2)

3)

4

5)

6)

7)

Distinguishing the cerebrospinal fluid
cytokine profile in neuropsychiatric
systemic lupus erythematosus from other
autoimmune neurological diseases. Clin
Immunol. 2015 Feb 3;157(2):114-120.
Nakamura H, Takahashi Y,
Yamamoto-Fukuda T, Horai
Y,Nakashima Y, Arima K, Nakamura T,
Koji T, and Kawakami A. Direct
infection of primary salivary gland
epithelial cells by HTLV- 1 that induces
the niche of the salivary glands of
sjogren’s syndrome patients.Arthritis
Rheumatol.2014 Dec 29 [Epub ahead of
print].
Kawashiri SY, Ueki Y, Terada K,
Yamasaki S, Aoyagi K, Kawakami A.
Improvement of plasma endothelin-1 and
nitric oxide in patients with systemic
sclerosis by bosentan therapy. Rheumatol
Int. 34 (2):221-5, 2014.
EA OEM, L M. [BCeEER
R B2 L IREOESR] REOE
# BOHROELEF. AEAARE
£ MESE. 2014.103(7):1564-1569.
— WAL, Ik . R V<
FE—HEMR -G BE LR L &
Friomg—MEEH Y v~ FOREZER
EFIEA =X Thl7 HEE. BA
FEMK. 2014.72(3):53-58.
—WRIRAL, HEER, )L B R R
T—EHEICLD IV U~TFHERD
BR—BELRR— T IUSF
2014.7(4):23-27.
Kuriya G, Uchida T, Akazawa S,

Kobayashi M, Nakamura K, Satoh T,

Horie I, Kawasaki E, Yamasaki H, Yu

— 156 —

8)

9)

10)

11)

L, Iwakura Y, Sasaki H,
Nagayama Y, Kawakami A, Abiru N.
Double deficiency in IL-17 and IFN-
v signalling significantly suppresses
the development of diabetes in the
NOD mouse. Diabetologia. 56 (8):
1773-1780, 2013.
Kobayashi M, Kaneko-Koike C, Abiru
N, Uchida T, Akazawa S, Nakamura K,
Kuriya G, Satoh T, Ida H, Kawasaki E,
Yamasaki H, Nagayama Y, Sasaki H,
Kawakami A. Genetic deletion of
granzyme B does not confer resistance
to the development of spontaneous
diabetes in non-obese diabetic mice.
Clin Exp Immunol. 173 (3): 411-418,
2013.
Migita K, Agematsu K, Masumoto J,
Ida H, Honda S, Jiuchi Y, Izumi Y,
Maeda Y, Uehara R, Nakamura Y,
Koga T, Kawakami A, Nakashima M,
Fujieda Y, Nonaka F, Eguchi K|
Furukawa H, Nakamura T, Nakamura
M, Yasunami M. The contribution of
SAA1 polymorphisms to Familial
Mediterranean fever susceptibility in
the Japanese population. PLoS One. 8
(2): €55227, 2013.
Ohyama K, Kawakami A, Tamai M,
Baba M, Kishikawa N, Kuroda N.
Serum immune complex containing
thrombospondin-1: a novel biomarker
for early rheumatoid arthritis. Ann
Rheum Dis. 71 (11): 1916-1917,
2012.
Koga T, Fujikawa K, Horai Y, Okada

A, Kawashiri SY, Iwamoto N, Suzuki



T, Nakashima Y, Tamai M, Arima K,
Yamasaki S, Nakamura H, Origuchi T,
Hamaguchi Y, Fujimoto M, Ishimatsu 5)
Y, Mukae H, Kuwana M, Kohno S,
Eguchi K, Aoyagi K, Kawakami A.

The diagnostic utility of
anti-melanoma
differentiation-associated  gene 5

antibody testing for predicting the
prognosis of Japanese patients with
DM. Rheumatology (Oxford). 51 (7):
1278-1284, 2012.
6)

2. BRER

1)

2)

3)

Ichinose K, Ushigusa T, Koga T, Tsokos

GC, Kawakami A. Role of

calcium/calmodulin -dependent kinase

type IV in podocyte function in lupus

nephritis. EULAR 2014.
2014/6/11~6/14.
HEE®, JIIE  #, Tsokos, G.C.

CaMK 4 BHZE 2 L 5 Akt/mTOR R ¥
L O' CREM-a 4 L7z TA17 B8:E R 7
COREREBOHIME. Es8sEIAARY v

~ FEaEBE - FIFE

A
=

2014/4/24~4/26.

—WEHEL, R 4, HE S, Tsokos,

G.C, JIIE . v—FABEICEBIT

% Calcium/calmodulin dependent

kinase protein type VO R KA i

BEICXT D8 (B 28) . % 58 [H 8)
ARY U~FERRE - ks

2014/4/24~4/26.

4) Ichinose K, Ushigusa T, Koga T, George

C. Tsokos, Kawakami A. Role of
Calcium/Calmodulin Kinase IV On

Podocyte Function in Lupus Nephritis.

— 157 —

2013 ACR/ARHP Annual Meeting 13.

2013/10/25/10/30.

—WA L, MR, PR, SR
B, BAGE R, MBS, JIAEMS,
AARER, EHEE, AEME, B
sef, ro B, Nk B
Neuropsychiatric
erythematosus (233 1 % I3 BEE # 9
A bhATRT A NORKRE. H
57T BIHAY U~ FERBR - FilE
& BREERE)VFUORYY
A 2013/4/18-4/20.

—WEARAL, R G, METEE, DS
I —, siAREA, BAGEH, MBRL,
MR EA, EARERS, EHESE, P
efgt, groEe, ke #i v—7 R
B RICEB T B Calcium/calmodulin

systemic lupus

dependent kinase protein type IV D 7R
R MRS 5 8. % 57 [
BAD v FERRE - FESR
BREERY Vv F I URT T A,
2013/4/18-4/20.

Ichinose K, Tsokos GC, Kawakami A
of

et. al; Inhibition

Calcium/Calmodulin-Dependent Protein

Kinase v Suppresses the
Autoimmunity in Lupus-Prone
Mice. ACR/ARHP 2012 Annual
Meeting:November 9th - 14th, 2012

Washington, DC.

Ichinose K, Tsokos GC, Kawakami A et.
al; Inhibition of Calcium
/calmodulin-dependent protein kinase
IV suppresses the autoimmunity
lupus-prone mice.99th AAI Annual
Meeting, IMMUNOLOGY 2012", May

4-8, 2012 Boston, Massachusetts.



9) —#EFEL, JIIE #i. George C. Tsokos; (NPSLE)RZ2Wr RN A A~ —H—, HEE

N— T RABRDOAY XU LMEIC B BEFE 2013-055543, ABHES : FFH
¥ i % Calcium/calmodulin-dependent 2014-181967 F M #H : —HEFGL RILE,
protein kinase type IV E| 5 55 B H JU bl B EAL, PURS R R)IES,
KBEFEEFNES (BE) 2012 F BT, HER R 25FE3 A 18 H
6H1H-3H. (2013.3.18), BB : 5k 26 £ 9 A 29
H(2014.9.29)
H. M9 ERE O HFE - BER (FEZ 2. ERBFEBG
=) 7L
1. FiFEus 3. ZOfth

EBAOLH  PEMEL—T X L

— 158 —



M. FRBEROTITICET 2 —EX



WREEROTITICEYT 2 —EX

(F5]
EERA | XS A g EERKO | E OB 4 HRES | R HRE ) =
miEE 4
—WEHAL, B ) v FORRAEL  |RHEES Y VAWK KK 2014 [53-58
JI b # PESER & FEAE A A v FE—-F
=X Thi7THAE fi#- ek & B 5
L7298 & &
BB —
AHEE PERL—T 2 PRIEBERE |5 B OMIRKEEER BT 2013 |501-504
G AR HIE | RIERIEEE
S 2 HE 7 2 iR
=3
4 P
(Y STIN
Hh RS eHmc )T~ MMRE,.  EHARE  |[EMNEE R 2012 |1248-1254
—7 A KIHFB =R
HP RSk (&H =Y 7~ MG SR B D R R - B 2012 [805-816
—7 A T O 2R S
P AT & B
bR %
HP Rk a7 < hRFR HA RTA AR ATHR 2012 |450-454
—7 A Sk H2014 UV BE
2 Eid
[HER5] ®RoC
FRHE R4 D R gRBA | BE, T | HRE

Iwata S, Nakayamada . . .
S, Fukuyo S, Kubo S, Activation of Syk in peripheral

i i i Arthritis &
Yunoue N, Wang S-P, blood B cells in patients with r

Yoshikawa M, Saito K, heumatoid arthritis: A potential | Rheumatolo gy
Tanaka Y. target for abatacept therapy.

67(1):63-73 2015

Iwata S, Yamaoaka K, (Increased Syk phosphorylation 1
Niiro H, Jabbarzadeh-T leads to overexpression of TRAF
abrizi S, Wang S-P, Ko|6 in peripheral B cells of patie Lupus (in press)
ndo M, Yoshikawa M, |nts with systemic lupus erythem
Akashi K, Tanaka, Y. |atosus.

— 160 —



Ishizaki J, Saito K, Na
wata M, Mizuno Y, To
kunaga M, Sawamukai
N, Tamura M, Hirata
S, Yamaoaka K, Haseg
awa H, Tanaka Y.

Low complements and high titer

of anti-Sm antibody as predict
ors of histopathologically proven
| silent lupus nephritis without a
bnormal urinalysis in patients w
ith systemic lupus erythematosu
S.

Rheumatology
(Oxford).

54(3):405-12

2015

Ichinose K, Arima K,
Ushigusa T, Nishino A,
Nakashima Y, Suzuki
T, Horai Y, Nakajima
H, Kawashiri SY, Iwam
oto N, Tamai M, Naka

A.

Distinguishing the cerebrospinal
fluid cytokine profile in neurops
ychiatric systemic lupus erythem
atosus from other autoimmune n

mura H, Origuchi T, Mjeurological diseases.
otomura M, Kawakami

Clinical

Immunology

157(2)
114-120

2015

Nakamura H, Takahashi
Y, Yamamoto-Fukuda
T, Horai Y,Nakashima
Y, Arima K, Nakamura
T, Koji T, and Kawak
ami A.

Direct infection of primary saliv
ary gland epithelial cells by HT
LV-1 that induces the niche of
the salivary glands of sjogren’s
syndrome patients.

Arthritis &
Rheumatology

67(4):1096-106

2015

Tanaka Y, Martin Mola
E.

1L-6 targeting compared to TNF
targeting in rheumatoid arthriti
s: studies of olokizumab, sarilu
mab and sirukumab.

Annals of the
Rheumatic

Diseases

73
1395-1397

2014

‘Watanabe R, Ishii T, K
obayashi H, Asahina I,
Takemori H, Izumiya

ma T, Oguchi Y, Urata
Y, Nishimaki T, Chiba
K, Komatsuda A, Chi
ba N, Miyata M, Taka
gi M, Kawamura O, K
anno T, Hirabayashi Y,
Konta T, Ninomiya Y,
Abe Y, Murata Y, Sai
to Y, Ohira H, Harigae
H, Sasaki T.

Prevalence of hepatitis B virus
infection in patients with rheum
atic diseases in Tohoku area: a
retrospective multicenter survey.

The Tohoku
Journal of
Experimental

Medicine

233(2):
129-33.

2014

Takada N, Watanabe R,
Fujii H, Kamogawa Y,
Fujita Y, Shirota Y, S
aito S, Ishii T, Harigae
H.

Pseudothrombocytosis caused by
cryoglobulin crystals in a patie
nt with primary Sjégren's syndr
ome.

Modern
Rheumatology

20:1-2

2014

Sampei S, Watanabe R,
Ishii T, Harigae H.

Granulomatosis with polyangiitis
preceded by central diabetes in
sipidus.

Internal

medicine

53(15):
1725-6.

2014

— 161 —




Kubo S, Yamaoka K,

The JAK inhibitor tofacitinib re

Annals of the

aka Y, et.al and the O
RAL Scan investigator
S.

ents with rheumatoid arthritis o
n methotrexate: 12 month data
from a 24 month Phase 3 rand
omized radiographic study.

Rheumatism

Kondo M, Yamagata K,|duces the T cell stimulatory cap . 73
. . Rheumatic 2014
Zhao J, Iwata S, Tanalacity of human monocyte-derive 2192-2198
ka Y. d dendritic cells. Diseases
Fukuyo S, Yamaoke_l K, IL-6-accelerated calcification by
Sonomoto K, Oshita - . .
. induction of ROR2 in human a 53
K, Okada Y, Saito K, |,. . ; Rheumatology
. dipose tissue-derived mesenchym ) 2014
Yoshida Y, Kanazawa . (Oxford). 1282-90
. . al stem cells is STAT3-depende
T, Minami Y, Tanaka
2 nt.
Wang §°P, Iwata 8. W&o pacitini, a Jak inhibitor, inhi |~ ©F e 7
ayamada S, Sakata K, | . Lo .
bits human B cell activation in Rheumatic 2014
Yamaoka K, Tanaka |°.. 2213-2215
Y. ‘ Diseases
Tanaka Y, Hirata S. |Is it possible to withdraw biolo|Clinical Therap|35(12):
gics fqu therapy in rheumatoidjeutics 2028-35. 2013
arthritis?
Kondo M, Yamaoka K,IL-17 inhibits chondrogenic diff[Plos ONE 15;8(11): 2013
Okada Y, Tanaka Y. |erentiation of human mesenchy
e79463.
et al. mal stem cells.
Kawashiri SY, Kawakallmprovement of plasma endothelRheumatology [34(2):221-225 | 2014
mi A. et.al in-1 and nitric oxide in patientsI ternational
with systemic sclerosis by bos nternationa
entan therapy.
Tanaka Y. Next stage of RA treatment: T|Annals of the |72:1i124-ii127 | 2013
NF-inhibitor-free remission wilth p
be a possible treatment goal? eumatice
Diseases
O’Shea JJ, Kontzias A,|Janus kinase inhibitors in aut|Annals of the |72:ill1l-115 2013
Yamaoka K, Tanaka |oimmune diseases. Rh ;
Y, Laurence A. cumatic
Diseases
Tanaka Y, Hirata S, S|Discontinuation of biologics in |Clinical and 31(Suppl78): 2013
aleem B, Emery P. Eatlents with rheumatoid arthriti ExperimentalRhS22-827
) eumatology
Kameda H, Tanaka |A merged presentation of clinic|/Annals of the [72:310-312 2013
Y, Takeuchi T. et.al |al and radiographic data using Rh "
probability plots in a clinical tr eumatic
ial, the JESMR study. Diseases
van der Heijde D, Tan/Tofacitinib (CP-690,550) in patiArthritis & 65:559-570 2013

— 162 —




A, Tamai M, Baba M,
Kishikawa N, Kuroda
N.

ing thrombospondin-1: a novel
biomarker for early rheumatoid
arthritis.

heumatic diseas
e

1916-1917

Iwata S, Saito K, Tok[Persistent memory B cell down-Lupus 22:538-540 2013
unaga M, Tanaka Y. [regulation after 6-year remission

induced by rituximab therapy i

n patients with systemic lupus

crythematosus.
Kuriya G, Kawakami |Double deficiency in IL-17 and|Diabetologia.  |56(8): 2013
A, Abiru N. IFN-y signalling significantly s 1773-1780
t al uppresses the development of di o
cta abetes in the NOD mouse.
Kobayashi M,Kawakami/Genetic deletion of granzyme B|Clinical & 173(3): 2013
_A. etal does not confer resistance to tE . @l 1411-418

he development of spontaneous Xperimenta )

diabetes in non-obese diabetic Immunology

mice.
Shirai T, Fujii H, SaitoPolyarteritis nodosa clinically m|World Journal of}19(23). 2013
S, Ishii T, Yamaya H,|imicking nonocclusive mesenteri Gastroenterolo
Miyagi S, Sekiguchi |c ischemia. roen £¥3693-3698.
S, Kawagishi N, Nose
M, Harigae H.
Watanabe R, Ishii T, Prevalence and time course of Modern 23(6): 2013
Nakamura K, Shirai T, |hepatitis B virus infection in Rheumatology 1094-100
Tajima Y, Fujii H, patients with systemic lupus
Harigae H. erythematosus under

immunosuppressive therapy.
Iwata S, Saito K, HiratPhenotypic changes of lymphoc|Annal of the R{71(12): 2012
a S, Tanaka Y. yte in a patient with IgG4-relatheumatic diseas 2058-2059

ed disease after corticosteroid tle ) '

herapy.
Iwata S, Yamaoka K, |[Amplification of Toll-like recept/The Journal of [129(6): 2012
Niiro H, Nakano K, Wjor-mediated signaling through sjallergy and clim1594 1601
ang SP, Akashi K, Tanpleen tyrosine kinase in humaniical immunolog )
aka Y. B-cell activation. y
Iwata S, Saito K, TokuB cell or T cell-dominant recur/Annals of the r71(10): 2012
naga M, Tanaka Y. rence after rituximab therapy inheumatic diseas]749 1750

patients with SLE. e )
Ohyama K, Kawakami |Serum immune complex contain|Annals of the r71(11): 2012

— 163 —




Koga T, Kawakami A |The diagngstic ut.ili‘.ty of ant_i-mRheumatology 51(7): 2012
= onom Sl e oo 125125

redicting the prognosis of Japan

ese patients with DM.
MesE [Fox]
RRE KA MXLFA MA ¥Rk B = Hi AR AR
EA EH, | [BCORBEELBREZE | B AREFE S| 103(7) | 1564-1569 2014
JILE #f EIRRDOES] JARED IR | S

B PR O AT

—WRAELE | R XS BT RDY | 2FVUSF | T4 | 23-27 2014
BEW )L | v~ FHREORE—BE
it &R K—.
WHEER, | "i#FIcsiT2 BREFX | &BHES 68(3) | 395-402 2013
FIFEE, | BEMEETE & PRI OV
EEFR, | T
e 2 K3,
T O 124

— 164 —




V. BFEERROTITH. Bt



53

BIEA DX L
Th17 fHAa

T helper 17 cell

— % 7R A nEe #

By v~ (RA), Thi7#ie, IL-17A, HIL-17 Hit

iU &I

i) v <F (RA) DE-AHREH YU E L
TCDATHIMZ A L7z A = R DAL 3
WENTWDE. & NORKEREMKZTIEICDLT
Mg OREFALN, EREGWTHL NI aF
— 7 V5 B 45 € 7 )V (collagen induced
arthritis: CIA) 128 W T3 CD4 THIBEAS I &l =2
T ICRESNEE LS, BfRE &7
FTEENS HEDERATIZCDA THifaDHh
T, Th1HORENZYFA I ALV TH5in-
terferon (IFN)— y % Thl M~ D 3{LIZ LB D
interleukin(IL)-12 DEAEPTTEL TWEH I &
PHEINTBDY 1990 F£4 F Tid Thl M
BANORBTHLEEZZON TV, LalLe
5, IEN-yRIL-12% /v 77 b5hHE<
T ADCIAE T VOBEHRPENTEE VI H
EBHRLNT=Z Lh 6 EEDThl/Th2 /%5
F A DZE B RVERO THIROFIEI TR S
ntwz, €0k ) 2RROFT, RAEED
WEEICEELTW5 THIRED? S IL-17 O3
TELTWEZ EpHEINY. HICHER
ZEDHMOBACREBWET NVTD IL-17 %
95 CDATHIIEY 7k v v TH A, Thi7Hl

JAPRRBICES L Tn5 2 EREBICHL L

%Y, RAZ Th17 MiREMOHCREEETH

BEVIEBZIVPZEIND L) T hoTET

v FOIL-17 131995 F I TR H kD A
AL vELTHO TR -y 7 E R
2005 FEICIT IL-17T 2 AT A HBE O 8 —
CD4 THife & LTThl1® Th2 & £74 % Thi7
MR CHE SN72® IL-17A 1 Th17
RBRORDBEELREEZH-> T A EEOR
KIEWETA b A v THAH IL-17TAEKRE
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Activation of Syk in Peripheral Blood B Cells in
Patients With Rheumatoid Arthritis

A Potential Target for Abatacept Therapy

Shigeru Iwata, Shingo Nakayamada, Shunsuke Fukuyo, Satoshi Kubo, Naoki Yunoue,
Sheau-Pey Wang, Maiko Yoshikawa, Kazuyoshi Saito, and Yoshiya Tanaka

Objective. B cells play a pivotal role in the patho-
genesis of autoimmune diseases. Although Syk functions
as a key molecule in B cell receptor signaling, the
pathologic role of Syk in B cells in rheumatoid arthritis
(RA) remains unclear. The purpose of this study was to
assess the relevance of activation of Syk in B cells to the
pathologic development of RA and to the responsiveness
of RA patients to treatment with biologics.

Methods. Healthy subjects (n = 36) and patients
with moderate or severe RA disease activity (n = 70)
were studied. The phosphorylation of Syk (pSyk) im
peripheral blood B cells was measured by flow cytom-
etry, and its correlation with clinical characteristics and
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changes after administration of biologic agents was
evaluated.

Results. Levels of pSyk in peripheral blood B cells
were preferentially higher in patients with RA compared
to healthy subjects. Patients with significantly higher
pSyk levels were strongly positive for anti-citrullinated
protein antibodies (ACPAs). High pSyk levels were not
correlated with the severity of disease activity. Treat-
ment with abatacept, but not tumor necrosis factor
inhibitors, significantly reduced the levels of pSyk in RA
peripheral blood B cells. Abatacept also significantly
reduced the proportion of follicular helper T (Tfh) cells.

Conclusion. Levels of pSyk in peripheral blood B
cells were significantly elevated in patients with RA, and
these patients also exhibited stromg positivity for
ACPAs. These data suggest that abatacept seems to
inhibit the phosphorylation of Syk in B cells, as well as
the development of Tfh cells, thus highlighting the
relevance of B cell-T cell interactions as a potential
target of abatacept therapy in RA.

Activated autoreactive B cells produce autcanti-
bodies and inflammatory cytokines such as interleukin-6
(IL-6) and tumor necrosis factor « (TNFa). The expres-
sion of costimulatory molecules, such as CD40 and
CD80, is enhanced on B cells and is involved in the
interactive activation with surrounding immunocompe-
tent cells, including T cells. B cells have an antigen-
presenting activity, particularly in autoimmune diseases,
and are associated with the activation of autoreactive T
cells. Therefore, B cells play an important role in the
pathogenetic processes of rheumatoid arthritis (RA).

Rituximab, a chimeric anti-CD20 antibody, elim-
inates B cells through antibody- and complement-
dependent cytotoxic activities. The efficacy of rituximab
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has been demonstrated in RA patients with high disease
activity (in the Dose-Ranging Assessment: International
Clinical Evaluation of Rituximab in Rheumatoid Arthri-
tis [DANCER] trial [1]) and in RA patients resistant to
TNF inhibitor therapy (in the Randomized Evaluation
of Long-term Efficacy of Rituximab in Rheumatoid
Arthritis [REFLEX] trial [2]). Rituximab was approved
for the treatment of RA in the US in 2006 and is
currently considered the second-line biologic agent, sub-
sequent to TNF inhibitor therapy. In addition to these
studies, some clinical studies have demonstrated the
efficacy of a humanized anti-CD20 antibody, ocreli-
zumab, and a fully human anti-CD20 antibody, ofatu-
mumab, in patients with RA resistant to TNF inhibitor
therapy, indicating that B cells are an evident therapeu-
tic target for RA.

Syk is a 72-kd nonreceptor tyrosine kinase dis-
covered by Taniguchi et al (3) in 1991. Syk is involved in
the signaling pathway through Fc receptors, which are
broadly expressed on immunocompetent cells, such as B
cells, dendritic cells, mast cells, macrophages, and neu-
trophils, and on molecules associated with cell adhesion,
such as integrin (4,5).

Recently, the importance of Syk in the pathologic
processes of RA has been reported. The results of a
phase II clinical study of R406, a Syk inhibitor, in
patients resistant to treatment with methotrexate
(MTX) indicated that phosphorylation of Syk (mea-
sured as levels of pSyk) was increased in the synovial
tissue of RA patients compared to healthy subjects and
patients with osteoarthritis (6-8). Another experimental
study using the synovial cells from these patients dem-
onstrated that R406 inhibits TNFa-induced activation of
mitogen-activated protein kinases and the expression of
the matrix metalloproteinase 3 (MMP-3) gene, thus
highlighting the significant role of Syk in synovial fibro-
blasts of RA patients (9).

In addition, previous studies elucidated the role
of Syk in B cells. Syk has important roles in B cell
maturation and survival (10,11). The Toll-like receptor 9
(TLR-9) signaling pathway is involved in the activation
of B cells and autoantibody production by B celis
(12,13). In this regard, we have recently demonstrated
that signaling through Syk results in effective signal
transduction of TLR-9 by inducing optimal expression of
TNF receptor-associated factor 6 (TRAF6), and that
this signaling is important for antibody production by B
cells (14). Based on these resuits, we hypothesized that
Syk phosphorylation in B cells is involved in the patho-
logic processes of RA through the production of auto-
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antibodies, such as rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPAs).

T cells (especially Th1 and Th17 cells) also play a
pivotal role in the pathogenesis of RA (15,16). Recently,
follicular helper T (Tfh) cells, whose primary task is to
drive the formation of B cell responses, have been
recognized as a critical regulator of autoimmunity
(17,18). We and other investigators have elucidated the
mechanism of Tfh cell differentiation (19,20); however,
the exact role of this T helper cell subset in RA remains
elusive.

Abatacept, a fusion protein containing CTLA-4
and Ig, which is referred to as a T cell-selective co-
stimulatory regulator, inhibits the activation of T cells.
However, little is known about the T cell populations
targeted by abatacept. The effect of abatacept on
antigen-presenting cells has also been reported (21-23).
The inhibitory effect of abatacept on T cell-dependent
antibody production has been reported in mice and
cynomolgus monkeys (24,25). Evidence suggests that
abatacept also has an inhibitory effect on bone destruc-
tion, by suppressing the production of RF and ACPAs
(26). However, the effect of abatacept on human B cells
is unknown. Based on these observations, abatacept is
predicted to regulate the activation of not only T cells
but also B cells, directly and/or indirectly.

In this study, we observed significantly elevated
Syk phosphorylation in the peripheral biood B cells of
patients with RA compared to healthy subjects, and we
demonstrated that the levels of pSyk were significantly
high in patients who were strongly positive for ACPAs.
Moreover, treatment with abatacept, but not with TNF
inhibitors, significantly inhibited Syk phosphorylation in
B cells. Interestingly, treatment with abatacept signifi-
cantly reduced the proportion of Tth cells, which could
be a possible mechanism for the reduction in Syk
phosphorylation in B cells. The results suggest that Syk
plays an important role in ACPA production by B cells
in patients with RA, and that abatacept inhibits both Syk
phosphorylation in B cells and the development of Tth
cells.

PATIENTS AND METHODS

Patients. Table 1 summarizes the baseline characteris-
tics of the 70 patients with RA. The healthy control subjects
(n = 36) were either staff members of our hospital or healthy
subjects who visited our hospital for medical examinations.
Patients with RA who were resistant to treatment comprised
those whose score of RA disease activity was >3.1 on the
Disease Activity Score in 28 joints using erythrocyte sedimen-
tation rate (DAS28-ESR) (27), despite having received treat-
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Table 1. Characteristics of the study patients with rheumatoid arthri-
tis (n = 70)*

Age, mean * SD years 614+ 15.1
Sex, no. female/no. male 60/10

Disease duration, mean = SD months 915+ 1144
Prednisolone (or equivalent)

No. not receiving treatment/total no. 11/70

Dosage, mean *= SD mg/day 34+19
Methotrexate

No. not receiving treatment/total no. 53/70

Dosage, mean * SD mg/week 13.0 = 3.6
Tender joint count, mean * SD 85+173
Swollen joint count, mean * SD 73%£63
CRP, mean * SD mg/dl 2.0*3.0
ESR, mean += SD mm/hour 53.2+333

IgG, mean *= SD mg/di 1,512.5 = 452.5
RF

Mean = SD IU/ml 149.7 = 407.7

No. negative/no. positive 21/49
ACPA status, no.

Negative 22

Positive 6

Strongly positive 42
MMP-3, mean = SD ng/ml 194.8 = 246.7
DAS28-CRP, mean = SD 47*14
DAS28-ESR, mean = SD 55+1.4
CDAI, mean = SD 26.3 £ 15.0
SDAI, mean = SD 283+ 16.8
HAQ score, mean = SD 13+09
No. not treated with biologics/total no. 57/70

* CRP = C-reactive protein; ESR = erythrocyte sedimentation rate;
RF = rheumatoid factor; ACPA = anti-citrullinated protein antibody;
MMP-3 = matrix metalloproteinase 3; DAS28-CRP = Disease Activ-
ity Score in 28 joints using CRP level; CDAI = Clinical Disease
Activity Index; SDAI = Simplified Disease Activity Index; HAQ =
Health Assessment Questionnaire.

ment with adequate doses of antirheumatic drugs, mainly
MTX, for a minimum of 3 months, and who showed no
response or only a moderate response to treatment according
to the European League Against Rheumatism (EULAR)
improvement criteria (28). The Human Ethics Review Com-
mittee of the university reviewed and approved our study,
including the collection of peripheral blood samples from
healthy adults and patients with RA. Each subject provided a
signed participation consent form.

Measurements. The background factors investigated
were sex, age, duration of RA, and doses of corticosteroids and
MTX. We also evaluated the severity of morning stiffness,
number of swollen joints, number of tender joints, and pa-
tient’s evaluations of pain and overall health by visual analog
scales, in addition to global evaluations of health by the
attending physician. The laboratory tests included measure-
ments of the C-reactive protein (CRP) level, ESR, IgG, RF,
ACPAs, and MMP-3. We consulted the American College of
Rheumatology (ACR)/EULAR 2010 classification criteria for
RA (29) to select the cutoff values for stratification of ACPA
positivity. Low-positive ACPA refers to IU values that are
higher than the upper limit of normal (ULN) but =3 times the
ULN for the laboratory and assay, whereas high-positive
ACPA refers to TU values that are >3 times the ULN for the
laboratory and assay. The variables investigated included the
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DAS28 using CRP level (DAS28-CRP), DAS28-ESR, the
Clinical Disease Activity Index (CDAI) (30), the Simplified
Disease Activity Index (SDAI) (31), the Health Assessment
Questionnaire (HAQ) (32), and history of biologics use.

Flow cytometry analysis. Peripheral blood mono-
nuclear cells (PBMCs) from 36 normal healthy volunteers and
from 70 patients with RA whose diagnosis met the ACR 1987
revised classification criteria for RA (33) were isolated from
the peripheral blood using lymphocyte separation medium
(ICN/Cappel Pharmaceuticals). For surface and intracellular
staining, 2 X 10° PBMCs, which were acquired after strict
deletion of dust by threshold adjustment, were subjected to
fluorescence-activated cell sorting analysis. PBMCs were fixed
with phosphate buffered saline (PBS) containing 1% formal-
dehyde and then permeabilized with PBS containing 0.1%
saponin. After washing, the PBMCs were resuspended in
saponin—-PBS and stained with mouse anti-human Syk mono-
clonal antibodies (mAb) (Abcam) and mouse anti-human pSyk
(pY348) mAb (BD PharMingen), followed by washing with
saponin—-PBS. Phycoerythrin-labeled goat anti-mouse IgG
polyclonal antibody (BD PharMingen) was used as a secondary
antibody. After washing with saponin—-PBS, the PBMCs were
stained with fluorescein isothiocyanate-labeled mouse anti-
human CD19 antibodies (BD PharMingen).

The rate of pSyk expression in B cells was calculated as
the percentage of pSyk-positive CD19+ B cells relative to total
CD19+ B cells. We defined pSyk-positive CD19+ B cells as
cells in which the intensity of staining was higher than the
background staining with IgG control antibody. The propor-
tion of CD19+ B cells (relative to total cells) in healthy donors
and RA patients was a mean * SD 15,199 = 7,482 cells (7.6 =
3.7%) and 12,844 + 7,120 cells (6.6 = 3.6%), respectively.

Tfh cells were stained with anti-CD4, anti-CXCRS5,
and anti-programmed death 1 (anti-PD-1) antibodies (BD
PharMingen). The proportion of CD4+ cells (relative to total
cells) was 20,364 = 17,727 cells (8.2 = 7.0%), while that of
CD4+CXCRS5+PD-1+ cells (relative to total cells) was
1,841 = 3,940 cells (0.7 £ 1.5%). Stained cells were analyzed
on a flow cytometer (FACSCalibur; BD PharMingen). The
cells were collected and analyzed with FlowJo software (Tree
Star).

) In vitro B cell activation analysis. CD19+ B cells were
purified from the peripheral blood of the healthy control
subjects and RA patients. The cells were cultured in
stimulation-free medium for 3 days to assess the production of
IL-6 or for 5 days to assess the production of IgG. IL-6
production was determined using a BD Cytometric Bead Array
human Flex set (BD PharMingen). Flow cytometry was carried
out using a FACSCalibur and CellQuest software (Becton
Dickinson). IgG levels in the culture medium were determined
using a human IgG enzyme-linked immunosorbent assay quan-
titation kit (Bethyl Laboratories).

Statistical analysis. Data are expressed as the mean *+
SD. Differences between groups for variables with normal
distribution and homoscedasticity were compared using Stu-
dent’s ¢-test. Differences between groups for variables with
skewed distribution were compared using Wilcoxon’s rank sum
test. Analysis of variance followed by the Bonferroni/Dunn
post hoc test was used to compare data from 3 groups with
normal distribution. The Kruskal-Wallis test followed by the
Bonferroni/Dunn post hoc test was used to compare data from
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>3 groups with skewed distribution. Correlation analysis was
performed using Spearman’s correlation coefficients. Baseline
and posttreatment values within each sample were compared
using Wilcoxon’s matched-pairs signed-rank test. P values less
than 0.05 were considered significant. All analyses were con-
ducted using PASW Statistics software version 18.0 (IBM).

RESULTS

Patient background. This study was conducted in
70 patients with RA who were receiving treatment in our
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hospital in Japan. The clinical features of the RA
patients are described in Table 1. The washout period in
patients who had previously received biologics (etaner-
cept, golimumab, adalimumab, tocilizamab, abatacept)
was more than 1 month. Infliximab required a 60-day
washout.

High Syk phosphorylation in B cells of ACPA-
positive RA patients. PBMCs were isolated from 36
healthy donors (as controls) and 70 patients with RA
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Figure 1. Phosphorylation of Syk in CD19+ B cells of healthy donors (controls) and patients with rheumatoid arthritis (RA). A, Representative
histograms showing Syk phosphorylation in peripheral blood B cells from 70 RA patients and 36 healthy control subjects (left), and the ratio of
pSyk-positive cells among CD19+ B cells (middle) and absolute number of pSyk-positive CD19+ B cells (right) in RA patients compared to healthy
controls. B, Ratio of pSyk-positive cells among CD19+ B cells in 3 groups of RA patients: treatment-naive (n = 12), methotrexate (MTX)-treated
(n = 36), and MTX + biologics (bio) (history)-treated (n = 9). RA patients treated with other disease-modifying antirheumatic drugs and/or
corticosteroids were excluded. C, Ratio of pSyk-positive cells among CD19+ B cells in RA patients negative for rheumatoid factor (RF) (defined
as <15 TU/ml, based on the normal limit at our hospital) or positive for RF (defined as =15 TU/ml), and RA patients negative (—), positive (+),
or strongly positive (++) for anti—citrullinated protein antibodies (ACPAs) (defined as <4.5 units/ml, 4.5-13.5 units ml, and >13.5 units/ml,
respectively, based on the normal limit at our hospital). B, Production of interleukin-6 (IL-6) (left) and IgG (right) by CD19+ B cells purified from
the peripheral blood of healthy controls and RA patients. B cells were cultured in stimulus-free RPMI medium for 3 days (for IL-6) or 5 days (for
IgG). Production of IL-6 in the supernatants was assayed by cytometric bead array, while IgG in the supernatants was quantified by enzyme-linked
immunosorbent assay. Symbols represent individual subjects; bars show the mean ® SD. * = P < 0.05, %% = P < 0.01; #=+ = P < 0.001. NS = not
significant.
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