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Onset and exacerbation of autoimmune disease, such as rheumatoid arthritis and Crohn’s disease would be regulat-
ed with hundreds of disease-related proteins changing in quality and quantity. Recently, tumor necrosis factor—o (TNF-
a) comes to be known that is the key molecule for development of the autoimmune diseases and recognized as the drug
target which should be inhibited to overcome the diseases using neutilizing antibodies. Because the functions of TNF-«
are regulated with the manner binding to two receptors, TNFR1 and TNFR2, unexpected side-effects would happen with
complete inhibition or activation of the TNF receptor signaling. Thus, it is essential to develop a novel drug developing
technology, which regulates the binding pattern of TNF-« definitely for therapeutic purposes. In this regard, we have
aimed to create the TNF—a mutant, which has selectivity for binding TNFR1 or TNFR2 and regulates the onset and ex-
acerbation of inflammatory diseases. Recently, we have succeeded in creating several TNF—« mutants by phage display
techniques which can substitute aimed amino acids to the other, randomly. In this review, we introduce our unique
TNFR 1-selective antagonist, which can only inhibit the function via TNFR1 correlating with the onset and exacerbation
of autoimmune disease. This TNFR1-selective antagonist does not inhibit the host defense function vie TNFR2. This
mutant TNF-« did not show the increase of virus infection suggested that it may overcome the risk of infectious disease,
which is a major side-effect of anti-TNF—« therapy. These results would provide widely the strategy of regulating protein
function in molecular level and would show the attractive approach to create safe and effective medical drug reducing
side-effects.
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5 TNF-o BHEHFIETE EREINEITHRD S TNF-a
DHHEZ T RXTHELTLES 20, BRELUTHE
Bils EQEPR TNV AT O LRI EEETNE
BIVERZME->TL £ 5. 49 EBRIZ, TNF-o [HEH %
BHE LY O TFEEDEZITR DT T 2 HF7)0
PN THEINTWS, £z, EFRMELED
K DT TNF-o D EFFEH &JEhE & DAHBINED 5
NZHHERTH->TH, INFHEEZHHTSHZET
WITHEDE[LZHNTL ZOWREBIRE SN
TW3.9 LA>T, Zh5EEROMEZ )
L15% H OB BB ORENRE SN TN D,
— B T4, TNF-a KUZD2fHDO L &
& — DERECIAE & DR Z RIS 272012, /v
D7 ITRRIARKI AT T Zy IR IAZEZHN
AN TnS, filZE, BEE) U< FoO
EFNTH2I7—7 BB R (collagen-
induced arthritis : CIA) YW X & HWEREIZ X
0, B AOERICIE TNFRI A EICEE5T 52
ED EEEHEEBIIEDET IV T A Z AWK
FHZBWNTIE, TNFRI 2VERBFIEICHRD D, #iC
TNFR2 2VREESEMICIER T2 2 &G SN Tn
.89 26 DORRICHEDE, £E 51, TNF-«
OEMADS B, TNFRI 2L 7 IV DB % i$#
RICHFTE 2 E YN TEUL, LIk
TNF-o HEX ORIER OBEN R ATHE L7825
A, TNETTNF-ofHEEZEH CTERNo B
BT b A e ) B R E R BRI IR
bOEEZ, MEOKRENESY > N7 BRI X
O TNFRI #RW727 >4 T =2 k TNF-a D AIH
TN

2. 77— FxmEEREZ /- TNFR1 i5MME
7oA M DAIR

2-1. INF-oBEZEKXTAT7)VOHER
NETiZhbnbiud, 77— TJERMHENEZRKET
HZET, 1EEEUEDDLHIEZET DHEE
BAK (72 BBEWEK) 51477 EBEL, TO
Hiin G, EEMMEICENEEEANTY >NV 8%
RESAMLESHET 7 /0P — 2L TE
. AFrzoooy—2Hns s, NRm7 I /i
NDEE RS TN ATV a -3
ZUREET DU D UREY VNV ER, BEDOL T
TEH—=NDY =T 4 TR MG LR E Y
SN EERAIWEETH D, 109 ZZTAS AT A

IZ& D, TNFRIICEREZEFET L7 XTI b
TNF-a #8IHT 2 2 L2 HNIZ, FTHERELR
R ORERLOE b TNF-a &% E b TNF Lt~
Y —LDRERITEETHD EEZHNTE/Z TNF-
a7 JEBOTNS [A84, V85, S86, Y87, Q88,
T89) ZEIRL, &4, MO 20MEHEDOT X /B~
BT 10 75 OMELEHAAL. BRI,
FRE6 hFTDY 2 JBITHINT O R > %4 20 f
BO7I /BE21—RLES NNSEFZEHT T
AXR—ZHNT 2D PCRIEICTEML, PCR
Wi za7y—I RXRTY—ITHAIAALTE (Fig.
D. ZOBETIA 77V ERGHICEERRL =
fER, 5.6X100 5Dk ERT 271475 &fF
BT B ENTE.

22. BEZEETINFoRBE 77 —7477))
Z A7 TNFR135MIM7 >4 =X ME#H 7 O —
S DHE Figure 2 IZ/;R 9 LD, 1EHLIL /-4
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Fig. 1. Construction of Mutant TNF-« Library

Mutant TNF-« library was created by replacing the codon of the amino
acid residue at positions 84, 85, 86, 87, 88 and 89 of TNF-« with the ran-
domized codon NNS (where N and S represent G/A/T/C or G/C, respec-
tively) to obtain all twenty amino acid substitutions at each position. NNS
encodes all 20 different amino acids. Mutations were introduced by 2-step
PCR using the lysine-deficient mutant TNF-« as the template, as we previ-
ously reported.
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Fig. 2. Scheme for Selection of Mutant TNF-«a Antagonist with High Affinity for TNFR1

TINF-a 8 7 7 —2 54 7 7 U % H T INFRI
NDOFEEHFEICHE DN Z VT BERTTH 2 &
T, TNFR1 Z#<fEBRTH 7y — 70— %R
L7z, SSICEMELZ7O0—2>0HnsS TNFRI
WK B4EA 1% ELISA 12X > T, %7z TNFRI
Z AT U 7o R W&V %2 HEp-2 filfid~ o filfa (53 1 =
fREZICEEMI L, TNFR1fRMMEY > % O =2 MMesd
JO—2%A) =27 Uiz, ZO/RE, 2EO
IN>Z 27 %FFD T & T TNFRLICHLS ST 27
O— > OEMENHZR I N, TOHMnS TNFRI 250
TDEYTEENMEY, 7O TZZ Mo o—:
bﬂjj_é EMTE/ (Table 1), I /70—

> (INF-T1~TI10) ©7 2 JEEFIE, ZTHNET
bbb EEL TWwa TNFRLIFHEMEY =2
D7 2 EEECHI & L U 255, TNFRI f811E
FIAZABRTIE, §XTOZO—=2HBNWT Y87
MREFESINTWZDIZHL, D SEOY > T2
korzo—izBnTid, —Eoro—> T Y87
D7 I JBANBHRINTNWDS Z ENHBAL =
(Table 1), & 5ITHBRENZ LIT Y87 2T
EAFDr AV 0OA T VICTEBEIN TN/ TNF-
T2 &-T8 1Z TNFR2 iZf§ S #E& A& L <{K'T
LTWwasZENRSINE., FTH INF-T2 I3,
TNFR1 ND#E A 117 wtTNF-o & [F] 2 B8 12 {457 &
NDD, TNFR2 NDFEE J17% 40000 73 D 1 LLFIC
FTEFLTHD, TNFRI$EMEICENTVWS Z
EMHASMNEIR o= (Table 1). F7/=, Z® TNF-
T2 OAWIEE 2GS 5729, b MNillgkkTH 5

Table 1. Amino Acid Sequences and Affinity for TNFR1 of
Antagonistic Mutant TNF-as

Amino acid sequence  Relative affinity (%Kq)?

84 85 86 87 88 89 TNFRI TNFR2 5%511}11{;
WITNF-e A V.S Y Q T 1000 1000 1.0
INF-TI G HL Y T T 280 7.5 37

T2 S TTHNQ 400 23x10°3 1.7x 104
™S T SVYPH 1167 457 26
T4 TNTITYSN 280 78 36
TS NGAYET NT. NT. NT.
T GGPYQR 184 913 02
™ SPRVSG 609 163 37
TS TP ATINR 538 1.7x10°" 3.2x102
T APGYSH 2.6 250 08
TIO S PQYSV 275 239 12

N.T.; not tested. a) Affinity for immobilized TNFR1 and TNFR2 was
assessed by SPR using BIAcore3000. The dissociation constant (Ky) of
TNF mutants were calculated from their sensorgrams by BIAEVALUA-
TION 4.0 software. b) TNFR1-selectivity was defined as relative affinity
[TNFR1]/relative affinity [TNFR2] for mutant TNF-a.

HEp-2 i i D i i (5 S51E M 2 8 R 1 TNF-T2 O 7
A TZZ MEWZEBREFIL7=E 25, TNF-T2 OFE
FBEKFENREFIEZFEENRO s N D ED
£, bbhd 7y —IYEREEREZHWS Z
& T, WM TNF-a DIEHZ L& 7% —Z#RMIC
PHEWRERY > NNIWET > T2 ZX M 2RIHT 5 2
EITHII U Tz,
ZFZTRIZ, INF-T2 37 >4 T= A MMEMEZR
THERZHALSNTT D720, X HiERESENTZ
it A 7=, wtTNF-o Tld, Y87 78 TNFR1 O L67 -
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L7107 I B EHKMICHEERL TR v M
WIZIEFE VA Z & T, TNFRI EOFEEICEE S
HEZH> TWEEZEZENTNS, TNF-T2 13 F
O MERAF D ICEBIND Z & THKWHA
TERZdN, Ry MMEGEIZIZIEE DAL Z E0AR
HAJREIZ /2% — T, TNFRI1 1D S63 - G64 & &
FICHEMERT S 2 EenTiiank UEoLDIT,
Y87 OBEHICES FEGHRRDOEBMNT > F TR b
TEE ORI EHBE /8% E 2 H > TS Al HEEIVR S
Nr-. BIE, 5 INF-o/INF L &7 % — D
TEIEMEAHBE S i 2 T U, W5 @R R OVE R
HICENZT > T2 A FOBEFED, W XRTF Rk
TINFRI [HEFIO RS v T FH¥a 2 icmid ey 7
O—FHEDHTNDS,

3. TNFR1¥EMMT7 7 d=X FORKEKXRETE
TICE T DMKER R U R E MR O&RET
ERD XSz, TNF-T21Z, invitro lZBWTHE
NET A AZARNY NI BELTORMERT
5 ENHAS NI, RIT, TNF BEZA
MEREET I THS GalN/TNF FFHAF £~ 7 2 %
FWT in vivo FIRIEN BRI OWTHEF L. &5
24 R DY T R DEGFRIZDWTER L 24
GaIN/TNF & & 52 PBS ## 5 L =8 TlE, 2
THENMERI N, T/ TNF-a HRIFTARE 58
IZCBNWTH, AERIZ20%EETH>-. — /T,
TNF-T2 H5HICBNTIINWTNOHRGEHTHH
TNF-o FRIPIEZGHE D b EWETFERNED S
Nz, FTH270ug 2H G LEHITBVWTIE, &
FERNS0%THD, ZOBROBETHINHI Y
23 2 LI EAEFEL Tz (Table 2). 7z, #%

HoW@#omsh ALT L X)L 2 HlE L /= #5 %
(Fig. 3), PBS & G#ICBWVWTIE, ALT OBHE L
EREMALNZHDOD, TNF-T2 D#H5ICL 05
EKFFIIC ALT fEOMHIEE0 51, FFiZ 270 ug
BGHICB W TIHE B EEMHIZIR ST S N
7. UEDOKHE XD, GalN/TNF #RMEFRET
JZBWT TNF-T2 RS R 2R 2 &M
S MERS T2,

I THEE) IR F O LD B REM R EBICR L
T TINF-T2 Z#EH 9 55 EI121E, K0 Rk 7sfE
AnpngEEes. 22T, ANZEkzZmMExd%
HEYT, TNF-T2 IZKEESEZFRYIZFL 7Y
d—)l (PEG) 2HWENA A Var— 3
AL IsB, —RITHT NI EDONA AT
>Tar—arTlE, e TikE3d73I/EHoi
BT > LNTEL D70, FLWRIEEK T Z2HE
WTLED., 2osbhbiig, BARSY N8
LR EOIEEZREEFL 2D O 2 RIBKRZEERT
5ZET, NRWBEBRNIINA A ar—
a &Y, EHEETERS Z2&Rk<, RNEEMHE

Table 2. Survival Rate in GalN/TNF-induced Hepatitis
Mouse Model

Survival rate (%)

TNF-T2 Anti-TNF-o
PBS antibody
10 ug 30 ug 270 ug (20 ug)
0% 33.3%  33.3%  50.0% 20.0%
0/7) (2/6) (2/6) (3/6) (1/5)

After a period of 24 h, survival rates of the mice in the GalN/TNF-in-
duced hepatitis model were measured (n=5-7). Data represent the mean
+S.E.

120 normal
100 | H control (PBS)
T>> 80 * TNF-T2
.o . B 10 g
[e)
TE 60| 30 ug
o Q
2o ® 270 ug
@®© O -
ES 0 O anti-TNF-a antibody
- . (20 pg)
&
0

Fig. 3. Therapeutic Effect of TNFR1-selective Antagonist in GalN/TNF-induced Hepatitis Mice
Blood samples were collected 9 h after the challenge. Serum concentration of ALT (alanine aminotransferase) was measured (n=3-5). Data represent the
mean+S.E. Statistical significance versus control mice was calculated by unpaired student’s ¢ test (p<0.05).
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ZH ESEZFERZHILTND. 10 AFEZ AW
THESLL 7z PEG-T2 1%, TNF-T2 & [R5 D in vitro
ZBITBH7 T MEWEEZRFEFL DD, ML
EWENA ELTWS I & 2B L TnWs, LA
PEG-T2 # I\ T CIA EFI)VITH T 5 TR RO
BN ROBRG 2{T>72& 25, BEF® TNF |1
EETHDIY )T b EFAZEOHRIENRZE R
L, S5ICHEIRESHIRETHO I &N
iU O FITHT HENBERICROELS DO L
MFIn 5. £HEHRLZLDIZ, TNF-a 3K
DR D G RIS H DY A R AA > ThH B
W, TNF-oHEZEOMFHICBVTIIRENOKT
D BYER EQRIERZHWT LS. KT/
I T RITRAERWERENS, DalEby
AV AN B 5% St D538 121E, TNFR2 #4¢
L7z INF-o DIEAMNEETH S EAREIN TN
5.9 EDEMNSHDROIL, 7T AL ARK
Zu 1 ARG O O 1 VA& ZRETSHZET
T2 K OBEFE D TNF—o BH 35 38203 Az 14 5 10 A 6 12 5kt
UTHRITTHEE LR L2, TO/REE, T4 %
Wt 7 N ERETIE, PBS G5B i L CHHE
WA ZHERREEDIMIFH TN TWNBE T EARE I
7. —#/ T, PEG-T2 # 5 TlE, PBS&KEH &
X FEZ R L TH O ARHEEEIC S 2 22813
WD T LN ENFHINS. LEDOXDIZ, D
NHITAEE TNF-o ® TNFR1 2 L 721EH ©
B RIRNCIHE L, BEFD TNF-o fHES & [ %
OHFRIENRZ R LEDINTEERRNY 2N
PEY > T=Z k TNF-T2 ZAIH T % 2 &2k
L7z, I 5ITTNF-T2 13, EAENET SR
WREZHE LI ED S BFEDIBEEREICTND DR
ENDERNEH ORI & 72 5 ATREMEAVR
N/,

4. HHYIC

AR, YA MhA bR ERIRL S >IN0 ]
EHREATEH 28D, 06 DLW FRFI I REO 3K
Hh R Z2 Hfg L /- DDS #7503 & 5l Tirb
NTWa, bhbhud, Zok>ky >INV EERK
i T DOb DI, ENfEmEENET S "5
F LRIV D&Y DDS” &, BEREIEZS BAKIT IR
NEZEMZFMNE5T 2 “@2H L N)VOEDTILED
DDS” OGN, ¥ NI EEHELBEFEOH
BIRE1DOOHAMETH D EMEL TWDE, Afa

TR, REMMEBORIEICIRD S TNF-o & E
FINELT, 7y —YRMAGREEZRELZME D
WRETEAN TS DNV E DRI X T L ZIEHT 2 Z
ET, “FLNNVOEYFR DDS” & U THREL
Ty -~ EE LY AT ARY 2N
DEDORIMEITo 2. AZEICK - T, BEERITRU
THELET Y —~O7 > F I b Efiniits
Z & TEEM O XN R O A FTRE T &
5T &, EBIT ERIEKL RO ESS TR DDS”
ELTNAFaA>yar—TararEEhdal e
T, WEMEATY RNV EOEREKEL TORE
M BRI TE SRR Z R L. T 51T,
ZOEDIEEEMENTY >N EORIE T2 /0
D—IF, F NN E O ARREEE RO R EEC
T, LTy —REBRENTEY—T v NELREIK
DTALEMZERFT DO ORAITHEMMTE S &
MrEnsg. 5%, A TIT> TEEEEMEAT
& N BOERERERCEST, LTy —0D
ST FIVRERREOE O &R D T 2 HBELS TS
ENHLNIRD, ZheoEREFHLE, X0
RERINDAENIREEBFHFEIITREIC/R S S O & IR
LTW53,

BEE A EORTICEL, 2<DY BT X
EEEE LR, BWWEAEYCEWIRT HEt >
& —  [EEBFEEHM KHEEFESEE AEEENE
ARG L B ET. AR T, SRR
BRI A B) 5 R E sEISAFZE (No. 20015052),
H A 4l 9% Bl = B 22 A 2 46l B 0 BLAR AT B —fiR
(No. 21390046) , &4 57 {8 Bl ik 55 2 1 B & 5 38
oo RIS LF 2T MY —Y A T ZARAIIE
#H3¥ (No. HI-E#-—fi-010), JE4 57 @0t
BB S BORAIER AT (HS) F¥ (No.
KHC1017), 2457 @Rl F i 5% 2 4 B & Bl SE SR HE
ERFREE  BIENAA Y- — BB FE
(No. H21-)N1 A—57E-005) OZE 20 £ L 7=
ZZITHE#HBL BT ET.
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