creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Suppressive Effect of Crude Extracts of
Caenorhabditis elegans on Airway
Inflammation in Mice After Asthma
Establishment

2012 10€

Agdstn dste
o8t} uha}lg

o
24 e



Suppressive Effect of Crude
Extracts of Caenorhabditis
elegans on Airway Inflammation
in Mice After Asthma
Establishment

Al
-

FE B 2o
w4

o) N=dF

a7

2
2
SJED

2, N i

1o o I

October, 2012
Department of Parasitology and Tropical
Medicine,
Seoul National University
College of Medicine

Sung Eun Kim



2012 d 10 €

2012 d 12 €

(D

993

(D

(D

(D

(D




Suppressive Effect of Crude
Extracts of Caenorhabditis elegans
on Airway Inflammation in Mice
After Asthma Establishment

by

Sung Eun Kim

A thesis submitted
in partial fulfillment of the requirements for the
Degree of Doctor of Science in Medicine at Seoul

National University College of Medicine

December 2012

Approved by Thesis Committee:

Professor Chairman
Professor Vice chairman
Professor

Professor

Professor




=T dTAE AMulidd gg F2A

=] sl ekl Maistirt ofefjof o] o= Alwsts Aol

e

1. 594be

D BQIY =EE nEell QHY 52 B 2okl Aua BHow BAY
A% AR es M gt Wl deldd BAE Hen

@ w9 =ES UAYss] Ay F ARFAYES B T QY wi
Ao BAME D A% A TEE AT A6l B

2. AAARA) 9 o

wEs e AT Ae AFA ESEA(DRM)E
Ab-g-atofol gt

@ AMgdgtays 2 =] digh 342 fFRY sH AFH Al SA AP sok
.

i A& o

N

)
=k

| & 2}

H vResoM AEnepds =3

o

o NEdF

19 2

SR HA 0 - il E
I i
3 H: 2008-30556

> 2 A

=

o

2

A 2p g A e ()
Al E Y 20124 12¢ 2

8
MethstnF: g st

.-';r'\-\.-'! -k::l - 1_] ."‘.l'l



ol
Br

el
o3

(crude extract of

Hl

Eaae)

RN

HH
t‘ZL

o

o522 A

o] gk¥l

ofu]

[e)
FeE

=

o

CEC)°] ovalbumin (OVA)

elegans,

Caenorhabditis

P

| <olw iz} &

Al T

| —
R

H: BALB/c vH$-AE OVAR 74 9 2547

W o= CECY

v 7HA

e
=1

o}

#Ro] 714

U

=] ol
-1

ot OVA=R

e
=)

s

=7 3ol

=
=

CEC<9

CEC=

OVAZ A}=shdA

A<

F = W CECS]

J|

%

14



A Pz OVATel vlaiA CECE AHAet AProld =7
TEHAoR 7% FY AFAE, 53 AT HEE uEH
Wl Aol €435 221, methacholineo| t3t 7| =3wlAdo] & A &4
AL AP < 0.01), HAZEAHN f F ASHES] F9F 5]
ST FYeA HAsFu (P < 0.01). = IL-4¢ IL-13 % Th2
MOl E7FQ1S] w7} folshAl 7FASH Wb Thl Aol E7FQIQl IL—-129

IFN—y9] 1= ek en (P < 0.01), 8% U F IgE A=

folabl grastt FAe WP < 0.01). B4 9ol Age CEC
FEE R & AP b B Fol $EA 50 ugd FolBe

FOR Aol wAAA gk E, Aol FEE PhEAE OVAR

A% Ashe AHeld CECE Fojsteln A4 astairt Ass

FRell e A estaart ae E#leglon, o#fdt myk= Thl

A 8-t 8
| e I



il

H: 2008 — 30556

i3
o



i

oy

AV

.10

K
™

X
ol

21

...46

i

B

..08

;o.._
o)

o

.70

o
o

0y

iv



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

4]
Ne,
I
o
f
fu

The schematic protocols for asthma induction in BALB/c mice
and for investigation of the suppressive effect of C. elegans

crude extract (CEC) on airway inflammation depending on

doses (A) or administration routes (B) of CEC..cooovveeveveennn. 19

The schematic protocols for observation of the suppressive
effect of C. elegans crude extract (CEC) on airway

inflammation after establishment of asthma by OVA

sensitization and challenge in BALB/c miCe....cccoooeiviveeeeeennnn. 20

Histopathological observation of the lungs of mice sensitized

with PBS, OVA, or OVA+CEC ..., 24

Effect of CEC on phenotype of asthma (A) Airway
hyperresponsiveness to increasing concentration of
methacholine presented as airway resistance. (B) Total cell
counts in bronchoalveolar lavage (BAL) fluid collected from

mice. (C) Differential cell counts of inflammatory cells in BAL



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. Total IgE titers in sera of mice with OVA—induced airway

T LI T A IO N ettt et e e e e e eeeeeeee e e 27

. Histopathological observation of the lungs of mice with OVA—

INAUCEA ASTNIMIA ettt e eeeeeeee e 30

. Effect of CEC on phenotype of asthma (A) Airway

hyperresponsiveness to increasing concentration of

methacholine. (B) Total cell counts in BAL fluid. (C)

Differential cell counts in BAL fluid...ooceveooeeeeeeeeeeeeeeeeeeeeeeeee 31

. Effect of CEC treatment on cytokine production in BAL fluid

according to the route of CEC administration......ccceeeeeeeeveeeeenennn. 32

10. Effect of CEC treatment on serum total IgE titers of mice

with OVA—induced asthma according to the route of CEC

AAITII I ST ATIOMN ettt ettt e e e e e eeee e e e e e eeeeeeeeeeaees 33

11. Histopathological observation of the lungs of mice treated

with different doses and intervals of CEC administration

after establishment of aSthma..c..eeo oo eee oo 36

12. Effect of CEC on phenotype of asthma (A) Airway

Vi



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18.

hyperresponsiveness to increasing concentration of
methacholine in experimental mice. (B) Total cell counts in

BAL fluid. (C) Differential cell counts in BAL

Effect of CEC treatment on cytokine production in BAL fluid

according to various treatment regimens after establishment

OF ASTRIMIA 11 IT1IC @ ettt e e e eeee e 38

Serum total IgE titers in mice according to various treatment

regimens after establishment of asthma in mice......ccoeuue...... 39

Histopathological observation of the lungs of mice with

eStabliShed ASTRIMA .o e 42

Effect of CEC on phenotype of asthma (A) Airway
hyperresponsiveness to increasing concentration of

methacholine. (B) Total cell counts in BAL fluid. (C)

Differential cell counts in BAL fluid.....cccvevevveeeeenne. 43

Effect of CEC treatment on cytokine production in BAL fluid

of mice with established asthma.....ooeeeeeeeeeeeeeeeeeeeeeeeeeeeee. 44

Serum IgE titers in mice with established asthma.................. 45
Vii



Houhe e WAA A @ el Aol FLw s17ol

A7E A8k Aegolty, ey dente S e 2 A e g

G271 Nk o] Atz dA, L =rHd, ofEv vy g2

A4, de=slue, obE YR g de=y] AB FHEO)
A2 530 W Aele] 4% wde]l EEAY YeHow weld Ao

we gaweld @A FASLA, 2. A 19F, 53
=

o
rE
=)

A% (helminth) Zeld  FFHL 2E = onkS o [gR
Ak Sk =AW BATENS, AR Fh IL-4, IL-5,

IL-137 Z& Th2 AolE7Iele] Z=7lo|th(3). 18}, HAL Th2

it
r (o]
=)
)
ki
PN
22
1o

Aol ekl ofe 2d3tE = WA, TAab

2a4 s, 7w F04 F7h % 0 9FF 2 FAe] vEhs

-1 -



=
K

R% Th2
Ha 7]y
7175l

°©

o]

AT A AFA] o

sttty B auEAck(, 3, 4).

el
‘NO
ilf

T
Tor

=

o
9

=)
o
=

L*r’

<

ojt}. o

=
el ATH6) .

L —
R

Aoz

o
.

=

AN by w3

=

14 AgEel ol g

=

|

T

]

1

[e)
=

3 o) @ 3ofe] A

=

X o]
=

(Toxoplasma gondii )3} Helicobacter pylori2]

=
K

/\é 73}

= of
A A =2

HH(5).

21714 (hygiene hypothesis) 2
o

2
obiE 9] 9] %

oy

NJo

tH(7-10).

]

o

™
N

Al A}3H

S
=

d

T
Rt

A o Ale )

S

&3}



g Eo] whalE wAle] tiete] Ast Al &std 3% (Ascaris
lumbricoides)®ll ZHE AbgEE 3 Fo THAHA G ARG
A (wheezing) & Aol A1) WEFHFF (Schistosoma
mansoni) Aol AFs= AEEC] HIFAA A A= ARREl
Hlaf A3 22 #Haske] W Eo] We Jo® BuHATH(7, 8).
7Heoll e WBF95% (Schistosoma  haematobium)©l  FE®
ofo]ZollA HYHAHET]e] ot ofEuA uFAgto] HAWA At
ofolEH L AA MWHE Zlo] glFion, AV AUWATE

Azstd AWNAREI] R olEWY  wel FeE Aom

-3-



Z7}8k= regulatory T cell(Z2Z T AE)o] 93 AAxdgy w&e

ool del=] AR AVEE RIS FRAAZDHE, 15). HAR
F9 F9L AW AP BYs 2BYR L 9FY FRBS
Azshcd £849 2o deld Yom 16, 17), T3S A Aol
AYHOR FANNA BANOE FSAL AW hET BA9

walel AN AL NEHNHE AAATE w9l wuE )

a9

ATH(18). 78T Fd o= Alteld 8= @ EEs JAFE

whg2 mEe] Ael@e A Aol ARTE BIE Uth19).

I8E AR A freEEe 2E T AEs 559 d9wss
AAFGeEN 718Fe] w5 Adelr deder Aesd 5 UARH
Eoge Zler F5EU(20). ol#EA =" =d T AEs
ZIFERE ofYel sFele ol2% AFRE Fisted, FEEETTY
B Ay oAESAY ddEr] TS SFAE F dth

ARFH 5% (Schistosoma japonicum)2 & o] & =7}t



CD4+CD25+FoxP3+ T AEE H2A ml¢A mdox A FAS

AAs= wBIE  HolHW(21), AW  AFQ  Heligosomoides

i)

polygyruss szl #AMNZE el CD4+CD25+FoxP3+ T
Azl S7kek A4 AZE ]l v 3 (22). &, V18T HA Rt
Al g Abell wla) 1IL—-109 S7H7F #Es =), ol# et dd= IL-10-
secreting Trege] A2 57 ojAle} #do] aa AARRITH(23). #9

AU AEF<l BerA 2= (Nippostrongylus brasiliensis) 3t 7 A

IL-109 92 §reo] 95 98 AN HIHJTA3).

A2 4% A4l dF JFL @Iy AT 48 A7y

2] 3] o o] A B 2}2 % (Nippostrongylus brasiliensis) 7+ Al
FHE = ggo] LdEEIAE JIEES WSS osiA7ites AdE
Ruxa ¥Qar o]eh= Hbl2 A3 % (Ascaris suum) oA 1] 5 =

T2 IL-10 oJEHo® FAGAREY] 7e= dAste] «sle FH=d
A =7l AT s dspAteE ANtd AFEdE RaEHL
ATH(24, 25). o8&} Wd A& N3] F (Toxocara canis) 1A 2.3]H
ovalbumin (OVA) 2.2 f=¥ dH=27] A9ugS osir 7= se=

el Qrh26). §U Z1AFole sjets wmAe] Fiol wel

ro,

ARt g5 Rol7|% sh=d|, #HA 3% (Ascaris suum) o] Z2FY &



Th2

-
R

APAS—3(allergenic protein of A. suum)

—_—

1 (suppressive protein of A. suum)< 238

ol

HIAE AT (27).

3

e

webd ths)

ol

-
o

_EH
fels

0

A

—_

15 71&=7y

S

= 2

Ao

7178

ol

o] 9}

A = AT (23).

oNA EHlH=

=
K

9] Z(species), 71

=
K

= 714

A

o] a<ldl uhel vhefst Aate A ET(26,

el

A A =2

A A8 E 2 Qe (16—-18, 29).

J|

AEsb TR

s

&F L A}F

&

S|
&

(Trichuris suis)® TS 954 FA3(Inflammatory Bowel

=
K

7%

Diseases, IBD) 3kx}lef A9 &F o=z TFAAI#A IBD

o ofel WA,

=

s

7]

o
Ry

(AZ2x5 249, helminth therapy)

o] 4 FAgol WA



shatoll A X HEF o] FelEr|E &FrH(30). T SPF (specific
pathogen free)?l A58 7% JT#HoIY FF5F& w57 g+
Aol EHxdskar, A|Fd|go] HA X JmH]Eo] FUFE & glon,

gxpEo] 7AE AAE AZWHOR AMEEE ARl s Al F

71550l A=, olyst Vo> A T AMEZF obd thAAE9 IL-109]
oJEZAA Zo=m  d#A  UrE(32). Cystaind WAAA Ve
de =71 AR oiyzt Ao r FRYEE dAEAdY SEE

A7t (33). A9 A% (Acanthocheilonema  viteae) ©l| 4

TS o= 7= dEH] VAT Fd =2 S osthuE 4 A



Attt ES—62+ -8 HeA WAt giAAE &4 rInkgS
24A35t3(34) #AAA Al JAATIIE AR ERIFHGITH(35). ©]
2o = TN A= (Dirofilaria immitis) °l| 4 e

f%]—

ro,

(DiAg) (36) 2} 7oA A=+ thioredoxin peroxidase (37)

oy
.|

3 gro

_

dedl=rd des d3AE Zder TidEHs VAT

FllEdEel Hasa glov opf Al Edd HEE X3 A4t

e 5 ol4E SAEA RE o] wol Qrk(38). Axo] fuEE

H OVA= A= A1 o} 2 of A
o np A F 28 (Crude extract of Caenorhabditis elegans, CEC) ©]

-8 -



AAYE EHE nYel mu;E w YnhUD. F vhead] A
fEab) 98l Ovaz AR W CECE 2ol AU A9 Th?
Aol E7FR1IS] FH|7F AE A Thl Ao]E7RIQl IL-12, IFN—y2
wul7k Zrksbgon, JEdbnys EuTe Fbt dAdEE: §
WA fro] olAHo] BRANUG(UD). oleig A CECH A49

s dAgeEA 49 fEs dASAY e ¢33

S A sk R WA gEe ofn Aol
AE GHeA ARE W A dUss BAEYS FAT o
CEC7H #4 A=Az 884 & 97 At @4l ol #¥w

BalEEol CECO HAdA avs d#sh= Zlo] sasit. wehA

2 oAFelMs vhe2el OVAR A& fE3 § CECE A#dh
NERS wAs oAsta ofnl A HAs AR s &RE
#HEFo A CECH A4 F4el #st Azaxrt s Aoz

S
S

7Hde AS-aL olE FrEskalAl g



= ©#H % N % % £ T
o W B N I 7 TRz 27
$ 5 5 B % E
= o o J). 0 i i i
Q el e .C :m. Orr " o_a < p H.:r
) ~ ~ OT mmo HA_I ,Nﬁ ,Mvo*l £
= I o Y F o9 5 00
g : i R A
SZRNE R = . ST S
S-S IS SR (R
w = OL R < ST < T
4 B 2P F g ® T 3
° < — 0 " T :
t e 2% M
0 » — s o s "
) 2 = 0 °] oo M umb )
© = S
= U I= _ LO ° q X
oy oz & T o« Cow ¥ om %
% Jmm & S .sm o) op < 7 %_ou N
Eh = ) > o
ojo .2 o = T o " 3 %
QR o 8 i Tk
~n ~ Z. O = =3 o " o
. O ~ O % ™
9) — m
- > 2 _ g H
P T ESE i T dgoad
~ o o TF n I S R
e Lo B BT Yo H
™ NS < >
ol T 3 ¢ e " g
E °f o~ 3 P! i
i o D W
1o T L Au < J) Q° Mw il
X% B P .
oS o = o> 4 5 T 8 X
B WX = o o~ B © T
@ § ok T o o® E B T
E m @ od @ B T W =
N cL - 3 - < 3 Ve i _w&u
~ e < L EL

tol A2 kst &

°©

o]

1=
-

- 10 -

FAbsh w7 0 7Y, T



Y aaHd FARZRE A s3ivk(Fig. 1B). A4¥ 3(Exp. 3)2
4 ARV el FoE= CECO Fo] dAedstanel s&o
B A5 o= AIRE Ao R Fojshs Alo] A eslel ¥ mabA QA

Golur] s T AR AFoR FowAS A A

=

o

st th(Fig. 2A). vhxj=ez A3 4(Exp. Dolrs 2] o|%

i,

=}

F-25 OVAZR A&EHoR ASgomxn o] A4

o>

M

:‘_J‘

R
>
o
o

4749 W53, A%AA OVA A3 delx CECE Folaigl

o

o,
o
A
1>,
N

3l gyt JEAE FdAstuat &9t (Fig. 2B).

o mnpZEe] %89 (crude extract of C. elegans, CEC)<
A 257 Y&l oA awbF N2 L5 Escherichia coli OP50°0] X3h¥

A e A wjekatlth 18°CE 4 511 W7l 47] +35= 57t

2%

A WA &A 7R werd F BAdd A WA FAL A7)
date] Zo] | WM ARE @ Al WAl AT olF
37t WAE W AMAE 34 FRsw 53d Aojuel FAd

R s st e dFs 4°C, 3,000 rpmo®

,-;';-.! _flll_ 1_l|



15587 9A4#23t3. phosphate buffered saline (PBS)S  #7}s}e]

]I

844 FAVNG 2S5 BANE AFgse] RS FA

=y
i)
1%
rlo

Al

Ak
=]

> o)
T I¢] —11]

Z

-

4°C, 15,000 rpme= 20

f
ro,

Z]

M
M
&
ol
o
M
)
_Olh
&

Polymixin ~ B(Pierce, = Rockford, IL, USA)E A3}
W54 (endotoxin, LPS)E  AAsH. =4 AA HA F
A v T 2FHM SHE 5L 5+ 0.1 mge] CEC ¥ 1 ng
npRkol vk, woAle 9 mpol2i Aol @dS wiAlEY] Sl 0.22 um

filter® ol ¥atal FFste] —70°Cel H &3kt

3. A4 ¢ 49 CEC &9

BALB/c wF¢-20o] H2AE §2A717] 9814 OVA(Sigma, St.
Louis, MO, USA) 75 upge= 3 mg® aluminum hydroxide (alum,
Sigma) &} &gsto] AF Gy 7dA 5F U2 FYsio Ad
14, 15, 2144l OVA 50 pgs M W2 Foskqlar, 23UdA
Flexivent(Scireq, Montreal, Canada)& ©¢]&3dlo] 7= 9dS

gstel Aol AeHom FEHUEAET  FARY o

-12 -

,-;';-.! _flll_ 1_l|



3~57) AT ow vl A Agslth 84 dzie] Fgol

rir

OVA 4l PBS® A8 st 79 57 = FAkste] gl

A9 14, 15, 21440 H[Z U2 PBSE Folsto] #A=3l3lth
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A A Ad A

A) Exp.1

Group Sensitization (i.p.) Challenge (i.n.)

PBS PBS OVA

OVA OVA OVA

CEC10 OVA+CEC 10 ug OVA

CEC25 OVA+CEC 25 ug OVA

CEC50 OVA+CEC 50 ug OVA

B) Exp.2

Group Sensitization Challenge (i.n.)

PBS PBS OVA

OVA OVA OVA

CECip OVA+CEC 50 pug (i.p.) OVA

CECin OVA+CEC 50 ug (i.n.) OVA

Fig. 1. The schematic protocols for asthma induction in
BALB/c mice and for investigation of the suppressive
effect of C. elegans crude extract (CEC) on airway
inflammation depending on doses (A) or administration
routes (B) of CEC. Mice were sensitized with PBS, OVA,
or CEC mixed with aluminum hydroxide on days O, 1 and
then boosted on day 7. Then, they were challenged with
OVA by intranasal injection on days 14, 15, 21 and 22.
(AHR) to
concentrations of methacholine was measured on day 23.
After 24 hr, bronchoalveolar lavage (BAL) fluid and
blood were collected from anesthetized mice, and lungs

Airway hyper—responsiveness various

were isolated for histological observation. Each group
was consisted of 5 mice. Arrows, OVA sensitization;
arrow heads, OVA challenge; open circle, measurement
of AHR; filled circle, sacrifice of mice.
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Week
1

1 7/ +—O + t t U O—8—

A) Exp.3
Group Challenge Total CEC/month
PBS PBS - - - PBS - - - 0
OVA OVA - - - QOVA - - - 0
CEC W25 CEC25ug - 25 - 25 = 25 5 100
CEC M100 CEC 100 pg - - - - - - - 100
CEC W25*2 CEC25ug 25 25 25 25 25 25 25 200
CEC W50 CEC50pg - 50 - 50 - 50 - 200
CEC W50*2 CEC 50 ng 50 50 50 50 50 50 50 400
CEC W100 CEC 100 pug- 100 - 100 - 100 - 400
Week
1 3 4 5 6 7 8
+—o t Oo—e—
A A A A A A A A

B) Exp.4
Group Challenge Total CEC/month
PBS PBS - PBS - - - 0
OVA OVA - - - OVA - - - 0
OVA+CEC OVA+CEC 25 g + # + *: # + + 200
CEC CEC 25 ng + + + + + + + 200

Fig. 2. The schematic protocols for observation of the
suppressive effect of C. elegans crude extract (CEC) on
airway inflammation after establishment of asthma by OVA
sensitization and challenge in BALB/c mice. (A) Suppressive
effect of CEC was investigated in asthma—induced mice
according to the various doses and intervals of CEC
administration. (B) Suppressive effect of CEC was also
investigated in mice after establishment of asthma using
various doses and intervals of CEC administration. Asthma
was established in mice by sensitization and challenge with
OVA using the same protocol in Fig. 1A, and mice were
treated with different doses or intervals of CEC
administration according to the experimental schemes;
arrow heads, challenge with PBS, OVA and/or CEC; open
circle, measurement of AHR; filled circle, sacrifice of mice.
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2 3

1. CECY H4 qAad 4 AFFE &

A2 ol o]yl whg-o tekst w0l CECE Azlste] 2] &3}e

OVAT oAM= F2 IAE 748 dSAHEESC] 73#A FHoR
dAA He&Eel e As #FSAUGH(Fig. 3). 2#v OVAS
CECE a4 #&ad A +9 AL (CECI0, CEC25+,
CEC50M) elM = & dixwrel OVATel nls| AFHxze FH&ol

AA Al 7 AaH ATk (Fig. 3).

Ay 2394 thFst F%° methacholines A&t AT
20 V=S S4%t 43 OVATS methacholine %7}
s/hErE JERdAdel Stk (Fig. 4A). CECE  A#3s
49l methacholine %7} S7Fes =g E F7FsR

std ot OVARY ASel wal fosA FaHYeH (P < 0.01),

O
=
G
i
g
L
Hlir
o
&
Jhu
N

|y e]l S dAskA dAEST. &=
methacholine HI1FFEQ 25 mg/mlelAd CECl0++2 4.7£0.4,

=21 -

,-;';-.! _flll_ 1_l|



CEC25¢2 3.0%0.6, CEC50¢< 2.370.59 7|EaugdS nglon,
CEC50¢E  HAWET PBST HI=E £59 7|=duids

HATH(Fig. 4A).

AN Yo ASHAEE A5 Ay OVATIAE 16.0£0.15 x
10°2 PBS¥9 3.8+0.1 x 10° o #lgte] dAsA F7hso] AsS
13kt (Fig. 4B, P < 0.01). OVAS CECE &7 7#zs Al 19
A&+ (CEC10+, CEC257, CEC50W)olM: 71mdiiAdel 7399
o] CEC s&7l 371845 A5HE $7F #ase], CECI072
10.4+0.1 x 10° CEC25¢ 7.0%0.1 x 10° CEC50%2 3.7%0.2 x
10°2Z A=At dFAEe dist HEAS Ay HdgxzT
OVAT-olN #2E AFAE T TAT7 T2 AEYS Fsglon,
PBS7 ¥ CECE Azdt Al Aol BF Ao =71 @A

7rask ok (Fig. 4C, P<0.01).

CEC? MAolAl dAdS olalisty] fla #HEA = o] Aol EF}l
wH RS 45t nwlwdt A3 OVAT A= Th2 AolE7FRIQl IL—
48} IL—139] #H|=Fe] PBSwel Hlate] frolstAl S7tstsith(Fig. 5, P
< 0.01). ¥rd, Thl #olE7IQI F IL-12:%= OVAT A PBS
vsto] f-oshAl 7hAst ok IFN—y 9] #nlg2 F7tskaltt (Fig. 5, P
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< 0.01). CECE OVASt 3 #ZAA Al 9] A7 (CEC10+,
CEC25+*, CEC50) e OVATI Hlwste] Th2 #po]E7FQ19)
U7 A AAsE (P < 0.01), Thl MolE7RQlel HH|+
Fo&A FAABIAE(P < 0.01). ol FARLS CECY F&7h

s7tErs o gdsiA $EEH I

-~ g3 ) F IgE FA|7F= OVA oA 26.7£1.5 ng/ml =

1.3%0.9 ng/ml & 7P W& FAVFE BYla, CEC $57F 555 &

o
=
2

IgE @A77 OVA @b Hlaste]  Hxp Sropx|= <4
CEC10 & 16.0£7.7 ng/ml, CEC25 & 9.7£5.2 ng/ml,

CEC50 < 4.0£1.5 ng/ml 9] &A|7HE Bt}
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Fig. 3. Histopathological observation of the lungs of mice sensitized
with PBS, OVA, or OVA+CEC. Infiltrations of inflammatory cells
around the airways were remarkably decreased in CEC—treated
mice compared to that in OVA—sensitized and challenged mice. PBS
(n=5), mice sensitized with PBS and challenged with OVA; OVA
(n=5), mice sensitized and challenged with OVA; CEC10 (n=5),
mice sensitized with OVA and CEC 10 ng, and challenged with OVA;
CEC25 (n=5), mice sensitized with OVA and CEC 25 pg, and
challenged with OVA; CEC50 (n=5), mice sensitized with OVA and
CEC 50 pg, and challenged with OVA. (X100)
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_ —0-PBS
E 8 —e—0VA
4
Q —&—CEC10
H —a—CEC25
c 6
'a’ =O=-CEC50
g *
a4
0
o *
z 2 * ®
-
<
0 T T T
PBS 6.25 12,5 25
Metacholine (mg/ml)
18
B 20 * C * DLymphocytes
* _z_l 1 15 mEosinophils
'5; [ * 5; OMacrophages
E 15 4 > ig OMonocytes
g E SNeutrophils
£ 2
g 10 4 E 09
= 2
3 § 06
3T 5
2 0.3
o |
0.0 I -

PBS OVA CECTR CECDS. CECS0 PBS DVA CEC1 CECZ ECS
Fig. 4. (A) Airway hyper—responsiveness to increasing concentration
of methacholine presented as airway resistance. (B) Total cell counts
in bronchoalveolar lavage (BAL) fluid collected from mice. (C)
Differential cell counts of inflammatory cells in BAL fluid. Numbers of
eosinophils were significantly reduced by treatment with various
doses of CEC. Data from individual mice are presented as arithmetic
means in histograms. PBS (n=5), mice sensitized with PBS and
challenged with OVA; OVA (n=5), mice sensitized and challenged
with OVA; CEC10 (n=5), mice sensitized with OVA and CEC 10 pg,
and challenged with OVA; CEC25 (n=5), mice sensitized with OVA
and CEC 25 pg, and challenged with OVA; CEC50 (n=5), mice
sensitized with OVA and CEC 50 ug, and challenged with OVA. x,
FP<0.01 vs. OVA group.
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100 + * 80 *

* —I'—I 1 * |
80{ T * * * 1
= 60
g : e
£ 60 2
= - 40
3 404 5
20
20 9
0 0
PBS OVA CEC10 CEC25 CEC50 PBS OVA CEC10 CEC25 CEC50
*
40 ; 40 5 * '
*
_ 30 4 _ 30 1
E E
= o
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-~ z *
=l e
= 10 4 10 4
0 - 0 A
PBS OVA CEC10 CEC25 CEC50 PBS OVA CEC10 CEC25 CECS50

Fig. 5. Effect of CEC treatment on cytokine production in BAL fluid.
In contrast to OVA—treated mice, productions of Th2 type cytokines
such as IL—4 and IL—13 were significantly decreased, but those of
Thl type cytokines such as IL—12 and IFN—y were significantly
increased in BAL fluid of CEC—treated mice. The effect of CEC on
cytokine production depended on the dose of CEC. Data from
individual mice are presented as arithmetic means in histograms.
PBS (n=5), mice sensitized with PBS and challenged with OVA;
OVA (n=5), mice sensitized and challenged with OVA; CEC10 (n=5),
mice sensitized with OVA and CEC 10 ng, and challenged with OVA;
CEC25 (n=5), mice sensitized with OVA and CEC 25 pg, and
challenged with OVA; CEC50 (n=5), mice sensitized with OVA and
CEC 50 pg, and challenged with OVA. *, P<0.01 vs. OVA group.
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40 - *

30 -

20 A

e iii_

PBS OVA CEC10 CEC25 CECS0

Total IgE (ng/ml)

Fig. 6. Total IgE titers in sera of mice with OVA—induced airway
inflammation. The production of total IgE was significantly decreased
by CEC treatment, which was positively correlated with the dose of
CEC. Data from individual mice are presented as arithmetic means in
histograms. PBS (n=5), mice sensitized with PBS and challenged
with OVA; OVA (n=5), mice sensitized and challenged with OVA;
CEC10 (n=5), mice sensitized with OVA and CEC 10 pg, and
challenged with OVA; CEC25 (n=5), mice sensitized with OVA and
CEC 25 ng, and challenged with OVA; CEC50 (n=5), mice sensitized
with OVA and CEC 50 pg, and challenged with OVA. *, P<0.01 vs.
OVA group.
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2. 5B =2 & CECY 4 #HW ¢stay

Lok o Zo] £

AE 204 vHAE OVAR A A4

mlo
Jo

Y= CECY Fof Aol wE HA gAlaxss dEeiv(Fig. 1B).
OVAelM = PBSoll vla 7|#A FHOR ATAHELE] Hao] A
sHAl S7k= o] Aoy OVASL CECE 4 7H2+gt CECin (intranasal
injection) w3 CECip (intraperitoneal injection) 2 7Z2-¢ Fo]7Z &0
daglol F o B OVAT el Blal d5AES Hao] AASH Ay
Atk (Fig. 3).

Methacholine®l tigt 7| =HTIA Al OVAT oA = methacholine

7} Z71EEE ZUhee] 1 2% 25 mg/mlellA] 8.9+0.39 7]

Aol BEE ot (Fig. 8A). 12y CECE A2 AFoe F

f;_],

=
a-

o

174 Z el 2F3gle] CECinat ¥ CECipw EF 7|E=3vIA 9 F7te A

-

AN
o
f

A AAEH SANERFA PBSTFIH v S I =
methacholine #31 %2 25 mg/mlell4] PBST2 2.4+0.6, CECind*

& 2.5%0.3, CECipr< 2.3£0.39] 7|=¥#wlAdo] #&= A (Fig. 8A).

CECHFo A= mE dAxMzd U A2 & 9A] CECE F
A e AR AYRE A OVATY 16.0£0.9 x 10°71e] Blate]
G018 A 7F4dte] CECinE 5.7+1.2 x 10°% CECip< 5.7£0.9 x
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105709 MEZ7F A E At Fig. 8B, P< 0.01). OVATolA #F% o=
ML TS 2A s 2AM 9] OVAT ] Hl& PBST ¥ CECE

gl st A FoA BFE dAA A A sEE T (Fig. 8C, P < 0.01).

Ao E7RQL #H[F e OVATelA = IL—49 IL-139 #nr]ZFo]
PBST el Hlste] foletAl F7kst Wk (Fig. 9, P < 0.01), IL-12+
PBSell w8kl felatAl FHAsl o IFN—yo #H|=e F7takltt
(Fig. 9, P < 0.01). 284 CECE OVAS} &7 H&A121 CECin ¥}
CECipw 8 A% FolB =l duglel + & EF OVAwl Hls Th2
Aol E7Lel o] Hu|7F AA S A AR o (P < 0.01), Thl Aol &7kl
o] #HlE FYsHAl SR THP < 0.01). F IgE FA7F= OVAT
Al 924.5+240.9 ng/mlE 7FF =4 #& SO PBSY, CECiny#

CECipa EF OVAT el w8 Fo8tA A=At (Fig. 10, P < 0.01).
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Fig. 7. Histopathological observation of the lungs of mice with OVA—
induced asthma. Infiltrations of inflammatory cells around the
airways were significantly decreased in CEC—treated mice
compared to that in mice with OVA—induced asthma, irrespective of
administration route of CEC: intraperitoneal or intranasal injection.
PBS (n=5) mice sensitized with PBS and challenged with OVA; OVA
(n=5), mice sensitized and challenged with OVA; CECin (n=5), mice
sensitized with OVA together with CEC 50 pg by intranasal injection
and challenged with OVA; CECip (n=5), mice sensitized with OVA
together with CEC 50 ug by intraperitoneal injection and challenged
with OVA. (X100)
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Fig. 8. (A) Airway hyper—responsiveness to increasing concentration
of methacholine. (B) Total cell counts in BAL fluid. (C) Differential
cell counts in BAL fluid. Data from individual mice are presented as
arithmetic means in histograms. PBS (n=5) mice sensitized with
PBS and challenged with OVA; OVA (n=5), mice sensitized and
challenged with OVA; CECin (n=5), mice sensitized with OVA
together with CEC 50 pg by intranasal injection and challenged with
OVA; CECip (n=5), mice sensitized with OVA together with CEC 50
pug by intraperitoneal injection and challenged with OVA. *, P<0.01
vs. OVA group.
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Fig. 9. Effects of CEC treatment on cytokine production in BAL fluid
according to the route of CEC administration. Data from individual

mice are presented as arithmetic means in histograms. PBS (n=5)
mice sensitized with PBS and challenged with OVA; OVA (n=5),

mice sensitized and challenged with OVA; CECin (n=5),

mice

sensitized with OVA together with CEC 50 pg by intranasal injection
and challenged with OVA; CECip (n=5), mice sensitized with OVA
together with CEC 50 ug by intraperitoneal injection and challenged
with OVA. *, P<0.01 vs. OVA group.
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Fig. 10. Effects of CEC treatment on serum total IgE titers of mice
with OVA-induced asthma according to the route of CEC
administration. Data from individual mice are presented as arithmetic
means in histograms. PBS (n=5) mice sensitized with PBS and
challenged with OVA; OVA (n=5), mice sensitized and challenged
with OVA; CECin (n=5), mice sensitized with OVA together with
CEC 50 pg by intranasal injection and challenged with OVA; CECip
(n=5), mice sensitized with OVA together with CEC 50 ng by
intraperitoneal injection and challenged with OVA. %, P < 0.01 vs.
OVA group.
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Y 3 WY EQ MIgAE OVAR U 0 A2AA WAL f

EAZL & v 3 F9 CECE Agste A4 fstaart leAE

12 SlTH(Fig. 2A). #lxA A Weleh4 s AAsh A3 CECE
A e Ag el OVATl vlal] AT AES] H&o] dAsHA A=z
st o o] de] V= 79 Aol A&H Jtk(Fig. 11). =, 3 &
F Fo FeFo]l 22 CEC W50#27 3 CEC W100+9] W8tz Azdo]

T Aol s Holx| ekttt (Fig. 11).

Methacholine 1 &%<¢ 25 mg/mlolA] PBST2 7| EdHIA]LS

2.4%0.0°1303, OVAT> 12.910.6°]%0H(Fig. 12A). CECE T3

AR oAl gk 2polE HolA Ath(Fig. 12A). & & 43+ &+
100 pg? CECE Fol3t CEC W257 % CEC M100w9] 7| =&
77k 3.5+SD, 4.4+0.501% o™, g @3t F 200 pge] CECE Folsh

CEC W25#27¥ CEC W50+ 7|=3iiAdS 4.7£SD W 3.1ESDo]

Sk



Atk E sk I3 F 400 pugd CECE Fo§t CEC WhH0#2w 2 CEC

W1008 7| =9gd2 242y 2.3+10.7, 2.5 1.1t}

HxzAHN W ATAHESL 5 A OVAT S ATAHES H&

CECE 7o Aol & 23k Folg CECY & &l wldstod

~m

1y
B>

splot FoluE: fo@ Aolg Fushd EHUrHFig. 12B).
FAT A OVATOl W3} CECE Fol@t HAToIA BT @A

7rask ok (Fig. 12C, P<0.01).

Aol EFFQl BH| AT OVATo A #z¥ Th2 Aol E7Fel (IL—4,

IL-13)9 Z7F¢} Thl Mol EFFI(IL—-12, IFN—y) 9] #HAdAe] CEC
N

i

Soldt A9

o = AMitz %ol Th2 Mo|E7ele] A9}

o

Thl spolE7kele] S7hae 28 & AU Fig. 13). T4 U %
IgE FA7k 94 OVAZ Hlsl CECE ol 4@ fab

7F 239 ok (Fig. 13, P < 0.01).
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Fig. 11. Histopathological observation of the lungs of mice treated
with different doses and intervals of CEC administration after
establishment of asthma. PBS (n=5) mice challenged with PBS
biweekly after establishment of asthma; OVA (n=5), mice
challenged with OVA biweekly after establishment of asthma; CEC
M100 (n=5), mice challenged with CEC 100 pg once after
establishment of asthma; CEC W50%2 (n=5), mice challenged with
CEC 50 pg two times a week for one month after establishment of
asthma; CEC W100 (n=5), mice challenged with CEC 100 ug weekly
for one month after establishment of asthma. (X200)
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Fig. 12. (A) Airway hyper—responsiveness to increasing
concentration of methacholine in experimental mice. (B) Total cell
counts in BAL fluid. (C) Differential cell counts in BAL fluid. PBS
(n=5) mice challenged with PBS biweekly after establishment of
asthma; OVA (n=5), mice challenged with OVA biweekly after
establishment of asthma; CEC W25 (n=5), mice challenged with
CEC 25 pg weekly after establishment of asthma; CEC M100 (n=5),
mice challenged with CEC 100 pug once after establishment of asthma;
CEC W25%2 (n=5), mice challenged with CEC 25 pg two times a
week for one month after establishment of asthma; CEC W50 (n=5),
mice challenged with CEC 50 ug weekly after establishment of
asthma; CEC W50%2 (n=5), mice challenged with CEC 50 ng two
times a week for one month after establishment of asthma; CEC
W100 (n=5), mice challenged with CEC 100 pg weekly for one
month after establishment of asthma. *, P < 0.01 vs. OVA group.
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Fig. 13. Effect of CEC treatment on cytokine production in BAL fluid
according to various treatment regimens after establishment of
asthma in mice. PBS (n=5) mice challenged with PBS biweekly after
establishment of asthma; OVA (n=5), mice challenged with OVA
biweekly after establishment of asthma; CEC W25 (n=5), mice
challenged with CEC 25 pg weekly after establishment of asthma;
CEC M100 (n=5), mice challenged with CEC 100 pg once after
establishment of asthma; CEC W25%2 (n=5), mice challenged with
CEC 25 pg two times a week for one month after establishment of
asthma; CEC W50 (n=5), mice challenged with CEC 50 pg weekly
after establishment of asthma; CEC W50%2 (n=5), mice challenged
with CEC 50 pg two times a week for one month after establishment
of asthma; CEC W100 (n=5), mice challenged with CEC 100 pg
weekly for one month after establishment of asthma. *, P < 0.01 vs.
OVA group.
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Fig. 14. Serum total IgE titers in mice according to various treatment
regimens after establishment of asthma in mice. PBS (n=5) mice
challenged with PBS biweekly after establishment of asthma; OVA
(n=5), mice challenged with OVA biweekly after establishment of
asthma; CEC W25 (n=5), mice challenged with CEC 25 pg weekly
after establishment of asthma; CEC M100 (n=5), mice challenged
with CEC 100 ng once after establishment of asthma; CEC W25%2
(n=5), mice challenged with CEC 25 ng two times a week for one
month after establishment of asthma; CEC W50 (n=5), mice
challenged with CEC 50 pg weekly after establishment of asthma;
CEC W50%2 (n=5), mice challenged with CEC 50 pg two times a
week for one month after establishment of asthma; CEC W100
(n=5), mice challenged with CEC 100 ug weekly for one month after
establishment of asthma. *, P < 0.01 vs. OVA group.
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A 4= Aol o] vl A7F OVA o A& Aaws 84
A CECE Folatals ul H2 estanrt deAE stz AA]
atlth(Fig. 2B). CECE OVAS 3 H& dsox HAe o]dkd nt
2o TIPS wl OVAT A #EHJEA ASHE] 7= 9 A&
> AASA P o, AFH-so] HE] ALHHL QLo #E Y
Atk (Fig. 15). 28} 71232 OVATl vl&] FskA #ashe
(P < 0.01) methacholine 25 mg/mlellA OVA<%} CECE &7 453+ F
I3t OVA+CEC 3.210.8°]%th(Fig. 16A). X, CECYF wH&Eo=

FoJst CECTE 2.4+0.12 PBS¥(2.0+0.0) 7 v]=3 %9 7]

Frt
K

s B dZzAHN f d5AES] 5= CECE OVAS A =

e
(A
¥y
n
2
s
4

Aol B5F OVATl vla F935HA #As o
™ (Fig. 16B, P < 0.01), @AY T 34 5 Fo8tA 743 o

et Al 27 S7bske e Bl (Fig. 160).

Th2 Ao]E7FIS] #H]F> CECE OVASH 37/ E& o5 5o

o

T A¥ToA BT OVAT vl F-2skA Aasksl oy (Fig. 17, P <
0.01), Thl #Mo]E7}¢12] AP o= CECE W& Fold CECTolAgr

OVAel nls] f2lsiAl &7ttt (Fig. 17, IL—12, P < 0.01; IFN—y,
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P <0.05 ¥, 93 U & IgE A= CECE OVASL d = 5

ot

ol
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Fig. 15. Histopathological observation of the lungs of mice with
established asthma. PBS (n=5) mice challenged with PBS after
establishment of asthma; OVA (n=5), mice challenged with OVA
after establishment of asthma; OVA+CEC (n=5), mice challenged
with OVA+CEC after establishment of asthma; CEC (n=5), mice
challenged with CEC after establishment of asthma. (X200)
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Fig. 16. (A) Airway hyper—responsiveness to increasing
concentration of methacholine. (B) Total cell counts in BAL fluid. (C)
Differential cell counts in BAL fluid. Data from individual mice are
presented as arithmetic means in histograms. PBS (n=5) mice
challenged with PBS after establishment of asthma; OVA (n=5),
mice challenged with OVA after establishment of asthma; OVA+CEC
(n=5), mice challenged with OVA+CEC after establishment of
asthma; CEC (n=5), mice challenged with CEC after establishment
of asthma. *, P < 0.01 vs. OVA group.
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Fig. 17. Effects of CEC treatment on cytokine production in BAL fluid
of mice with established asthma. Data from individual mice are

presented as arithmetic means in histograms. PBS (n=5) mice
challenged with PBS after establishment of asthma; OVA (n=5),
mice challenged with OVA after establishment of asthma; OVA+CEC
mice challenged with OVA+CEC after establishment of
asthma; CEC (n=5), mice challenged with CEC after establishment
of asthma. *, P < 0.01 vs. OVA group. **, P <0.05 vs. OVA group.
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Fig. 18. Serum IgE titers in mice with established asthma. Data from
individual mice are presented as arithmetic means in histograms.
PBS (n=5) mice challenged with PBS after establishment of asthma;
OVA (n=5), mice challenged with OVA after establishment of
asthma; OVA+CEC (n=5), mice challenged with OVA+CEC after
establishment of asthma; CEC (n=5), mice challenged with CEC
after establishment of asthma. *, P < 0.01 vs. OVA group.
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Abstract

Introduction: Epidemioligical studies suggest an inverse relationship
between helminth infections and allergic disease, and several
helminth—derived products have been shown to suppress allergic
responses in animals. This study was undertaken to evaluate the
effect of a crude extract of Caenorhabditis elegans on allergic

airway inflammation in a murine model of asthma.

Methods: Allergic airway inflammation was induced in BALB/c mice
by sensitization with ovalbumin. The effect of C. elegans crude
extract on the development of asthma and on established asthma
was evaluated by analyzing airway hyperresponsiveness, serum
antibody titers, lung histology and cell counts and cytokine levels in

the bronchoalveolar lavage fluid.

Results: When mice were sensitized with ovalbumin together with
the crude extract of C. elegans cellular infiltration into the lung was
dramatically reduced in comparison with the ovalbumin—treated

group. Treatment of mice with the C. elegans crude extract

-70 -



significantly decreased methacholine—induced airway
hyperresponsiveness and the total cell counts and level of IL—4, IL—
5 and IL—13 in bronchoalveolar lavage fluid but increased the level
of IFN—y and IL—12. Moreover, injection of the C. elegans crude

extract significantly diminished the total IgE reponse.

Conclusions: The crude extract of C. elegans also suppressed the
airway inflammation associated with established asthma. This study
provides new insights into immune modulation by the C. elegans
crude extract, which suppressed airway inflammation in mice not
only during the development of asthma but also after its
establishment by skewing allergen—induced ThZ2 responses to Thl

responses.

Keywords: Caenorhabditis elegans, asthma, alrway

hyperresponsiveness, airway inflammation, asthma induced mice,

Thl responses, ThZ responses
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