.001); @ 5% %222 Control 24ptt » VAEH 21 IFN-y 4 &
¥ #4e (P<0.05)> VAEL % + VAEM /£ % Pred.o¥ &2 ¥ 1248 - @ % 4 5 Th2
cells &7 IL-4 % IL-5 # Control -] & BALF % & & ¥ (£ # Naive 238 (P <
0.001); @ #Z% 222 Control 2 4p+ » VAEL 2% VAEM e IL-5 &~ 0§ & F = T %
(P<0001)>IL-4 4~ & LB o VAEH 2% Pred.lechIL-4 &~ 3 & & F B 30
Control 2 (P<0.05) IL-5 » x & & F 8 % < (P<0.001)-

()~ SRR F R L8N 4B AR %

dod 34 ¢ Bt 0 A 52 X OVA RATHGVHE%K S » K OVA s & H
Control 2.7 Naive 24p'" » 2 & 7 Anti-OVA-IgE # = & P 8 8 ** Naive 2 (P <
0.001); @ &% 2.¢ Control 224p+* » VAEL % % VAEM ‘=i ‘}%‘ ? Anti-OVA-IgE 2 =
TiFE 2 (P <0.01) VAEH 21 ‘}ﬁ“" Anti-OVA-IgE 24 = 8 F & g0 (P <
0.001) » Pred. 2% /% ¢ Anti-OVA-IgE # = £ & ¥ ¥ #& Control 2 & < (P < 0.001) o
@ ¥ % & Th2 cells 7 Anti-OVA-IgG; 7 Control (14 = § & ¥ 3 3 " Naive &2 (P <
0.001); 7 22 2.2 Control ®4n1t » VAEM 2% VAEH % 1 Anti-OVA-IgG, 4 &
4 B F B K (P<0.05) VAEL & g i E 4 £ 8 > Pred. 22 F ¥ Anti-OVA-IgG,
4 & @& 3 Control 22 (P < 0.001)e @ ¥ 4 Thl cells # Anti-OVA-IgGy, &
Control % = § &8 ¥ & 3 > Naive % @ 5 227 Control #4p +* » VAEL % ~VAEM
o VAEH %25 @87 %My L8 > Pred i i ¢ Anti-OVA-IgGa, 2 % £ P 87 1€
Control 2 (P<0.05) -

@ e b (BALF )= & » 2 Control %22 Naive %.4p +* »BALF * Anti-OVA-IgE
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2 £ M A 3> Naive 2 (P<0.001); @ ##5% %22 Control 2 4p+ » VAEL %% VAEM
B %‘ v Antl OVA -IgE 7 £ 8 ¥+ '8 M(P<0.05)VAEH ‘2 BALF ¥ Anti-OVA-IgE
A xR FEFC (P <001) Pred s 77 Anti-OVA-IgE 7 2 & ¥ # # Control
o (P<O. OOl )o m ¥ & & Th2 cells 57 Anti-OVA-IgG; & Control %17 & & ¥ 3
% ** Naive &£ (P <0.001); @ &5 .27 Control 2 4p+* » VAEL % -~ VAEM % - VAEH
o m B F M A8 Pred. 2 BALF ¥ Anti-OVA-IgG, 7 £ ¥ &g <3 Control & (P <
0.001)° @ ¥ i~ % Thl cells 7 Anti-OVA-IgG,, & Control 1% & ¢ ¥ & 5 " Naive
& @ #5228 Control 224pt » VAEL %2 - VAEM * ~VAEH 27 g &g ¥+ 1 B >
Pred. = BALF ¥ Anti-OVA-IgG,, 7z & P? % ™% Control 2 (P <0.01) -

(M)~ R ERF P Wk Rk e B A2 R
s 205k ki (BALF) ‘54 Liw’s stain % ¢ 5 » > B #c4 Nikon E200 T i% 8 i 3%
A58 % 4~ BALF ¥ P‘%’ fie h‘ v w If (eosinophils) v’ﬁ ® 49 w3k (neutrophils) ~ # =
#% (lymphocytes ) ~ E i fm*2 (macrophages ) ¥ 3+ 5 & » £ 3k 2 BALF ‘w? 8k -
4[] 16 &5t > Control _ELEE’ Naive %4p+t » BALF ¢ FE egfm? ~ v%’ fatte o Zf ~ ‘f‘g v
Mo & IRE TR EFEH A (P<0.001)- @ 5% 22 Control 24p+t » VAEL &
E S in % 2 AT F R 0 (P<0.001) Atk £ A F RS (P<0.01);
VAEM ‘e enE ¥ fm P2 Bg % (4% 4 (P <0.001)> F‘%’ falto o IRAEFMHE M (P<0.01)>
V‘% Py w3 R TR FMLRES (P<0.05); VAEH 2 F i ime 2 V‘%’ fad o m IR
M &g % 3t Control 2(P <0.001 )~# = zk B & > 3 Control 2(P <0.05);Pred. = BALF
R R "*f&]“"r’ w If o~ "*" Mo K2 M HEE T HEFLEEMR (P <
0.001) - 251 Fé‘%% BN EACK @“TZL 4z v e R é’uf E

(4 )~ "3t sopms 2 g
H&EZ ¢ 2 PASA ¢ g & g d i@ ima &2 7% 2 B9 L5 & (Alveolar wall
inflammation ) ~ # % ¥ % #* ¢ (Perivenous regions) ~ & "R ¥ F & L § ¢ T F T #
( Periarterial & Periboronchial regions ) ;= B {352 4 #ic (total score ) =4 i 513+ A
150 e &R 567 ~8~9%7% o

1. H&E#% 4
dod 5 B e B LK R P Control 2 Naive e gp it ™ » 32 BE2_ 2 L A ¥
]“3L # 4 (P<0.05) - VAEL!e ~ VAEM.e ~ VAEH & ~ Pred. £ Control e 4p +* & &
FHp s (P<0.05) o406 #7%iF# % ¢ Control 222 Naive 2 4p vb » #5% 3%
W2 g L 2R F M A4 (P<0.05) » VAEL%2 ~ VAEH 2 - Pred. % £ Control
ARt PR FEEFE S (P<005) o @4k 7 BRE R L § 4 i R ¢ Control
g Naivelefp it i L ”g 2 K e m R F M i 4 > VAEL 2~ VAEM e~ VAEH
&~ Pred. = #2 Control fe 4p \* &g 3 13 B0 o A8 34 o #ic™ 5 4v£ 8 » Control ke #2
Naive 22 4p +* » Control = P & & % **Naive (P<0.05)  VAEL*® ~ VAEM * -~ VAEH
fe 22 Controllegp vt 3 A ¥ 12 > (P<0.05) - 37 OVASH 2 § o 5% ) & ik
fRrih (OVA) 2 > 7ol B L 5 ¢ X4 ~ eb s lmbe (R0l ~ W2 BB W - @ 2%
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EETIEATE Tl L e B LR B FREE RS 2 RREFELF
FEREE G REE o

2. PAS %4

e RER L F ? FEFREY O OBRBRIR AT o RS 40k 9 #757 > Control
% ¥ Naive AP T o BbR A FA,8 F 48 # 4 (P < 0.05) ; VAEL 2 ~ VAEM
% ~VAEH ‘& - Pred. 222 Control fe4p it » ki & i 525 % B ¥ M it > (P<0.05)
Bk (OVA) ¥ 808 OVAF# 2 § e 3] B4 8% EARR2TeEs g P oo @ 3
EE e R R S e

(E)~ PR BRF B2 %1

4ol 19 ¢ K7 > OVA RATH | & &5 50 = 18 OVA #+ .1 > # Control
W RACHS T B~ 16 ) B~ 48 ] BEe Penh % B % 14 * Naive & (P < 0.001) >
®ACHS 1] PF ~ 24 ) pFéh Penh & % B F 125 > Naive .2 (P < 0.01)> % 77 ¢ OVA
FW 2 F BB R A 2w o A H ks 22 Control 4pt T > VAEL %~ VAEM
i~ VAEH i3t 8¢5 7/ B~ 16 /| B ¢ Penh & % 8 % % ** Control & (P <0.001) »
FACiS 1] P& ~ 24 ] P e Penh % &8 % # *t Control & (P < 0.01) > VAEH 23 %
Fts 48 /) P Penh B AE F % % Control & (P <0.05) ¢ &7 i H 5 B4 $430 ) &
2R R R E L R

g MR B e F R

(- )~ EL4 w2 £

d B 20 &8 > EL4 w1k B 5 10° B/ml 32 % 24 /) PEs > e e 395 3.95
+1.43 x 10° B/ml; #2 % 48 /] PFi5 T 35% 13.90+2.99 x 10° B/ml;: 32 % 72 /| pris T
2% 14.0942.36 x 10° B/ml; 32 % 96 /) FFis T 3¥5% 11.3940.68 x 10° f#/ml - FEd AR
FRTHF R ELA e e e B P i 4 eh R S 6.0 x 10° B/ml I 12.0 x 10°
/ml s F]p 2|87 EL4 i A B PERF G L 12 ) P o

(=)~ EL4 % SR H 5B Tt mre 3 4 2 5%

d B 21 5% > EL4 ‘% r14= 45k B 10° B/ml> 36 R H 3 B3 (VAE) & Phorbol
12-myristate 13-acetate (PMA ) {132 % 24 ~36 ~ 48 ~ 64 /| PF{s » 4c » MTS 1 ip| %
EL4 ‘m# & % o 22 %4 B %o (RPMI 22 ) 4p+¢ » 4c » VAE 8.0 pg/ml ~ 40.0 pg/ml ~ 200.0
ng/ml ¥ 31 ¥ 4% % EL4 fmve Tl % 48 /] pFis s 4 i (P<0.05)0 & VAE ¥
it EL4 v 2 4 £ 3f & o
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(=)~ EL4 'mfe SR H B4 f (s A b lmie ik 2 %1
4ed 10 47 < EL4 %2 5936 ﬁ:ww (VAE) & PMA #l3ges3 % 72 ] piis -
feP~H 1+ ik > v ELISA Bl 2 4 5 Thl cells 7 IFN-y 2 £ & 5 Th2 cells 7 IL-4 &
fBam%e ek o %A e ~ VAE 10.0 pg/ml 7 AEE 123k 3 EL4 i s [FNoy A 0 8
(P <0.05)°VAE 0.625 pg/ml~2.5 pg/ml~40.0 pg/ml 2 PMA 1 ng/ml I e ¥ IFN-y
AW ET EEEFMLR oAter PMA L ng/ml 7 ¢ IL-4 chs w8 Fe 2 (P <
0.01) > 4t » VAE 0.625 pg/ml ~ 2.5 ug/ml ~ 10.0 pg/ml ~ 40.0 pg/ml >+ EL4 in % ki

IL-4 28 3 g F g -

(z) EL4wm SRERMEIBR (S~ 8w it 2 %t
bed 11 B8 > EL4 e b 0B A H A & ¥ 54 (VAE- H: VAE-C - VAE-B -
VAE-M)tli§css & 72 /| PFis > fxB-H } ,ﬁ‘-,,i' » 11 ELISA Bl 2 % % 5 Thl cells e [FN-y
% %4 % Th2cells e 1L-4 & fdlm¥e ik o % % &7t v » VAE-B 20 pg/ml # % ¥ 2 4%
= EL4 %z e ]L-4 » ;2 & > VAE-H -~ VAE- B VAE-M 10 pg/ml ~ 20 pg/ml ~ 30 pg/ml ~
40 ug/ml ~50 pg/ml 2 VAE-B 10 pg/ml ~ 30 ug/ml ~ 40 pg/ml ~ 50 pg/ml rﬂﬂ]‘ ‘v ¥4 EL4
we L4 2 E Y A FEEE - a [FN-y &2 01 -

()~ Raw264.7 'm¥e 5B H &t 5B R 1igcis & i IL-12 2. % 1t

4o 12 Bt 0 Raw 264.7 ‘m¥ B i8R B &M A K %84 (VAE-H - VAE-C ~
VAE-B » VAE-M) flicis & 72 /] B fs » e 8 1 % > 12 ELISA ] €7 & naive T
m®e 4w A 5 Thi cells hime ek IL-12 o 5 % B 7 % » VAE-C 0.08 pg/ml ~ 0.40
ng/ml~2.0 pg/ml PF 7 B % # < Raw 264.7 fme cnIL-12 4 s 8 > © A8 i #F 12 dose
dependent ) -
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2R

A E (velvetantler, VA) Z2 R E AP 2P 24 B L2 %4 c A5 3 4 RE
#&ﬁ;“‘ RFEFF* SEMEF Pt 2 ohmidape 2F A7 AFF» Aue
B OFPRIR* o Kim et al. (2003) A7 3 4 3R BLE R4 Bkl Pﬁé,ﬁﬁv’ GEGE IR =L}
WAEMT B4 2 L2 AT g g L P %‘r'ﬂ Bg4r chiw e e b4 IL-1B~1L-6~ TNF-a-
ATREERFIR FAEE A R T ELRET IR RE 0 L R
(histamine ) k& 3 T "% codggL > © IFN-yf_ﬁ_fg e oMoy = ’fﬁ% C4 (Leukotriene C4,
LTc4> BT (ra B0 1994) A ARBEY S B I AP AT o 3o FREA T

F o Bt T PR R 0 ORI R U ; Mg 4 7 FROFIEE A B R R
rﬁ -1 m’}ni” FF o 'ﬁﬁfﬁ%&”’ = o 1&1‘ = %5 '1&«@;&;9% Z r};{,}’g—% ,Z;\ B s}il;}j%\(ﬁ@,)%
ZIA N MR AP A L FEE Hek s SRR R TR LA B s
Jpoo T 2B B R (B FE 0 2001) A 5kE R /r’]‘%‘.&ﬁ'l‘}éﬂ\ I SVE
F oo MENSTINE S BB AN L%ﬁ"%‘wi“aﬁé “E A (MiPzE o 1998) - &«
AETHENYREZFEF T RAH ) g ERF R 28 8F R

- ERFERF R T w2 A

FrheE 4 A 8¥ & 5 58 F & (early phase reaction) % 8tL¥p & & (late phase
reaction) * S HF P A TS R > FF 153 30 A4 RE o a1 12
QR A EES 6 12 RIS F B 21332 4 0 % B - S8
fiDEac R pF o LR fa)gk.fém *¢ (antigen-presenting cell, APCs) ¢ M Begis* 5 » » L
%ﬁ d %=1 & ESRAREAEE ( major histocomparibility complex class II, MHC 1I)
K Ll H B RS CDA T ime o E 1 {51 CDA T lme ¥ 4 {4 & % - A #f 84 m e
( typeIhelperTcells Thl cells) & % = 3] & 2% fm ¥z (type IT helper T cells, Th2 cells)

7 BN R H CD4' T ‘mve gé\@’*} 2 5 Th2cells o d i iF 84~
g (ALN) EH A VRS BINAIRA L EF o B 34567 B 'T‘
& p 4 & VAEL ~ VAEM -~ VAEH 2z_ -] &7 OVA &azié » 2 ALN ‘% 25 7
A_Twre b ) ~T & HKwm?e 2 T gf 24 w?e ~ Th1/Th2 ~ T 3 & w¥e & Treg-1/Treg-2
EEFMHLIR -VHPIAILZTEST N LT “}»sﬁ.ié APCs 5§ T BT PF 2 B
ERAGESEFERF o B P 48 VAEM ] Bl ALN w2z ¥ B fwfe b 5| &g
% ** Control 2 (P <0.01) - @ 4 & prednisolone, 10 mg/kg/day |- &l ¥ ¥ ip itéﬂﬁt =
e T4 #imre (P <0.001) 2 THetimre (P<0.01) %P & <>t Control & ; &
e T e s (P<0.01)% © 55 i ch T 4 0% 2% (P <0.05) P &4 : Thi cells
Th2 cells 2 Treg-1 cells ~Treg-2 cells F* % & ** Control ‘2( P < 0.001 ). %] CD4", CD25"
:ém’f'f? & 14 16 7 $r4] Thl cells 2 Th2 cells 3 4 » i&@ Fr4] Thl 2 Th2 lm? & & k% i
%@ {&- HFrFIL-4 0458 (Xuetal,,2003)c @ A% 8 F BP T F Hiwme ¥ $r
#1§ v e i (Stock et al., 2004 ) - e pt Fé‘%%#’*ﬁgﬁ&ﬂé £ =2 OVA 3+ 5 18 48 -

B QPR RRE R R PR o &7 Pred. 2T 2L F] T B & e méﬁfa“P'FH
T A frdl AN LEF R T2EF] T 3 Biwmfe fr1l sl Frd | F R o

'&\

’

A 3
rb
]
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@Rtk (BALF) ¥ % B ji ¥ 4 7 W09 B MM B F i o 4o 89
“77% » 4k & VAEM 2 | & BALF ¢ T # e+ 4]m% (CD4", CD3") P & # Control %
% (P<0.05)> &= VAEL ~ VAEM (P<0.05) 2 VAEH (P<0.01) 2 -] &3 BALF
¢ & it er1 Thl cells (Tim-3, CD4") B & % ** Control & > @ 7% it & Th2 cells (CD278",
CD4") mPe v | ¥ @ P A (Y > &go7 VAE ¥ 8@ & R cnaive T ‘w2 4w A (b &
Thl cells> % 2 %+ - 4+ VAEH 2 -] &# BALF © IL-4 7 £ P &g i< > @ IFN-y
ZEPIAEFE R ¥ it Flnaive T m % 4%+ 4 i = Thl cells> ¥ F|BALF & # # IFN-y
B 5@ ¢ Th cellsadrd] - m B 10 ¢ » ] K& VAE4& &1 > BALF* T #
§im¥e (CD4',CD257) 2 it ¢ Thesim®e (CD4,CD69 ) v b ¢ mAFH 1+ £ B o
#50 VAE 2 h AL EF 7 7 € 53 T 4 & ¥ Fr4] Thl cells 2 Th2 cells 3 # >
@ frf IL-4 % IFN-y & 38 o @ Pred.’e 8 BALF # T #if 24 ‘e chim®z v* (] P & -5 %
Control %2 (P <0.001) ~ Th2 cells P & <% Control 2 (P <0.01) -

A MLELY Gk T e P ’E‘—I rr iR R R 4cB 11125131415
#r5% 0 0] B4k VAEL ~ VAEM ~ VAEH {¢ > "M% m e ¢ T % 22 B % fo a0t i) 1
miEEMLIE A VAEH 2 T H B fm Rz L G P ORE 3% B (P<0.05) Thl cells 2 Th2
cells et p)» B ¥ g (P<005) * & A2 ¥ 4é% > 5 > VAEH & RPN *
® Tiwfegipit » ¥ & it % Thlcells & Th2 cells e m VAEM % 2 VAEH ‘e %-%# =
iz @ e S en T 4 B4 w22 (CD4', CD257) '+ & ¥ % % Control 2(P <0.001)> Treg-1
re (Tim-3, CD25") B % 1 3 3 Control 22 (P<0.05)° %74 8 VAEM 2 VAEH
Tt TAFwmex BHEN > adldedbEamd Bdrdlr o 2 3 et ef
F Ol o e A o b ek Pred 28 T dwmre g A (P <0.001)~ T esdme (P <
0.001 )~T # # = ?2 ~Thl cells(P <0.01 )~Th2 cells(P <0.05)~T # & ‘=% (P <0.001 )~
Treg-1 (P <0.001) ~ Treg-2 (P <0.05) % % % + % ** Control & » % 77 Pred.ch& %
F P Bk E o

S EREiERF R IgE2 4 &

IgE 5 — f&4 i3l LA 3k 3ov B AT (LR fﬁ)ﬁ%.ﬁm?é’(APCs)i I Th2 cells
6B % F e B7 € 22 Th2 cells F 7 CD28 5 & »:&m /& 1t T fm¥e » 7% it 0 Th2 cells
P &8 IL-4 > % 3 CD40 ligand 22 B fm#2 + enCD40 % & » ¢ B w2 B 1t > @ B 4p
& = IgE (Gould and Sutton, 2008 ; Zavorotinskaya et al., 2003 ) - FiEsh & B £&fJ
IR AR €8 IgE B & 19 < :sm’f'éz\”%’ pelte o g & A IgE receptors
(FceRIl) » @3 % fmoe 5 i » 2 4 4 3pk i > fx R RS (histamine) ~ ¥ = FE
C4 (LTC4) ~ @ 51]’9:117% D2 (PGD2) ~ x -] ¥ iE it F]+ (PAF) &% W4 F (Beck
etal., 1989) > ¢ + A fme 2% » 3 Lo 2B > ¢ 324~ If - v—g fatte o 3~ v‘g ¢l
oIk s HPEE R BErfiim®e o @ F‘gﬁfr;‘:']é‘_é w IR e Pld IL-4 o IL-13 5140 @ 1+ 4
dme B T fareim e G it ) 2. eotaxin &2 IL-5 R T 18 0 A 3 A RdgE
v (MBP) -~ “gﬁﬁ‘]é‘.é v I3 v (ECP) - P‘%’ﬁfﬁ'b‘_é v HA 54 % (EDN) v
V‘g felte n 7kiEF *pr (EPO) 24 U39 & > MBP ~ ECP & EDN ¥ E &g w¥
B b L m e e R e e B R K R0 % i $c—%*§g,ﬁ_g i I eIT & e o
FAR W R AI G BRF BT S B o RS L T N 4 R LTC4
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fo PAF » & 6 T if vfcp » ek LS R S f iR £ SRR T
woig o @ IFN-y € #r#] Th2 cells sha it 2 3E 4 = IgE o naive T % & [L-4 %] e+
T g Akw B L Th2cells » IL-4 » #r4] E vfin?2 (macrophase) /& 1% » FE %7 IFN-y %
L Ergimie o I g % iz 4 £ 2 85 (Tykocinskietal.,2005) © 40& 34 ¢ &
7+ » 4 & VAEL (P<0.01)- VAEM (P<0.01)~ VAEH (P<0.001) -] & > & &} by + v
Anti-OVA-IgE # = £ & ¥ "# M- m 4 § VAEL(P <0.05)-VAEM(P <0.05)~ VAEH
(P <0.01) BALF ¥ Anti-OVA-IgE 2 = & " &g ¥ "5 M o N & & .’pmm/n LR e g
in_n_,ﬁ & ABIMEBALF ¢ > " OVAEB M IgE 4 = 5 @ £ 27 &7 o &~
VAEH 2. /| &2 BALF ¢ IL-4 5 £ P & #<;F 9 ¢ &7 VAEH % BALF ¢ Th2 cells
Fr i &g F M43t Control %2 - 4278 VAEH ¥ ity ¥3% 16 8¢ naive T ‘w48 ;5 ¢ Thl
cells » @ 4 ;& IFN-y » #r#| Th2 cells 4 i IL-4 - @ ‘“’Fj‘ pedt v w IRE N FF IL-S5 2 5 o
VAEL 2% VAEM % VAEH & % Pred.’e | & BALF ® IL-5 » &8 ¥+ 7% (P <
0.001) > 4-B®) 16 #751 » VAEL %] RenEriim?®e % 3= sh g F > (P<0.001)
HEG SR BEF AR S (P < 001) 1 VAEM 2] 8nE s B F 15 i (P <
0001) R S ST F L K (P<0.01) v; Sy w TR T IR AR
(P<oO. 05)'VAEH o] HEimiz 2 V%’ fatte o k@ & -5 >t Control % (P <0.001) ~
# T IR P B - Y Control 2 (P <0.05)° %7 OVA it RiGd PR E 554
{6 » /] & BALF ® Brfim? ~ = 3f ~ F%’ﬁ’i'fié w I~ “‘%"“ Mo m ZRE B AP
R P RRT AT REZ BT REEINY mre 2 BN

\
’

R R BT BEARDSLF FRERR

S fme A i {8 o SRt o ) e 3ok (histamine ) ~ 6 = ’ﬁ'}? C4(LTC4) ~
7| $'§ D2 (PGD2) -~ & F]+ (PAF) &8 LA 5 F%’ﬁi'fié oIk A
RIIIL-5 Fiv i8> 23 @2 Bekd v (MBP) - V‘%‘ﬁiﬁ_é o FR A3 Fev
(ECP) - F*f&]“ﬂ‘z’: o If4 53 2 (EDN) ?r‘zgﬁﬁ:'b‘_é wIkiEE *fF (EPO) &4 &
TEA SR i KO CUIA T A N R T gD BAREaE L A # ) 4 o
MFodw I Qwme R R F ARSI ER IR REF RV RE 0 F X
prm gl el dg o CRIRETER. BRI R NP «&»ix’?z/»\ﬁ&i“éﬁt ’ ’(’i;’%d P ok -
‘]"?P\ Bieen s e i g E ¥ gﬁéﬂ%?l’\lﬁ“““‘ifﬂﬁi BT e 4
F1¥¢ (Kuby etal., 2003) - OVA vuﬁ o BUH AR ek }fis,f R A d 5678
9 #5770 o] R etk & VAEL ~ VAEM ~ VAEH 74 > ’b FRFMEREW T LF RS

REFFE L F R EE RS L R (P<005)’ " ORE B R a}é’?‘-}i
AFFEERE R A RET (P<0.05) mfﬁza VAEL ¢ VAEH ¥ & % j&
””’3:;%‘&&*“ ERE R ) iﬂ;(P<005) T VAE7 i% OVA#FHEF 2 § 7 *fi:;t
R AR (OVA) (S9ralg 2 Wi B UK b~ F7%F w i ? 2 5%
B Efe ?ié ¥ B /)»/F‘?ri'r'/’ 7!"'_‘5}5\‘ Lo e R J»*’fe ?ié BB bk & b o @ 4B
19 #777 > OVA RagHi;\ -] BiRacis 7/ ~ 16| BF ~48 /| FFcnPenh B % B F 123
** Naive 2 (P <0.001)> 5247{s 1 -] ¥ ~24 -] PF e Penh 8 ' &8 ¥ 1+ 3 ** Naive & (P
< 0.01)> %5 OVA J?’? Form o) Bl A s o @ H ARESR 2 22 Control 2 4p
i T 5 VAEL 2 ~ VAEM & ~ VAEH &>t 5&a7is 7] FF ~ 16 -] FF e Penh & ”be%pff;s
%+ Control % (P < 0001) v RAagis 1) pF ~ 24 /] 0 Penh (B ¥ «Ei‘?r’s %%+ Control %
(P<0.01)> VAEH "1k 471s 48 /) B.??mPenh B &8 ¥+ % > Control 22 (P<0.05) -
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o OVA iEacHiost ) Bl d #P VAE (S 3 OVA slAc2 B R F G BEZ
Pod o HARITI LR ¥ ) ?

T MR FoN BOE R P e

Lw Ay R dv 1% ~ 5% ~ 10% R B X B~ 3t R B e ¢ € P H O
o e Rie HEL fwre k2 oo 378 (FR3E4m > 2001) o @ 4o @] 21 B > BB Fpl
—*TB"«JP' (VAE) 8.0 pg/ml ~ 40.0 pg/ml ~ 200.0 pg/ml ¥ & ¥ #% % EL4 % 1|5 %

%@*ﬁ4&ﬂ(P<O%)iﬁi&ﬁﬁﬁfﬁﬁﬁﬁjﬂﬂ4m%ﬁ4ﬁoa
Fﬁiﬁ%”hg (2001):}F] CREEFBRY FIAIR B w2 4 R PrGIF]F 0 T A G A
FEBKD 243X T A F o d TP RY 2 RAEISIERY 5 S0CHRE
PORREHE T AR E e B e 2 Frd] B3 T A © AR o

7

d %+ Thl cells ¥ 4 & IFN-y ~ IL-2 ~ TNF-0 ¢ IFN-y ¥ &_# naive CD4 T ‘% 4
it = Thl cells @ #r#4] Th2 cells 4 it o [L-12 ¥ %2 naive T w" e dxfffih i 4~ it
% Thl cells » m Th2 cells ¥ %4 ;& IL-4 ~ IL-5 ~ IL-9 ~ IL-10 ~ IL-13 » IL-4 ¥ i%_i¢ naive
T e iR s~ i 5 Th2cells) £ 4 3% £ enll-4; I fedr [FN-y /& it E vl
% Prd B m e B RR e &0 IL-12 0 & @ 4] Thl cells en4 it o i@ 12 EL4
fore BRiCH) B T M ® e cEL4 fw¥e 5 VAE T & 72 /) RS - e B2 1 i
% > 12 ELISA p] _IFN-y 2 IL-4 24834 Thl cells £2 Th2 cells 2. & it o 2% 4% 10
#75% > VAE 10 pg/ml # &Efg’k}ﬁrs EL4 tm? 2_ IFN-y &~ ;% & (P<0.05)° % 7 VAE 10
pg/ml ¥ %8¢ EL4 ‘mPz 4= & i 5 Thl cells »

Kim et al., (2007) 3R > 1% * piaEEBFAE - £ 273 FiRIEE A T
PRI E '7‘%—1-9‘#"—’ Rl T CJERIEHEF DGR T 73 RIS L2 EE
#?oa*ﬁm(ww)%m BE T ﬂm*%ﬁﬂﬁﬁ*fﬂ%ﬂﬂ£@®@?w
#1 MAO-B &1+ » ]t 4 (Kimetal.,, 2007) #5% ¥ A Z B~z @ Fle 87 F ik
M2 5 B-& ' n-Hexane ¥ B-A - chloroform % P-4 - n-Butanol 3 P~4 - methanol %
Pk o EL4 e SR E 7 FiR5 P& (VAE-H -~ VAE-C ~ VAE-B ~ VAE-M) {133
& T2 PES o fTP~H b ik o 12 ELISA i) ® IFN-y % IL-4 12 4834 Thl cells £ Th2 cells
2ok iv o B Aok 11 9751 > VAE-B 20 pg/ml 3 ¥ 4% 2 EL4 w2 ch L4 & & »
VAE-H ~ VAE-C ~ VAE-M % VAE-B 10 pg/ml ~ 30 pg/ml ~ 40 pg/ml ~ 50 pg/ml #+*+ EL4
w22 L4 A RETEHFHEELE - FRFFE 2N RAIRE > REELFFF
I B oo

iEm 11 Raw 264.7 ‘% $hfikt | BB PN Evgiw?? » Raw 264.7 wrz 5 VAE-H -
VAE-C ~ VAE-B ~ VAE-M {132 & 72 /] pF{s > g B~ H + "F & > 14 ELISA | 2_1L-12 -
4o 12 #7157 » VAE-C 0.08 pg/ml ~ 0.40 ug/ml ~ 2.0 pg/ml ¥ & ¥ #% = Raw 264.7 ‘w %
2. IL-12 &g > % 5 A E & l“* (dose dependent )o % 77 fL B & i 5 B~ ¥ 2% Raw
264.7 fmre J 4 IL-12 & g » & @ 8% ThO cells 48w 4 it % Thl cells -
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EZQ %’

CPRARS RE F B2 o] B A kPR ;%‘EJ APCs m?& f{:/;k{:. Naive T ‘% pF »
Ei 2P T A& me (CD4,CD257) » & i8¢ naive T ‘n?2 48w & it & Thl cells °
IRk e (BALF) k3 ¥ F]IFN-y 72 £ 4 % @ i@ Th2 cells #&#r4] » P &g "% 1< IL-4
B IL-5 &R o e d fE Mg AT TgE FUl 2 & RS L e R IRRR A o &
FPRERREO O L REE RO A F AR ARSI EE R
Moo B RE PP P-4 7 B ¥ 58 BEL4 etk 4 K > 3 40 EL4 w7 e [FN-y &2 i £
BEF P FEBK T ¢ Raw 264.7 /] REvimie A s [L-12 FI REE § B4 7 B

FEEF RREHLER S
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Table 1 Spleen weights, thymus weights and lung wet weights of mice treated with various concentration of velvet antler
extracts (VAE) after 52-days treatment

Groups Spleen weight, g Thymus weight, g Lung wet weight, g
Naive 0.104+0.0070° 0.030+0.0052* 0.200£0.0296"
OVA immunization
Control 0.147+0.0260" 0.036+0.0065 0.292+0.0622"
VAEL, 50 mg/kg 0.131+0.0139™ 0.03040.0038" 0.227+0.0753%
VAEM, 100 mg/kg 0.141+0.0136™ 0.030+0.0054 0.289+0.0594°
VAEH, 300 mg/kg 0.12610.0177¢ 0.031%0.0065° 0.257+0.0822°
Pred., 10 mg/kg 0.03340.0039¢ 0.01840.0089" 0.189+0.0605

W TR R R L L B EFS RE A 2 A DR FEE S R R

a~brc di PR FH LT LREEKRY  FAEERF A EFLE (P>005)-

Results are expressed as meantSD at least 8 mice. Mean data was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test.

a, b, ¢, d: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 2 Concentration of ova-induced cytokines secretion (IL-4, IL-5, IFN-y) in bronchoalveolar lavage fluid (BALF) of
velvet antler extracts (VAE) after 52-days treatment

Groups IL-4, pg/ml IL-5, pg/ml IFN-y, pg/ml
Naive 13.87049.169" 2.12342.679* 125.157491.037"
OVA immunization
Control 63.927+33.549" 23.71249.010° 250.869+117.213%°
VAEL, 50 mg/kg 42.055+27.396™ 7.09046.938" 377.9224196.020™
VAEM, 100 mg/kg 42.193413.428"° 4.163+5.126™ 414.426+148.279°
VAEH, 300 mg/kg 32.226423.113% 2.448+42.623" 425.978+184.547°
Pred., 10 mg/kg 19.54147.791° 0.645+1.059¢ 229.351+88.171*

BT oE L4 s 0 BENEFSI B HEAN AR EARE ¥R R
a~brc d: AR F2 L7 23E%Y > PAILEF > 2 FLE (P>005)-

Results are expressed as meantSD at least 8 mice. Mean data was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test.

a, b, ¢, d: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 3 Effect of anti-OV A IgE, anti-OV A IgG,, anti-OVA 1gG,, in surem of mice treated with various concentration of
velvet antler extracts (VAE) after 52-days treatment

Groups IgE-EU IgG1-EU IgG2a-EU
Naive 0.016+0.003" 0.002+0.001° 0.004+0.001°
OVA immunization
Control 0.342+0.053° 0.807+0.066" 0.05540.057*
VAEL, 50 mg/kg 0.292+0.027° 0.75940.061% 0.022040.317%
VAEM, 100 mg/kg 0.294+0.029° 0.753+0.047¢ 0.12740.108%
VAEH, 300 mg/kg 0.272+0.027° 0.744+0.059° 0.234+0.334°
Pred., 10 mg/kg 0.021+0.012° 0.014+0.013° 0.002+0.001°

Bk T L A > BRI H TS SR A AL AR X
a~brci AR F* AT EFEERY O FRIDEF > A FLE (P>005)-
Results are expressed as meantSD at least 8 mice. Mean data was analyzed with One-way ANOVA and tested with

Duncan's Multiple Range Test.

a, b, c: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 4 Effect of anti-OVA IgE, anti-OV A IgG,, anti-OVA 1gG,, in bronchoalveolar lavage fluid (BALF) cells of mice
treated with various concentration of velvet antler extracts (VAE) after 52-days treatment

IgG2a> Z ?2 fgg

Groups

IgE-EU

IgG1-EU

1gG2a-EU

Naive

OVA immunization
Control
VAEL, 50 mg/kg
VAEM, 100 mg/kg
VAEH, 300 mg/kg

Pred., 10 mg/kg

0.227+0.023"

0.565+0.164"
0.43940.059°
0.435+0.086°
0.42340.108°

0.264+0.062°

0.167+0.175°

2.014+0.333°
1.907+0.169°
1.853+0.158"
1.84240.125°

0.160+0.138"

0.06240.021°

0.120+0.056™
0.239+0.111°
0.205+0.040°
0.244+0.213

0.029+0.021°

Blp ol T AL A B F U E TS RBEA T AL AR A

TR T

a~brciipRF R AT A E%KY > FERIEEF g FALE (P>0.05)-

Results are expressed as meantSD at least 8 mice. Mean data was analyzed with One-way ANOVA and tested with
Duncan's Multiple Range Test.

a, b, c: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 5 Scales of alveolar wall inflammation of lungs from sensitized mice treated with various concentration of velvet
antler extracts (VAE) by histopathological examination

Alveolar wall inflammation
Groups Mean”
- 1 2 3

Naive 6 0 0 0 0

OVA immunization

Control 0 0 3 3 2.50

VAEL, 50 mg/kg 0 2 4 0 1.67°
VAEM, 100 mg/kg 0 2 4 0 1.67"
VAEH, 300 mg/kg 1 5 0 0 0.83"
Pred., 10 mg/kg 5 1 0 0 0.17"

Behp L E e dor 0 B EILESR for 172 2 4 171804 Mann-Whitney U-test & {7 # 2_°

%R m SRR ARt X P <005 7 £ BB E M -

A Mean= (0x% Bifc+ 1x% mlic+2x % s fic+3x % 5dk) + 6

Results are expressed as rank at least 6 mice. Mean data was analyzed with Non-parametric statistics and tested with
Mann-Whitney U-test.

*: mean with symbol are significantly different compared to control group at the 5% level.

A Mean= ( 0xrank number+ 1xrank number +2xrank number -+ 3xrank number) + 6
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Figure 6 Scales of infiltration in pervenous regions of lungs from sensitized mice treated with various concentration of
velvet antler extracts (VAE) by histopathological examination

Infiltration in pervenous regions
Groups Mean”
- 1 2 3

Naive 6 0 0 0 0

OVA immunization

Control 0 0 3 3 2.50

VAEL, 50 mg/kg 0 4 2 0 1.33°
VAEM, 100 mg/kg 0 3 3 0 1.50"
VAEH, 300 mg/kg 1 4 1 0 1.00°
Pred., 10 mg/kg 4 2 0 0 0.33"

Behp L E e dor 0 B EILESR for 172 2 4 171804 Mann-Whitney U-test & {7 # 2_°

%R m SRR ARt X P <005 7 £ BB E M -

A Mean= (0x% Bifc+ 1x% mlic+2x % s fic+3x % 5dk) + 6

Results are expressed as rank at least 6 mice. Mean data was analyzed with Non-parametric statistics and tested with
Mann-Whitney U-test.

*: mean with symbol are significantly different compared to control group at the 5% level.

A Mean= ( 0xrank number+ 1xrank number +2xrank number -+ 3xrank number) + 6
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Figure 7 Scales of infiltration in periarterial and peribronchial regions of lungs from sensitized mice treated with various
concentration of velvet antler extracts (VAE) by histopathological examination

Infiltration in periarterial and peribronchial regions
Groups Mean”
- 1 2 3

Naive 6 0 0 0 0

OVA immunization

Control 0 0 3 3 2.50

VAEL, 50 mg/kg 0 2 4 0 1.67°
VAEM, 100 mg/kg 0 4 2 0 1.33"
VAEH, 300 mg/kg 1 4 1 0 1.00°
Pred., 10 mg/kg 5 1 0 0 0.33"

Behp L E e dor 0 B EILESR for 172 2 4 171804 Mann-Whitney U-test & {7 # 2_°

%R m SRR ARt X P <005 7 £ BB E M -

A Mean= (0x% Bifc+ 1x% mlic+2x % s fic+3x % 5dk) + 6

Results are expressed as rank at least 6 mice. Mean data was analyzed with Non-parametric statistics and tested with
Mann-Whitney U-test.

*: mean with symbol are significantly different compared to control group at the 5% level.

A Mean= ( 0xrank number+ 1xrank number +2xrank number -+ 3xrank number) + 6
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Figure 8 Total scoles of lungs from sensitized mice treated with various concentration of velvet antler extracts (VAE) by
histopathological examination

Total scoles
Groups Mean”

Naive 6 0 0 0 0

OVA immunization

Control 0 0 4 2 2.33

VAEL, 50 mg/kg 0 2 4 0 1.67°
VAEM, 100 mg/kg 0 4 2 0 1.33
VAEH, 300 mg/kg 2 4 0 0 0.67
Pred., 10 mg/kg 5 1 0 0 0.33"

Behp L E e dor 0 B EILESR for 172 2 4 171804 Mann-Whitney U-test & {7 # 2_°

%R m SRR ARt X P <005 7 £ BB E M -

A Mean= (0x% Bifc+ 1x% mlic+2x % s fic+3x % 5dk) + 6

Results are expressed as rank at least 6 mice. Mean data was analyzed with Non-parametric statistics and tested with
Mann-Whitney U-test.

*: mean with symbol are significantly different compared to control group at the 5% level.

A Mean= ( 0xrank number+ 1xrank number +2xrank number -+ 3xrank number) + 6
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Figure 9 Scales of mucus secretion in alveolar wall and peribronchial regions of lungs from sensitized mice treated with
various concentration of velvet antler extracts (VAE)

Alveolar wall and peribronchial regions
Groups Mean”
- 1 2 3

Naive 6 0 0 0 0

OVA immunization

Control 0 0 2 4 2.67

VAEL, 50 mg/kg 0 2 3 1 1.83°
VAEM, 100 mg/kg 0 2 4 0 1.67"
VAEH, 300 mg/kg 3 3 0 0 0.50"
Pred., 10 mg/kg 6 0 0 0 0.00"

Behp L E e dor 0 B EILESR for 172 2 4 171804 Mann-Whitney U-test & {7 # 2_°

%R m SRR ARt X P <005 7 £ BB E M -

A Mean= (0x% Bifc+ 1x% mlic+2x % s fic+3x % 5dk) + 6

Results are expressed as rank at least 6 mice. Mean data was analyzed with Non-parametric statistics and tested with
Mann-Whitney U-test.

*: mean with symbol are significantly different compared to control group at the 5% level.

A Mean= ( 0xrank number+ 1xrank number +2xrank number -+ 3xrank number) + 6
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Figure 10 Concentration of cytokines secretion (IL-4 and IFN-y) in EL4 stimulated with various concentration of velvet
antler extracts (VAE) after 72 hours

Groups IL-4, pg/ml IFN-y, pg/ml

Control 13.082+1.429° 52.358+14.148"
VAE 0.625 pg/ml 14.976+4.729° 89.768+35.936"
VAE 2.5 pg/ml 17.523+6.246" 52.297423.442"
VAE 10 pg/ml 13.860+5.797° 141.479458.510°
VAE 40 pg/ml 23.330+7.268" 109.901481.804"
PMA, 1 ng/ml 29.156+10.020° 92.044+32.160°

BT E R B L LT BENETFFRREAP D ZLAIEEERY N Rk o
a~biAARFH AT EERY PR EeR A FLE (P>005)-
Results are expressed as meantSD. Mean data was analyzed with One-way ANOVA and tested with Duncan's Multiple

Range Test.
a, b: mean with same superscripts are not significantly different among groups at the 5% level.

60



% 11 EL4 ‘m¥e =R ST f@l}i_’f‘:B&% ‘ﬂ,}i’fé A P ,;5:';? (IL-4) 2B
Figure 11 Concentration of Type II cytokines secretion (IL-4) in EL4 stimulated with various concentration of velvet
antler extracts (VAE-H, VAE-C, VAE-B, VAE-M) after 72 hours

Groups IL-4, pg/ml
VAE-H VAE-C VAE-B VAE-M

Control 64.981+10.932° 69.776+4.732° 70.499+7.345° 78.82340.953°
0.08 pg/ml 63.986+10.421° 90.131+40.436" 95.559430.575" 75.837+12.780°
0.4 pg/ml 63.17148.627° 69.23344.953° 68.690+3.549° 73.666+4.888"
2.0 pg/ml 68.147+10.202° 67.24242.108" 61.543+2.825° 70.590+£1.957°
10.0 pg/ml 67.24249.325° 64.25749.458° 67.695+1.495° 70.409+2.902°
50.0 pg/ml 70.499+7.924° 73.48547.952° 69.685+2.719° 72.761+6.207°

BRI G R R AT 0 RF TS REEA T E AN B EARE S R R
al R F* AT AR O FRIZERF > 2l FLR (P>0.05)-
Results are expressed as meantSD. Mean data was analyzed with One-way ANOVA and tested with Duncan's Multiple

Range Test.
a: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 12 Concentration of cytokines secretion (IL-12) in Raw 264.7 stimulated with various concentration of velvet
antler extracts (VAE-C, VAE-B, VAE-M) after 72 hours

Groups IL-12, EU
VAE-C VAE-B VAE-M
Control 0.196° 0.169 0.156"
0.08 pg/ml 0.254° 0.356° 0.180°
0.4 pg/ml 0.351° 0.250° 0.173°
2.0 pg/ml 0.502¢ 0.318" 0.200°
10.0 pug/ml 0.127° 0.209° 0.195
50.0 pg/ml 0.094° 0.441° 0.186"

g T ety > BENEFFIERELIT 2R EFRY N B T

abrcrd e PPRFFHEATEREHZY FJLE2RF o 2l FELE (P>005)-

Results are expressed as mean. Mean data was analyzed with One-way ANOVA and tested with Duncan's Multiple Range
Test.

a, b, ¢, d, e: mean with same superscripts are not significantly different among groups at the 5% level.
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Figure 1 The body weights of mice treated with various concentration of
velvet antler extracts (VAE) each week
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Results are expressed as meantSD at least 8§ mice. Mean data was analyzed

with One-way ANOVA and tested with Duncan's Multiple Range Test.
Means among groups are not significantly different at the 5% level.
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Figure 2 Total cell counts in bronchoalveolar lavage fluid (BALF) of

sensitized mice treated with various concentration of velvet antler extracts
(VAE) after 52 days different treatments
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Results are expressed as mean+SD at least 8§ mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan's Multiple Range Test.

a, b, c: mean with same superscripts are not significantly different among
groups at the 5% level.
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Results are expressed as meantSD at least 6 mice. Mean data was analyzed

with One-way ANOVA and tested with Duncan's Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (* P < 0.05,
** P <0.01).
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Results are expressed as meantSD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan's Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (** P <0.01,
kP <0.001).
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Results are expressed as meantSD at least 6 mice. Mean data was analyzed

with One-way ANOVA and tested with Duncan's Multiple Range Test.
Control group was compared to naive group (* P < 0.05). Treatment groups
were compared to control group (¥** P <0.001).
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Figure 6 The percentage of activated T lymphocyte subpopulation in airway
draining lymph nodes (ALN)
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Results are expressed as meantSD at least 6 mice. Mean data was analyzed

with One-way ANOVA and tested with Duncan's Multiple Range Test.
Means between control group and naive group are not significantly different at
the 5% level. Treatment groups were compared to control group (* P < 0.05,
** P <0.01).
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan's Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (*** P <
0.001).
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Figure 8 The percentage of T lymphocyte subpopulation in bronchoalveolar
lavage fluid (BALF)
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (* P < 0.05,
*¥*% P <0.001).
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Figure 9 The percentage of type I, I T helper cell subpopulation in
bronchoalveolar lavage fluid (BALF)

By LB R ERL AT BENE TS FR a2 2 AT E R
LS g R o wREs L F e VTP <00l BT LB EEN R
S SRR ARt 1R P <005, **P<0.01 7 £ B AEEFE

Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Control group was compared to naive group (**P < 0.01). Treatment groups
were compared to control group (* P <0.05, ** P <0.01).
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Figure 10 The percentage of activated T lymphocyte subpopulation in
bronchoalveolar lavage fluid (BALF)
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Results are expressed as mean+SD at least 6 mice. =~ Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means among groups are not significantly different at the 5% level.

72



OCD3-CD45
80.00 k3 >k

BCD19-CD45

Lymphocytes subpopulation, %
3
g
*

Naive Control VAEL,50 VAEM, 100 VAEH, 300 Pred., 10
mg/kg mg/kg mg/kg mg/kg

OVA immunization
B 11 ) SRR T e R
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (* P < 0.05,
*¥*% P <0.001).
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Figure 12 The percentage of T lymphocyte subpopulation in splenocytes.
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (* P < 0.05,
*¥*% P <0.001).
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Control group was compared to naive group (**P < 0.01). Treatment groups
were compared to control group (* P <0.05, ** P <0.01).
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Results are expressed as mean+SD at least 6 mice.

Mean data was analyzed

with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means between control group and naive group are not significantly different at
the 5% level. Treatment groups were compared to control group (* P < 0.05,

** P <0.01, ** P <0.

001).
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Results are expressed as mean+SD at least 6 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan’s Multiple Range Test.
Means between control group and naive group are not significantly different at

the 5% level. Treatment groups were compared to control group (* P < 0.05,
*¥*% P <0.001).
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Figure 16 Several leucocytes counts in bronchoalveolar lavage fluid (BALF)

of sensitized mice treated with various concentration of velvet antler extracts
(VAE) after 52 days different treatments
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Results are expressed as meantSD at least 8§ mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan's Multiple Range Test.

a, b, ¢, d: mean with same superscripts are not significantly different among
groups at the 5% level.
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Figure 17 Histopathological examination of lungs from sensitized mice
treated with various concentration of velvet antler extracts (VAE)
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Figure 18 Mucus secretion of lungs from sensitized mice treated with various
concentration of velvet antler extracts (VAE)
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Figure 19 The levels of enhanced pause (Penh)
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Results are expressed as meantSD at least 8 mice. Mean data was analyzed
with One-way ANOVA and tested with Duncan's Multiple Range Test.

a, b: mean with same superscripts are not significantly different among naive
group and control group at the 5% level.
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Results are expressed as mean+SD. Mean data was analyzed with One-way
ANOVA and tested with Duncan’s Multiple Range Test. Means with the
same time are not significantly different at the 5% level.
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Figure 21 EL4 cell proliferation treated with various concentration of velvet
antler extracts (VAE)
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Results are expressed as mean+SD. Mean data was analyzed with One-way
ANOVA and tested with Duncan’s Multiple Range Test. Treatment groups
were compared to control group based on control group (* P < 0.05).
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Appendix table 1

Collagen II (CII) stimulation in vitro

Effect of velvet antler extracts (VAE) on cytokine production from lymph node cells in response to

IL-1B, pg/ml IL-2, pg/ml IL-6, pg/ml
Medium alone CIL Medium alone CIL Medium alone CIL
Dose of VAE (pg/kg)
0 59+1.5 166.5+19.5 1.2+04 576.3+76 1264+ 11 503.4 £ 45
20 9.2+0.9 183.8+29.4 43+0.3 545.4 £ 45 1423+ 11 475.4 £ 44
50 8.9+1.1 194.4 £ 29.8 33+0.2 4543 £ 65 140.3 £ 12 354.3 £ 45
100 96+1.2 87.4 £ 12.4% 41+13 123.4 + 15% 129.3+13 122.3 £ 12%*
150 6.5+0.5 54.8 £ 12.2%* 2.8+0.9 4?38,,;1 = 1025+ 12 78.3 £ 2. 2%
TNF-o, pg/ml IFN-y, pg/ml
Medium alone ClI Medium alone ClI
Dose of VAE (ug/kg)
0 165.1 £ 15 876.4 £ 87 24+04 965.2 + 87
20 176.5+29 934.4+ 67 33+0.3 1123.4 £ 131
50 168.5 £ 21 809.4+76 22+0.2 1086.4 + 133
100 159.7 £22 134.3 + 14* 2.4+0.2 879.5+98
150 123.3+18 77.5 £ 8.4%* 14+£02 665.3 +£ 67

84

(Kim et al., 2003)




A2 AP BT HMEicFEREAMEREL SN KB
B % o

Appendix table 2 Conversion of animal doses to human equivalent dose
(HED) based on body surface area (BSA)

Species Weight (kg) BSA (m®) K, factor
Human

Adult 60 1.6 37

Child 20 0.8 25
Baboon 12 0.6 20
Dog 10 0.5 20
Monkey 3 0.24 12
Rabbit 1.8 0.15 12
Guinea pig 0.4 0.05 8
Rat 0.15 0.025 6
Hamster 0.08 0.02 5
Mouse 0.02 0.007 3

Values based on data from FDA Draft Guidelines (7). To convert
dose in mg/kg to dose in mg/m?, multiply by K, value.
(Reagan-Shaw et al., 2007)
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Appendix table 3  Histologic Grading Criteria

Alveolar wall inflammation
1+ Increased numbers of inflammatory cells in alveolar walls.
2+ As above, plus 1-3 foci per section showing cellular
alveolar exudate and atelectasis.
3+ As above, plus more than 3 foci per section showing
cellular alveolar exudate and atelectasis.
Perivenous regions

1+ Occasional veins cuffed by inflammatory cells.
2+ Most veins surrounded by a thin layer (1-5 cells thick) of
inflammatory cells.

3+ Most veins surrounded by a thick layer (> 5 cells thick) of
inflammatory cells.
Periarterial and peribronchial regions
Same scoring criteria as perivenous regions.
Venous endothelial changes
1+ Scattered inflammatory cells adherent to the
endothelium; flat endothelial cells.

2+ Endothelial cells show hypertrophy; 1-3 veins per section
show focal piling up of inflammatory cells along the
endothelium.
3+ Endothelial cells show hypertrophy; > 3 veins per section
show piling up of inflammatory cells, usually marked.
Arterial endothelial changes
Same scoring criteria as venous endothelial changes.

(Jeffrey et al., 1991)
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Appendix table 4 The effects of different cytokines on the class of antibody
produced

TN N N O N N

Induce Inhibit Inhibit Induce Inhibit
IFN- ) . .
Inhibit Induce Induce Inhibit  Inhibit
gamma
TGF-beta Induce Inhibit Induce Inhibit

Isotype regulation by murine T cell cytokines.

Certain cytokines either induce (green) or inhibit (pink) the production of certain antibody
isotypes. Inhibition mostly results from switch to the different isotype

(http://pathmicro.med.sc.edu/bowers/cell-mediated-ver2.htm)
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Appendix figure 1 The narrowing of the airways from their bronchioles

(http://www.news-medical.net/health/Asthma.aspx)
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(BD Bioscience, 2006)
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Appendix figure 4 The Th1/Th2 paradigm

(Sergio, 1997)
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Formula for Dose Translation Based on BSA

Animal Km
HED (mg/kg) = Animal dose (mg/kg) multiplied by ———
Human Km

NHIRL 6 TR E G b W R A E 2 5
Appendix figure 6 Formula for dose translation based on body surface area
(BSA)

(Reagan-Shaw et al., 2007)
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Affidavit of Approval of Animal Use Protocol
Tunghai University

B ERTHRERAE TR 2703

HEEHEA WMEF By A G BHIT I
B o BABAMPARLEZ FAEERME BER/ EROGME
WE LM REAMOIHEG AT BB BN T2 o TR

FHEX "THHRRYFHEA, FEHWTREL/ ) E oOR AoV X F LRS-

AN EREFAERER Z ST :
BhaniE A L ILUE i T ESATHAR
Mice-BALB/c 720 £ 9748 A1 BE10047 A31 8

The animal use protocol listed below has been reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC ) .

Protocol Title: The molecular regulated mechanism of velvet antler extracted fraction in airway

allergic murine model
IACUC Approval No: pidelo 3
Period of Protocol: _Valid From: _ 08/01/2008  To: 07/31/2011  (mm/dd/yyyy)

Principle Investigator (PI): Hsieh. Chang-Chi

M EREE BB EA A #3
IACUC Chairman Date /244
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Velvet antler extracts modulate airway hyperresponsiveness in asthmatic mice

Wen-Yu Chao (3 3 #1) ~ Chang-Chi Hsieh (3 & %)
Department of Animal Science and Biotechnology, Tunghai University, Taichung, Taiwan,

Allergic asthma is a chronic disease associated with airway hyperresponsiveness such as
bronchial inflammation, eosinophils infiltration, mucus protein overproduction in airway, and
increase of serum IgE.  Velvet antler is a traditional Chinese medicine and healthy food.  Velvet
antler is extensively used to treat various diseases including modulate immune response, It was
reported that velvet antler can suppress the production of IL-1j, IL-6 and TNF-u in vitro which are
pro-inflammatory cytokines. In this study, female BALB/c mice were sensitized and challenged
with ovalbumin {OVA) to induce asthma and administered with various doses of velvet antler (50,
100, and 300 mgfkg) or prednisolone (10 mg/kg) for seven weeks.  After seven weeks treatments,
mice were determine the enhanced pause (Penk) using whole body plethysmograpy, pulmonary cell
infiltration and T cell differentiation, anti-OVA antibodies and modulated cytokines analysis. It
was showed that velvet antler extract can significantly decreased airway hyperreactivity after OVA
challenged. Anti-OVA IgE and anti-OVA IgG1 were significantly decreased and anti-OVA IgGla
were significantly increased in asthmatic mice. It suggestad that velvet antler might effectively
regulate T cells differentiation and modulated immunoglobulin to regulated hyperresponsiveness in
asthma., Velvet antler might be an idea immunomodulator for functional food i allergic
constitutions.

Keywords: Airway hyperresponsiveness, Allergic constitutions, Immunomodul ation, Velvet antler.,
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-27: Velver untler extracts modulate airway hyperresponsivencss

Wen-vu Chao. Shyi-kuen, Yang. Chang-chi Hsieh
Departrmem of Animal Science and Biowehnology. Tunghai University. Taiwan

Allergic asthma is a chronic disease associated with airway hyperresponsivenass such
a5 bronchial inflammation, cosinophils infilwation, and increase ol serum leE. In this
study. we established the animal model to realize the eflect of velvel antler i airway
hyperresponsiveness. Female BALB«¢ mice woere sensitized and challenged with
ovalhumin (OVA) 10 induce airway hyperresponsiveness, and then admimistered with
vanous doses of velvet anter (30, 100, and 300 ing'kg) or prednisolone (10 mgky)
for seven weeks. Aller treatments, the enhanced pause (Penh) of mice was determined
using whole body plethysmograpy. Then mice woere sacrificed and collected airway
draining l¥mphocyvies (LN), bronchoalveolar lavage fluid (BALF)., spleen lor
milrated differentiation off T lymphoceytes. lung inflsmunatory cell infiltration, anti-
OV A antibndies and cytokines analysis. Velvet antler extracts signilicantly deervased
Penh alier OVA challenge. Velvel antler extract also decreased 11-4 and 11-5
secretion in BALF a1 48 hour after the OVA inhalation. Furthermore. anti-OWVA Iek:
and IeGl were significantly decrcased and anti-OV A [pi2a were increased in serum
and BALLF in asthmatic mice, Velvet antler extract also decreased the leukoeyies
infiltration in BALF. e is suggested  that velvet antler eftectively  regulates
differentiation ol T cells. modulates immunoglobulin production and dewn-regulates
inltammarory cells infiluation, and hence regulates aieway hyperresponsiveness.

0-28: Effect of oxidized cholesterol and phytosterol on blood
cholesterol

Zhen-yu Chen. Lei guan. Gui-hua Xu, Rui Jiao, Chi-ho Ng
Food & Nutritional Sciences Programme, Department of Biochemistry, The Chinese
Lipiversity of tlong Kong, P.R. China

tluman diets contaln both cholesterol and phyiosterals with the [ormer being prescot
in foods of animal origin while the latter being mainly lfound in toods of plant origin.
Both cholesteral and phytosterol are susceprible to oxidation i form a series of
oxidation products under varous [vod processing conditions. It is well known that
high cholestere] consumption clevates plasma total choalesterol {TC) and Jow-density
lipoprotein cholesterol (1. .-C) Jevels and increases the risk of coronary hearl
diseases (CHDY. However. the effect of cholesterol oxidation products (COPs) and
phyiosterol oxidation products (POPs) in diet on blood cholesterol is unknown.
Therefore. we have Investigated the effect of COPs on blood cholesterol level,
athcrosclerotic plaque formation and endothelium Tunction. linding that COPs is much
more hypercholesterolemic and atherogenic than non-oxidized cholesterol. We have
alsu studied the effeet of phytosterol and POPs on blood cholesterol. finding that
phyvtosteral possesses potent hvpocholesterolemic property while POPs have nu such
activity. While the current recommendation for daily cholesterol intake is less than
3mg. and the food label must present the amount of chelesterol in foods, adverse
elTect of COPs and POPs in diet on blood choleslerol and arery lunetion should not
he ignored.
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