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Cytokine Balance in the Pathogenesis of Rheumatoid Arthritis
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Rheumatoid arthritis (RA) is a common, frequently severe, chronic inflammatory disease. Although the cause of
RA remains unknown, recent advances in understanding its pathogenesis have been substantial. Despite the use of a va-
riety of medications, the treatment of RA is not fully effective in most patients. A T-helper type 1 (Th1)/T-helper type 2
(Th2) cytokine imbalance has been suggested to be of pathogenic importance in several diseases. In this review, the infor-
mation of cytokine balance in both the experimental model of arthritis and patients with arthritis were summarized. Fur-
thermore, to characterize the cytokine balance at a single cell level, we analyzed the subtypes of cytokine-secreting cells
in an experimental model of arthritis using a dual color enzyme-linked immunospot assay (Stardust assay) which we
newly developed. These information including our findings might provide us the clue for diagnosis and therapy of arthri-

tis.
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18R ETY 7 < F (Rheumatoid arthritis, RA) %
JRRAHDOBEREREETH 2. ARRIIHIA
HD 1% (%15,000 5N), HATIZIADDK 0.3%
(357 N) THD, ROBBEEOEHWRBERTH
5.V E < QEFITHERERE & B ITHEE OMRERE
EZrkL, HEEFRICKEEZREZT, LirL, B
fTOHEWBEONEEETIE, BANRBEZ D /-
59 ZERETERNVNEEZEZSNTNS. DTLE, RA
DFIE, JREFRICNEMEDREHIEHYE Th %Y
A NAA VEOEABRNDEMIMA, 2712 H 2 0T R
SiE FFr26T 132D THEH L CTWA Z ENBAS N &t
STER., AHETIZ RA OIFES(LET A1 MhA
NG U ADEEBTONWTHEICEDH L WHIRZ
B L, A THRA OBFE L 2R M A
DNT D ARNTEE AW EBREREEZHENTL, RA
DIFIEIE KRR LR OF NN D 23RD 5.
2. YA MDA NFT LR

A NAA R FEITRE S AT LDOHIEN L
ISEE D ERNERCEDE DR TH S, 2
HA MAA A BREEOMICK D EAINS
N, FOHTHANILN— T (Th) U 2 INERIZHER
OERFIGZT > TWS I EMSY A M1 2
AMIfRE LT, MO TEESMIETHS. 1986 F
{2 T. Mosmann® SEEAT HY 1 M1 > DR
MEIC K D TAINISN—T VY 2 )SERM 2 FEIE O i 8

M, 9756, EICHIEMEGeEEEZEE LT 29
A MNIATHBAFZ—10O1F>2 (IL)2 1 >
¥ —7 x> (IFN)-y /709 % Thl fiifd &, *
IR R M e % B A & 6 {9 % IL-4, IL-5, IL-10
BREEEATLZTRMBICHHETESZ L2 RN
MUz 20, BWIZHHEOY A TOHA N1 >
2T 2 ThO MIlENEET 2 Z bt hn
TWn5. 2429 Zn s HEFO ML R OR# % Fig. 1
WCR Uz, I, ZNSHERODS B, EDHEM
MEOVEEIT DI, iz, EoAIL/)N—

IL-2, IL-4, IL-5,
IL-10, IFN-y
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Fig. 1. The Cytokines Produced by Thl, Th2, and ThO Lym-
phocytes and the Differentiation of Th Cells
IL-12 and IL-4 induce the differentiation of ThO cells to Thl and Th2
respectively. The principal sources of IL-12 are activated macrophages and
dendritic cells, whereas IL-4 is produced by antigen-stimulated T cells them-
selves. preTh: undifferentiated CD4+ T cell, Th: T helper cells.
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Fig. 2. Cytokine Balance in Diseases

The outcomes of several diseases including infectious, allergic, and au-
toimmune disorders have been linked to the balance between Thl and Th2
cytokine production by Th cell-subsets.
Th: T helper cells, GVHD: graft versus host diseases.

THIfHEMANL D EZESL, TOLERIIET S
YA MM E2XODELSEEL TVWSED, TRDE
HA RNIA DINT 2 2T & o TREGLB 1 a7, 2627
H A2 3072 & QAR 3 Kb OB Nk £
5EEZLGNDICES . HIZ, MHELHADOY A b
HA 2INT > ZDAREE D2 IR EE DRI 5
EEZSND X DI 723 (Fig. 2). HIAE, ¥
A RHADINT AN Thl BRI R EE L
T, #RECHREEERXOBE A H1E £
(graft versus host disease)*¥23H U, #iiZ, Th2 #|z
R THEEEL TR T VIVF—MEE O b M
WAL YA )V A (human immunodeficiency virus,
HIV) Y7387 & QRRYSENH SN TN D,

3. RAREBETILEMESA PNANT LR
RA ORJE, WELKITHENT A 12 I)NT >

AMED XD ITEHT HMMEMITT 572012, JRhE
EFIEME AW RBRNEE &R 2R TE
7. RADHFEETIELTEDLIFbhTVS
HDI3IaT7—4 B4 (Collagen Induced Arthri-
tis, CIA) XURXTHD. ZDFEETTILIZRA R
FOIMEEEwRPIChRE L Tas—7 2, #
WCBEEIRBICE<EET DN T =47 ITHT
SRR I N B EFRIZH D E, 3 Trenthan 5 )Y
BN BaS -7 22595 28I1CKD, &

FRAICKSBPILRUEEEIREZRIEIEDI ST &
ERWHLZBYERET I THS.

WEDE ZA, Thl fifd, Th2 Mif, Tho ez
NFNZEREMICRPTE2MaRmyimidnEiz
RuHInTnwinzy, NN Thy Tty
k2 REPURDOFE O A TIEHEICIXKAT S Z &1
TERW, Lo T, ZOHEINIAEA & O E
BT DHHA MHA COBRBICZE > TiIrbhi T,
TabE, WERETIVEMORIEZEZ UM
FRICEE LY NERDY 1 b h 1 DR (BB
REg, BBV, MRS >/ NEi7s E g Y Ak
DY VISERDYA S H A1 D EAREEZFANRNS Z LI
o T, Th, TR2 DEBESLDY AT DY A N A
CIMEDEMICIR S TWAENEH S I ENTE
5. 0D FH EETHAMBRAZY A N1 289
HBNEHTA N IA PR DE CIA T A
BEEREGT5ZEICE> TRIRDED X S ITBLT
HEMEBRTDHEREDZBZILND. INH6DH
FEERWEd -7 D EEIR < T ADENTICED,
INFETIKESNTWVWLH A Z Table 1 ITF &

Table 1. Studies Using the Mice with Collagen Induced Arthritis (CIA)

Experiments Summary of results References
Quantification of cytokine « Before onset of arthritis: Th1 type cytokine (IFN-y) 1 40), (41)
production by lymphocytes * After onset of arthritis: Th2 type cytokines (IL-4, IL-10) 1 : ’
Immunohistochemical analysis * Before onset of arthritis: Presence of Thl type cytokine (IFN-y) 42)

(Joint histology of CIA mice) e After onset of arthritis: Absence of both types of cytokines:
¢ rIFN-y: 1. Exacerbation of arthritis: (43)
Administration of recom- 2. Suppression of arthritis: (44)
binant(r) cytokines o rIL-4: Suppression of arthritis: (45), (46)
o rIL-10: Suppression of arthritis: (46), (47), (48)
e anti-IFN-y: 1. Dual effects on arthritis according to (49)
the clinical phase:
Ad%inciistration of anti-cytokine 2. Exacerbation of arthritis: (50)
antibo
y « anti-IL-4: Exacerbation of arthritis: 1)
e anti-IL-10: Exacerbation of arthritis: (52)
Transfer of cytokine gene into o IL-4: Suppression of arthritis: (53), (59
CIA mice o IL-10: Suppression of arthritis: (55), (56), (57)
i i 1. Suppression of arthritis: 58
The study using gene targeting « IFN-yRKO: pp (58)

mice

2. Exacerbation of arthritis: (59), (60)

CIA, IL, IFN-y: see text, KO: knockout, R: receptor, 71 : increase.
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55— VBRI ANDY A MHA ERTEA
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HARANTZT AN ARG Z—% 57— VR~
A2 EWH B VIR G52 LIk
BEEI R HE - IS NS WEE 2 MG L T 5,

WA, FAETY, B TL¥EOESRICED, i
BB TRESMMERIND L DIk #Ei
FUREEMIL, BEOERFEZREEHIERLD
Wl: b IRD I IR TR), RESEDEZ &
W: w27 IR TRA)ICKD, ZOELRTD
HEBE & in vivo CTHHREICRIT CE 2 MO TENTZ
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BT XA M EERIT L CIFN-y S/EKZ RIBSI B

Chromogenic substrate: AEC / H202

Red spot
The profile of the spot

and the subtypes of Th-cells

streptavidin HRP label]ed' donkey anti rabbit IgG
(H+L)/ F(ab')2 IL-2-secreting cell (Th1):
Biotin conjugated rat Red spot
anti mouse IL-4 mAb Rabbit anti mouse IL-2 polycional Ab (IgG) I
Mouse IL-4 Mouse IL-2 IL-4-secreting cell (Th2):
produced by Q produced by Light blue spot
Th2-cell Thl-cell
\4
Rat anti mouse IL-4 mAb Rat anti mouse IL-2 mAb

plate

Fig. 3.

IL-2- and IL-4-secreting cell (ThO):
Mixed colored (indigo) spot

The Schematic Representation of a Dual Color Detection (Stardust Assay)

Abbreviations: mAb: monoclonal antibody, AP: alkaline phosphatase, HRP: horseradish peroxidase, SA: streptavidin, B: biotin.

Reprinted from immunopharmacology, Vol. 39, Y. Okamoto et al., Development

of a dual color enzyme-linked immunospot assay for simultaneous detection

of murine T helper type 1-and T helper type 2-cells, p. 107-116, Copyright (1998), with permission from Elsevier Science.

Table 2. Methods for Analysis of Cyto

kine Balance at Single Cell Level

Simultaneous

detection of Analysis for

Mechanism Procedure Cost Time multi-kinds of la(:'fges ;mun;]e):r
cytokines p
St Application of . . .
ardust assay ELISPOT assay simple Towest 1-2 days possible possible
) The analysis for the .
é:rlllaggﬁi:g T g}gtg;(éﬁecfgggi}:g?n complicated expensive (alglvg \E;géis) impossible difficult
the T cell cloning
. t expensive, re-
Assay for intra— . mos ’ .
Analysis by flow . quirement of expen- short time . -
g;ltl(l)lli?;es cytometer simple sive equipment (several hours) possible possible

(flow cytometer)
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Yz AN TN DS, 360 Z 15 OfFFERE RO FIciE
HETIN—TICRKOHERTD2HDONPHEEIN TN
5. ZORRAEAHATH S50, midbL=LDIT,
Thl1 B R > ThHBIFN-y I, HTLHE
iR ZHET 5 HMICOAE < D TIX7/R<, BIHEiR
DOBEHEBICOEERERZRZL TVWDEXOTH
7, 58—60)

4. Y4 bHA N7 ZROFBRERITE (Star-
dust ;%) DOBAF

YA M1 EEIRIVECEHERRD, Y1
A 2 HSMPEE S NI /T T OBERED A BRI B EE
TH5. fExOMIENS WIS NZTA N1 2D
FFEOFEE & EBN KD ARORN 2 Kk U 72555
Elas. Tixbb, mHe, U NEREEERY D
YA MhA 2 EZHET 2D TIERL, E03i%E
w] S & FHIS B AEN K DA AREHRZE B
59 EEZOND. EEFESIIINETICERFEDY
A BAA 2R E R EEE e S T 5
Dual Color Enzyme-linked Immunospot (ELISPOT)
75 GEFR : Stardust ik, b B ARIEZETTO 2,
stardust DL DIWCHRA DY 1 M1 P EAEMBOE
EZRTERENELOND ZEICEDE, F#ES
ML) ZHFEL TWD. D KRIEZRERD
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Fig. 4. Incidence and Time Onset of Arthritis in DBA/1J
Mice

Male DBA/1J mice were injected intradermally in the right footpad with
200 ug of bovine collagen type II (CII) emulsified in Freund’s complete ad-
juvant, followed on day 21 by an intraperitoneal injection of 200 ug of CII
dissolved in phosphate buffered saline. The clinical onset of collagen induced
arthritis (CIA) was estimated by the erythema and edema of paws other than
the right foot. Results represent the percent of mice with clinical arthritis in
one or more joints (n=16).

Reprinted from Journal of Interferon & Cytokine Research, Vol. 20, Y.
Okamoto et al., Characterization of the cytokine network at a single cell level
in mice with collagen-induced arthritis using a dual color ELISPOT assay, p.
55-61, Copyright (2000), with permission from Mary Ann Libert, Inc.

ELISPOT #:2% Jis il L, Thl B4 K HA > 40k
WiRE, Th2 BIY b A > WiE, S5ICmAD
BOYA A > %&5WT 2H1dTd % Tho i
R HFHTES HETH D, RiEOHIE R
13 Fig. 31229 & 512, IL-2 40 W0 (Thl i)
& IL-4 7r Wi ie (Th2 Mifd) OFEEZ 2FEHE O 5

8
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Fig. 5. The Frequency of Th Cells in Lymph Nodes of Mice
with Collagen Induced Arthritis (CIA)

Dual color ELISPOT assay was carried out on lymph node cells ob-
tained from mice with CIA at different times after collagen type II (CII)-im-
munization. Cells were incubated with CII (50 ug/ml) in a well coated with a
mixture of anti IL-2 antibody and anti IL-4 antibody for 18 hours, and sub-
sequently, spots were developed. (a): The frequency of IL-2- secreting cells
(Thl cell), (b): The frequency of IL-4-secreting cells (Th2 cells), (c): The fre-
quency of cells (ThO) secreting both cytokines. The results are expressed as
mean +SD of six assay wells. Significant differences were determined by
Kruskal-Wallis non-parametric one-way analysis of variance and Scheffe’s F
test. **p<0.01, *p<0.05.

Reprinted from Journal of Interferon & Cytokine Research, Vol. 20, Y.
Okamoto et al., Characterization of the cytokine network at a single cell level
in mice with collagen-induced arthritis using a dual color ELISPOT assay, p.
55-61, Copyright (2000), with permission from Mary Ann Libert, Inc.
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B AT LERANT, FRFCHBIBEERGEET S
HETH D, Thbb, Thlfi bk (80) CHEE
T 50 E N7 E % O IL-2 13 Aminoethylcarbazol
(AEC)/H,0, 2R HE L L=V A F 24—
KOFRED ARy hELT, Th2 Mg sz
IL-4 IX Vector blue (Vector Laboratories, Inc.,
Burlingame, USA) ZFAEEHE LTIV AU KA
Ty —FIZEOEFEBRDODARY MEL THRDIT
5. Iz, IL2, IL-4W G501 N1 > %250k
T HHIAE (Tho M) 3R EFORAEE FR) DX
Ry FELTHHETEIENTES, AR, U1
NAA NS X% (1) MBI T, 2) eI
GREEOAN)N— TMidH LM 2 FFFIZ), 3) 7
O—HA1 h A =% —72 & O & fifi 720 &5 O ff
HHNZ, MOy O—=2 77 E OEME B
Bl LIC, /I, 7D, @) EEEIC GBEE D
ELISA {A T3 B sk o mfg = /x v 1 N A1 >
=M 2 Z LIS ARREETH %M ELISPOT % Tl
HRLFE B SR E DY A N1 >3 H S D TR R]
HETHD.) TNl TdH 5. Table 2 (ZIdHIEL
NIV TOHA MHA 2INT > ADBFERMEMNHEITD

WTEDORMZEE LD, EHESIE, TNETI
Stardust iEZFH L, YT ADRKE (BT RD
EW) ITXKBYA ML NT D ADMHEZHS N
WWLERREZETWS. DF /bbb, BALB/c &
DBA/2 X ™ Z 1%, C57BL/6 % C3H/He % 1T H s
LU, Thl BfAMEALICHEBEI NS E NS T &%
S5MIZL TS, S8 iCEESRIAEEZOS T >
BER T ADYTA NIA NG > ZADRNTICISH
L7z. 972bbB, Fig. 412135 —7 D BEERDFE
SERSE, Fig. SIC3V ONEICEEND Y1 M1
WA DR s HERS R Uz, T DR,
R i 48 FERE T 12 Thl B (IL-2 23 Wb ) & OX Tho
R RSN L, FEEHIC Th2 B (IL-4 23 i D)
AEINT B & WS BRE A R R ELIE I/ 5 1
72. 2@ Thl BALRIRM N S Th2 AL/ IR~ D
DT NI INETITHIENRHBENSHEESIN TN
B TH =0, %O T, JREROHEBITHEY, H
BRI TOYA M HA 2INT > A DEEMFERITE
CTWAZEEHHLEYD TOHRETH D,
5. BIRICEH3RAEH A PHANFTR
t MIBITS RARIEANDYAL ML NT X

Table 3. Cytokine Balance in the Patients with Arthritis
Experiments Summary of results References
1. Analysis using peripheral blood
# Measurement for serum cytokine level e serum IL-10 level 1 : 2)

# Analysis using peripheral lymphocytes
e production of cytokines into culture medium
¢ Analysis for intracellular cytokines by flow
cytometer

e Expression of cytokine genes

2. Analysis using local tissues (regional joints)
# Cytokine level in the synovial fluid from the
patient
# Analysis for the infiltrating lymphocytes in the
regional joints
¢ Production of cytokines into culture medium
¢ Analysis for intracellular cytokines by flow
cytometer
e Immunohistochemical analysis
¢ Expression of cytokine gene
3. Others
# Detection of cytokine-secreting cells by
ELISPOT assay

# Analysis of T cell clone in the patient

 Production of Thl type cytokines (IFN-y, IL-2) | :

(3), 4), 5), (6)

e 1. Frequency of Thl cell IFN-y producing cell) T:  (7), (8)
2. Frequency of Thl cell (IFN-y producing cell) | :  (9)
3. No change: 10)
e 1. Thl type cytokine (IFN-y) gene expression | : 1
2. Thl type cytokine (IFN-y) gene expression 1 : (12)
3. Th2typecytokines(IL-4,1L-10)geneexpressionT: (2)
«IL-107: )
 Production of Thl type cytokine (IFN-y) 1 : (13)

* Frequency of Thl cell (IFN-y producing cell) 1:

¢ Detection of both types of cytokines (IFN-y, IL-4):
* Thl type cytokine (IFN-y) gene expression 1 :

(M, (), (14)

s)
(16), (17), (18)

¢ Frequency of Thl cell (IFN-y secreting cell) in the (19)
regional joints are greater than those of peripheral
lymphocytes.:

* Frequency of Thl cell (IFN-y producing cell) in the (20), (21)

regional joints 1 :

IL, IFN-y, ELISPOT assayl: see text, 1 : increase, | : decrease.
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BEOEGIZOWTHEL DA HMEND S (Ta-
ble 3). RABEZE DY A NA 2INT 2 A%RITT 5
BE, AndZEDOTE S EHIARMIM (peripher-
al blood)> 12, & B WIIRIEZ L Z L 7= REEi /T O
B W (synovial fluid)? <> 4 ¥ #L#% (regional joint
tissue)8 31T dh 5. FBIE AKH I %> B8 AR Ak & Mg b
HELE L THWE ZNE TOMYEHE % Table 3 12
FLDE INSOREHERERETDHE, RAZE
BELTWSLHEETIZTh BNEMNMERDEE R
55, RWT, RIERTTIIRIKOEMRE EHIC
Thl B N1 > OFEALTITIBREI NS0 E
MR BN AE LT TS, Lo T, b ML
TH Thl BIA)LN— T MR RETE p 1T K & 7%
HEREZLTWS EHRINS. L, HBERM
M2 AW RICE L T, 7 Il—7 ik
D, 2<BRIERNMBEINTNS 22 ZDJH
NEEBERTHELUTFTOHENEZLND. (1) BEEHR
DOFIEITEN, R CIRRERY A ML NT >
ZDEEMELCTNEN, REMITKEBEHZ5]
SR ITITEE> TOARWATRENE, Q) IR T
BN FEER & H T2 0 FIERT D SRR IR 21T D
ZEREE LW, LS T, IS O TIRAR
B2 & o TEREDHROHET AT — W [E—Tld 7
WZENDHS.

FRBG CIIRMMIIED AF LT VRAKRD 1
DTHO, INEHNEYA NHIA 2INT > ZDfiE
WMnE I ZMEE L TR TERE D &
BBHTHAS. b bARMLZRXE ET 258, ME
BYA MIAENWNIEWEE THRETEShMN
DRI TH 5, 1A (niE, M) o IL-2,
IL-472 DY A1 M1 RBIZMOD THETH O,
BMEDARETHZ2DOT, MEOKEEKT 3
Stardust y£7% b FRMEMY 1 N1 > INT > ZfEHT
WIAT A Z &L TWa,

6. &HHYIC

XA, b MY % RA OJEEEE RS D FEE
LT, BHOWERHEICEDE, Y1 M1 N
FUABHDOEEEMRN L. RADFRIEICHA b
HA NG OANEELTWS Z &, K2, Thl f#
fAaBIEI R DFIEICED > TWb Z &, Th2 Mgl
BEEI R DWRICEETH D Z L3N TH D, iz
2, ZHEOYA Mo AN ZE SRS EHGE
BT AHIEITKOYA NIA NG D REFRMIC
RTT BT L NWHIEIIDWTESRS ORED— %
FBAT Uz, WEME (1999 /), F+ 5 > & TIFHEBEIC
Th2 #BIY 1 Nl > IL-10 2181 ) 7 F OIREIC
WD EERFZEMNTTONIRD /2. ¢ Z O )L —
T KB TSI ER OkE T o7z, L
INUTRMNS, YA M1 > 2HNn RA OIBEICE
LT, BE-SZIEN0DTH S, BENREE DR
WOKE, &5 HEOTRRE, SBEFEEEHmE
TREMIIZ WD,

FEROBELEE L T, EROBEHERET, HDNIT
) DINEREE IR OY A1 A CBETET HHEIE
R FEHES ORI L /- Stardust BT K B YA
A 2 EARBIER OBEIERE R E O THRITT 2 Z
EICED, YA ML INT A EIRREDRRICE
LT, #irzmidzdzodngElEnds. LT
BARCENCIZT A S HA NG > A D N BRIEITENC X
HEEEBOBREOBIICORMNS Z ENHf I N 5.
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