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WFFERE DA EE (H£30) : Blocking the binding of TNF to TNF receptor subtype 1 (TNFRI) is
believed to be a promising strategy for the treatment of autoimmune disease. Recently,
we generated the TNFRI1-selective mutant TNF with antagonistic activity (RlantTNF) using
phage display technique. In this study, the anti—inflammatory effects of RlantTNF have
been investigated. First, to improve the 7n vivo stability, polyethylene glycol-modified
RlantTNF (PEG-R1antTNF) was prepared. In the autoimmune disease model, the clinical score
of the mice given PEG-R1antTNF was improved. These results suggest that selective blocking
of TNFR1 by PEG-R1antTNF could be an effective therapeutic strategy against autoimmune
disease.
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¥ RlantTNF {Zxf LT, 10 f5E/L =D PEG %
wht, 37°C, 15 G SH®, -7
J 17 a g (Sigma—-Aldrich, Inc) % PEG
D 10 fFEBFMT S22 EICEY, KSEHE
fE ik X H72, 354072 PEG-RlantTNF % PBS
CAH b L 7= Superose 12 7 A% AV, PEG
PN FREB L7 T v a v &T ) PEG
bk UTHBRER L, DIBEOERICHE LT,

(2) INFR1 %97 L7 AEWIEMEORHE (L-M A
JRZ &9 5 MR 5 PR ER)

HEMT ., 96 well plate 12T 1% FCS & F
MEM {Z T recombinant mouse TNF f#fE F (5
ng/mL) “CRlantTNF Z BpEAR L CThnx 724
7L 100 pL 12, 1% FCS-MEM T 1 X 10°
cells/100 uL/well \ZAR L7z L-M e 2 s
U 7=, M RE RS | 48 BEREE R 21T - =14
26% 7 LA LT IVT b R CTARRN A EE LT,
PEHE 0. 05% A F L o 7 L —TaiR CHNE 2 Yy
L, plate Z{g - JARZ L7-%%., 0.33 NHC1
Wk AF LT N—R RS2, WORE
(AIERE 655 nm, *FRJEE 415 nm) ZH
TE L., HeiEE & S L7z,

(3) DBA/1] ~ 7 A MM a5 — 4 o BaHi%k
(CIA) J&AE

DBA/1J] w7 A (F A, 6~7 Hfin, HA SLC)
FHWE, vrvdEEkIH =TI — 57 v
(Chondrex) %% & CFA (Chondrex) &K
W TFTEEAEY A — (IKA) ZHWT
BEL, =<wiliaréliz, 2hEao—
g raEe LT 100 ug/mouse &705 K 91T,
~ 7 AR NIZE D FTIC 0 TG L
7= (1 weey%E), 3 W% (day 21) 7=
A2 "NR5EERT Y 23 | (IFA; Chondrex)
EUVHRNM T — 72T, RO
FET, =< a CEER L 100 pg/mouse
LD LY U RRETITBINGE AT
o7z QWGBSE) 2 WHREDRDH (day 22)
VAR M 21TV, g o2 Z—7 ik
iz E L, 1g61 A% 250 pg/mL, IgG2a 50
ug/mL, TgG2b 15 pg/ml LA ED~r A%
BRiZHW =,

(4) BHFISFEIE DR

IV =BV AaTIL 2 keE 2 BED
day 23 L VEHBIEL, UTokoicra
TAE LT,

0: Zfe7z L



1 : ORI 1, 2 ANEIERR

2 FEOBFEN 3 RULE, £ TFECREYE
72 EORE I BAF O ERFE IR

31 —AROFRRE RO MEARF IR

4 —RKOFRREEROERN R KBRIZEL
TWD LR LB

ZNS ORI A UL IC R LT BITV. FO

AaT7TOEFEZ V= AaT7 & LT

B L7z, 728, MHFRY 2 7LV O ik

X, Mann-Whiteny / test & 2L y’~test

W2 &0 T LT,

(5) CIA E&F/LIZEBITD PEGRlantINF KX
Etanercept O 5

PEG-RlantTNF @ & 5 & 2 > W Tix 3
pg/mouse & L., 5 FiE1X RlantTNF o
HENEE A S B ICEENE ST 1 B 2 [BAT
o7, EHEMFEIT 3 A E Lz, 2 ROE
#% 7= Z2a T 1.5 YL RICEL-#%
WZE G2 BGT IR T 1 k3 izisn
T, BEIZIKER SN TV B ARFM 25T TNF fHE
3K FEtanercept % 25 pg/mouse T 1 I
2 [E# 54 % Z & T, PEG-RlantINF & BEEi
RANHINF % g U7,

(6) F2BRAY B O MMM BESR (EAE) BE&AE
C57BL/6 (B, 6~8 M) ~ v ATk LT
TV UREREREBERX AT TF R Myelin
olidodendrocyte glycoprotein peptide (MOG
~FF K) (MEVGWYRSPFSRVVHLYRNGK, #kzizs
HAA Fah) & PBS IZIfEM%. 5 mg/mL
LD X ITEEE DR (Difco Lab.) %
ANz 7= Incomplete Freunt Adjuvant (IFA ;
Difco Lab.) CSEEAZEAL, =¥/ gy
L7, ZhE MOG _X7F REE LT 200
pg/mouse & 725 X 9T~ AMHD Z HES
BILOYEHO 3HEPTIZE TG LT-, 612,
COPFE AR LUV 48 BERI 1T 400 ng/mouse &
B EOICEA%ER  (FobMsEskist)
EREWENE G- LTz, el V= VA a7 X
EER I BB XV ERBIZEL, LT LI
AaT{k L,

0.0 ; Zfb7zL

0.5 ; ROKEMKTF

1.0 ; FBORRE

1.5 ; TR

2.0 ; 1 AKROBEED AR
2.5 ; BEORERE

3.0 ; 1 ROBIED T
3.5 ; BEOsEERE

EAE DFERFHEIZEI L Tk, SFHEZN TN
210 FON, 7V =hLRAaT > 0.5 D=
7 A% EAE RSE~ 7 AL L CEMli L7, #&H
BRI L7/ 2 b &, SREDORIERY
BHLCTey h LTz, RBRERIT, T

R TRUC TR LT,
FIER (%) =(RA27T 20.5 D~ 7 ADFIE)
/ (BREO2FI$10) x 100

(T)EAE &7 /WIZkI$ 5 PEG-RlantTNF K TF
Etanercept O¥5-

PEG-R1antINF |E. ¥~ U AE(RKD 7 J = H )L A
a7 OWEN LU ECELZBEY, 155
UME 10 pg/mouse T 1 H 2 [A], Etanercept d
BG83 25 ng/mouse T 1 JEMIC 2 [BIfENE
N5 LT,

4. BFFERE
(1) PEG-R1antTNF o> {fE#
ENZEEME O % B#IZ RlantTNF OF)
NEFEIAA FarVal— g %179
72, —RIZIE< AV BTV D ESE T
& 5,000 @ PEG & 7=, TNF i3 =&/
KLTEY, —FF3EFEEL TS NE
ST RO B 1 HO N KT I I
%t L., PEG #—/3 FEHALE/ PEG 1k
RlantTNF (PEG-RlantINF) Z{E#il 7=, Z oD
PEG-R1antTNF ¢ TNFR1 (254 BfE& 1%
BlAcore % HWTRHME L7=FEHR, A 104
123 5 KD 73 PEG fb L CTU 72\ RlantTNF &
FIERSETHY, TR —T T A0
RS DOFEE N ZEZA L TWDZ ENERESH
Too WIT, T Z T=A MEMEIZOWT, LM
ARE A D TRRET L72A5 3. PEG /B L Tz
VN RlantINF 027 7 & PEG-RlantTNF 28, (&
FERIZEDT 2 A= MNEWEEZAH LTV,
Bl . R1antTNF (2568 L C N RHa A7 AR A
PEG #EATBHZ LT, 7o ¥ A= i
DIRTZEED Z &7 < Z O M2 m
EEEHELZ AL,

(2) CIA =T MZEITDH PEG-RlantTNF DB
B il h

CIA 7 MIZ% ¥ 5 PEG-R1antTNF ORI & 440
HI R AT D720, 7 V=L R2aT7,n
1-1.5 [ZE LRI ET HIREN 7 7 =
JVZ TR L7z, PBS BEHREIR, 1 IRGEERK.
day 26 BeENS 7 V=L 23T O EHRN
OBV, ZFDO% day 30 BiENH~ T AN
IBEEI D L WEIR S BIZE S, SR A =
TOEEPHERINEZ, —FH T,
PEG-R1antTNF #¢5-#£1% Etanercept #5-#f
AT RIFRE O B il R & T 5
Z DA L7, F72 PEG-RlantINF &% 5-7f
OIFFRY A2 ERL L, HE Yeta2iT-o7-, %
DOFEE . PBS #EREICHB W TCITBIE EE~D
PRAE MM OB 72 R BN S e DIz
xt L. PEG-RlantINF &% G-#EIZ35\UCIIBEE
WCRIEVER R ORI A S S Tnd Z &
iR LT, LAEOREE) S PEG-RlantTNF
X, BEfFO$FT INF PHEZE SR Etanercept & [AlfE
FE O RIER A I h R 2 s fE L, ARh7eBag U



U~ TR L 72 0 153D AR DS RIE S 4
77o & BIT RlantTNF I ZRIEDTEAVIZ B 54
% TNFR1 OYER Z#PUFRE L, 71 L R
YLPHfC B & B 2 LT D INFR2 OFE
FIEPRE Lanw=dic, BEfFEOHT INF JEiE
TEMPRIES TH > ZRBIER 2K T
HHD LTINS,

(3) EAE &5 /L{TH1T 5 PEG-R1antTNF o> BEHi
PRI AR

EAE OJRAEIZ A% (day 13) 7> 5 PEG-RlantTNF
O 52 B4E U, PEG-RlantTNF OJRERIRIC
DUWTHRFT L7z, 1, 10 pg/mouse T 5L
72 PEG-R1antTNF ##1%, PBS ¢ 5-8 & b L T
AL IRO LMo 7203, 7 =0
A a7 MEL BRDHEEPBD N, — T,
Etanecept #&EGHEIZRBWTIL, 3,4 [FIHIZEH
5 U7 HIZZBRIEDTRD Hiv, EFI0sELE
L7, ZOJFEKRE LT, Etanercept &% 5-12 &
Y EAE OEARVERIZ B G-3° % TNFR2 DIEH %
WEWr L7722 Lok 2 RMIREDOE(L, B B
HREEHERGICEDT T 74 7% —v
a v OFEERENRTREIND, ZHDHK
WA ERET X<, BAE JREAEMI TH HHHIC
BT HBHEOEE, @A KA %0 1gE,
LA IR EOMF I NAT 4 =—
2 —DHIEEBRODTETHD, 5% LV
72 RE LB TIEH D A3, PEG-R1antTNF 1,
FAE OIRBEZ AL S8 5 Z &7 < | JERE4E
FICTE BHAREMES RS, B, TNFRL ~
OVEREIRMZ G LT &% =2 M,
EEOBENOHEETHY . INF [LERKD
AL RICER D L0 L SN D,

5. TR
(WFFERFEFHE . WP R ONEEERF 22351
=Y

Udtssamsc) GG 1148)

(D Nomura T., Abe Y., Kamada H., Inoue M.,
Kawara T., Arita S., Furuya T., Minowa K.,
Yoshioka Y., Shibata H., Kayamuro H.,
Yamashita T., Nagano K., Yoshikawa T.,
Mukai Y., Nakagawa S., Tsunoda S., Tsutsumi
Y. : Creation of an improved mutant TNF with
TNFR1-selectivity and antagonistic
activity by phage display technology.,
Pharmazie., 65(2):93-96, 2010. A #iH.

@ Nomura T., Abe Y., Yoshioka Y., Nakagawa
S., Tsunoda S., Tsutsumi Y. : Yakugaku
Zasshi., 130(1):63-8, 2010. ZrFHifE,

@ Abe V. Development of novel DDS
technologies for optimized protein therapy
by creating functional mutant proteins with
antagonistic activity., Yakugaku Zasshi,
129(8) :933-939, 2009. 7t

@ Shibata H., Yoshioka Y., Abe Y., Ohkawa A.,
Nomura T., Minowa K., Mukai Y., Nakagawa S.,
Taniai M., Ohta T., Tsunoda S., Kamada H.,
Tsutsumi Y. : The treatment of established
murine collagen—induced arthritis with a
TNFR1-selective antagonistic mutant TNF.,
Biomaterials., 30(34):6638-6647, 2009. %
X

® Nomura T., Abe Y., Kamada H., Inoue M.,
Kawara T., AritaS., Furuya T., Yoshioka Y.,
Shibata H., Kayamuro H., Yamashita T.,
Nagano K., Yoshikawa T., Mukai Y., Nakagawa
S., Taniai M., Ohta T., Tsunoda S., Tsutsumi
Y. : Novel protein engineering strategy for
creating highly receptor—selective mutant
TNFs., Biochem. Biophys. Res. Commun.,
388(4) :667-71, 2009. HFHiA.

® Yoshikawa T., Sugita T., Mukai Y., Abe V.,

Nakagawa S., Kamada H., Tsunoda S.,
Tsutsumi Y. : The augmentation of
intracellular delivery  of  peptide
therapeutics by artificial protein
transduction  domains., Biomaterials,

30(19) :3318-23, 2009. £ FHA.

(™ Mukai Y., ShibataH., Nakamura T., Yoshioka
Y., Abe V., Nomura T., Taniai M., Ohta T.,
Tkemizu S., Nakagawa S., Tsunoda S., Kamada
H., Yamagata Y., Tsutsumi Y.
Structure—function relationship of tumor
necrosis factor (TNF) and its receptor
interaction based on 3D structural analysis
of a fully active TNFRl-selective TNF
mutant., J. Mol. Biol., 385:1221-1229, 2009.

Tmai S., Yoshida Y., Okamura T., Nagano K.,
Abe Y., Yoshikawa T., Kamada H., Nakagawa
S., Tsunoda S., Tsutsumi Y. : The specific
effect of 2-Methoxyestradiol on lymphatic
vascular endothelial cells., Pharmazie.,
64(3) :214-6, 2009. #HiH.

© Shibata H., Yoshioka Y., Ohkawa A., Abe Y.,
Nomura T., Mukai Y., Nakagawa S., Taniai M.,
Ohta T., Mayumi T., Kamada H., Tsutsumi Y. :
The therapeutic effect of TNFRl-selective
antagonistic mutant TNF-ain murine
hepatitis models., Cytokine, 44(2) :229-233,
2008. AFHA .

Yoshikawa T., Sugita T., Mukai Y., Yamanada
N., Nagano K., Nabeshi H., Yoshioka Y.,
Nakagawa S., Abe Y., Kamada H., Tsunoda S.,
Tsutsumi Y. : Organelle—targeted delivery
of biological macromolecules using the
protein transduction domain: Potential
applications for peptide aptamer delivery
into the nucleus., J. Mol. Biol.,
380(5) :777-782, 2008. #HiA.

@ AbeY., Yoshikawa T., KamadaH., ShibataH.,



Nomura T., Minowa K., Kayamuro H., Katayama
K., Miyoshi H., Mukai Y., Yoshioka Y.,
Nakagawa S., Tsunoda S., Tsutsumi Y.

Simple and highly sensitive assay system
for TNFR2-mediated soluble— and
transmembrane—TNF activity., J. Immunol.
Methods., 335(1-2):71-8, 2008. & ZHiA.

(Fa%ER) Gt 710

O pIEsEEsL, SkMAZ, AHEE—, B 5
R T H IR MEMEA L7z TNFRL
FRMMEZ BAR OB B O i BT R
E L TCoOHAMREE., 5 59 Bl H AR
TSRS « R, KBk, 2009 48 10
A

@) Abe Y., Nomura T., Kayamuro H., Yoshioka
Y., Kamada H., Tsunoda S., Tsutsumi Y. :
Creation and X-ray structural analysis
of TNFRl-selective mutant TNF with
antagonistic activity., HUPO 8th Annual
World Congress, Toronto 2009, Tronto
(Canada), 26-30 September, 2009.

@ Tsunoda S., Abe Y., Nomura T., Kayamuro
H., Shibata H., Yoshioka Y., Tsutsumi
Y. : Effective treatment of established
murine collagen—induced arthritis with
a novel TNFRl-selective antagonistic
mutant TNF., 12th International TNF
Conference, Madrid (Spain), 26-29 April,
2009.

@ PriEEsL, AHEE—, 2 R AT e
T A7 AR EGIER LTz 1 Al
3K . Cphl Japan 2009, HEL, 2009 4E 4
A 21 H.

® Abe Y., ShibataH., Nomura T., Kayamuro H.,
Yoshikawa T., Yoshioka Y., Nakagawa S.,
Kamada H., Tsunoda §S., Tsutsumi VY.:
Evaluation of safety and efficacy of
TNFR1-selective antagonistic mutant TNF as
a novel anti—inflammatory drug., Society
of Toxicology 48th Annual Meeting & ToxExpo,
Baltimore (U.S.A.), 15-19 March, 2009.

© BrfEBEEsL, BpRrkth, SRHTE T, SRS
FIEE, SRERZ, AHEE—, fZFk: 7
v A=A MEMAZA LTz TNFRL FaAIHEZE S
TROFTHLE COEREIEREE & L COR M
A, 5 58 Al H AR TS 2 + K
2, fi5, 2008 4510 H 25 H.

(@ Abe Y., ShibataH., Nomura T., Kayamuro H.,
Mukai Y., Yoshikawa T., Yoshioka Y., Taniai
M., Ohta T., Nakagawa S., Kamada H.,
Tsunoda S., Tsutsumi Y.: Fine tuning of
receptor—selectivity for tumor necrosis
factor-[] using a phage display system
with one—step competitive-subtractive
panning., 7th Joint Conference of the

Intenational Society for Interderon and
Cytokine Research and International
Cytokine Society., Montréal/Québec
(CANADA), 12-16 October, 2008.

(XF) Gt off)

(P PEME)
Ok Gt o)

ORI G o)
(Z Dfth)

6. WFZEHHE

() rgefkas

s EESL (ABE YASUHIRO)

= SREAE A IERT - BISREARAIZTES - AF9CE
7&K« 20509898

(2) Mo 4R
AHEEL

(3) HAENFTEA
AHEEL

W, ABFIEDITER /178 & TRLCHIZET 5
FHE— SREAREZ, I O, (LRSS,
R —th, BpA Rt TR MR
AREN R



