LTEBINTWVWAIROERTH D
23, EFLO XL D W aE & o~ B
SLE lzxt3 B AN I NS, #ih
M SLE IZXT A ARNT VI THEED
B - ZEMEREERER O 7] R HERSe

MR ERPEEI NS,
E. %

SLE 235 OFFE ML TiX. B #AZIL Tth
AERLN D DRI ZZ AR L, CXCRS @
J855 & CXCR3 OHEIERZ L CTYU %
R DIEMEES~EH LT, =7 =
7 Z—BEERETLH L L HIC, BE
AR ~D AL B TLHEE L T B AT REM:
DIRENTZ, TNHOERLIY, BE
Al E EEREA L LR LT V2
T OEIEYE SLE (ZX9 A MEERER O
RN EREPIFIND,

F. HFZERE

LER X RR

1. Tanaka Y, Hirata S. Is it possible to
withdraw biologics from therapy in
rheumatoid arthritis?

Clinical Therapeutics (in press)

2. Tanaka Y, Hirata S, Kubo S, Fukuyo
S, Hanami K, Sawamukai N,
Nakano K, Nakayamada S, Yamaoka
K, Sawamura F, Saito K.
Discontinuation of adalimumab after
achieving remission in patients with
established rheumatoid arthiritis:
l-year outcome of the HONOR
study. Ann Rheum Dis (in press)

3. Kubo S, Yamaoka K, Kondo M,
Yamagata K, Zhao J, Iwata S,
Tanaka Y. The JAK inhibitor

tofacitinib reduces the T cell
stimulatory capacity of human
monocyte-derived dendritic  cells.
Ann Rheum Dis (in press)

Kondo M, Yamaoka K, Sonomoto K,
Fukuyo S, Oshita K, Okada Y,
Tanaka Y. IL.-17 inhibits
chondrogenic  differentiation  of
human mesenchymal stem cells.
Plos ONE (in press)

Tanaka Y. Next stage of RA
treatment: TNF-inhibitor-free
remission will be a possible
treatment goal? Ann Rheum Dis
(2013) 72, 1i124-ii127

O’Shea JJ, Kontzias A, Yamaoka K,
Tanaka Y, Laurence A. Janus kinase
inhibitors in autoimmune diseases.
Ann Rheum Dis (2013) 72, 1i111-
Tanaka Y, Hirata S, Saleem B,
Emery P. Discontinuation of
biologics in patients with

rheumatoid arthritis. Clin Exp
Rheumatol (2013) 31 (Suppl.78):
S22-S27

Kameda H, Kanbe K, Sato e, Ueki Y,
Saito K, Nagaoka S, Hidaka T,
Atsumi T, Tsukano M, Kasama T,
Shiozawa S, Tanaka Y, Yamanaka H,
Takeuchi T. A merged presentation
of clinical and radiographic data
using probability plots in a clinical
trial, the JESMR study. Ann Rheum
Dis (2013) 72, 310-312

van der Heijde D, Tanaka Y,
Fleischmann R, Keystone E, Kremer



10.

J, Zerbini C, Cardiel MH, Cohen S, 3.

Nash P, Song YW, Tegzovd D,
Wyman BT, Gruben D, Benda B,
Wallenstein G, Krishnaswami S,
Zwillich SH, Bradley JD, Connell
CA and the ORAL Scan

investigators. Tofacitinib 4.

(CP-690,550) in patients with
rheumatoid arthritis on
methotrexate: 12 month data from a
24 month Phase 3
radiographic study. Arthritis Rheum
(2013) 65: 559-570

randomized

Iwata S, Saito K, Tokunaga M, 5.

Tanaka Y. Persistent memory B cell
down-regulation after 6-year
remission induced by rituximab
therapy in patients with systemic
lupus erythematosus. Lupus (2013)
22, 538-540

PR S

1.

Tanaka Y, Hirata S. Novel

multi-biomarkers for estimating 6.

disease activity in rheumatoid
arthritis. The 22nd International
Rheumatology Symposium
Tokyo, Japan A% 25 4% 4 A

Tanaka Y. The Development of
Anti-TNF Agents in Rheumatoid
Arthritis. EAGOR2013, The 5th
East Asian Group of Rheumatology
(symposium). Seoul, Korea. - f¥,
2545 A

Tanaka Y. A potential of human
mesenchymal stem cells for the
treatment of Rheumatoid Arthritis.
The First ARISE WITH APLAR.
Seoul, Korea. Y5k 25 429 A

Tanaka Y. Certolizumab pegol and
biologics for the treatment of
rheumatic diseases. 12th
International symposium on
Sjogren's syndrome. Kyoto, Japan

SRR 25410 A

Tanaka Y, Emoto K, Tsujimoto M,
Schlichting DE, Macias W. 12-week
results of a phase 2b dose-ranging
study of baricitinib, an oral JAK1/
JAK2 inhibitor in Japanese patients
with rheumatoid arthritis on
background methotrexate therapy.
ACR 2013. San Diego, USA. ik
25410 A

Tanaka Y, Yamanaka Y, Ishiguro N,
Miyasaka N, Kawana K, Kubo T,
Kuroki A, Takeuchi T. Clinical
remission after 52 weeks of
treatment is a predictor of
adalimumab-free disease control in
patients with early rheumatoid
arthritis: Hopeful 2 Study. ACR
2013. San Diego, USA. 5% 25 &
10 A



G. FIFJHAEEHED HE - BEIRTL
(FEEZET)

1. FrafBE
AL

2. ERFERBE
UL

3. FH
ML



LR R ERE (B
SAEELIIE v e

%&ﬁ%ﬁm@ﬁ%ﬁ)

HEyaME SLE 29 AR /LT VR TREIEDFE M - 22
SLE 2T A PHERERERY L/ BROEERTER L OMERREE~D
B 512 B A iF5E

Moot TR EXREMRZFEFZWE 1 WAEEE MR

BFZEEE'E © SLE X 2 EMEEIC AV T, EHERFMEIIEZEMER TH D, ZNET,

SLE 8 U o /SERIZHNT 5 ZHIRTUER{E 1Y P-WEE B E O FEL & SEHHRGUE & OBFE N
ZIRET L. PHEEAEL, {8 SLE ORBEIME LRI TY U7k EICRERT L2 &
EHLMMCLTEZ 40, P HEEARBEMEOME COREBIE~DOBEERB LB U o
BRAAEN) & U7 IBR OIRTUEME R ~D A A& st L7z, P-gp CD69 CD4 cell 1105 SIS Ehi4

IZHE- THM L, AT v FCS)RNIGH, HEIEMEE R, NPSLE & 0f CHEMAZ R0 7z, #iat
HETEVE B RIED CIXR I E ~D P-gp CD4 cell EFE # BT, AT 1A RIZHEIMHIFIGH %
To THLIMEFRENEITL, V2 Bk EPHEEREREED 1000molecules/cell L 23D P

PEE BE B R BT DRERNC
Z{T\>, Rituximab &5-EBR#EHE, RE

L7z. LEXS . SLE #BEIZ
ALEZ LI,

A B cell B3{ER L7zDHIE BT, CD4 Teell 12
BT 25 B HIREAFRIE I ZZANGRETSMEORE O A TH
SLE (2RI E MR ~D /b3 TLlE LT 5 Af
B A EERER L LR LT Y 2 7L 8 SLE 12

Rituximab 5 (500mg/body % 1 i [ [# R CKIE 4 [B] 505 §E)
B XLz

HE L THRABEMEIMET LIXC D, RHE
BT PHEEAERREIRY 7 7 — 713k
REMEZSRENTHRY,

B DIRFIRTUEDOMERE b 72

A BB

SLE (2% 2 FEMEIEIT AT, ZE A
EHMEIZEERMESRTH D, EHED
ML, B OIERIE 512 X 2 FEAmE
(ZIRIESD) . RBIEEMED B T2 DI EE
FNZ RS L 72 WEEFIR IS HEIZ KB S
%, ZAIVET, SLE BFE U L /RERIZ AT
5EFRTUE BT EY P-REERED
FEE L WABKBIME L OBEMEA RS L
oo FHIOMBESHELIC X o TIREIESL

B9 P BEE B E(P-gp)ik, IEEIHA
&E@f%@@@tﬁhﬁofJ/A
B EWCHEEST S, LarL, BY LV RERE
B & U8B ORGSR R~DF A
PR L OVPHEEE B3 B O T DR
REIER~DOBEEIRATHD, SE,
U v~ LD IRERTEDO R
BEO P-gp HEIFAMAROEMICIBIT D%
B amet Lz,




B. W55k

SLE BFERREM Y >/ Bk LoD P HEE A,
AHAERE 1 FORBUT 7 v —H A F A —
Z—T, BYVDOY I BKTEDARAT A
NEEMEE 2 FE4E & U 7= ZEXIHE I AE % 54l
L7z, (U »/2XERIZ in vitto T
dexamethasone Z ¥&A0 L CHEfENAMZE)
—IZHEHT 5D 14C label Butanol % /3 7
770 Fe LTHIIERICEE T % 3H
label dexamethasone @ medium (2% 35 kb
ZREHLEZ) £, MEREY ki
S AR YL TR L 72,

(fERmE~DBLFE)

R EZEAT 2581, FTEH
BMomEEES, 1k, IRBTEKREZE
TEWFBUICIRE L, BEDNLA 7+ — A
Farvvy b &EBxET GEZEESOD
FATET L, FTEBEOBAREZ H
WTAT 9, BEOE NGRS ETBEHESN
WIRIRE R L O REROET T — Z 13
BEOREVAT L b o THEIZEREL,
NFEFER I CB 0 5 LT, B, B
R B 2 1A D I 72 B RRIZELERRME S
Wo e WELHAKIZT S,

C. WFoRER

i A2 LC SLE Tt P-gp, CD69
LA EBICEBEER L 2, P-g X
CD69+CD4+cell [IZH BEIZEFEH LT,
P-gp+CD69+CD4+cell 15 BIEBIMEIZHE
S>THEIML, AT A FCSRGH, £
FEME 2% \NPSLE & 0F I THEMZ2 58D 7,
IR MR B RES CIIEME ~D
P-gp+CD4+cell EHEEZ RO AT 2 A R
SRR IFIFIOE A 217 - T L S lEgasiAi
EDHEIT L, Vo 3Bk L P BB A E R

=75 1000molecules/cell LL_EDDPHEEH
HEHE BT A MERIC Rituximab & 5
(500mg/body % 1 & [H R CTKIE 4 [B] /=
HFE) 21TV, PHEERERFICKIT
THREZFAMLEZ, AT A NEEL
IVCY #0FR L7223, REARESHTUEZ
L<.1.0g/ BEB2HEEREARE
f5t. BILAG Al /B2 TEH (15 points) & %
B2READE. B cell L PHEERERR
EIFET L THHEER 1000 molecules/cell
BEZIZEE T, o, PHEERESSR
BLY VNERBEEET, U REND D
A7 A FEEHIZTUE L CHRNER
AT aA FREIZET LW,
Rituximab % 5-BR 4612, FRE B ITEHEL)
WZHEHR L TREFEHMEIET LIZC D,
FAEIM P B cell NVEE LTDHRZR BT
CD4+ T cell IZB1T 5 PHEERE SR
BT T N— TR LT,

D. &%

P-gp+CD69+CD4+cell 13 EAHEHME D
Ol REZEF L O>LSYTEy &
Z B, € OFE I IREEIUERICE
BECThHDH, RHEIMY 38k E P-gp FE
IR U RO R R A
KL, WeEERFICBWTHEAREE L
Bm0ED,

F 7. SHRIBRPUEIERIZ Rituximab &5
NEET 256, B AROERITHENT
AHAZTEME L B 30 4, D> olRERSuUE
D3y b S4B AIREMED R ST,
Rituximab (FEEEHEREOWEDO LR L
T IREKCEDOEIE 2 L. RIAEAE
MERAZAEEE LD D,



E. F&# 3.

PLEG | SLE BFICBIT 5 B fliaE
FIEIEIX AR ERMEO/ME» 5 b
HRTHDEZEZ D=, SLEIZBWT
S EMIE A~ DS TUE L TV 5w
B REINTEY, BEMaZ EE

BRIE LA T Y I 7 HERME SLE 4.

BT DIERETMEOBRE 6T

AREMES R XN B,
F. Wraes*
1. 3R+

11. Iwata S, Saito K, Tokunaga M, Tanaka
Y. Persistent memory B cell
down-regulation after 6-year remission
induced by rituximab therapy in
patients  with systemic  lupus
erythematosus. Lupus 22(5):538-540,
2013

2. FEHRER

1. Saito K, Hanami K, Hirata S, Kubo S,
Nawata M, Yamaoka K, Nakayamada S,
Nakano K, Tanaka Y.

Tsujimura S, Saito K, Tanaka Y.

The expression of P-glycoprotein on
CD4+CXCR3+ cells and its relevance to
tissue damage in patients with SLE
Bl BAGETR
2013412 A FEE

Nakayamada S, Kubo S, Yunoue N,
Yoshikawa M, Sheau-Pey Wang, Saito
K, Tanaka Y.

Involvement of transitional T follicular
like  helper cells bearing triple
phenotypes of Tfh/Th1/Th17 in the
pathogenesis of rheumatoid arthritis
BAa2E HARETS
2013412 A T

Yunoue N, Nakayamada S, Kubo S,
Yamaoka K, Saito K, Tanaka Y
Phenotypic heterogeneity between Tth
cells and Thl cells induced by
interleukin-12- and interferon-y-
mediated signaling in human T cells
Fa2E AARRETYR
20134 12 A T2

Comparison of lipid profile including G. SNMBFEERED HEE - BERRIR

high molecular weight adiponectin
(HMW-AN) after treatment with three
different biologics in the patients with
bio-naive rheumatoid arthritis (RA)
The 14th Annual European Congress of
Rheumatology(EULAR)
2013 4 6 A Madrid, Spain

2. Saito K.
Best use of infliximab in autoimmune
disease
12th  International Symposium on
Sjogren's syndrome (Morning Seminar)
2013 4 10 A Kyoto, Japan

(FEEZEL)

1. RFFFEUS
L

2. MBI
L

3. FOfh
BMMmL



BAGBRFMREMNE (ERZINERLREERE)

SRR S E
ERME SLE IZXET 2 ARNT Y I TEEO RN - ZAMEREERER

=" AL D podocyte IZF3 1T D CD86 0 F &I LT-EBARBET A 1 =X A
(ZBET D HFE

WrFEEE I M RIFRZEREGE RS ER S iR R R A
B (F—NA) R

—WEAEL  RIERFREGLE S AR AT R R
JE (BB—F) B

WEFE1E

MREE : L— T ABRICBIT DR R4 MIANY THEEZA L, BERREH L O
EARBINTWS, LR, a7 7 —FEHEECHIRANVT YV I TON—T2AERK
I 2D BN & 7= (Nature Medicine 14, 748 - 755 (2008))25 . TEEMBaHIEIAS 72 A
H=ZALTHY ., BOBRHBEA~OEEZSONWTIEALNICENTWRY, £ T4
El, MAITEFZABLONL—TRABEREENOSBELT 1gG ZAWT, B ROKR R
A b EREEYHRAOESIZONWTRHRE Lz, BEABLOL—TXFEL 16G 21
F 2 ~_X— k L, RNA #H#iH L7z, Microarray |Z & % Gene Ontology f&#T T CD86, CD80,
PTPN22, PDESA, CD47 X MALT1 72 ¥ OZ i OEMHEl, RN R MEFICED D
DT DOFEBFTLEDP L — T ABELK 1gG TH LN, & B4 MObHURER TR & [FER
{Z co-stimulatory pathway Z 4 L7z 0B {EMHEZH L, AT Y I T REMIRTE T Tk
72, ARV A MCERE, #REEE b DT RREMS RS S L,

A. BFEEERY

SLE BF OH T, BREFIIEF DK
40~T5%IZFBD b, BEERTHRIRE
K+Thsb, LrL, ZThETOLZ
AN —T ABRIZBIT HEARKR
DAH=ZADITDNTIEFBA LTS
ALTWHRY, — T ABERIZBIT 5K
RH A MINUTHEEZE L, EEIR
R OBEENTBRIN TN D,

B. #WF¥ET5iA

S, BAIIEBEABLONL—T2F
REFENOLDBELT 1gG ZHWT, E
DR RHA RO cell line (AB8/13)IT
BT DEEBIZOWTHRE Lz, #F A
BLUONV—T2ABFREEZOMEN O
IgG purification kit & FV T IgG % 43 B
L, [gG ZR YA K &bl 24 B
A % =~X— k LT, Microarray (Z
& DR BIE TR A1T o T2,




(B E~DEE)

AR ClE 28 5~ h—F
A DIFERE % S BRI 9 5 B BR AT
72 VD T —< TR R GE
ZESICHEE - AREE T, +olcA
V7 —Ah Rarkvy N ETFVBREK
BEELTW5b, BEAlbsniotwics A
W, BFHREHEABREICIToCWAED
fwEEmE COMBEIXR W,

C. WHoeiER

Microarray |Z & % Gene Ontology f#4T
T CD86, CD80, PTPN22, PDES5A,
CD47 ° MALT1 72 & O /d O
AL, W YA FMEEIZEOL L5 F O
FETLENR A DT,

D. B
N—TABRIZBIT DR YA T
R IR o Mk & R BRI
co-stimulatory pathway %I L 72 5% 7%
MEEF L, RLT VI T REEME
TR, AL MCHOER:, #
RBAELE b7 b T AN RIE I
70

E. &%

RILT VI 7D SLE, V—TF ABEHKD
RARHIENIC XS E R B EHEF %
I L7 ER RSN B,

F. W%k
1. FW3FEE

1) Kawashiri SY, Ueki Y, Terada K,
Yamasaki S, Aoyagi K, Kawakami A.

Improvement of plasma endothelin-1

and nitric oxide in patients with
by bosentan
34 (2):

systemic  sclerosis
therapy. Rheumatol Int.
221-5,2014.

2) Kuriya G, Uchida T, Akazawa S,
Kobayashi M, Nakamura K, Satoh T,
Horie I, Kawasaki E, Yamasaki H, Yu
L, Iwakura Y, Sasaki H, Nagayama Y,

A, Abiru N. Double

in IL-17 and IFN-y

significantly

Kawakami

deficiency

signalling suppresses
the development of diabetes in the
NOD mouse. Diabetologia. 56 (8):
1773-1780, 2013.

3) 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): 411-8, 2013.

2. FEFER

D JNREM, FEGF—, BREH,
gAREA, MERL, FERE,
LR, FaREER, A EES,
A TR, FTRER, T R,
JNE #l 5 R BE A FHE
& ME NSRRI KOV A A
~— X —OREDE. 5 57 EI A
R U~FEERE - FINES.
%22 EEERY V=T oRYY
. 2013/4/18-4/20.

2) —WEMEL, RO, mHEHEE,



3)

4)

HEG—, SAREA, BREH,
[ H RS, JIRES, 5 ARE,
EHIESE, PAEE, 0,
Nl . V—TABRIZBT S
Calcium/calmodulin dependent
kinase protein type IV DR R¥A
MEREICXT I DB 5 ST RIBAR
VU FERRE - FiNES B
22 BEEERY VTR A,
2013/4/18-4/20.

—WEAL L, M, PR —,
AEA, BAREH, MERL,
JREM, EAREM, EHESE,
BRME, RAER, 0 EH,
Ik i

systemic lupus erythematosus (233
T OMEREIR YA N A T
77 ANORE. FESTERIBARY U
T TFEERE - FINESE F 22
FEREY O<vF TR I T A,
2013/4/18-4/20.

Ichinose K, Ushigusa T, Koga T,
George C. Tsokos, Kawakami A.

Neuropsychiatric

Role of Calcium/Calmodulin Kinase
IV On Podocyte Function in Lupus

Nephritis. 2013 ACR/ARHP
Annual Meeting 13
2013/10/25/10/30.

G. FRURFEEMED HIFE - BERIRDL
(FEZET)

. FREFEUG

—JEFEL, R FE, JI R,
HEER, FIEHHE, F)IEL,
BEHF . FRmEL—T R
(NPSLE) ZWAAA F~—7
—.  E:FE 2013-55543, YR 25
F3H 18 H (HEA : X KR%
ENRIERF)



. AFFEEREDOFITICEE T 5 —&F%



MRS (R3]

WHFERRR DT

HTIZEET 5 —&%R

REHKA

B A

G

Tanaka Y, Hir
ata S.

Is it possible to withdraw bi
ologics from therapy in rheu
matoid arthritis?

Clinical Therapeutics

In press.

Tanaka Y, Hir
ata S, Sawamu
ra F, Saito K.
et al.

Discontinuation of adalimuma
b after achieving remission i
n patients with established rh
eumatoid arthiritis: 1-year ou
tcome of the HONOR study.

Annals of the

Rheumatic Diseases

In press.

Kubo S, Yama
oka K, Kondo
M, Yamagata
K, Zhao I, Iwal
ta S, Tanaka
Y.

The JAK inhibitor tofacitinib

reduces the T cell stimulato
ry capacity of human monoc
yte-derived dendritic cells.

Annals of the

Rheumatic Diseases

In press.

Kondo M, Ya
maoka K, Oka
da Y, Tanaka
Y. et al.

[L-17 inhibits chondrogenic
differentiation of human mes
enchymal stem cells.

Plos ONE

In press.

Kawashiri SY,
Kawakami A.
et.al

Improvement of plasma endot
helin-1 and nitric oxide in pa
tients with systemic sclerosis
by bosentan therapy.

Rheumatology

International

34(2):221-225 2014

Tanaka Y.

Next stage of RA treatment:
TNF-inhibitor-free remission
will be a possible treatment
goal?

Annals of the

Rheumatic Diseases

72:1i124-i1127 2013

O’Shea JJ, Ko
ntzias A, Yama
oka K, Tanaka
Y, Laurence
A.

Janus kinase inhibitors in

autoimmune diseases.

\Annals of the

Rheumatic Diseases

72:i111-115 2013

Tanaka Y, Hir
ata S, Saleem
B, Emery P.

Discontinuation of biologics i

rthritis.

n patients with rheumatoid a

Clinical and ExperimentalRhe
umatology

31(Suppl78): 12013

S22-827

HHAREF




anaka Y,
keuchi T. et.al

Kameda H, T|A merged presentation of cli
Tajnical and radiographic data u
sing probability plots in a cl
inical trial, the JESMR stud

.

Annals of the

Rheumatic Diseases

72:310-312

2013

van der Heijde
D, Tanaka
Y, et.al and th
e ORAL Scan
investigators.

Tofacitinib (CP-690,550) in p
atients with rheumatoid arthri
tis on methotrexate: 12 mont|
h data from a 24 month Pha
se 3 randomized radiographic

study.

Arthritis & Rheumatism

65:559-570

2013

K, Tokunaga
M, Tanaka Y.

Iwata S, Saito [Persistent memory B cell do
wn-regulation after 6-year re
mission induced by rituximab

temic lupus erythematosus.

therapy in patients with sys

Lupus

22:538-540

2013

awakami A,
Abiru N.

et.al

Kuriya G, KDouble deficiency in IL-1
7 and IFN-y signalling si
gnificantly suppresses the

development of diabetes
in the NOD mouse.

Diabetologia.

56(8):
1773-1780

2013

Kawakami

Kobayashi M,|Genetic deletion of granz
yme B does not confer r

A. et.al

esistance to the developm|
ent of spontaneous diabet
es in non-obese diabetic
mice.

Clinical & Experimental

Immunology

173(3):411-418

2013

maya H, Miy
agi S, Sekigu
chi S, Kawag
ishi N, Nose
M, Harigae
H.

Shirai T, Fuji|Polyarteritis nodosa clinic
i H, Saito S,ally mimicking nonocclusi
Ishii T, Yalve mesenteric ischemia.

World Journal of

Gastroenterology

19(23):3693-
3698.

2013

aito S, Ishii
T, Nose M,
Harigae H.

Shirai T, FujilA novel autoantibody agal
i H, Ono M,jinst ephrin type B recept
Watanabe R,or 2 in acute necrotizing

Shirota Y, Slencephalopathy.

Journal of

Neuroinflammation

18;10:128.

2013




s [Fo]

L 12 £

REIE KA WMELAA FIVE REFEL KB, =D H R
WHEZER, Al | FHbHFIcRiT 2 BAERF | KFHES 68(3) ,395-402 2013
BEE RESER., | REIEMEALEIE & IR
e m K., =D | DWW T




IV. BHEREROTIATH). BT



Rheumatol Int (2014) 34:221-225
DOI 10.1007/s00296-013-2861-6

Improvement of plasma endothelin-1 and nitric oxide in patients
with systemic sclerosis by bosentan therapy

Shin-ya Kawashiri + Yukitaka Ueki + Kaoru Terada *
Satoshi Yamasaki + Kiyoshi Aoyagi + Atsushi Kawakami

Received: 4 August 2011/ Accepted: 2 September 2013/ Published online: 27 September 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract The aim of this study was to evaluate the
effects of bosentan on plasma endothelin-1 (ET-1) and
nitric oxide (NO) as pulmonary hypertension (PH)-asso-
ciated biochemical markers in patients with systemic
sclerosis (SSc). Twenty-four SSc patients receiving bos-
entan for 24 weeks were registered in this prospective
observational study. Ten patients were complicated with
clinically suspected PH. Plasma levels of ET-1 and NO
were assessed at baseline and after 24 weeks of treatment
in SSc patients and in 15 healthy controls. Plasma levels of
ET-1 and NO at baseline were significantly higher in SSc
patients than in healthy controls (» < 0.000), and they
were also significantly higher in SSc patients with PH than
in those without PH (p < 0.01). Plasma ET-1 levels were
significantly decreased after 24 weeks of bosentan therapy
(» < 0.0001), and ET-1 levels of SSc patients with PH
decreased to a level comparable to that in patients without
PH. In the 10 SSc patients with PH, changes in plasma ET-
1 levels during the 24 weeks of the study were significantly
larger in the 5 patients whose functional class (FC)
improved than in the 5 patients whose FC was unchanged
(p < 0.05). Plasma NO levels were also slightly decreased
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in SSc patients after 24 weeks of bosentan therapy. Plasma
ET-1 levels could reflect the presence and severity of PH in
SSc patients. Additionally, changes in plasma ET-1 levels
may indicate the response to bosentan therapy in SSc
patients with PH.

Keywords Bosentan - Systemic sclerosis -
Pulmonary hypertension - Endothelin-1 - Nitric oxide

Abbreviations

¢GMP  Cyclic guanosine monophosphate
ELISA  Enzyme-linked immunosorbent assay
ET Endothelin

FC Functional class

NO Nitric oxide

PAH Pulmonary arterial hypertension
PAP Pulmonary artery pressure

PH Pulmonary hypertension

SSc Systemic sclerosis

WHO World Health Organization

6MWD  6-minute walk distance

Introduction

Pulmonary hypertension (PH) is a critical complication in
patients with systemic sclerosis (SSc) [!]. The primary
classifications of SSc-associated PH are pulmonary arterial
hypertension (PAH), PH due to lung disease and/or
hypoxia, and PH due to left heart disease. PAH affects
approximately 10-15 % of patients with SSc [2] and is
associated with a worse prognosis than Ssc with idiopathic
PAH [3]. The three pathways to PAH treatment are the
endothelin (ET) pathway, the nitric oxide (NO) pathway,
and the prostacyclin pathway [4]. Treatment via the ET
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pathway uses an ET-receptor antagonist. Bosentan is a non-
peptide antagonist that blocks both endothelin A (ET,) and
B (ETg) receptors. The strength of recommendation of
bosentan therapy is “A,” which is a strong recommenda-
tion, in World Health Organization (WHO) functional class
(FC) II and III patients in the PAH evidence-based treat-
ment algorithm [5, ¢]. Bosentan is also effective in patients
with SSc-associated PAH [7-1{].

Endothelin-1 has been shown to play a significant path-
ogenic role in PAH [i11]. Endothelin-1 is a strong
vasoconstrictor. Furthermore, it can stimulate the prolifera-
tion of pulmonary smooth muscle cells, fibroblast collagen
production, and the contraction of fibroblast-populated col-
lagen lattices [12]. In contrast, NO is a potent, endogenous,
endothelium-derived vasodilator that directly relaxes vas-
cular smooth muscle through the stimulation of soluble
guanylate cyclase and increased production of intracellular
cyclic guanosine monophosphate (cGMP) [13]. PAH is
associated with a defect in the production of NO and there-
fore with decreased NO-induced vasodilatation [13].

In patients with SSc, ET-1 is a key pathogenic mediator
that influences vasoconstriction, fibrosis, vascular hyper-
trophy, and inflammation [12]. In this study, we evaluated
the effects of bosentan on plasma ET-1 and NO as PH-
associated biochemical markers in SSc patients with or
without PH.

Materials and methods
Patients and controls

Twenty-four SSc patients suspected by physicians of hav-
ing PH were consecutively enrolled in the present study at
the Center for Rheumatic Disease of Sasebo Chuo Hospital
from June to December 2007. All patients provided their
informed consent to participate in the present protocol,
which was approved by the Institutional Review Board of
Sasebo Chuo Hospital. All patients fulfilled the American
College of Rheumatology preliminary classification for
SSc [14]. The present study was a prospective observa-
tional study lasting 24 weeks. In this study, PH was defined
as (1) a resting systolic pulmonary artery pressure (PAP) of
>30 mmHg on echocardiogram, (2) mild to moderate
dyspnea on exertion, (3) WHO FC II/III, and (4) symptoms
not attributable to lung disease or hypoxia [15]. Since the
present study was conducted before the establishment of
guidelines for the diagnosis and treatment of PH [16], the
diagnostic criteria of PH used here and mentioned above
are different from those described in the guidelines. Sys-
tolic PAP was assessed by maximal tricuspid regurgitation
jet velocity, which was measured as the peak regurgitate
velocity in a continuous-wave Doppler flow profile
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obtained from the cardiac apex. No patient had undergone
right-heart catheterization. In all patients, left ventricular
function was normal on echocardiogram. Patients received
a starting dose of bosentan of 62.5 mg twice daily, and the
dose was increased to and then maintained at 125 mg twice
daily after 4 weeks. Plasma samples were collected at
baseline and at 24 weeks and were stored at —80 °C until
assay. We also collected plasma samples from 15 healthy
controls whose mean &= SD of age was 42 & 10 years and
whose sex ratio (men—women) was 7:8.

Clinical and laboratory assessment

Clinical response to the therapy was evaluated based on the
WHO FC and 6-min walk distance (6MWD) in SSc
patients with PAH. Exercise capacity was evaluated by
6MWD in accordance with the American Thoracic Society
guidelines [17]. ET-1 and NO were assessed at baseline
and after 24 weeks of treatment. Plasma levels of ET-1
were measured by enzyme-linked immunosorbent assay
(ELISA; RIA2 method, BML, Tokyo, Japan). Plasma
levels of NO were measured by chemiluminescence, using
a highly sensitive NO measurement system (FES-450;
Scholar-Tec Co., Ltd., Osaka, Japan) [18].

Statistical analyses

Within-group comparisons were made using the Mann—
Whitney U test; changes from baseline were compared using
the Wilcoxon’s signed-rank test. Correlations were assessed
with Spearman’s correlation coefficient test. The overall
significance level for statistical analysis was 5 % (two sided).
p values of <0.05 were considered statistically significant.

Results
Baseline characteristics of the 24 SSc patients

The demographic data of the present 24 SSc patients at
baseline are described in Table I. In these patients, the
mean £ SD of age was 60 = 13 years and that of disease
durations was 13 = 6 years. Ten patients were complicated
with PH; these patients were 62.4 + 13 years old and all
female. Five were WHO FC 11, and the other 5 were FC IIL
The median (range) of 6MWD was 568 (600-440) m in these
10 patients.

Clinical efficacy of bosentan therapy in the 10 SSc-PH
patients

The clinical efficacy of bosentan therapy was evaluated in
the 10 SSc patients with PH. The WHO FC improved from
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Table 1 Demographic and clinical characteristics at baseline of 24
SSc patients

N=124
Age (years®) 60 + 13
Gender: male/female (N) 4/20
Disease durations (years®) 13+6
Cutaneous type: limited/diffuse (V) 10/14
Complications (V)
Interstitial lung disease 13
Digital ulcers 4
Pulmonary hypertension 10

@ Mean + SD

II to I in 3 patients and from III to II in 2 patients, though
no statistically significant change was observed (Table 2).
No patient showed an exacerbated FC. We observed sig-
nificant increases in 6MWD at 12 and 24 weeks (p < 0.01,
Table 2). The median changes (range) in 6MWD were 40
(28-70) m at 12 weeks and 60 (40-92) m at 24 weeks.

Plasma ET-1 and NO at baseline in the 24 SSc patients

Plasma levels of ET-1 and NO at baseline were significantly
higher in the 24 SSc patients than in the 15 healthy controls
(p < 0.0001). The median (range) of plasma ET-1 levels was
2.4 (1.8-4.5) pg/ml in the SSc patients and 0.4 (0.2-1.0) pg/
ml in healthy controls. The median (range) of plasma NO
levels was 60.9 (47.0-85.0) uM in SSc patients and 36.0
(29.5-45.6) pM in healthy controls. There was a positive
correlation between plasma ET-1 and NO levels at baseline
in SSc patients (r = 0.59, p < 0.01). Plasma ET-1 and NO
levels at baseline were significantly higher in SSc patients
with PH than in those without PH, and the values of plasma
ET-1 and NO levels were relatively clearly dividable
between SSc patients with and without PH (Fig. 1; Table 2).

In the 10 SSc patients with PH, plasma ET-1 and NO levels at
baseline were significantly higher in FC III patients than in
FCII patients (p < 0.05). The median (range) of plasma ET-
1 levels was 3.4 (2.1-3.7) pg/ml in FC II patients and 4.0
(3.8-4.5) pg/ml in FC III patients. The median (range) of
plasma NO levels was 77.3 (75.0-81.5) uM in FC II patients
and 82.3 (77.6-85.0) uM in FC III patients.

Changes in plasma ET-1 and NO in 24 SSc patients
treated with bosentan

Plasma ET-1 levels were significantly decreased after
24 weeks of bosentan therapy in SSc patients both with and
without PH (Table 2). In the patients with PH, plasma ET-1
levels decreased to a level comparable to that in patients
without PH (Table 2). Plasma NO levels were also sig-
nificantly decreased after 24 weeks of bosentan therapy in
patients both with and without PH, but changes in plasma
NO levels during the 24 weeks of treatment were very
slight (Table 2). Among the 10 SSc patients with PH,
changes in plasma ET-1 levels during the 24 weeks of
treatment (AET-1) were significantly larger in the S
patients whose FC improved than in the 5 patients whose
FC remained unchanged; the median (range) of AET-1 was
-1.6 (2.2 to —1.1) versus —0.7 (-1.9 to —0.3) pg/ml,
respectively (p < 0.05). However, changes in plasma NO
levels during the 24 weeks of treatment (ANO) were not
different between the improved patients and the unchanged
patients; the median (range) of ANO was —1.7 (2.1 to
—1.2) versus —1.7 (—1.9 to —1.2) uM, respectively.

Discussion

Endothelin-1 is a highly potent vasoconstrictor produced
by endothelial cells that is a key pathogenic mediator of

Table 2 Change in clinical findings and plasma ET-1/NO concentrations during bosentan treatment

SSc with PH (N = 10)

SSc without PH (N = 14)

Baseline 24 weeks P Baseline 24 weeks p
WHO FC (V) 1,0, 10, 5; 101, 5; IV, O I, 3; 10, 4, 11, 3; IV, O 022 - - -
6MWD (m?*) 568 (600-440) 620 (532-650) <0.01 - - -
Plasma ET-1 (pg/ml?) 3.05 (2.1-4.5)* 2.05 (1.4-3.4) <0.01 2.25 (1.8-3.1) 2.00 (1.7-2.4) <0.01
Plasma NO (uM?) 80.1 (75.0-85.0)* 78.5 (73.4-83.2) <0.01 56.8 (47.0-61.4) 56.5 (44.1-62.9) <0.05

Changes in WHO FC, 6MWD, and plasma concentrations of ET-1 and NO were examined during bosentan treatment as described in the text
The changes from baseline were compared using Wilcoxon’s signed-rank test

ET endothelin, FC functional class, NO nitric oxide, PH pulmonary hypertension, SSc¢ systemic sclerosis, WHO World Health Organization,

6MWD 6-minute walk distance

# p < 0.01; The difference in baseline plasma ET-1 or NO concentrations between SSc patients with PH and those without SSc using Mann—

Whitney’s U test
? Median (range)
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Fig. 1 Changes in plasma
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vasculopathy, including PAH [i1, 12]. Endothelin-1 rep-
resents an important molecular target for therapeutic
intervention in the vascular disease manifestations of SSc
[12, 19]. Plasma ET-1 levels were elevated in patients with
PAH [20] and correlated with the severity of PAH [12, 21].
Raised plasma ET-1 levels have been described in SSc
patients [17, 22, 23]. In the present study, plasma ET-1
levels were higher in SSc patients with PH than in those
without PH, and they were highest in patients with severe
PH. These data may reinforce the pathologic role of ET-1
in SSc patients, especially in those complicated with PH.
Although the criteria of PH in the present study were
relatively loose compared with the recent established PH
guidelines [16], bosentan therapy in SSc patients with PH
was found to be as effective as that reported in previous
studies [7—10]. Vizza et al. [24] report that plasma levels of
ET-1 tend to decrease after bosentan therapy in a subset of
patients with PAH (idiopathic and collagen tissue disease),
with the baseline ET-1 being high; they also showed that
baseline ET-1 levels were not associated with clinical
efficacy. In the present study, plasma levels of ET-1 were
also decreased after bosentan therapy in SSc patients with
PH to a level comparable to that of SSc patients without
PH. Moreover, the levels were further decreased in patients
with improved function. These observations are consistent
with the results reported by Vizza et al. [24], though the
changes in ET-1 levels in the present study are larger This
difference may arise from differences in the study popu-
lations such as ethnic differences. Vizza et al. [24]
hypothesize that, during long-term bosentan therapy, a new
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ETg receptor may be expressed at the cellular level or that
ET-1 production could decrease due to an improvement in
hemodynamic conditions and in neurohormonal activation.
The latter hypothesis might explain the present results
since the decrement in ET-1 levels appeared to be more
significant in SSc patients with PH than in SSc patients
without PH. Thus, the decrement in circulating ET-1 by
bosentan therapy suggests an improvement in the clinical
condition of SSc patients with PH. Bosentan may improve
the pathologic niche of pulmonary microvasculature in SSc
patients with PH, which is reflected as a decrement in
plasma ET-1. ET-1 levels were also decreased by bosentan
therapy in patients without PH. ET has been implicated in
vasoconstrictor and profibrotic activity and in the increased
extracellular matrix substances seen in the dermis and
internal organs of patients with SSc. In the early stage of
SSc, bosentan therapy could prevent the onset of organ
lesions, including PAH and skin ulcers. Plasma NO levels
were similarly high in SSc patients with PH, but decreased
slightly after bosentan therapy. NO is known to be a
vasodilator [24], and its production may increase to
counteract the action of ET-1 since plasma NO levels were
high in SSc patients with PH as compared to SSc patients
without PH. Increments in plasma NO at baseline may
counteract ET-1, while bosentan itself does not directly act
on the NO pathway. Therefore, the NO decrement brought
about by bosentan was not so obvious. Alternatively, a
combination therapy of bosentan with phosphodiesterase
inhibitors may be warranted in patients with SSc, espe-
cially in those complicated with PAH.
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In conclusion, plasma ET-1 levels could reflect the
presence and severity of PH in SSc patients. Moreover,
changes in plasma ET-1 levels might show the therapeutic
response to bosentan in SSc patients with PH. Although a
decrement in plasma ET-1 was induced by bosentan in the
present study, plasma ET-1 levels remained high when
compared with those of healthy controls. The present study
includes the limitation that PH was defined only by echo-
cardiogram with a systolic PAP cutoff value of
>30 mmHg in the absence of right-heart catheterization;
the present study was carried out before the establishment
of guidelines for the diagnosis and treatment of PH [16]
and the cutoff value may not be sufficient to exclude SSc
patients not complicated with PAH since the recent
guidelines suggest that systolic PAP assumed by echocar-
diography is likely to have a PH value of > 50 mmHg [16].
In addition, the present study included SSc patients clas-
sified as not having PH, though these patients were
clinically suspected of having PH based on physician
judgement. Therefore, the present observations should be
confirmed through further examinations, including studies
with larger numbers of patients and with a longer obser-
vation period.
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SUPPLEMENT

Next stage of RA treatment: is TNF inhibitor-free
remission a possible treatment goal?

Yoshiya Tanaka

ABSTRACT

Biological agents targeting tumour necrosis factor {TNF)
have revolutionised the treatment of rheumatoid arthritis
(RA) and clinical remission has become a realistic
treatment goal. Discontinuing anti-TNF therapy after
sustained remission has emerged as an important area of
investigation in rheumatology from the risk-benefit point
of view, including health economic considerations.
However, there is little information as to whether
‘biologic-free remission’ is possible after sustained
remission following intensive treatment with TNF
inhibitors in RA. European studies such as BeSt and
OPTIMA in patients with early RA and Japanese studies
such as remission induction by remicade in patients with
RA and HONOR in patients with long-standing RA
encountered during routine clinical practice have shown
that, after a reduction in disease activity to clinical
remission or low disease activity by infliximab or
adalimumab in combination with methotrexate, patients
can successfully remain in clinical remission without TNF
inhibitors with no radiological and functional damage
progression of articular destruction. Experimental findings
in TNF-deficient mouse models suggest that TNF
inhibitors may change the disease process of RA and
bring about the potential of immunological remission,
raising the possibility of a ‘treatment holiday” of TNF
inhibitors after intensive treatment.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflamma-
tory disease that causes significant morbidity and
mortality. ™ It is recommended that the treatment
of RA is initiated with monotherapy or a combin-
ation of disease-modifying antirheumatic drugs
(DMARDs).>® Patients with active RA, however,
are often resistant to DMARD therapy, especially in
the context of structural progression. Thus, bio-
logical agents targeting proinflammatory cytokines
such as tumour necrosis factor (TNF), which plays
a pivotal role in the pathological processes of RA
leading to joint destruction, have been developed.
The combined use of biological agents targeting
TNF and methotrexate (MTX) has revolutionised
the treatment of RA, producing significant im-
provements in clinical, structural and functional
outcomes that were not previously observed.
Accordingly, the concept of treating RA to target by
employing a composite measure of disease activity
is generally being accepted worldwide.® Clinical
remission is perceived as an appropriate and realistic
primary goal in many patients while, in those with
long-standing RA, low disease activity is the aim.

After the induction of clinical remission by com-
bination therapy with TNF inhibitors and MTX, it
has to be maintained as described in No. 8 of the
“Treat-to-Target’, which leads to structural remis-
sion and functional remission.” Caution is needed
when deciding to reduce or discontinue treatment
with synthetic DMARDs because stopping
DMARDs in remission was followed by twice
as many flare-ups, difficulties in reintroducing
remission and a halt in damage, whereas similar
studies are not available for the biological agents.’
However, because of the economic burden asso-
ciated with expensive biological products and the
long-term safety by inhibiting a particular cyto-
kine, the possibility of discontinuation of bio-
logical products after the maintenance of remission
needs to considered. Thus, treatment strategies
with TNF inhibitors targeting induction and/or
maintenance of clinical remission can potentially
lead to subsequent discontinuation of the TNF
inhibitors. However, there is no well-established
firm evidence that remission can be sustained even
if a biological agent is discontinued (ie, ‘biologic-
free remission’). In this paper we discuss whether
the discontinuation of TNF inhibitors such as
adalimumab and infliximab is possible in patients
with RA after achieving low disease activity or
clinical remission during a certain period with
TNF inhibitors.

IS DISCONTINUATION OF ADALIMUMAB
POSSIBLE AFTER SUSTAINED REMISSION?
Clinical remission has recently become an achiev-
able goal by the combination therapy of TNF inhi-
bitors and MTX in many patients, and appropriate
induction of remission is a prerequisite to halt
joint damage and functional disabilities, which
revealed improved outcomes with strategic thera-
peutic approaches.*® If a patient is in persistent
remission after tapering of glucocorticoids, one can
consider tapering TNF inhibitors, especially if this
treatment is combined with DMARDs. However,
there is little information about the characteristics
of patients with long-standing RA in whom adali-
mumab can be successfully discontinued.

We have catried out a study (Humira discontinu-
ation without functional and radiographic damage
progressiON  follOwing sustained Remission,
HONOR) to investigate whether adalimumab-free
remission is maintained after discontinuation of
adalimumab in Japanese patients with established
RA in sustained remission obtained with adalimu-
mab plus MTX.? In this study, sustained remission
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