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Effect of IL-4 Expressed by Recombinant Adenovirus
on Collagen Induced Arthritis

Jong-Gu Park, Ph.D.

Department of Medical Genetic Engineering,
Keimyung University School of Medicine, Taegu, Korea

Abstract : Interleukin-4 (IL-4) is one of anti-inflammatory cytokines which has
the potential to counteract pro-inflammatory cytokines often detected in
rheumatoid arthritis. This study examined the effect of adenovirus-mediated gene
transfer of IL-4 on collagen-induced arthritis (CIA), an animal model of
rheumatoid arthritis. The IL-4 cDNA was cloned from a T lymphoma cell line after
induction with PMA and was further cloned into an adenovirus shuttle vector. The
recombinant adenovirus encoding rat IL-4, AdrlL-4, was constructed by
homologous recombination between the cloned shuttle vector and a rescue vector,
pJM17, and identified by polymerase chain reaction. CIA was induced in Dark
agouti (DA) rats by immunizing type Il collagen. On 12th day after immunization,
DA rats were administrated with intra-articular injection of 4x 10° plaque-forming
units of AdriL-4. The exogenous IL-4 expression was observed to inhibit CIA
progression, compared to those of control groups, in which PBS or recombinant
adenovirus without a transgene, Adnull, was administered. Whereas any
significant difference was not observed on the production of anti-collagen
antibodies among different groups of rats, IL-4 gene transfer but not with control
treatments was shown to suppress CIA in a moderate manner.

Key Words : Collagen induced arthritis, Interleukin-4, Recombinant adenovirus
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000 00 0000 0000 cytokinel
0000 O0OD00O, OO0 tumor necrosis
factor a(TNF-d), interleukin-1(IL-1) OO
00000 D00 0000 000 ooo oag.
0000 cytokineD OO0 O0OOO OOOO
IL-10 00 000 IL-10 D0oooo, 0o
IL-1 receptor antagonist(IL-1Ra)d0 O0O
0 000 00[3]. 00 TNF-oO OO OO0
00000 TNF-aO OO soluble receptord
0000 00000 OO0 oof4]. oo
TNF-al soluble receptorl] 00O O0O0OO
0 00 rheumatoid arthritis 00000 OO
FDAD OO0 OO0 OO[5].cooO0 IL-
10 TNF-oO rheumatoid arthritisd OO0
OO0 000D cytokineOO OOOOO OO0
0 OO0 0000 cytokined rheumatoid
arthritisO 00 OO0 OO0 0OOO OOO.
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o0 IL-10, IL-40 TGF-p 00 OO O OO
000 000 00 cytokineOOO, OO
cytokine O I1L-100 TGF-f0 rheumatoid
arthritisD 0000 OO0 OO0 OOOOO, OO
rheumatoid arthritisD 00O 00O cytokineO
000 00000 00 O0fs5].

00 0000 rheumatoid arthritis 00O
0 0000 IL-10 TNF-oO T-0000 OO0
00 IL-40 IL-10 OO OO0 O0OOOOD OO
[6,7]. Rheumatoid arthritis 000 O OO
000 T-000 O cytokined OO0 OO O
O ThiO Th2O OO O O0O. Rheumatoid
arthritisO 00 000000 DOOO OOO
0 Thl cytokined IL-1p, TNF-q, IL-6 OO
00, Th2 cytokined IL-4, IL-10 00O O O
0000[8]. OO0 rheumatoid arthritis 00O
O 000 ThiOO Th20 switchOD O0O0OO
00 Th2 cytokineD 0000 00,0000
0 00000000 OO0 00 00 cytokine
O, TNF-o, IL-1B, IL-6 U0 ODUOOO OO O
000 00 rheumatoid arthritisd 0000
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IL-1B, TNF-0, IL-6 OO 0000 cytokine
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0000 00000 0000 00 00 000
0 000 OO0 00000, 0000 ooo
00 0000 000000 o0[1e,17]. 0 O
000 000 O0O0DO00O0 oO00 type 50
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0 00000 O 000 cytokineD I1L-4
0000 00 000 000o0ooOoo 0ooo
0 000 OO0 0O000(collagen-induced
arthritis, CIA)0 000 dark agouti(DA)
ratD 00 000 O00O0 00000 000
000000 0o00oo.

oo o od

1.0000 0 000 oo

DA ratd Harlan Sprague-Dawley (O
0)oo 000000, 00 00000. WKA-
S10 Lewis-S1 0 0000 10% fetal
bovine serum(JBIO, O0O), penicillin (100
units/mL)0 streptomycin(100 g/mL)0 O
000 RPMI-1640000, 293000 Earle's

Table 1. Primers used in PCR
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minimum essential medium(EMEM)O OO,
HeLall O O Dulbecco's modified eagle
medium(DMEM; JBIO, 00)000O0O 370,
5% CO. 00000 0DOOO.

2. RatIL-4 0000 000 O OO0 OO
ooooo oo

WKA-S1 0000 1x10°0 OOO 12-
wellD 000 O PMAO 0.5 pg0d 500 O
0 300 00 ODoobo. ooo ooo
TriPure™ isolation reagentd O OO0 RNA
O 0O0o0oo0d. Rat IL-4 cDNAO upstream
downstream primersd 0O00O0 RT-PCRO
00000 (Table 1). ¢cDNA 000 48000
4500 OO0O0O0O0O, PCR OOO 94000 30
0, 60000 10, 68000 200 ODOOOO
0 350 0000O0. RT-PCR OOUDO 1.0%
agarose gell 0OOOO0O ratIL-4 0000
oo0oo0 ooooo. O ood rat IL-4
cDNAO 00O OO RT-PCR OO0 OOO O,
0 0000 0000 OO0 Pstl OO Sac IO
0 UUO0OD0 U0OO0OO0DO. Rat IL-4 cDNA
pBluescript SK(+)O 0000 0O OOOOO
ooooo. ood 000 rat IL-4 OO0O0O
00000000 OO0O000 pAd-Yc2O0 OO
000, rescueD 00 0000 293 00O O
000 odg oooooooo oboooo.

Sequence
Rat IL-4
Upstream (5') CTATTGATGGGTCTCAGCCCCCACC
Downstream (3') ACTCATAAGTTAGGACATGGAAGTG
Recombinant adenovirus
Upstream (in CMV promoter) GCAGAGCTCTCTGGCTAAC
Downstream (in BGHpA) GGGAGTGGCACCTTCCAGG
EIA
Upstream (5') ATTACCGAAGAAATGGCCGC
Downstream (3') CCCATTTAACACGCCATGCA




3.CIA000 000 OO

ooo0 oob 00 0 obob oo ooo
000 0D00 000 OO0 000 000 Oooo
000 000 O0[18]. Type Il collagend
0.1M acetic acid0 2 mg/mLO OO OO, 4
000 000 00 OO0 O0bO0 ooooo.
ooo type Il collagenl 00 0O0OO
Freund's incomplete adjuvantd O 0000
0. CIAOD 0000 OO0 DA rathh OO0
200 LO OOO OOOO ODOD OO0 O
OooOo. CIADO 0000 00 ratd 6000
3000 0000, Type Il collagenl OO0
0 1200, 0 000 ratd OOO0 OO OO0OO
O 000 00 10 yLO PBS, Adnull, AdriL-
40 00D0O0O0O. 00 OO0 OO0 DOo0OOoOo
00 AdnullD AdriL-40 000 4 x 10° pfu
00.0 000 0000 ooo O 1, 2,4,8,
12,1600 rath OO0 OO0 ODOOO0O, OO
O 0000 enzyme-linked immunosorbent
assay(ELISA)O OO IL-4 00O 000 OO
ooo.

4. CIAOOO OO

Type Il collagend OO0 0O 120000
o000Ub 2000 OO ODOOD OO bOoo
00 0000 OO0oO00.0 00 000 o0
00 0000 OO0 OO0 OO0 oob ooo
00 arthritic scored O00000. 00 O0OO
O OO0, 10 slight swelling and/or
erythemall OO, 20 erythema and mild
swellingd 00O, 30 erythema and severe
swellingD 00O, 40 joint rigidity with
severe swellingd O00O0O0O. 00 O 00O
scored 0O0OO oOO, 0000 1e0 OOO
ooo.

5. ELISAO 000 0000 AdriL-40 O
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OO0 000 00 00 000 rat 1L-40 O
00 ELISA kith 0DO0O0O O0OO0OOO.
Coating buffer 0.1 M carbonate(pH 9.5)0
anti-rat IL-40 25000 0000 ELISAO
plated well O 100 pi0 OO0 O 4000 OO
00 O00O000. 0.0500 Tween-200 OO0
0 PBSO 000 plated 30 OO0 O block
000 OO0 100 FBSO ODOOO PBSO 200
L0 000 O 0000 100 Ooooo. o
030 000 0O 000 000 1:20 00O
0 0 100 O 0O0O0O0O 200 OODOOO. O
0 000 00 00 rat IL-4000 OO OO
0 000 0000 000 bobo bobooo.
000 50 O O detection AbO avidin-HRP
000 0000 100 yLO O wellD DODOO
0.0000 100 0000 O 00 0.05%0
Tween-200 O0O0O0O PBSO 50 O00O0OOO.
00000 O-nitrophenyl benzeneO OO
0000 O 50 yLO 3 N HCIO DO0O O
490 nmO O optical density(OD)O 0000
0.

0o O

1.000 AdriL-40 OO 0O OO OO

o0 T-0000 000 WKA-S100O0O
PMADO 300 000 O RNAD O00O00O.O
00 RNADO RT-PCRO O0O0O rat IL-4
cODNA OO0 00000 0000 1L-40 00
00 000 O0ob0ooooboAdriL-4)0 boO
ooooo0. 000 OO0 Dooooooo
COos-10000 rat IL-4 00 OO0 RT-PCR
0 00 0D000b0. 0000 Adnull DODO
0 00000 O AdriL-40 OO0 OOO0OO
rat IL-4 0000 0000 000 00000
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(Fig. 1).

00 HeLad OO 10 moid 000 0000
000 AdriL-40 0000 00000 00O
0 O000O0.ELISAODD 00 000 0O
000 IL-4 0000 000 000 00000
0 00000, AdriL-4 00 O 00 24, 48,
7200 000 O 000 00 IL-4000 OO
0 000 00 0000 OO0 O 000 (Fig.

2).
2. 000000 ratIL-4 00 000 00

OO0 0bOobooO AdriL-40 OO OO
00 000 0O 0 ratIL-4 O0000 OOO
00 0oob 0oo0o 0oboo0. 00 0oo
ooooooob oobo b1, 2,4,8, 12, 16
o0 00 oo ooo oo ooo o oa o
00 000 000 1:20 000 O ELISAO
ooooOd. ELISAOO0O00 490 nmO O OO

500 bp —

Fig. 1. Expression of rat IL-4 mRNA in COS-1 cells
following recombinant adenovirus infection.
Cells were infected with AdrIL-4 recombinant
adenovirus at 100 moi for 4 hr in serum free
medium. Cells were harvested at 24 hr after
infection and RT-PCR was performed. 1: Sham-
infected, 2: Adnull virus-infected, 3: AdrIL-4

virus-infected.

« B-actin
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0 obOO OO IL-4 00 0000 000 O
0 0O00O0O. IL-40 000 00O 300
pg/mLO OO0 OO0 000DOD 2, 40000
00 47 pg/mL, 22 pg/mL0 00000 OO
0000 800000 0000 000 (Fig. 3).

3.CIA 00O O type Il collagen O OO
00 0o oo

CIADO OOOO OO OO0 type Il
collagen OO OO OO0 OOOO OO0,
7, 10, 12, 16, 20, 30 OO0 OOO OOO
0000 ELISAD O0O0OO0OO0.0000 OO0
0 100000 U000 00 DOOo oooo
000, 120000 OO0 OO0 OO0 OO0 O
000 0O00oO0o. 000 0ooo oo oo
000 0000 O OO0 oooooooo o
00 0O 000 D00 000 0000 Ooo

(Fig. 4).

10 r

IL-proteins (ng/ml)

(¢)]

o

24 48 72
Hours after infection with AdriL-4

Fig. 2. Expression of rat IL-4 proteins in HeLa cells.

Following adenovirus-mediated gene
expression, HeLa cells were seeded on 12-well
plates at 2x 10° cells. Cells were infected with
recombinant adenovirus at 10 moi and
harvested at 24, 48 and 72 hr, respectively. IL-4
was measured by ELISA as described in

Materials and Methods.
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Days after injection of AdRIL-4

Fig.3. Serum levels of rat IL-4 following
administration of AdrIL-4. Rats were injected
with AdrIL-4 on day 12 after immunization
with type O collagen. Rats were bled at 1, 2, 4,
8, 12 and 16 day(s) after administration of
AdrIL-4. Rat IL-4 was measured by ELISA as
described in Materials and Methods.

4. AdriL-4 OO0 OODOOODOOO CIA
0 oooooo

0000 Type Il O00OOO OOOO OO
0O0,IL-40000 0000 OO0 O0O0OO O
00 000 00000 ooooo.eoOnO O
0000 000 0O PBS, 00 O0OOO OO
00 OO0 Adnulld rat IL-4 cDNAO OO O
0 AdriL-40 OO OO0 OOOD OOOOO.
CIAO0O O 1200, 00 O 4x 10° pfu/10
uLO0 00 000 O 000 000 0o ooo
O0. Type 1 0O0O OO O 0O 120000
300000 20 O0O0OO O- 000 OO OO0
0000 000 OO0 arthritic scored OO0
00.0 00 e6e000 OO0 OO0 OODO O
00 00 0000 ooooodFig. 5). 120
0 00 14000 OO0 OO0 000 ratd
00 OO0 000 OO0 000 oo ood
0 0O00. PBSO Adnulld OO0 OO0O0OO
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——PBS
18 ¢ —&— AdIL-4
—A— Adnull

OD at 405 nm

7 10 12 16 20 30
Days after Cll immunization

Fig. 4. Production of anti-collagen antibodies after
type U collagen (CII) immunization. Rats were
injected with each recombinant adenovirus or
PBS on day 12 and bled at 7, 10, 12, 16, 20 and
30 day(s) after immunization with type 0
collagen. Relative titers of each antiserum at
dilution of 1 : 1000 were measured by ELISA
as described in Materials and Methods.

AdriL-4 00O 00O OO OO 20 OO0 OO
0 000 000 OO0 OO0 0O 000(cFig.
5. 0000 000 00 AdnullD OO0 OO
o000 000 ooo oo00o oooo ooo
0000 0b00o0o0.000, Adrik-4 00 O
0000000000 0000 000 0oo
U 0o oobobo oo oo o 0oog.

0o 0

0 00000 000 OO0 oooo ooo
00 000 00000000 Ooooo ooo
O0. 000 cytokined IL-40 OOOO
rheumatoid arthritisd O0OO0O OOO CIA
0 000 000 0000 000 ooo. oo
000000 D000 OO0 00 00 oooo
0000 000 OO0 000 00.00 00O
000 0O 000 O0ooOoooo oooo o
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Fig. 5. Effects of rat IL-4 gene transfer on the severity
of arthritis in DA rats. On day 12 after
immunization with type O collagen, rats
received the recombinant adenovirus encoding
the rat IL-4 gene. Severity of arthritis in four
paws was scored from 0 to 4 as described in
Materials and Methods. Each data point
represents the mean from six animals for each

treatment group.

00 00 D000 00000 oboobo ooo
00. 000 bODbO0O bOOob ooobooo
0 00000 00 O 000 booo, Oooo
0 0000 000oo0oo0obo oob ooo o
00 00000 000 0O0.0 ooooo O
00 0000 OoOOO0 000 rheumatoid
arthritisU0 00000 OOOOOO DOO
00000 OO0 000 00D 0000 O oo
000 OO0 000 O00(intra-articular
injection)00 00000000 OOOD OO
Oo00 oboooo.

Rheumatoid arthritis 0000 0000
0000 000 000 000 oOOobD Oooo
oo0.00 ooo0ob ooob ooo, ooo
0 0000 cytokineD TNF-o OO IL-10 O
0000000 D00 O0bOo ooboo. oo
0 cytokinel OJOO0O OO soluble TNF-a
receptor, TNFO 00 00O OO0 IL-1R
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antagonist 00 000000, 00 O00O0O0OO
000 0000 00 00 00D OoOoo ooo o
0[3,4]. IL-4, IL-100 00O OO0 cytokine
0 Thil cytokine O, TNF-q, IL-13 00 OO
0O 00000 soluble TNF-a receptord
soluble IL-1R type Il 00 cytokine 00O
0 000 0o0ooo. oo IL-100 ooooo
00 0000 000, RADOO OO OO OO
0ooofs,e,19]. IL-40 OO0 ODOOOOOO
0 0000 rheumatoid arthritis 0000 O
00 000000 000 oDOoooo ooo o
0 000 0000 IL-10 TNF-a OO0 OO0
0 00000 0O0[20].

CIA OO OO PBSO Adnull O0OO
AdriL-40 OO OO O O 0O0OO0OOO OOO
00000 O AdrlL-40 O OO ODOOO O
0 000 000 000 booOoo oooo o
000 000 000 DO0O0oO0O0 ooooo.
AdriL-40 OO0 OO O IL-40 OO OOO
300 pg/mL0O OO OOOODO.0 OO0 OO
000 000 DOooo, 00 ooog 1e-40
00 000 000 O 00 OO0 oooo. o
00 000 000 OO0 000 ooooooo
0 00000 00 oooo, 00 oo ooo
000 00000000 000 40 0DOOO
000 OO0, 000 80 OO0 OO0 OO0
0000 000 000 ooo 1L-4 00O
CIAD 00 000 O0O0O 00D 00O ooo
o000 oooo.

0 00000 00000000 000 OO0
00000 0000 D0000D Dooo ooo
0O 00000 00 rheumatoid arthritisd O
00 000 00000 000 0 o000 oo
0 00000000 OO0 0ooooo ooo
0 D000 000 DO0O00. 00 00O oo
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00 0000 OO0 0000 OO0 adeno-
associated virusOO OO O000OOOOO
0000 000 000 0o ooo.
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IL-4 cDNAO PMA OO0 T lymphoma 00
0000 0D0ODD OOO0O0O0O00 shuttle
vectorD 00O O00O0O. IL-40 OO O0O0O O
000000, AdriL-40 000 shuttle
vectorll rescue vector] pJM17 OO OO
000 (homologous recombination)d 00O
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00 00 00 000 000.0 030000
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