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: As we known today, asthma is a repeated chronic

inflammatory disease. It is characterized by a complex
response of pulmonary eosinophilia, edema, mucus
hypersecretion, and airway hyperreactivity (AHR). Under the
condition of long term asthma, airway remodeling may
develop by increased goblet cells, subepithelial fibrosis,
airway smooth muscle mass increased and vascular
hyperplasia. These make asthma control more difficult.
According to recent research about asthma, leukotriene got
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important role in whole pathologic change of asthma.

Our previous data show that fungal immunomodulatory
peptide-fve (FIP-fve) could suppress AHR response, induced
Thl and Treg cytokine, and reduced Th2 cytokine, and in our
preliminary result also show that FIP-fve could reduce
collagen precipitation. We would examine the role of FIP-
fve and compare leukotriene receptor antagonist
(montelukast) in a mouse asthma model after allergen-
induced acute and chronic lung inflammation and airway
remodeling. Female BALB/c mice, after intraperitoneal
ovalbumin sensitization on Days 1 and 14, received
intranasal OVA on Daysl4 and Days 25-27. The mouse asthma
model was set up. The sensitized mice were divided into
different group according to the course of designed airway
change. Different groups of sensitized mice received FIP-
fve or corticosteroid via intragastric feeding on Day 1-14.
The other groups of sensitized mice received same drugs on
Day 14-277. Moreover, the chronic stage in this asthma
animal model was received intranasal OVA on Days 14, 17,

21, 24, 27, 60, 69, 71, 73, 74 and 75 the chronic model was
set up.

In this experiment, we will evaluate the effect of FIP-fve
on Thl7 and Th22 and further evaluate the molecule
environment and signal transduction of FIP-fve and
montelukast on asthma treatment. According to those objects
we will detect RNA levels of interleukins and analysis with
molecule environment, signal transduction, cytokine and
chemokine expression Thl, Th2, Treg, Thl7and Th22 immune
cells.

acute/chronic allergy, FIP-fve, cytokine, chemokine
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Abstract

The incidence of asthma has increased substantially in the last two decades. New medication is
developed rapidly in recent years to apply to allergic asthma, since lots of people have investigated about
these. However, now existing drugs just offer partial relief of symptoms in such disease. The goal of feature is
to understand the complicated mechanism of asthma, and develop more effective drugs for suppressing the
inflammatory response in asthma. Even we can then reverse the damaged lung tissue after airway remodeling.
As we known today, asthma is a repeated chronic inflammatory disease. It is characterized by a complex
response of pulmonary eosinophilia, edema, mucus hypersecretion, and airway hyperreactivity (AHR). Under
the condition of long term asthma, airway remodeling may develop by increased goblet cells, subepithelial
fibrosis, airway smooth muscle mass increased and vascular hyperplasia. These make asthma control more
difficult. According to recent research about asthma, leukotriene got important role in whole pathologic
change of asthma.

Our previous data show that fungal immunomodulatory peptide-fve (FIP-fve) could suppress AHR
response, induced Thl and Treg cytokine, and reduced Th2 cytokine, and in our preliminary result also show
that FIP-fve could reduce collagen precipitation. We would examine the role of FIP-fve and compare
leukotriene receptor antagonist (montelukast) in a mouse asthma model after allergen-induced acute and
chronic lung inflammation and airway remodeling. Female BALB/c mice, after intraperitoneal ovalbumin
sensitization on Days 1 and 14, received intranasal OVA on Daysl14 and Days 25-27. The mouse asthma
model was set up. The sensitized mice were divided into different group according to the course of designed
airway change. Different groups of sensitized mice received FIP-fve or corticosteroid via intragastric feeding
on Day 1-14. The other groups of sensitized mice received same drugs on Day 14-27. Moreover, the chronic
stage in this asthma animal model was received intranasal OVA on Days 14, 17, 21, 24, 27, 60, 69, 71, 73, 74
and 75 the chronic model was set up.

In this experiment, we will evaluate the effect of FIP-fve on Th17 and Th22 and further evaluate the molecule
environment and signal transduction of FIP-fve and montelukast on asthma treatment. According to those
objects we will detect RNA levels of interleukins and analysis with molecule environment, signal transduction,
cytokine and chemokine expression Thl, Th2, Treg, Thl7and Th22 immune cells.

Keyword: acute/chronic allergy, FIP-fve, cytokine, chemokine
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Peil ) R2ZWHEMO 1 12 5 PRUEWUNSEROFEE? > R* REF AfA T BB A
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37°C ™ £ % 1] pF» 2K {5 £ 4¢ » streptavidin conjugated-HRP *t % (8 ™ 7% 454 48> B (84 » L HiR 2 12
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—\

ELISA reader (Sunrise™, TECAN Ltd.);& & % 490 nmip] z_H rx &

L
B ©

AN
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= {8 ik A ik e SV TR T 0 2 {50 F Bwell? 4e » 100ul substrate solution % j§ T ¥ * 304
G5 7 FFkHN TR A {s AF Bwell? 4c » 100ul=3N H2S04 3 1+ & Ji& > 5§ {4 2 ELISA reader (Sunrise
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41 * ELISA Duoset (R&D Systems, Inc.) % # F]MMP3(matrix metalloproteinase-3)f=MMP9(matrix
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metallopeptidase inhibitor 1) - # F]43 45 L 30 2 #7134 1+ § BACHE XA B S g LT S hE
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PRI o & Bt @ g S e T AR AR E > Bt TRk o B e g e o
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FR{8  me 2 g diF 2 B M e e o Y e 3 i T B dmre iR (T FoXp3imte 4 ¢ 0 T FE RN me R R
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b ERAR R E S5 mIPBS 0 {1 R B R A0 £ 011600 rpm de S A1 0 4

FopiR X Rt 2 e dpkt 0 4o » S mIRBC lysis buffer 1% 5 4 4is o g 4 » 10 ml HPBS - 2% 18 1
1600 rpm #g.wb A 45 fs 2 T iR T #lwmie pEr 0 £ 4o 2 10ml HPBS 2R L E F g il
RS e 3R 3 B M e e i o B 8 -9 72 1L RPMI 1640 (2 7 10 % FBS (fetal bovine
serum) ~ 2 mM L-glutamine ~ 100 U/ml penicillin ~ 100 U/ml streptomycin)i& {7 fm? 32 % > B {s & w9k
B 55 x 106 cells/ml k&= F 5|9 % -

B ConA-LPSR2OVAZ £ k12 %
& w22 1g/mlCon A (Concanavalin A, Sigma-Aldrich, Inc.) 2 LPS(lipopolysaccharide, Sigma-Aldrich,
Inc.) ~ 100 1 g/ml BSA(bovine serum albumin, Sigma-Aldrich, Inc.)e 100 ¢ g/ml OVAT| g » #-‘mPz ¥ +t5
% CO,>37C 132 % 4935 % » M ConA~LPS& OVAR £6 =% (S B w9 35 %% » 121500rpm &= 10 4
P~ ik o B0-80°C skET & F o ¥ RFI4R2 e i (FRNAZ B~ 0 35 d PCRA 17 fw % RNAK
Bz FIFE o MIMAFERERERY ﬁ?‘« 2. RNAR B p| T g % = B vt g o
WK m e 22CONA~ LPSEOVAX R £ 2% Rd > Con Achfgris i @ BTime 2 A 4 2% > @
LPSenflgeh] € i Biwe 2 2 4 > ¥ Blae ¥ 3t R pFE o154z F g @ H A 2 IgE - i&a F 3 !
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2 flgets P AF EEBSFAHRFPHEFT AR OLAEF R E- EF 172 £ 8-
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B % INF-7 o 3] 215 #pt 304 5 & 21 BALF ~ s 71 2 B % 38 (7 A 47 L i o
B 32 % {8 e -PCRA 47
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FI1P-fve or corticosteroid affected AHR

A AHRR A it % 5 8 % 1 OVA K A7PC e 3 Penh & & % &= 3 (Fig. 1) PC 2 NCl 41t »
PC 23 PERM et BRAF BRI %2 0 FEFL AP = 0.01) & skiefepre 2 post (4

FIP-fve # corticosteroid)# v JR#Z $ 2 3k 57 & H Penhi& 4p s OVA 3% 47 % > fmethacholine & & % 20

mg/ml P54 P A" M HPenh EFER T FEFI P EFLA(P = 001) -

Fig. 1
12
10
= NC
8 -&-PC
pre-FIP
£
E 6 —[]FG{DH
== post-FIP

post-cort

omg 5mg 10 mg 20mg
Meth (mg/ml)

The female BALB/c mice received normal saline (normal control group) or were sensitized/challenged with
OVA + treatment with FIP- fve or a corticosteroid during the challenge phase. The airway hyperactivity (AHR)
to methacholine was assessed with the Buxco system to record enhanced pauses (Penh). The Penh value in the
PC (m) group was higher than the other groups. However, in the oral pre- and post-FIP-fve (A, %) and pre-
and post-corticosteroid (X, @) groups the penh values were significantly decreased. The NC (4) group was

lower than all other groups.
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FIP-fve or corticosteroid treatment on the reversal of allergen-induced serum ovalbumin-specific
antibodies in serum

Bl BUREER R E R & rm e B i o 1% ELISA % i Rla 5 @ OVA-specific IgE (Fig.2a)
IgG2a (Fig.2b)sik & o fie?t A ihig % ¢ 4 RPCh ~ pre ‘e frpost w5 ¢ & OVA-specific IgE =
% » pre-FIP, pre-cort £ post-FIP, post-cort #p #* OVA ik 57 .2 OVA-specific IgE & 5 F* Agjpt > & i 33t
FE¥ LB (p=0.001)- ¥ ¢t & OVA-specific IgG2a = & » H & % 7~ &2 & |+ 8 4p - pre-FIP 22 post-FIP

SRR 07 #® 2 OVA-specific 19G2a 7 £ -

Fig. 2
(a) b
IgE ™ lgG2a
3. 50000+ %
_._-.:..:j_‘_:.'_j.__::'_._“.‘_, = NC | ] 3 NC
E3 PC __ 400004 B3 PC
- ES pre-FIP E B3 pre-FIP
5 £ pre-cort 330000- & pre-cort
o © E3 post-FIP
u E3 post-FIP §2°°°°' [ post-cort
I post-cort = 100004
n-

Serums in OV A-specific-IgE and OV A-specific-lgG2a concentrations were obtained from the NC group and
the OVA sensitized/challenged mice (PC) or mice treated with FIP-fve and a corticosteroid. Fig. 2(a) There
was significant expression of OVA-specific-IgE in the PC group, and a decrease in the pre- and post- treated
with FIP-fve and corticosteroid groups. Fig. 2(b) the OVA-specific-lgG2a expression in serum, the groups
treated with FIP-fve and a corticosteroid had significant increases. The statistical analysis compared

OVA-treated mice and is represented as: ** p < 0.05; *** p < 0.001.
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FIP-fve or corticosteroid treatment affected infiltrating cells of the lungs

himre e g BPC ahins Hitotal cell & (B3a)4p st & fe ' 5 BEF W 4v e e > T & 7 H e i £

)

’ﬁ‘\

Ik

nimie i o @ hpre ¥ post shw e > & 4 _%total cell ~ eosinophil¥2 monocytesp fi >t PC & %

FHFR kR DR S FLER

Fig. 3
(@) Total cells Gl
250+ —— Eosinophil
200 E3a PC = NC
pre-FIP Em PC
2 1504 pre-FIP
21 3 pre-cort 32 pre-cort
S 100 5 “ B3 post-FIP
S post-FIP = [0 post-cort
[0 post-cort
50
04
(d) Lymphcyte
(<)
60 ' NC
£33 NC =
mm e B3 PC
pre-FIP " B3 pre-FIP
3 =3 pre-cort § A pre-cort
= E3 post-FIP o E3 post-FIP
= @ post-cort - [ post-cort

All cells counts were obtained from the NC group and the OV A sensitized/challenged mice (PC) or mice
treated with FIP-fve and a corticosteroid. The total cells and inflammatory cells were counted (x10%) from the
BALF in millimeters by morphometric evaluations of cytospin preparations. In the total cell count in the
BALF, a large number of cells were expressed in the BALF of the PC group. However, the total cells in the
BALF of groups treated with FIP-fve and a corticosteroid were decreased. The eosinophil is the hallmark of
asthma; in the PC group the eosinophils significantly increased compared to groups treated with FIP-fve and a
corticosteroid. The statistical analysis compared OV A-treated mice and is represented as: ** p < 0.05; *** p <

0.001.
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FI1P-fve or corticosteroid treatment affected cytokines in serum or BALF (Thl)

FI* ELISA kip] Tk 75 2 W52 - &% (R14) ¢ d Thl £2Treg 'w¥e 74 & ehw? jfrk IFN-7 o TGF- g8 h
ZHE > ATGF-BrHE a#H T A Fise e E BALF AR enE R VU A an —g FIPC o1 A
A I PREFHINC 2 (p=0001)  » H v %3 rpREAES 2 RTK &k pre 2 postz F % iE
fe® > 2wy FHBALF ¢ 917 5 2 TGF-GAp#TPC 2% 3 ¥ 5> (p=0.001) - A AlL-12¢

IFN-7 2% 65> 8 2 3% 2t s i

3
T\

R 7% A BALF ¢ 408 chk % T P AT a5 FIPC g 2 g AP
BMAtNC 2 (p>0.001) 0 @ v % v REBES 2 R > kA pre dpost 2 F HEARLE >
# & F#BALF ¢ %05 3 2 IFN-y Ap#3PC ¢ § B ¥ enf 4 (p=0.001)> » %3 FIP-fvele fp i

stcorticosteroidin o » § { % ch& mE -

Fig. 4
Serum
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Ea PC
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B pre-cort
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3 post-cort

I3 post cort [ poet-cort

8 NG s NC = NC
PC PC PC
= = - 1504 =
ER pre-FIP pre-FIP E B3R pre-FIP
3 precort 5 E3 pre-cort 4 3 pre-con
£ postFlp 2 B3 postFIP g 190 B3 post-FIP
=

[ post-cort 5
o

Thl and Treg cytokine concentrations in the serum and BALF were obtained from the NC group and OVA
sensitized/challenged mice (PC) or the mice treated with FIP-fve and a corticosteroid. Fig. 4(a-c) the Thl
(IL-12, IFN- 7 ) and Treg (TGF-pB) cytokines detected in the serum, and Fig. 4(d-f) the Thl and Treg
cytokines detected in the BALF. The Thl cytokines in the serum and BALF were significantly increased in
the groups treated with FIP-fve and a corticosteroid compared with the PC group. However, in the oral FIP-fve
and corticosteroid groups the Treg cytokine in the serum and BALF was decreased compared with the PC

group. The statistical analysis compared OVA-treated mice and is represented as: ** p < 0.05; *** p < 0.001.
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F1P-fve or corticosteroid treatment affected cytokines in serum or BALF (Th2)
FI# ELISA % p] Tk i & *je i ik (B15) ¢ d Th2 lme 74 j% i@ ek IL-4 ~ IL-5 ~ 1L-13
A RE - B At F0e 7 A BALF 7 40 chig & 87 U B ehg PIPC et 4 2 % fETh2

e ek ApROTH B A AR EP BTH B c(p=0.001): @ B T AT R A fEE S L KR E % Lpre &

post 2§ 2 &4z 4 FIP-fvest corticosteroid » # % e w F8BALF ¢ #7 3 § 2 Th2 ¥ jfck 4p 3 PC

A~

¥R (p=0.001) -

Fig. 5

Serum

== (== R
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I =) pee FI0
e £33 pre-cort

s B 2= NC
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=3 pos B3 post-FIP
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Th2 cytokine concentrations in the serum and BALF were obtained from the NC group and OVA
sensitized/challenged mice (PC) or the mice treated with FIP-fve and a corticosteroid. Fig. 5(a) the Th2 (IL-4,
IL-5, IL-13) cytokines detected in the serum, and Fig. 5(b) detected in the BALF. The Th2 cytokines in the
serum and BALF in groups treated with FIP-fve and a corticosteroid were significantly decreased compared

with the PC group. The statistical analysis compared OV A-treated mice and is represented as: ** p < 0.05;

***p<0.001.

FIP-fve or corticosteroid treatment affected cytokines in serum or BALF (IL17/1L22)

FI* ELISA &k ip] 2ok F % 952 7 %% (B16) ¢ d Thl7 lwre &2 Th22ime 7 & i chiw e ik IL-1727 1L-22
AT o PRI EET UFRPCEeNIL-1ThEA RE LB W H 6 ow > @ &IL-22a04& ME R A3 5
I % o @ ¥4 FIP-fve 2t corticosteroid# 4~ cgp &2 (54 I > %4 FIPfverne W B IL-1704 I E € ™ "% (p

=0.001)® IL-22 ¢ 5 + = 484 (p=0.001) > e %= corticosteroids= e | | & iz fhend B 475 & o
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Fig. 6

Serum

(a)
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8
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]
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Serum was obtained on day 76 from the normal control group and the OV A-sensitized mice in the absence of
the pre-/post-FIP or pre-/post-cort, which was detected with ELISA. The PC group showed less IL-22
expression in the serum. However, groups treated orally with FIP had significantly increased IL-22 expression
compared with the PC group. The PC group showed more IL-17 expression in the serum. However, groups
treated orally with FIP had significantly decreased IL-17 expression compared with the PC group. The
statistical analyses compared OV A-treated mice and are represented as: * p < 0.05, ** p < 0.01, ***p < 0.001.
FIP-fve or corticosteroid treatment affected MMP9 and MMP3 in serum or BALF
FI% ELISA % ip] % i & %52 ik i (B17)° MMP922 MMP3ch IR E « 13954 5 {4 01 > wfonif £
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Fig.7
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The concentrations of MMP9 and MMP3 in the serum and BALF were obtained from the NC group and OVA
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sensitized/challenged mice (PC) in the absence or presence of FIP-fve and a corticosteroid. Fig. 7(a, b) the
MMP9 and MMP3 detected in the serum and Fig. 7(c, d) in BALF. The MMP9 levels in the serum and BALF
of groups treated with FIP-fve and a corticosteroid were significantly decreased compared with the PC group.
Moreover, the MMP3 levels in the groups treated orally with FIP-fve and a corticosteroid were significantly
increased in the serum and only oral FIP-fve increased significantly in BALF. The statistical analysis

compared OV A-treated mice and is represented as: ** p < 0.05; *** p < 0.001.

FIP-fve or corticosteroid treatment affected lung inflammation
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Lung tissue samples were obtained on day 76 to determine airway inflammation. Fig. 8(a) the NC group 8(b)
the OV A sensitized/challenged mice (PC), 8(c) and 8(e) the groups pre-treated with FIP-fve or a corticosteroid
respectively 8(d) and 8(f) the groups post-treated with a corticosteroid or FIP-fve which were stained with
hematoxylin and eosin. The PC group showed severe inflammation in the airway. However, groups treated

orally with FIP-fve and a corticosteroid had significantly decreased airway inflammation compared with the
18



PC group.

FI1P-fve treatment affected collagen precipitation in lung tissue
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Fig. 9
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(d) post-FIP

Lung tissues for detection of airway remodeling and collagen precipitation were obtained on day 76. Fig. 9(a)
the NC group 9(b) the OVA sensitized/challenged mice (PC), 9(c) and 9(e), the groups pre-treated with
FIP-fve or a corticosteroid respectively. 9(d) and 9(f) the groups post-treated with a corticosteroid or FIP-fve
which were stained with Masson's trichrome. The PC group showed more collagen precipitation in the
airway. However, groups treated orally with FIP-fve and a corticosteroid showed significantly less collagen

compared with the PC group. The NC group also showed less collagen in the airway.
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