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Human Cytotoxic T Lymphocyte-associated Antigen 4-immunoglobulin Fusion Protein Inhibits Airway
Inflammation and Hyperresponsiveness in a Murine Model of Asthma
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Background: CD4+ T helper cells which differentiate into
the Th2 cells are crucial for the initiation and progression
of allergic asthma. Human Cytotoxic T Lymphocyte-
associated Antigen 4-immunoglobulin (CTLA4-Ig) has been
widely used in order to block T-cell costimulation in an
array of experimental animal models of T-cell-mediated
diseases.

Objective: To evaluate whether human CTLA4-Ig fusion
protein inhibits airway inflammation in a murine model of
OVA-induced asthma.

Method: Six-weeks-old BALB/c mice were used and
airway inflammation was induced by OVA. Human
CTLA4-Ig fusion protein was administered intravenously
before and after sensitization with OVA. Airway re-
sponsiveness to methacholine was measured after antigen
challenge. Total IgE, OVA-specific IgE, IgG; and IgG;, in
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serum samples were assessed by ELISA. Bronchoalveolar
lavage (BAL) and lung section were also performed.
Result: In mice which were treated with the human
CTLAA4-Ig fusion protein before and after sensitization with
OVA, airway hyperresponsiveness and eosinophil count of
BAL were markedly decreased. In mice which were treated
with human CTLA4-Ig before sensitization with OVA,
serum total IgE level were more significantly reduced than
that of positive control mice. Peribronchial inflammatory cell
infiltration was desreased by the treatment of human
CTLA4-Ig before and after sensitization with OVA.
Conclusion: These results suggest that human CTLA4-Ig
fusion protein may inhibit eosinophilic airway inflammation
and airway hyperresponsivness in OVA-sensitized and air-
way challenged mice. (Korean J Asthma Allergy Clin Im-
munol 2008;28:205-213)
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—=— Positive control group

—a— Negative control group

—&— Hu.CTLA4-Ig treated group before sensitization
14.000 - —*— Hu.CTLA4~Ig treated group after sensitization
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Fig. 1. Inhibitory effect of hu.CTLA4-Ig fusion protein before and
after OVA sensitization on airway hyperresponsiveness. *P<0.05,
compared with positive control group. Data are expressed as the
averages of seven mice per group.
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Fig. 2. Total cell counts in bronchoalveolar lavage fluid of OVA-
sensitized mice treated with hu.CTLA4-Ig fusion protein. *P<0.05,
compared with positive control group. Data are expressed as the
averages of seven mice per group.

BAL cell No. (x 10°/mL)

42£13x10/mL2A Fg el ) Jn oA s

THP<0.05) (Fig. 2).
3. M=Z&2=l(Differential cell count)

FAU TS 7| BAH A A ) UAAE, SAE,
ST, "EFSY H]%—O— Z¥7y 92.841.7%, 1.6+0.2%,
2.241.2%, 3.4+04%°| on, ) 2T x o B & 713+
1.4%, 13.4+3.0%, 11.6£1.9%, 3.7£0.6%°]Jt}. A, FIHET
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Il Hu.CTLA4-Ig treated group after sensitization
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Fig. 3. Differential cell counts in bronchoalveolar lavage fluid of
OVA-sensitized mice treated with hu.CTLA4-Ig fusion protein.
Mac. = macrophage; Eos. = eosinophil; Neu. = neutrophil; Lym.
= lymphocyte. *P<0.05, compared with positive control group.
Data are expressed as the averages of seven mice per group.
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Fig. 4. Levels of total IgE, OVA-specific IgE, OVA-specific 1gG+
and OVA-specific 1gGza as determined by ELISA in serum of
OVA-sensitized mice treated with hu.CTLA4-Ig fusion protein. *P<
0.05, compared with positive control group. Data are expressed
as the averages of seven mice per group.
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02 = X BF AU HE &
om A 7HAsHI THP<0.05) (Fig. 3).
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Fig. 5. Effects of hu.CTLA4-Ig treatment on pulmonary inflammation in BALB/c mice (A) positive control mice, (B) negative control mice,
(C) OVA-challenged mice given hu.CTLA4-Ig treatment before OVA-sensitization, (D) OVA-challenged mice given hu.CTLA4-lg treatment

after OVA-sensitization. Original magnifications: x100 (A-D).
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[ Positive control group
[ Negative control group
[ Hu.CTLA4~-Ig (0.05 ug/mL) treated group
B Hu.CTLA4-Ig (0.5 ug/mL) treated group
Hl Hu.CTLA4-Ig (5.0 ug/mL) treated group
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Fig. 6. Inhibitory effect of hu.CTLA4-lg fusion protein on Con
A-induced human peripheral blood mononuclear cell proliferation.
*P<0.05 and "P<0.01, compared with positive control group.
Data are expressed as the averages of seven mice per group.

I M

~

6. H

I-H
r-||1

e
Z}7+ o] hu.CTLA4-Ig S Eh A
¥ 22 & H&E G4 2 AAg
7} Z(Fig. 5D)°l| hu.CTLA4-Ig
2 718A o il e sAH 79%01 °o“éEHiiL
(Fig. syl W&l zHasisith & 4=
Sk Aol Ao HEEA skt

H.I
=
0&:

\N
=
=
R
Hr

At T2 BBl TE Con AR A3} 72A417F Hj ¥
S u g =T A9 pmEtE 121,878+16,0040] 0.1,

A AZ3 FA] o hu.CTLA4-Ig G 0.05, 0.5, 5.0 g/
mLS FEHE AP opm FES ZH7F 119,591+27,044,
95,868+25,814, 37,898+19,330C.2 T A|E2] &A1 317} oA =
Ak olglet oA A= huCTLA4-Ig STl W
Ao wet % &Aooz Jehon] 3] 5.0 4g/mLe]
AT YAz Bla) 70% 7+ oA ¥ A THP<0.01).
olwf Con A9} huCTLA4-Ig BF Hlatxl ¥& 279

cpm FH-E 11,907+7,7360] QA ThFig. 6).
u &
A ATl H hu.CTLA4-Tg &3F5hl S A}

3 2doA g g3E B
A& ©| 5 7|2E dto] BALB/c v}

3
0&
=]
=
2
>
<
e
"
i)
N
A
_t
(L.
o
—10{1 FlO
=8

3
) 4 uCTLA4—Ig %;}'
2ol TR on QA Wekow, ol g
hu.CTLA4-Igo] 2] ml$-ARrdox dd27] dFut
AAehe A7t AFS AlAkeTh 5o] G 2
T huCTLA4-Ig A 2ol A1 9] whg-22 #2224 f g4k 3
e Fad T vle A it o= A4
2RdloA 72 RIA F7HeE A 2] 7Y 2
5ol ExA=E4Q B7 F8Ad o BEAFAl 5
83 A& 3, huCTLA4-Ig TN BEAF4E
o)l o) T Al L] E43E JHH oz A5l 7%
SRS 7| =R S ERH 0T JAES AAbeth
AF7HA gl 27] gl A2 AhE AT 5 WA v
22 ik ol AR A £ e o] Mg F
n}-9-~(ongoing murine model)ol] B}~ -2 2] CTLA4-Ig
FRHNE FoAdS W 7= ] SAE 24, A
Th2 Ato] E7}IZ} Rl 5o] IgE Y4k A 53 22
Aol ERAO He Qs BEE AFAFs HuE
o2 gy B Aol e} o] daEnl ke st vt
R 2250 CTLA4-Ig §FT - Fojste] A E3E
E‘d AFE BA &5 B opye}, B A} 22 AL
frefl o] CTLA4-Ig Gl & AM&-ate] 2 w2
01]*14 ZNEHRAY, e A5 5o 9A e A7 A
7= i
k-2 frefl CTLA4-Ig2 A3t th & A2 vpe2arnd
T & AFE vwetd, ¢T3 $ CTLA4-Ig
SEE ATl A 71 =R A, 78R H EAH A
Sabtr s @ Wl T IgE AN Al dig A=
e"l 3%% @74 W ‘)r"‘““”-éol IgE, 1gGi, 18G5, 8] A4t
18 HOItk? 2 Ao e
9 742 A3 Fof] hu.CTLA4-Ig
& wEskou FAARI o
7F 3 Zl = ‘2 , GG 22 A3 B ha CTLAS-Ig A
2] ol A 7Ur faia s 18G1 7 18G9 @& FdU =
T3 Bl WA zpo]7h Ilth. o] 2 &k A Fe] Apol= A7
AHE-gE CTLAG-Ig 5T 9] S/t Fof A7]9] Apolo} o
o] AU 24 T M E(regulatory T cell, Treg)9] 2H-8-3} A
ol 9l AR oEt FARE AFolA = CTLA4-Ig &
gt S A AR GERT 2 12420 143 A 23] 9
2 AL e B HA Fn

n&

J)

K

o 9 —10

5

l

e
J{m

[e]
—r



KA

oo

o

2
=

on

d

2

[kis
0l ]
=P8
Bg®
CTLA4-I
1 Sl

o]l o
GRS

4 b

o] 2] FAW, IL-49}F IL-59} & Th2 Alo] E7}
o] g A= tf3t T A E A3 T upzE Y4+
RELES 92 A Fo o] FolA]
Aol sl 2 danu bt G4 o Hd
S5 2] ek Th/Th2 Ao E7e1e] A4t
3 2ARTGE AAHoZ TAXE A& 715
-

[e]

§2 o 1o

e R rPN

=

Fo NE 2E

o lo G

Ao 39t AA|= CTLA4-IgS A&t A
o] EHE AFe AR B o5,
CTLA4-1g9] Fo] Al7]o] whe} Thi/Th2 B HHS-<] oA &3}
7} A2 v vepdths Bart gtk ol g A=

o & T AlXE ZAste] Al7]9 #Ho] 9hE F S naive
T A7} EAstE o] Th A2 =2 T3he = 2] ol A

71l CTLA4-Igs Fof st=rtel we} | Rkg-o] oA a7
7} EA JEhd § sleelg AE

T3 2o g2 ol Ao 9dhd v A nd o
A CTLA4-Ige] Fofol o8] A AA|Ed] 23} indoleamine
2,3-dioxygenase (IDO) &A4Jo] F7tate] HA A HA &
So| fudte Zurt gen, ) g o oshd
g7 A T AE7E #EsEe] WA fded ofgh
Th1/Th2 HAAA Y] B3-S APz 247 Hihe
43t T AxE At dfEe] Hud #F 3l
1—4__33-36)

o] ¢} Zro] CTLA4-Ige] 28717 ¢] o}z & &s] 717 = A
gsko, HZde A, FutElE, S50l dAle] ARy
S AA T vFd doAe] ddAd R ol g o] gt
a2 CTLA4-Ige] 714 2 Al AAulelA zad o
FrE] = CTLA-49l| 9] oA &85 A 3slstal, CD289] &
Agld & FEHE T AE AFS dAte BANE
o] o]

CTLA4-Ig S D28 gt} 3t Mglgow g
QA A A E2] B7-1 (CD80)°] Y B7-2 (CD86)S} ZAgtaled T Al

¥o] HEAF5 S 57407 apgheith CD28E T A X
oA 4k HHE Elo] gl dhg o m A T A Ee] &4k} A}

< 5117 CTLA4E g3t
Ax 243t BAellA qx4
L3 71 &) Bud 9
FAF o] 9stA CD28o 9§ BEATL naive CD4+ T
Z3o A3t fFreo W FehE fFEo] AN Fash
AL " W CTLAGIgS BEAFATE vf$- &3}
Aoz atghete] thekat o] AWk-g-ol A A Frte} 4
47 gy 274 HH5g, A4 5 2 AfA g g
A L Ate o

o|EFIRI Ak Fagh A
T Al A EdE o] T
Q] ZHnegative regulaton) A 2

?' 7:]“’]_7]_ y_ﬂﬂo_]‘:}_l‘)ﬁ‘)-ﬂ)
dornml 713 Q3 & hu CTLA4-Ig S He] A] 7]
Sl SANZTY Pehn Hitzkol] W& FAFSEA Y

oA REOA HUCTLA4-Igel 71 HED 7|=oteld oAd 211

k)
i‘%

=R, I 2o vl oF 35%3) 46% 7+
ATHP<0.05). ©] 9} 22 EI= CTLA4-Ig §FT o
ApZoll 23 naive CD4+ T A|E2] Th2 A Z 29| 315
ORM D4+ T A|EE WS A& FEdls
e A o]r/}“)
bk G W T 1gES] ARt Fd T ve]
o, olegt A3 AA| T AE 243} AA|of 7]<]
2 AztEn
Frlgel Wejgelof wdsto] T Al2o] Bz}
SRRy WA w2 RdoA 7] =Ry
Z7]o #AAE AJALRT) & B A 2dy &
© & hu.CTLA4-Ig S-S Folaldl, oA T Al
G387t oz 15401 7= 712 W A5 W8] o
H} HuCTLA4-Ig &3 A 2]l A
oA u%IEAﬂZ-, o 144 i“’—?ﬂ °V4EHZ:—E°1] H|8) 70% o]
*é 3} A ¢

2
iﬁ

w12 ook 12
2 o

o fo

il r°1‘ 1-m UQL'

12
24
>9.;

_O‘L

RS
10

o> o
fot
=N
oM

b fo o i
o

O
ul-~ {22 W 45 A7 % 7] 3R] (peribronchial) 9} & 3
F 9 (perivascular)] = A7d0] A 2ol B8] 2| UA
AdaHdot ole 7]t°ﬂ Hud 4 vhgzRdoA
CTLAGIg §FRS 8T AT ARETH LA dT
o] 9} o] L AR oA huCTLA4-Ig §&thio] gy 2
7| GEe e AAlesldl A BEAAGATE Con A
P1°ﬂ o3 43} J TS huCTLA4-Ig §3chio
£ Fels] el BEEE AURE o e
T A2 243t7F A H AT ©] = huCTLA4-I
ol VR T AT U |EoH B YL 437
AAFS AlALgTE
Aoz 2 AFAzd 9fshi CD28:B7 HEAFAZ
A el of gk 71 =R STEe H AW 4
W9 YA F00 ATE o, T AP 15
&

e
m~°l
=}

zgad

9

&Y
—
ol

ol
q
o @

o L jo
f A2 b

2 oo [y

o

(e
o,
v
N,
._]
=
=
._]
=
Do
>~
>,
S 2
Hﬂ
_\,&
i
o

ECEETTEEREE

of, &% WAl Wegelelx

CTiAGlg §EHEMS) o oA 8o Ao 0 A7)
3

zo 0
S
=

Z =
Hu.CTLA4-Ig g3t A2 npparda 7] =37l



5]
p—
[\
[
1>
A

2 227 H28AH M3=

A, 7=k A2 | dSes a3 o R AAlsislt
59, huCTLA4-Ig & AR fd A ol 2t
7 FolAl AR Al &aE e 2y ke
Y HaFrEd Yool A 4FE nAA 2o
Moz nFo] olg|gt A F I Thi/Th2 W B7de] =
Aite o2 7130] 2488 AR Y3

1) Azzawi M, Bradley B, Jeffery PK, Frew AJ, Assoufi B, Kay AB,
et al. Identification of activated T lymphocytes and eosinophils
in bronchial biopsies in stable atopic asthma. Am Rev Resp Dis
1990;142:1407-13

Wardlaw AJ, Dunnette S, Gleich GJ, Collins JV, Kay AB.

Eosinophils and mast cells in bronchoalveolar lavage in mild

2

~

asthma: relationship to bronchial hyperreactivity. Am Rev Resp
Dis 1989;137:62-9
Walker C, Bode E, Boer L, Hansel T, Blaser K, Virchow J.

Allergic and nonallergic asthmatics have distinct patterns of T-cell

3

=

activation and cytokine production in peripheral blood and
bronchoalveolar lavage. Am Rev Resp Dis 1992;146:109-15
Bmsselle GG, Kips JC, Tavemier JH, Heyden JGVD, Cuvelier

CA, Bluethmann H, et al. Attenuation of allergic airway

4

=

inflammation in IL-4 deficient mice. Clin Exp Allergy 1994;
24:73-80

5) Lukacs NW, Strieter RM, Chensue SW, Kunkel SL. Interleukin-4
dependent pulmonary eosinophil infiltration in a murine model
of asthma. Am ] Respir Cell Mol Biol 1994;10:526-32

6) Wills-Karp M. Interleukin-13 in asthma pathogenesis. Immunol
Rev 2004;202:175-90

7) Schwartz RH. Costimulation of T lymphocytes: the role of CD28,
CTLA-4, and B7/BB1 in interleukin-2 production and immuno-
therapy. Cell 1992;71:1065-8

8) Guinan EC, Gribben JG, Boussiotis VA, Freeman GJ, Nadler LM.
Pivotal role of the B7: CD28 pathway in transplantation tolerance
and tumor immunity. Blood 1994;84:3261-82

9) Linsley PS, Clark EA, Ledbetter JA. T-cell antigen CD28

mediates adhesion with B cells by interacting with activation

antigen B7/BB-I. Proc Natl Acad Sci 1990;87:5031-5

Linsley PS, Brady W, Grosmaire LS, Aruffo A, Damle NK,

Ledbetter JA. Binding of the B cell activation antigen B7 to

10

=

CD28 costimulates T cell proliferation and interleukin 2 mRNA
accumulation. J Exp Med 1991;173:721-30

Linsley PS, Brady W, Urnes M, Grosmaire LS, Damle NK,
Ledbetter JA. CTLA-4 is a second receptor for the B cell
activation antigen B7. J Exp Med 1991;174:561-9

Green JM, Thompson CB, Bluestone JA. CTLA-4 can function
as a negative regulator of T cell activation. Immunity 1994;1:
405-13

13) Krummel MF, Allison JP. CD28 and CTLA-4 have opposing

11

N

12

-

effects on the response of T cells to stimulation {see comments}.
J Exp Med 1995;182:459-65
14) Waterhouse P, Penninger JM, Timms E, Wakeham A, Shahinian
A, Mak TW, et al. Lymphoproliferative disorders with early
lethality in mice deficient in CTLA-4. Science 1995;70:985-8
15) Tivol EA, Borriello F, Schweitzer AN, Lynch WP, Bluestone JA,
Sharpe AH. Loss of CTLA-4 leads to massive lymphoproliferation
and fatal multiorgan tissue destruction, revealing a critical
negative regulatory role of CTLA-4. Immunity 1995;3:541-7
16) Wallace PM, Johnson JS, MacMaster JF, Kennedy KA, Gladstone
P, Linsley PS. CTLA4-Ig treatment ameliorates the lethality of
murine graft-versus host disease across major histocompatibility
complex barriers. Transplantation 1994;58:602-10
17) Waterhouse P, Penninger JM, Timms E, Wakeham A, Shahinian
A, Mak TW, et al. Lymphoproliferative disorders with lethality
in mice deficient in CTLA-4. Science 1995;270:985-8
Linsley PS, Wallace PM, Johnson J, Gibson MG, Greene JL,
Tepper MA, et al. Immunosuppression in vivo by a soluble form
of the CTLA-4 T cell activation molecule. Science 1992;257:
792-5
Lenschow DJ, Zeng Y, Thistlewaite JR, Montag A, Brady W,
Bluestone JA, et al. Long-term survival of xenogeneic pancreatic
islet grafts induced by CTLA4-Ig. Science 1992;257:789-92
Krinzman SJ, De Sanctis GT, Cernadas M, Mark D, Wang Y,

Finn PW, et al. Inhibition of T cell costimulation abrogates

18

=

19

=

20

=

airway hyperresponsiveness in murine model. J Clin Invest
1996;98:2693-9

21) Van Oosterhout AJM, Hofstra CL, Shields R, Chan B, Van Ark
I, Nijkamp FP, et al. Murine CTLA4-IgG treatment inhibits
airway eosinophilia and hyperresponsiveness and attenuates IgE
upregulation in a murine model of allergic asthma. Am ] Respir
Cell Mol Biol 1997;17:386-92

22) Keane-Myers A, Cause WC, Linsley PS, Chen SJ, Wills-Karp M.
B7-CD28/CTLA-4 costimulatory pathways are the development
of T helper cell 2-mediated responses to inhaled antigens. J
Immunol 1997;158:2042-9

23) Padrid PA, Mathur M, Li X, Herrmann K, Qin Y, Bluestone JA,

et al. CTLA4lg inhibits airway eosinophilia and hyperrespon-

siveness by regulating the development of Th1/Th2 subsets in a

murine model of asthma. Am J Respir Cell Mol Biol 1998;18:

453-62

Deurloo DT, Van Esch BC, Hofstra CL, Nijkamp FP, Antoon

JM, Van OQosterhout AJ. CTLA4-IgG reverses asthma mani-

festations in a mild but not in a more "severe" ongoing murine

model. Am J Respir Cell Mol Biol 2001;25:751-60

25) Jang SO, Hong §J, Cho HS, Chung YH. Immunotherapeutic
effects of CTLA4Ig fusion protein on murine EAE and GVHD.
Immune Network 2003;3:302-9

26) Neuhaus-Steinmetz U, Glaaba T, Daser A, Braun A, Lommatzsch

M, Renz H, et al. Sequential development of airway hyperre-

24

=

sponsiveness and acute airway obstruction in a mouse model of

allergic inflammation. Int Arch Allergy Immunol 2000;121:57-67



KA

oo

o

27) Ohara J, Finkelman FD, Katona IM, Urban JF Jr, Holmes J, Paul
WE, et al. Interleukin-4 is required to generate and sustain in
vivo IgE responses. J Immunol 1988;141:2335-41

28) Gett AV, Hodgkin PD. Cell division regulated the T cell cytokine
repertoire, revealing a mechanism underlying immune class
regulation. Proc Natl Acad Sci USA 1998;95:9488-93

29) Corry DB, Reiner SL, Linsley PS, Locksley RM. Differential effects

of blockade of CD28-B7 on the development of Thl or Th2

effector cells in experimental Leishmaniasis. J Immunol 1994;153:

4142-8

Calcimaro F, Grohmann U, Orabona C, Fallarino F, Vacca C,

Fioretti MC, et al. CTLA-4-Ig regulates tryptophan catabolism in

vivo. Nat Immunol 2002;3:985-7

31) Fallarino F, Grohmann U, Hwang KW, Orabona C, Puccetti P.
Modulation of tryptophan catabolism by regulatory T cells. Nat
Immunol 2003;4:1206-12

32) David HM, Madhav DS, Andrew LM. Ligation of B7-1/B7-2 by
human CD4+ T cells triggers indoleamine 2,3-dioxygenase
activity in dendritic cells. J Immunol 2004;172:4100-10

33) Claire NM, Helen T, Laura CA, Karen IM, Patrick JB, David
MS. Inhibition of human T cell proliferation by CTLA-4 utilizes
CD80 and requires CD25+ regulatory T cells. Eur J Immunol
2002;32:2888-96

34) David HM, Madhav DS, Andrew LM. Ligation of B7-1/B7-2 by
human CD4+ T cells triggers indoleamine 2,3-dioxygenase
activity in dendritic cells. J Immunol 2004;172:4100-10

30

=

c.
2 5 A4

oA RHOA HUCTLA4-Igel 7|= HED 7|=oteld ofd 213

35) Andrew LM, Phillip C, Babak B, Anna MH, Brendan M, David
HM, et al. Specific subsets of murine dendritic cells acquire potent
T cell regulatory functions following CTLA4- mediated induction
of indoleamine 2,3 dioxygenase. Int Immunol 2004;16:1391-401

36) Nianqiao G, Yongxiang Z, Chong D, Zhonghua KC. Negative
costimulatory molecules: the proximal of regulatory T cells? Med
Hypo 2006,67:841-7

37) Hathcock KS, Laszlo G, Pucillo C, Linsley P, Hodes RJ.
Comparative analysis of B7-1 and B7-2 costimulatory ligands:
expression and function. J Exp Med 1994;180:631-40

38) Van Gool SW, Barcy S, Devos S, Vandenberghe P, Ceuppens JL,

De Boer M, et al. CD80 (B7-1) and CD86 (B7-2): potential

targets for immunotherapy? Res Immunol 1995;146:183-206

Abrams JR, Lebwohl MG, Guzzo CA, Jegasothy BV, Goldfarb

MT, Brown MJ, et al. CTLA4Ig-mediated blockade of T-cell

costimulation in patients with psoriasis vulgaris. J Clin Invest

1999;103:1243-52

Kosuge H, Suzuki J, Gotoh R, Koga N, Ito H, Uede T, et al.

Induction of immunologic tolerance to cardiac allograft by

39

=

40

=

simultaneous blockade of inducible costimulator and cytotoxic
T-lymphocyte antigen 4 pathway. Transplantation 2003;75:
1374-9

41) Gavett SH, Chen X, Finkleman F, Wills-Karp M. Depletion of
murine CD4+ T lymphocytes prevents antigen-induced airway
hyperreactivity and pulmonary eosinophilia. Am J Respir Cell Mol
Biol 1994;10:587-93



