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The Marginal Zone B Cells have an Increased Antibody Expression
in Mice with Collagen-induced Arthritis

Yun Ju Woo, Jun Ki Min, Mi-La Cho, Young Joo Kim, Joo Yeon Jhun, Min Jung Park,
Young Mi Moon, Mi Kyung Park, Ho Youn Kim

The Rheumatism Research Center, Catholic Research Institute of Medical Science,
The Catholic University of Korea, Seoul, Korea

Objective: Mature B cells in the spleen of mouse can be divide into two main subsets: the
follicular (FO) B cells and the marginal zone (MZ) B cells. In this study, we investigated which
subtype of B cells is involved in the production of costimulatory molecules, cytokine and antibody
during the induction of autoimmune arthritis.

Methods: The MZB and FOB cells isolated from DBA/1J induced- and collagen-induced
arthritis (CIA) mice were stimulated with LPS or CpG. The costimulatory molecules were
measured by flow cytometry (FACs). The cytokines were measured by ELISA. Production of
antibodies by the MZB cells or FOB cells was measured by ELISA and the results were observed
by confocal microscopy.

Results: The expression of co-stimulatory molecules was stronger in the MZB cells than that
in the FOB cells. The production of cytokines (IL-10, IL-6) and antibodies was higher in the MZB
cells. The IgG expression of the MZB cells, which is known to be associated with the acceleration
of autoimmunity, was higher in the CIA mice than that in the DBA/1J mice.

Conclusion: We observed that the MZB cells were increased in the CIA mice. The
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costimulatory molecules, cytokine and auto-antibodies were increased in the MZB cells compared
to that of the FOB cells. Our results suggest that MZB cells mainly produce autoantibodies, and
they play a key role in development of autoimmune arthritis.

Key Words: MZB, FOB, Autoimmune arthritis, Autoantibody, IgG
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Astelut upg-29] wjike] WaA% BAIEE mar-
ginal zone B (MZB) A|£2} follicular B (FOB) A% F
aFo & UE F QU o] aFe 29, A, &
A3t A=, WgubgolAe] 75| A& th2r} (1-3).
MZB A ZE WA HY5FA Aol Ex)slo]
o5 EoiR AEolw u|# B AE F 5~10%F X
2|kt FOB A|E£E vlA BAIE9] 80~90%%5 XA
sl WA A follicles AT Q) (4).

MZB AZE IgM™ cD21"" cD22"" D23
1D YL 7AW ol 3k So] HFollA
falE v AE diz]l A WA oA xEls e
th. MZB AlE= T AlEo SHH oz Hh-go] Yo
Uez a2 ubgAe] mlg wl2r T AEE FAHA
oz B4 F Y o2 FAAA A E}E ub
23§ 9lr}. 2o Wl FOB AlEE 1gM™ cD21™
CD22"¢" CD23"" IgD"" THYL 7AW T AE F
o FHo follicles ©]F3 o]#gt follicleE2 ger-
minal center (GO)E ©]& 4 A T Alxe} A5 A&
o] 4% ol Xt T AE =85 ol 37
Hodukgol| Fodstar 7] B AIEE A (2,5,6-8).

MZB A& 4d& wl2A AR AAste] T
AEe] FEATEA el ol HslE 5ol FOB
AZR) w2m o]+ in vitro®} in vivodolA EF
dojdrlar HwEo] ANt (9) MZB AE7}L A7}
wed Al A e ojust Adg A ofF7tA FH
Alsl ¥ o%ﬂ ul7l ek SRR ol AEd &R F
F225 FE3 vfs2 FERUCAE UE B AE
b= D}Eﬂl MzZB A|l:Ee] Wzt gAJo] FrlE|o]
AT o] T AMEoA 3} dsDNA A JA] F7}
ol &5 #Qssict. MZB Xﬂfﬁ% ek Ze A
FHE 2 Fgdel el whE A S A ol
g AEFA ZA7F Gl EH*& g Aol o]

M

O

& Z& A (10).
B dFolAe Ak Agel Fukeaaded A
ol &

AAZE o) 2] MZB AZ9F FOB AZe wodul
Zoll dgt vkeA Y dds =Ast A sk

Thet 2 e

1. 2 R

Type II collagen-induced arthritis (CIA) %+ CII
100 g& Complete Freund’s Adjuvant (CFA; Arthro-
gen-CIA, Redmond, WA% 1:1 (wv) B E&EE E3}e)
o] malo| FsFA sk 25 Foll CI 100 g&
Adjuvant incomplete Freund (IFA; DIFCO, Detroit,
Michigan)¢} 1:1 (vjv) B2 E3slo] Slde] &
2ol ssFAsA (1),

2. MZB MIZ2} FOB M|Z2| £2|

wh-$-29] B|A-S #2831 phosphate buffered saline
®BS) £How 23] AH T YT A=m o]
Cell strainer (BD Falcon, Bedford, MA)oll &3} A|Z
o} 4°CollA] 1,300 mpmoZ SE7F 4R & A4
A AAG WA AEE FolA, 4YTE HYT
£H(2.06% Tris¢} 0.83% NH4ClS 1:9 41%)4
AZolA 537 WEAI7l F AASAY AlA

AESE PBSel AFF AZlch B AIZE Eeler]
913l B cell isolation kit (Miltenyi Biotec, Auburn,
cA9t vESAIZ1 & PBSE A¥3lAet 24E col-

umn (Miltenyi Biotec, Auburn, CA)oll 53}FA]# CD19
+ B AIZE A3l o714 MZB9 FOBAIZE <
7] €&l 4] anti-mouse CD21/CD35 fluorescein isothio-
cyanate (FITC) 3} A|(eBioscience, USA), anti- mouse
CD23 biotenated & (Biolegend, USA), streptavidin
perCPtA|9} HESA]7]31 PBSE M o]F vl FACs

Vantage (Becton Dickinson, San Diego, CA)Z &&]|3}
2



3. MZB MIZ2} FOB MIZQ| XI= LU FA|

bl
HI
1x

919 wlE Eeld MzB AE$ FOB AEE
Z+ZF LPS (10 ng/mL), CpG1826 (6 uM), CpG1982 (6
uM) (CpG1826 control)@ 2447+ EQF A=A 7] ALk
CD19+ B AlEE U =708 oA 5 A=
gt Z] anti-mouse CD19, CD40, CD80, CD86 (BD
Pharmingen), I-A/I-E (Biolegend, San Diego, CA)E 7t
3L 4°Coll A 3087 WHSAIZTh PBSE HlolE
FAE EA7](FACs Calibur;
San Diego, CA)Z &4 3}3i )

ZJ'—
hod Becton Dickinson,

4. MOIEZIQl U 8 5H

np-9-2 v|Abo A Ealg A|EE ulokst ASois
Kol IL-10, IL-65 sandwich ELISAE o| &3l 5%

£ &A%l Sandwich ELISAS 96 well plate
(NUNC, Denmark)ell ©HF24 IL-10 &, IL-6 &=
(R&D, USAYE 27+ 4 pug/mLZ 50 wjwell® Wil 4°C
ofl Al "EA WEZAIZ] v XehEH(1% BSA/PBST)
< 200 pywell® W A2ollA 247 HH-EAZ )
Standard 2 A=3t IL-10, IL-6 (R&D, USA)E o] &

A
. 800 . MZB
g 500 CJ FOB
8 400
g
(<2
(@]
0 )
LPS  CpG 1826 CpG1982
20 ug/ul 3uM 3uM
o
= 4 . MZB
L
<, CJ FOB
8 2
g
3
(@]
0 T T

1
NIL LPS CpG 1826 CpG 1982
20 uglul 3uM 3uM

o] 747} 5 ng/mL~78 pg/mL SEE A-&slich
FAI B A FAY Azl AFAE 50 vy

4 Y3 AgoflA] 247 vbEAIH Th HEE-E-7
A1 8-M0.05% Tween 20/PBS)CZ 4¥ AH s}
biotinylated goat-anti-human IL-10 &-3|(R&D, USA)E
200 ng/mLZ biotinylated goat anti-human IL-6 €=
(R&D, USA)E 400 ng/mLZ 3] A3s}lo] 50 uljwell®
Yol A2ollA] 2417F WHEAI7l F A gHom 49
A= sk npA| 2o 2 = Extravidin-Alkaline phos-
phatase conjugate (SIGMA, USA)E 1 :2,0002.2 3|4
ato] 50 pywelld i AollA 247 Hb-GA 7]
A% % phosphate disodium salt hexahydrate (PNPP,
Fluka)/Diethanolamine £-°§(DEA, 97MI, NaN3 0.2 g,
MgCI2H20 0.1 g, 13 254 800 mL)S 1 mg/mL

TEZ o] 50 ulwell® Yol 308 F 02 M

well® Wi AL

\11 il

NaOHZ ®H8-& ™23 405 nm A4 FHEES
=339t
5. 3=d @o|d

H]# 2215 OCT compound (Sakura Finetech USA.)
off Zuf A7 H AAALE FZA33Act Cryostat

B
~ 120 . MZB
L 100 [ FOB
=~ 80
3 60
S 40
o
g5 20
0
LPS CpG1826 CpG1982
20 ug/ul 3uM 3uM
D
~ 120 . MZB
L 100 [ FOB
=~ 80
3 60
Q
§ 40
5 20
0 T T T 1
NIL LPS  CpG 1826 CpG 1982

20 ug/ul 3uM 3uM

Fig. 1. The expressions of the CD19 and costimulatory molecules (CD40, CD80, CD86) in the MZB cells and FOB
cells. The freshly isolated MZB cells (black bar) and FOB cells (white bar) that were cultured for 24 hours
in vitro from the DBA/1J mice were analyzed by flowcytometry. (A) CD19, (B) CD40, (C) CD80 and (D) CD&6.
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(Lecia, Germany)s ©]&3lo] 6~7 um F719] A% 7l & PBSE 3087 AolFir)
Zol =2 AHA-L coated slideol] FZ e}t o] A& Cover- slip $oll 84 2<UAl(Dako cytomation,
3087 A=AZl F 4% paraformaldehyde solution Denmark)E 3+ W w5 zZ Ho| Ax
(Sigma)ell o] AgollA] 1587 387 5 PBS2 A derh zeln 23 @vH(Zeiss, LSM 510
1587 AolFct. E54 A AAlsty]l {3l Meta, Germany)2. 2 25131},

10% normal goat serums Y3 A-2of|4 30&7F Hb

2271 = anti-IgM A9} anti-IgD FITC A5 4

_|_\-,
s
z
o
o)
2
o
[
g

I anti-IgG APCE EAY F2 94 & =7& AY Ante Hi+EF X2 Jerdleow, B
T 5 4°CollA 18A17F F]F HESAIATE wEgo]l A {942 Student’s t-tests: AAIBIIL pgke] 0.05
B X greptavidin Cy3 S 93 A4 24] olstel W] EAH o T 9o shrfm LA}

A . B .

4,000 | = vzB 900 R | mE MZB
’E\ 3,000 1 FOB T_E\ 1 FOB
S =4 600
& 2,000 2
S ©
1,000 4 300

O O T T — 1
NIL LPS CpG 1826 CpG 1982 NIL LPS CpG 1826 CpG 1982
10 ug/ml 6 uM 6 uM 10 ug/ml 6 uM 6 uM

Fig. 2. Evaluation of the cytokine production in the culture supernatants from the MZB and FOB cells. Freshly isolated
MZB (black bar) and FOB cells (white bar) from DBA/1J mice wete cultured for 24 hours in vitro. The IL-10
(A) and IL-6 (B) production was measured by ELISA. The Values are the meantstandard deviation from three
independent experiments. *p <0.01.

DBA/IJ CIA

Fig. 3. Confocal microscopy analysis of the MZB cells and FOB cells in the DBA/1J and CIA mice spleens.
Cryo-sections of the spleens from the DBA/1J mice and CIA mice were stained by anti-mouse IgD (FITC
conjugated, green), anti-mouse IgM (Biotin) and streptavidin-Cy3 (red) antibodies. We analyzed this on confocal
microscopy (*200).
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Fig. 4. The expression of costimulatory molecules (CD40, CD80, CD86, MHCII) in the MZB and FOB cells from the

DBA/1J and CIA mice. Freshly isolated splenocytes from the DBA/1J mice (A) and CIA mice (B) were cultured
with LPS, CpG1826 or CpG1982 for 6 hours. The proportions of MZB cells and FOB cells were determined
using FACs. (a) CD40, (b) CD80, (c) CD86 and (d) MHCII.
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1. LPS?} CpG AI=0| [E MZB MZEL} FOB
NEZo| ZSASEXIQ| wsisl U AlO|EF}QI

£H| H3HDBA/1J)

MZB A|3E9} FOB A|E9] vFSAS w|w3] E7)
934 DBA/1 wl$-29] MZB A|Z9} FOB A|EE

MzB
1,000

800

NIL 8 600
o 400
200

2.78

SSC

SSC
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LPs 9 3.66
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2elete] LPSSE CpGE 24412 B AFA7 1}
A 7k AES] CDI9SH FEABRAE] wHMH
X
(<)

I Ez9l CD40, CD80, CD862] =717} FOB Al (o
ARk o E=A Jebgeh@a® ). a2elx 99 AlE
E 712 kRl A AolEFIE FAHM B A
IL-69] #ulE 7 AlFollA A Xol7b A ¢kt
Zuk MZB AZENA] IL-102] EH]|E= FOB A Zel| ]

FOB

10 10 10
IL-10

Fig. 5. FACs analysis of
IL-10 in MZB and
FOB cells from CIA
mice. Freshly isolated
MZB and FOB cells
cultured for 6 hours
in vitro from CIA
mice. IL-10 produc-

tion was measured by
flowcytometry.
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=2 Aoz 2AEAk ™ 2).

2. DBA/1J 0O}RAQL CIA ORANMS MZB
MIZQ} FOB M|Z H|z

DBA/1] wu}$-29} CIA n}$-2olA MzZB AF e}
FOB A|lxe BE FEE =AHoz Qlsfiy]
AMA 24 wpeso vA =4S Ys AE ¢ F
MZB AEE FA 3l7] & anti-IgM Cy3 A9t
FOB A|ZE %A 3}7] {13 anti-IgD FITC A2
HAYFAAH S Aldsla g2 Av|dez
3lgich. DBA/1] uh$-2=Er}l CIA vl$-2=ollA] F24)
H@e BT anti-IgM Cy37} T o] =g} o]
£ &% CIA w9271 DBA/I] whg-2=KHot o @
%ol MZB AIEE AR AT ek
3). H|A&oA B AEE Helslo] LPS, CpGE 64|17+
&t A5 5 MZB A|Z2 FOB A|ZoflA 9 F&
AZEAE 2ANES ek 2 A g2 AF A7l
5 MZB AEAE FEAZEAS] wdlo] FOBA
Fol At A vElgen o]z{dt Zite DBA/I
ub-$-22(28 4A)%F CIA vk (7 4B)ollA] FY3s

Al ekt
3. CIA O}RANIMS| IL-10 2H]

CIA w929 nlAoll A Felgk MZB AlZ2 FOB
AZE LPS, CpGE 6AI17F & A58 5 7+ AE
o412l IL-10 HH]E FACsZ els|E A3 MzB

]

AEA B B kel IL-100] BulEE Helehal

A
70 - |
= ?,82 m vizB
é 40 1 ‘ 1 FOB
= 301 *
© 20+
10
0 .
Ly Lo © 8
\3“9\0 N o\‘% cﬁi
N
N R Red

t}. a2z CpGoll 23k IL-108] #she A YAut
LPS Aol &% IL-10 #u]E= MZB A¥7} FOB
Az 'l o] F71 ste A& FEAch ™ 5). o]
9} e AL DBA/I wFSoAE ZAsA] U
E}skch(Data not shown).

4. DBA/1J O}AS| MZB MIZQ} FOB M|IZO0f|AQ]

A 2HI ZA

MZB A|E9} FOB AEoll A9l A EH]S H]i
3 7] 914 DBA/1J wh$-2~2] MZB A|Z$} FOB
AZZ Belslo] LPS9t CpGE 24417k E4F A=A
7|3 JA 2 A=A IgMT} 1gGe] S Z=A 3
Bokrh 1 Ay MZB AlEAE 2447k A4Sk

= IgMT} IgG7F S71EIYAIRE FOB Al ZollA &=
o Wigt wk-gAdel A9 gle AoE ey

5. DBA/1J OFRAL} CIA OFRAMME 1gG 2E

i

DBA/1J vh-9-229} CIA nh-$-2=oll 4 9] 1gGe] &
zAg A o7 el Br] fleiA 7 uhse] o
AH & 2F g anti-IgM Cy3 A, anti-IgD FITC &
A|e}t anti-IgG APCE WA FdAS 3 A a8
3014} 7o) MZB A E7} CIA uh$-2 H|Aol A T
Hol ¥4 ok a2l g6 wdo] MZB AE 4
oA who] wtEE|l 3 o]2|dt 7L CIA mh$-

olA SEelgichs 7).
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Fig. 6. IgG and IgM production was measured in culture supernatants from MZB and FOB cells. Freshly isolated MZB
(black bar) and FOB cells (white bar) cultured for 24 hours in vitro from DBA/1J mice. IgM (A) and IgG
(B) production were measured by ELISA. Values are the meanztstandard deviation from three independent

experiments. *p<0.01.
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DBA/IJ CIA

Fig. 7. The IgG expression
of the MZB cells and
FOB cells in the
DBA/1J and CIA
mice spleens. Cryo-
sections of the spleen
from the DBA/1J mice
and CIA mice were
stained by anti-mouse
IgD (FITC conjugated,
green), anti-mouse IgM
(Biotin), streptavidin-
Cy3 (red) and anti-
mouse IgG (APC con-
jugated, blue) anti-
bodies. We analyzed
the results on con-
focal microscopy. The
merged IgM" IgG+
cells were increased
in the CIA mice.

EYS M g Rol deA v B
oA %= DBA/I] v}$-29] MZB A%} FOB Al
= TElslol Al LPSe CpGE 24X7F &<t A3

&
o 4
3=

B AE& o7 W ‘:Pﬁla Ax AEEEdl T F FACGsZE CD19%F FEAITEAE EHHE Ax

Z Bl AlZ9 MZB A= T AE9 & glo] W1 FOB AlXol ulal MZB AZel49] CD19, CD40,
Aqul2g 3t 4 9low FOB AEL T A|EQ &  CDSO, CD86S] wHdlo] =& 78 Folstgdchd 1).
& wrolof gt} (6,12). ¥ 7| wifol MZB AlEE 8|3 FolHo MZB AlEE WA W vk &

LPS9} mbh-3lw wlEA =2] B3lslA =3 ojuwje 71¢l TLR family2] member$! RP1057} A|E Ew ol
%%% FOB A|ZHth whEth LPSE F AZE A 27 W=l g Ao vehgtl (7). TLR 53
A =l MZB AEE 6417 oA 8417 Ulell 7+ A9l TLR4/MD-29} RP105/MD-2E B A|%7} LPSel|
g APCEH A& F JYEF E3E 2 1247 W =371 A3l & Fegk ed4Folr o]Fo] HAE
o A& Euld 4 k. ol wkdl FOB AEE < 7% B AlEE LpSoll thdt Hb3Ao] A3t

A

s

. A
|= slA"E MZB AlZoll Bl t}. o]# o]fE MZB A|EE FOB AEHt} U2

=

o

LPSol] el HF-S-S @)~ o
A MeAT £57F da 2~3Y AE ol A E9] LPSoll A E HESAlo] Zof A& EH]
£ HuE F J=E B3 (7,8). MZB AE7} 3 ¢ Qe FAMNEE 3 F = Aol ).

Aol AR Hlgo] Yoo
o]

$Feha g9 e 2AelA MZB AlES FOB AETL Huls
ol TS W =

251 74gk o IL-107} IL-65 =4, wlzsfEgct o Az

o
A
gk
oX,
o
s
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MZB A|X+E LPSE A= Aloll FOB A|Xol| H]sl] B
< <9 IL-65 FHlEe s s CpGoll
aliAl= w23k ofe] FulEle Ae Flssich
A WAL A|ES} germinal center (GC) HH-g-oll F2%+
g 3k IL-10 A LPSell 2lell4] MZB Al Zoll
Al H g2 o] BEwulEgew CpGell dsiAx
FOB A|Z Xt} MZB A|EoA] ] w2 <ko] 11-100]

HalEle AE & F k. olE B3 MzZB AlEE
7] wonkg-o gAlgatel ol A whE A7k =
< WSS S stk ad 2).

A7} M Aglol| A 2] MZB AlE] ke o7t
A Agks] A vle YA £ FEREA
a2 57} Z7kE|o] Qla & dsDNA |7} gro] Hn]
Aok d#A et (10,13). 2A SelE o E

A7 MGAZe] PFQ CIA FEEW4S MZB
AZE oust 54 7HAx deA 2ATH o=
grols)] Hokch 1 A3 MZB AlE7} CIA wl$-2=o
Al DBA/1] vh-9-2=Ht} fo] BEEEo|gl35 QI3
drhd 3). 12]3 DBA/I] uF$A9) CIA w2~
o wAS DIATE Belste] 6417 F<F LPS,
CpGE A=3}3L MZB A|*E29} FOB A& GAsla
7} FE A3 E2HCD40, CD80, CD86, MHCINE 144
slo] FACsZ A8l Hgkelk 2 A3 g2 A7k

Aol |2 MZB A|EE FOB AlEo H|aiA FEA
ITEA "wde] FrtEoe] g ol HAAL

DBA/1] u}-$-28} CIA np$-Zoll4] 7He Z3ko g 1}
Ebdkcha® 4). olule] CIA wh$29] ZF A ZollA
1|5 = IL-10S FACsZ 43 23} <A FOB Al
EHvh MZB AlxelA B A4 AAse A =Y
stglem (g 5) o|#’t A= DBA/IT wh--2=ell A
AA wpER7FA 2 #lElrk(data not shown). ©]&
TMA feEle JAEdANA MZB AFE7E FrE o]
9L o]HT AE FL w2 A WA HrLH S v}
AR Jes dYsdch

7kl MZB AlZ7F A AL g5 3
zA%17] $#lA DBA/IT wl$-x°] MZB A%
FOB A|ZZ 22l LPS9 CpGE 24417 B9k A=
gk 5 2wkl A IgMTt 1gGE FAH Bk
A3 MZB A|FEollA w2 %ol IgM, 1gG7F £l
He AL AJAeH ™ 6). o A MZB AlE
7} FOB A|Zol| vlal|lA 7)o 73F skA| QA wied

7

| e

[}
iy

Eata des udEbdAL LPSY CpGrt
MZB A|¥E9} FOB Al¥ol| AEZAEL 7MA= A
obdA] &glsll 7] $J#4 LDH 9 5%
WAt 7z 252710 AlEol| AEFA
A= ¢Ekrh(data not shown).

CIA wl§-2ojl4] EulxEls A= Xo|7l =
AE zA}H oz oty ¥ WEHEA H
DBA/1] wu}$-2¢ CIA uk-$249 B]A-E anti-IgM
Cy3 @A, anti-IgD FITC 34 2|3 anti-IgG APC
A2 ddgFANE HWEghaE 7). 27 30
A2 # CIA wl$-2oll4 MZB A|E7} FOB A K}
H ol TA Heoew 1gGE F =FA EF
MZB AlE Fdol] FE EA3} T 2 CIA vk
2ol A ou] QA FrtEe] Y-S FIE

o
| o

N
rh

%2l MzZB A|Z7 ArpddAge] dFol Fuf
Elagbde] AJAEERL(CIA)A MZB AE9
F7F 9ul A FhEe] o o]#F AE FollA
EANFER, Ao|EFbQ el AvbgA ARk
o] FFHo]l JU&e AU olHd AdE
3 Fubelapde] Ak g A A7pA] A

o] MZBA|E2] d3to] Z Q3 A A3},
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