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Selective Expansion of TCR Vp3+CD4+ T Cells in
Collagen-induced Arthritis in DBA/1 Mice

Jae Seon Lee, Mi La Cho, Jung Eun Lee, So Youn Min, Chong Hyeon Yoon, Wan
Uk Kim, Jun Ki Min, Sung Hwan Park and Ho Youn Kim

Rhbeumatism Research Center, Catholic Institutes of Medical Science, The Catholic University of Korea,
Seoul, Korea

ABSTRACT

Background: Collagen-induced arthritis (CIA) in mice is animal model of autoimmune
disease known as theumatic arthritis in human. We investigated Cll-specific CD4+ T
cell receptor usage in CIA mice. Methods In CIA model, draining lymph node (dLN)
CD4+ T cells and splenocytes at 39 5% 8" week, we 1nvest1gated ClI-specific T cell
proliferation, production of II.-17, TPN- vV, TNF-q, 1L-4 and I1L-10. And we also
petformed anti-CII IgG Ab measurements in setrum level, TCRVP usage and T cell
clonality with RT-PCR-SSCP analysis. Also, we performed proliferative response against
CII when Cll-specific T cell subset is deleted. Results: CIA mice showed more increase
in the serum level of anti-CII IgG than normal mice after 1n%1uct1on of arthritis. And
the level of anti-CII IgG2a in CIA mice was increased after 3" week after primary im-
munization, while anti-CII IgG1 was decreased. Draining LN CD4+T cells have
prohferated against CII stimulation at 3" week after 17 immunization. CD4+T cells
derived from dLN of CIA mice produced proinflammatory cytokine IFN-V, IL-17 etc.
Draining LN CD4 T cells of CIA preserd1ted higher proportion of CD4+V[33+subsets
compared to those of normal mice at 3* week after 1™ immunization, and they were
increased in proportion by CII stimulation. Draining LN CD4+ T cells without TCRV
B3+/VP8.1/8.2+/VPB10b+cells were not tesponsive against CII stimulation. But,
Cll-reactive tresponse of TCRVP3-/VP8.1/8.2-/VP10b- T cells was recovered
when VB3+ T cells were added in culture. Conclusion: Our results indicate that CD4
+VB3+ T cells cells are selectively expanded in dLLN of CIA mice, and their recovery
upon CII re-stimulation in vitro, as well as the production Thl-type cytokines, may play
pivotal role in CIA pathogenesis. (Immune Network 2005;5(2):78-88)
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CIASESH #E A %r}b. %A DBA/IJ S2(SLC,
Inc., Shizoka, Japan)& & 4o} 8~ 1277 Q1 Al 7]ol| A}
43} T} Bovine type II collagen (7343, A&, o3}
CID< 4ug/ml®) F% = 0.1 N acetic aciddl] %<1 3 0.05
M Tris, 02 M NaCl &% (pH 7.4)9] E4181] A28
t}. CIA fr=+% CII 100yg< Complete Freund’s Adjuvant
(CFA; Arthrogen-CIA, Redmond, WA) 2} 1 : 1 (w/v) H-&
2 st meld 3stFALg § 2539 CII 100ug
S Adjuvant incomplete Freund (IFA; DIFCO, Detroit, Mi-
chigan)9} 1:1 (vjv) HI &2 EF3le SlvE] £23
(metatarsal)ol] 3 3}FEAL3FATHFig. 1A). HE G ] Hrie
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7HA] Aol 3R AASHAaL, Frit s 49 &
Al 3%00] A4 A vhs-2nth AL Ao &
Aot YA Al 7le] gl o 22 Hzd F&
& Hrs Aot HaAE Qa, EoA] Al B Hrkat
o] A& Fste] HAEHFE AUTh

<04 FFolu FFo] fiTth
1A e EEREY ekE A HE 3E
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- 3% BEAAoA ST Z(metatarsal)o] 23 5
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<47 RE A e Ale AA FE Ao Qlu
wHH A Ao et A5
Ad 27 G4, 23 AIFEFAE 3HA &2 Site
£ A At RS sAN & FEX2 L 4% para-
formaldehyde (Sigma, St. Louis, MO)7} 3 3$+E PBS (pho-
sphate-buffered saline; Gibco, Gaitherburg, MD)-& 2} o] &
T3 4°ColA 197 AT 1 v, 23S 10%
EDTA7} 238 F/Hol g2al 14€ St 34170
O getAoz zojatant. AHY FA< Tim= o
Rl o] & g3t A A ol FvtEAY 7}
of erleg st
IgGFA 9] o}y E4. CII+CFAS FAIE A|Hozn
B 35 &, 55 ¥, 85 Fol 7479 rhe2o) @S A
F3tod mouse IgGl, 1gG2a =5 ELISA "oz =57
3191 TH(Bethyl Lab Co., Montgomery, TX). & CII IgG &
A &4 e g3 2o ClIE 4gml FEZ 0.05
M Sodium carbonate coating buffer (pH 9.6)°] 3] 43}
96-well microtiter plateol] %33+ Thg 4°Coll A 1847+ W
AetHh TXH NS A AT F H5olH AjS
AA5E7] Y3te] 1% bovine serum albumin (BSA; Amre-
sco, Solon, Ohio)©] ¥ 3% TBS (pH 8.0)E 20012 Y11
30 3T Aol A HHEAIA T & CI [gG2a S-S 913l
A AAE 1:1,0000.2 3438190H, 3 CII IgG1Z 3
= M= 1:2002 348l o, ojnf 34 &2
1% BSA, 0.05% Tween 20 (Amresco)©] ¥§-¥ TBS (pH
8.0) &S AMESIAT o, s43) & @ HME
< welld 500 ¥ar A2 X 127 5 whe AR
o} ¥hg-o] £ 0.05% Tween 20 (Amresco)©] E3tH¥
TBS &9 (pH 8.0)°. & 3HA A3} 5, detection 37/
HRP conjugate (Bethyl lab)E Zt2F Ao A 1A]7F &<t
WA AT HE7EA R 3 A A § F, TMB+H,0; sys-
tem (KPL, Gaithersbufg, MD) 2.2 W13} 3, 1 N H,SO;4

o)

£ 22 FoF Yol ¥heE FAFH o] 450 nmo
A FRER e, &4 34 dde FFE A=
FA 8k T

TAX ZANE. CIA = F 35, 55, 85 Ao &9
Yz A3} v S 2531 PBS (Gibco) £ 02 23] A
2 & 71912 A A2 41, 9]E cell strainer (BD Falcon,
Bedford, MA)E S 3} A1 7t} 4°C 1,300 rpmoll A 587+
AEE T ATHE AAS L NESS 10% FEjoFE A
o] 3% RPMI1640 (Gibco) B Aol A F-G-A]Zth A
P2 d AEE anti-mouse CD4 microbead (Miltenyi bio-
tec, Bergisch Gladbach, Germany)$} 4°Col| A 3047+ HF-&-
A7) ¥ 1% BSA , 2 mM EDTA (Amresco)’} ¥£3H¥ PBS

S A pH 7.4 2.2 A F 3t F, Column (Miltenyi biotec)=
SHAA CD4+T A5 AU 522 v AlEE
ZFoA, AEF= 2.06% Tris (pH 7.65), 0.83% NH,CIO]
1:9 (vnZ 4190 &d 7} A2oA 2087t WX 8t &
A A AAsAT FAAAAEZTES A7) A, T
M| 3Z= mouse pan T cell isolation kit (Miltenyi biotec)¥}
4°Coll A 3023t WHEAIZ 5 A s} wiRzbA] e s
AHS THANA AAFAY. 222 FAEA KA
3}aL CD4+T Ao FAAA 75T Z2EA &F7] 93]
5000 rad oA WAL ZA}SIATH

UM D2 CD4+T Mt FAAANAEE 7H7}
10° celljwell 2 37 2L CII 40pg/mlE A3k 3 Azt
co-culture3t AT AHA] HEZTFOZ AZ3HA] && A
Fo} sty 18 al, A SAE gE2TeEE
phytohemagglutinin (Sigma, ©]3} PHA)S A}-&-3}3itt. H)
okZ 2 1847t %o *H-thymidine (NEN, Boston, MA)<
welld LOWCiH W Fom, AEE £33 & beta
counter (Packard Instrument Co., Downers Grove, IL)Z &
Ae 4 ¥ =AU T A 24938 Y=
A}= A 4=(Stimulation Index, S.L)E CIIZ 2}=3F A 3E 9
THHLEFS AF8HA F& A XY FALLFOE Y
= gkolm, S ghol 2 o9l AT G FANGoR
Fdarl v i=
ELISAS & Ao EFI &4, ClIAS F 484714
FedE Rt ol EAlstE IFN-v, TNF-q IL-4,
IL-10 (R&D system, Minneapolis, MN)-2- ELISAZ =735}
AT} IL-17- IL-17 DuoSet, ELISA Development system
(R&D system)S AFE-3tA T SAYH LS A=A 4
= OEth
FAZENE ZF T AHAE F44 o}F £4. o9
oA CIAS F=84] 35, 55, 8530l FAFZAA
S S T A, HIZNEE FLAANHNER ZH7) AE
aho] Cll 4opgmlZ AF3 7, A3 e A%
2ol 347t w3ttt the- S 2, Peridinin Chlorophyll
Protein (PerCP)2. 2 3 A ¥ anti-CD4&A|(BD Pharmin-
gen, San Diego, CA)<} fluorescein isothiocyanate (FITC)7}
%A ¥ VB&A|(mouse TCR Screening Panel, BD Phar-
mingen)E FAl Wil 4°CollA 3087 A4S 9,
FACS Calibur (BD, San Diego, CA)Z #2413} TH(13). ©]
o] B2 3L Flow jo (Version 4.5, Treestar, Ash-
land, OR)Z AF&3tATH BZF 8L HAAAHNEE for-
ward/ side scatter 5ol W} Uie 1F Foll A3}
Ak
RT-PCR-SSCPE 53 T A E F8&A ZAL CIA =
55 Aol =3 ugo A CD4+T AEE Qo] RNA
zoIB™ (Tel.Test, Friendswood, TX)Z A X 1x10° @ 1 ml
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7] $138t4, 0.5ug random nonamer (Takara, Shiga, Japan)
o} 70°Cll A 5+ ¥E3-A1Z] F 4°Coll A FA1Z] T 10
mM dNTP mix (Invitrogen, Carlsbad, California) 1ul, &%

Table I. TCR VP and CP primer set

81

At&E 2~ M-MuLV (MBI Fermentas, Hanover, MD) 1 unit,
5 X M-MuLV 348 HNMBI Fermentas) 4y, RNase
Inhibitor (MBI Fermentas) 0.51< 7}3tal A A S nucle-
ase free water (Promega, Madison, WI) 20pl2 St& H,
25°Coll A 10%, 42°Coll Al 60 &, 72°Coll A 1087+ HHE-A]
ZAt}. 20p19] ¥k-g-o o, cDNA 2ul, 2.5 mM dNTP mix
(Takara) 2pl, 10xTaq buffer (SuperBIO, <=<¢) 2ul, Super

Name Sequence Taq polymerase (SuperBIO) 0.2ul, 10 pmol Cp &% pri-
VB 1 5TTC GAA ATG AGA CGG TGC CG mer 2, 207FA &4HZA VB primer 208 AME3l Z+
VB 2 5-AGA GGT CAA ATC TCT TCC (G, T AE 4479 CDR3 %98 ZZ59t} AHLH pri-
VB 3 5-CIT CAG CAA ATA GAC ATG AG, AEhL Table 19 2 T AEY VB-Cp =Z %
VB 4 $TGG ACA ATC AGA CTG CCT CA; e 1‘:‘ o ]Dujr H] bﬁ‘q'oﬁ f )
VB 52 5.-GAG CAA AGG ATT CCT ACC G 27+ Wh8-S 36 cycle HHESHE A A FEAE
Xg 6 gli%‘: g:((;} GG?; ECICA SCG((}} ﬁ GG, S 94°Co 4] denaturationA] 71 3 4% <] polyacrylamide®l]

7 - 5 = L =] o)
VP 81  5-CAT ATG TCG CIG ACA GCA é}é’ 10% glycerolo] 5010 = AolX A719FstAth ol F
VB 82 5.CAT ATG GIG CIG GCA GCA CT: A2y o] Wl =55 nylon membrane (Amersham bioscience,
VB 83  5-CAT ATG GIG CIG GCA ACC TT, Pisscataway, NJ)ol| &21A]7] 11 3% DNA A& o] 2
VB 9 5-ACA GGG AAG CIG ACA CIT TT; Elo] BoO >
Ve 0 2 AAT CAA GTC TGT AGA GOC GG Zlo] 22 internal TCR CB prob? (5-GAGGATCTGAG
VB 1 5.GGA GIC CCT GAC TTA CIT TG, AAATGTGACTCCAC-3")Z 2}l 5}a1 Phototope star- de-
VB 12 5-AAG ATG GIG GGG CIT TCA AG, tection kit (New England Biotechnology, Beverly, MA)=
VB 13 5TCT ATA ACA GIT GCC CIC GG, WA A XA U E(Agfa, Mortsel, Belgium)ol 7-3A] A
VB 14 5-CCT CCA GCA ACT CIT CTA CT; = o 1 Ag=lod
VB 15 5-CGC CIG AAA AGG CAT TTG AA; o HPE FHIAHG,14).
VB 16 5.CAG ACG TGG AGT TIC TGG T Fd S THE FEAE 7IAE TAHE I F
VB 17 5-ACA GAC TIG GIC AAG AAG AG; WS ZAL CIAGE & 3 23 nloro] golgzr
B 9.GGC TCA AAC AAG GAG ACC TIG olx E23 CD4+T A EeX FITCE HAE anti
mouse TCR Vf3, 8.1/8.2, 10b A 2 FAste] ARG
A
W0 W2 w3 w5 w8 w12I
n=20 T week | h h [ [ h [ [ |
NCIFCFA NCIFIFA
1 sacrifice 1 sacrifice 1 sacrifice
= Arthritic score evaluation start
B . c
—— Normal
o 10
s —=— CIA
2 8
2 6
=
£ 4
o
< 2
0

0o 1 2

3 4 5 6 7

Weeks after 1%t immunization

8

Figure 1. Development of CIA in DBA/1] mouse. (A) DBA/1] mice was immunized with type II collagen in adjuvant. (B) Results
are expressed as the sum of arthritic severity of three paws except boosted paw. (C) Hematoxylin and eosin stain CIA, Collagen-induced

arthritis
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U+=t}2, FACS Sorter (BD)E Z}7}e]
3, CII 40pg/ml2 A=3ke] UA 7)4
< Ao

A3 AZF. AY A9 P 27 A=
Uetion A F942 SPSS TA ZE 1 (ver-
sion 11.5, Chicago, IL) 2.2 student’s t-testE A A S p
2401 005 1512 ) EAACZ felehri AT,

P
% [
oo ¥& U

o
au)
tlo
Jo ofN r mX
o 1>
T

o,
lo,

Z 7t

ClIZ o] 4% AHY F . Fig. 1A= BEE 45 4
I A7 HE A1715 YEA B4 Zo|th DBA/1T w2~
A5 RE A dgo] A1z
T T 8~9FA Y A7]el #E
o 2 thFig. 1B). BT CIAT
WS o] % 35, 55, 8F 94
2 A Zste] SetEA -
Al AME | A, 8F A= ATl vlsl CIA
ToAM Y 2ARAF L AP, dSAEY JEAE
7} =9t W (Fig. 10), CIA §& & 3504 852 24
g d3sy 249 Es 9v QA FUrekAT
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A3 W 3 Cl 5ol IgGHA| oty npg-29] A5
IgG13A = A5 JA S-S 245 v 1gG2adA
= @FAREES e Ao=E A dvkie). &
ATFAXE CIA F5 $F 35, 57, 85 FA7|4 2
2o A S AFAS I A Wl EA)ehe 166G
A oby wEE XAbstaL, 1 Fo Clll 5o]3 Q] 1gGE

IE ZAHAT CIA F 5 TolA 1 2 |
AFEFAE o] F 3 F=abo = E A A F G117}
IgG2as 2% Z7H o] AR thIgGl, 111.7423.7 ng/ml
vs. 5% H: 4.78+1.2 pg/ml, p<0.05; 1gG2a, 37.1+6.9
ng/ml vs. = A: 0.36%0.1 pg/ml). 53| IgG1 A F3&
T CA ff= & 5 FX 8 T2 4545 AtEH o=
Za3t AT 5F2F, 93.12430.3 pg/ml vs. 8F3}b: 27.2+
12.8 pg/ml, p<0.05). 1gG2a A I+ 1gGl A FXE
GAI= w2 037 Z7FSFATHCIA 553} 40.34
+21.6 pg/ml vs. 852} 198.74+10.7 pg/ml, p <0.05)(Fig.
2A). G522, ClIl 50134 & CI 1gG2a FAE A
stk AlZko]l A G5 CI 503l 1gG2a A= Al
&34 Z71e A v (3F Ak 0.387+0.130 units vs. 553}
0.632+0.392 units vs. 85 2}: 1.175+0.075 units, p<0.05).
a8y Cl 5ol490 IgG 19] F$, 47 ClA 23

=

— =

A
140
Z 120 -
éﬂ 100 -
- 80 -
gn 60 -
E 40
s 20 B
0 N
Normal CIA > :; :
3w 5w T
250 £ 17
E 200 - g 087
S < 0.6 |
g | =] L
< 150 g 04
3 100 0.2
o0
=] 0 —
g S0 ¢ N.D. ‘ ﬁ Normal CIA ———
0 _ 3w Sw 8w
Normal CIA > Weeks after 1%t immunization
3w 5w

Weeks after 15t immunization

Figure 2. Humoral responses followed induction of CIA. Each mouse serum were collected at 3 5% 8" week after 1% immunization
and diluted 1 : 50,000 for total IgG1 and IgG2a (A), 1 - 1,000 for anti-CII IgG2a (B). For measurements of anti-CII IgG1 and IgG2a
Ab, immunoplate was coated with CII 4lig/ml. Anti-CIT IgG1 Ab was not detectable in all group (data not shown). DATA represent
the mean value of normal mice (n=3) serum or CIA mice (n=9) serum. N.D. means “Not Deectable”.



Selective Bxpansion of VB3+CD4+T Cells in CIA PFarly Stage 83

2d F B ALY AEHA &S THdata not shown).
CIA 294 A CIId 5o]3QA F4uke A&, CIAF
=9} AP QJoJA CD4+T AL Z2ukeo] CIAA

ol wet o] QA et =R ZAIA 1A 9=
FAF o] % 3, 57, 8FA 9 A7) 7t whg-o] o
& = A (draining lymph node)oll A CD4+T A £ = 2|3}
AL, vl (spleen)9 A= CD3 4 AEXE Lo A
A EZZ AR CIAFE w25 Al B3]
Crell gigh S29kg-o] Awra oz F7h=o] YA
12
O Nil
10 - mcn
8 |-
oo
4 |-
| i
,
Normal - CIA 3w Sw Sw

Weeks after 15t immunization

Figure 3. Cll-reactive T cell proliferative response followed in-
duction of CIA. T cell proliferative responses of dLN CD4+
T cells from CIA or normals. Cells were stimulated CIT 40pg/ml
for 3 days in 96 well U bottom plate. S.I. (Stimulation index)
= cpm value of stimulated cell/cpm value of unstimulated cell.

A 1.6+0.01), —‘E—é‘l Z7] A A tZFFol vl SL
ghol 8 Hiut =2 AS FR1E F AAJTEFAL, 8.443.0
vs. AAHE: 1.6£0.0.01, p<0.05; 553}, 3.1+0.4; 853},
4.2+0.4), (Fig 3). o] Nfﬂoﬂ/q ol:H.Z.NH]-& EH7\—7LO
2 AF&-" PHAO| 93 SI13HS F 77 ztol= A9
YEhYA] %tth(data not shown).
Cll ¥ A& 7HA < AXETAAN FF54H AL EFQ
AN ZAL OS02, CIA §5% & 27|9AIQ] 3 FAA]
719 CIIoll £0]2 2 CD4+T A E7} oj 3k Alo] E7}QI
S A=A AT A CD4+T Al2= Edd
ZA@ALN)Y A, FAAAAEES B F(spleen)oll A F]
3lo] 48417k o Cll40ug/mlE AH=3F H, A5 dS o
o] Zt Alo]E7}Qlo] B3+ ELISAS A3t w4 &
AstE T MREolA EHlEE AoE e dF4 A
O] E7}RIQI IL-179] 7%, CI A=l o3 A 368 7}HaF
Z7}8F 9 31(521.7433.0 pg/ml vs. AA=3HA] & - 19.8
+0.9 pg/ml, p<0.05), Z4 AL E7}1Q IFN-ve] 7
G CII A= oA 4ui7te 783 1(2239.0+
1104.8 pg/ml vs. A=38}A] &2 *: 667.7 £ 154.5 pg/ml,
p<0.05), TNF-a%= #A=3}A] &2 Zol Hla| 28] o]
Z7hte AL Qe th(74.0£77.4 pg/ml vs. A3}
A eke 92476 pg/ml, p<0.05). 11 FZF A
AFO] E7FQIQN TL-42] 7% 3 vl 7135l (81.8
+19.6 pg/ml vs. AA=F3FA] 22 7 36.915.9 pg/ml, p<
0.05), IL-102] AL 7t S7hE = Ao 2 Yepgoy
SAA TS sl thFig. 4).
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gure 4. CII- snmulated CD4+ T cells produced proinflammatory cytokine IL-17, IFN-V. Draining lymph node was removed at

3" week after 1%

immunization. And CD4+ T cells of dLN were isolated using CD4 microbead. CD3-cells from each mice spleen

were V-irradiated at 5,000 rad and used it as antigen-presenting cells. Cells were stimulated CII 40pg/ml for 2 days. These cytokine

were measured by ELISA. [J: Normal, l: CIA; *p<0.05.
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Flgure 5. CD4+ T cell receptor screening in CIA model. (A) Draining lymph node was removed from normal mice or CIA mice
at 3" week after 1% immunization. After cells were cultured without stimuli for 3 days in vitro, we investigated T cell receptor repertoires
using flowcytometry analysis. Cultured cells were double-stained with PerCP-conjugated anti-mouse CD4 Abs and FITC-conjugated
anti-mouse TCR VB Abs. (B) Comparisons of VB3+CD4+ T cell portion between nonstimuli and CII 40pg/ml stimulation in
CIA (C) Comparisons of VB8.1/8.2+CD4+ T cell portion between nonstimuli and CII 40ug/ml stimulation. *p<0.05.
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Figure 6. Pattern of TCR VP chain usage in CIA spleen CD4+
T cells during i in vitro culture with CII. Spleen was removed at
5" week after 1 immunization and isolated with CD4 microbead.
CD4+ T cells were stimulated with CII 40ug/ml for 3 days.
RT-PCR products spanning the CDR3 region of 4 VB (V[3,
8.1, 8.2, 10b) genes were analysed using SSCP method. Arrows
indicate that TCRVP3 derived from CII stimulated CD4+ T
cells express stronger pattern.
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Figure 7. VB3+ T cells are essential for ClI-specific proliferation in CIA. Among total CD4+ T cells, VB3+ or VB 8.1/82+
or VB10+ T cell was removed using FACS sorter. (A) VB3+/ VP8.1/82+/VP10+ T cells proliferated against CII stimulation.
(B) VB3-/VP8.1/8.2-/VB10- had inhibited proliferation when stimulated with CII. But, they were increased when VB3+ T cells
were added. [J: VB3+/VB8.1/8.2+/VP10+ group, M: VB3-/VP8.1/8.2-/VB10- group; *p<0.05.
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