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Tumor necrosis factor-alpha (TNF-«) has been expected to be a promising new antitumor agent, but toxic side
effects by the systemic administration of TNF-« limit its clinical application. In this study, we attempted to improve the
therapeutic potency of TNF-« by using our protein-drug innovation systems. Among phage libraries displaying various
mutant TNF-as, we isolated some lysine-deficient super mutant TNF-as, typified by mTNF-a-K90R, with higher TNF-
receptor affinities and stronger bioactivity in vitro, in spite of the importance of lysine residues for trimer formation and
receptor binding. mTNF-a-K90R showed more than 10 times stronger in vivo antitumor effects and 1.3 times less toxicity
than wild-type TNF-a (WTNF-qo) . Site-specifically mono-PEGylated mTNF-o-K90R (sp-PEG-mTNF-o-K90R) at N-ter-
minus showed higher in vitro bioactivity than unmodified wTNF-o, whereas randomly mono-PEGylated wTNF-« at a
lysine residue (ran-PEG-wTNF-o) had less than 6% of the bioactivity of wTNF-«. The antitumor therapeutic window
of sp-PEG-mTNF-a-K90R was extended by about 5 times, 60 times and 18 times compared with those of mTNF-a-
K90R, wTNF-« and ran-PEG-wTNF-a, respectively. sp-PEG-mTNF-a-K90R may, thus, be a potential systemic anti-
tumor therapeutic agent. These data suggested that our fusion protein-drug innovation system composed of a creation
system of functional mutant proteins based on phage display technique and a site-specific PEGylation system may open

up a new avenue to the optimal protein therapy.
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Fig. 1. Problems of Bioactive Proteins
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MHEOLNDONOMIEZETIX I N L TEHEED fRIE
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Fig. 2. Characteristics of Bioconjugated Bioactive Proteins
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TERICHRFFLZY DO REBIKRD N K7 2/ FE
DAL BB PEGylation 723, EyR LU 7=/)N1 423>
Dar—Ta ORERE BRI TEDST Y )
OY>—ERDEHZEZREL .

AL TIE, EAEEOR#EICHS T o7
F—LRIEED-HD DDS Higr 7 /0y —) O
VERRSEHBIC, Z2oPUEREL THIRFENTWS
TINF-a Z2E€5)V ELTHW, koW r /O
P—=DIAT LT w7 (RElb) Kok Tk
b B wild-type TNF-oo (WINF-o) £ D & FLIE P AS
BaEL, MDY D UERANTERICHMDT X JBICE
WS N7 EHEMEIZEN = Lowering pl LY 2 >R
8 TNF-a O EAIE & Z D0 F FMEli 247> 2 &
2HE—0OHMBE L. DWT, 55317= Lowering
pl{t V) 2 > k48 TNF-a 1249 % EA7 4 #) PEGy-
lation OFFEM /R MM 2E U T, ZORELZEX
D, FITHT 2IRFE O R ITILR U 2 HEAE1L
TNF-o OfE# &2l A 7= (Fig. 3).
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Fig. 3. Fusion System between Creation of Optimized Muteins and Site-Specific Bioconjugation
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EHLUZEMEREAEOMELRAKS AT T &
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HEZMEENICHER - FAETE577 /02 —0H
FEEFGT THED TE/ 19D RETIE, iGN
i X 417z Lowering pl {b U 2 > %8 TNF-a @ g%
Z1DOEFIVr— A EALEMT, “EEIEAmE I E
N A TEAEOMRERH S X747 O 5
BHVATL T w7 EKD, FDDZT Lower-
ing pl {1 2 > R4 TNF-a OFHHIUEAIE L TO
BHMEZEERL .

TNF-a |, 17kDa OB EEKYZD 6 @D 2>
BEEZFELTHBD, FEZEBHREKRTZZETHD
THEERERSD (CEBARELTI8HEDY P
ZHT5).® 2O TNF-a Ol A 71 = X LIS,
D) EENRERMEEGE, 2) hodiEET Y o
7 & — GBI O AL, 3) MEE I O R RAE
HIZKXUBIESEZIINDZENHASENTNWS, 192D
TNF-o $¢ 512 & > THEE 58 K B 0912 1 45 7% i 1%
MIESI NS Z & Z20NHOIUIBRIZEED TNWSDT,
TNF-o Qi i Z2m L0, 2hns 9
TOERZRISHBAGEL RS, £k, T
VERNVE I, PR, /N7 E D IEFE N OBITIC
KOBIERIINTLES 2%, TNF-a O ifi i
HEZ2ED 2 2 ENTEIUIRIEHARBIMENOB

TTERATRR L, RIERABRICERT 22 LI
H725. LIEN>T, HL WINF-a XD HEWE
EEEZEL, 2O D UERANMIOY I/ BICE
o =X 17z Lowering pl k1) 2 > K48 TNF-a 231
TERUX, Lowering pl ) BT K 9 2 ifit Hr i 84 1
M B E B E> T, TNF-a OFEEEH 2241
I TE 2D EHffE N5, £I T, Fig. 4
IZRTHET, E N WINF-a D4 P 2EHE%E 20
FHEOY I BRI —ZFERL MG R
TNF-a &7 7 —2 g3p JeliiCimnLizo 1 7V
EERLE. ZO77—YIA4 77U EAN, R
EINNAF - N =272 & D, BRRIZ 2 1
¥8 D Lowering pl V) ¥ > /x#8 TNF-a 282 Z &
MTE7 (Fig. 5). D%, Z O 2 #EED Lowering
pl {t U ¥ > K8 TNF-a % mTNF-0-K90R, mTNF-
o-K90P 729, T 5 Lowering pl{b U 2 >R
8 TNF-o @ pl ffil3 WTNF-o & Foiits U KIE I L
THO, THICEHEEXMENR 2 GRASP £IT X
DR L7=E A, ZDORMBMHIIIHS NICEER
EHUOTNWDS I EARBINE. I TRIZ, EBis
FITHEWTFIETREREL, WiEICH-> THEER
HZzf7. T 5l Lowering pl kU 2 > R48
TNF-a % SDS-PAGE f#fi L7z & 2%, WINF-a &
FEEIC VNS 17kDa DH—DN > K& L THEE
INz. S S5IZT)VIER HPLC [T XD f@ir U 7= 4%
H o W3 N Lowering pl b ¥ > k#E TNF-a b
WINF-a & [Al—DEHE—27 2R U7z UEoFEE
1%, Z#5 M Lowering pl k) 2 > R TNF-a T
&, INE TORERERBHTN S RE ZEREAL
WHBEELESOLNTEZ Lysll M0 7 2 J BRICE
BINTWDHIZHEDST, FEZEBAERERL TH
BT EEBRBLTVNS, W R, HIEEEED
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SEEDPCR Olgo-s | x10TEO%I o 0—2)
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cDNAS A 751 — [HBEFETNF-« (463 bp)Ea— F¥ 3] At i—
(BELTOHY U HEENNSEFICERLI-LO) Tr—U
NNS NNS NNS — [{.'-,‘ﬁl i s \'urH]
NNS NNS  NNS MT=3ax =
Fig. 4. Preparation of the Phage Library Displaying mTNF-as
Residue positions A) B)
11 65 90 98 112 128 pl ECso ECqo
WTNF-a Lys Lys Lys Lys Lys Lys 7.44 {ng/ml) (ng/mi)
WTNF-o 0.17 WTNF-o 1.28
MTNF-0-K9O0R ~ AlaSer Arg Ala Leu Thr 496 mTNF-0-K90R ~ 0.03 mTNF-0-K9OR ~ 0.12
mMTNF-a-K90P  Ala Ser Pro Ala Leu Thr 4.76 MTNF-0-K90P  0.14 MTNF-c-K9OP  1.40

Fig. 5. Amino Acids of Lysine-Deficient mTNF-as

T 578, <A TNFRI 24 U 7= in vitro 2B}
LEMiENE, <~ A LM M5 9 5 i 5
PERBRIC K D EE L 7=, 2 DfE R, mTNF-0-K90P
& WINF-o &R DHIEEZH T 2 2 ENH S »
725 7=. —7, mTNF-0-K90R |, 1 wINF-«
D56 EbDORNWHTENEEZAFEL Tz (Fig. 6
(A)). ki, Tt 5W Lowering pl k1) 2 > RiH
TNF-a ® & b TNFRI (X9 2 EWiEEZ E b
Hep?2 i i1 5t 3 % Ml (52 P et Bk 2 W TRl L
7. FOD%E%, mTNF-o-K90P |3 WTNF-o & A% D
Fb1EPE %, mTNF-o-K90R |3 wTINF-o D#] 10 % &
WOENTEMEEEE TS5 EAMAL = (Fig.
6(B)). /2B, Z® mTNF-o-K90R |3F{7FT 5 AT
TNF-a F ClRBOILIEEHZET2HDTH S,
512, B k TNFRI, TNFRII 253 2448 5 %
BIAcore ICX DEEMMiL 7= & Z A, Hi L 7z in vitro
DHIEE B L TH O, #l A1F mTNF-o-K90R
¥ WINF-a K0 biWEE 2R Lz, DLEoHE

Fig. 6. In vitro Bioactivity of Lysine-Deficient mTNF-as

(A) The specific activity of lysine-deficient mTNF-as was measured by
cytotoxic assay using LM cells in the presence of actinomycin D. (B) The
specific activity of lysine-deficient mTNF-as was measured by cytotoxic assay
using Hep2 cells in the presence of cycloheximide. ECs, is the concentration
of mTNF-as capable of killing 50% of cells.

FiF, INETORRARERGHNS LT —HE
BICHEELESDONTE 2 Lys6s, 90 Moy 2 /[
ICEHL S N /=1 Lowering pl {kV ¥ > K $8 TNF-«
7, WINF-aA LD L7y —#EEfEz2EL TWS
ZEERUZHEBRENNRTH 5. 272 kI

WTINF-o & & k TNFRI O & ET IV 2L,

mTNF-o-K90R @ TNFRI A D& J7 # ik iz o
WTERL . WINF-« Tl Lys90 | Glul35 &7k
FEaL, L7y —EaEEEEANST I/
i 84 /HMNS 89 FBH DI — T it 2L EL L T
% E#EZ5N%. mTINF-0-K90R T3, Lys90 237
NFZDRBE#HINSD ZETY D EFEBEIC
Glul3s LAKRFEHG L, N—THEORERITEHFS
LTWwsdbDEEZSNKE. 2512, WINF-a O
Lys65 1%, TNFRI @ Lys78 & &EXW, VKWK
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FELTWDEHDEHEHETNS. mTNF-o-K90R Tl
U ICERINDZET, BRMW, SKRMFEN
AL, BEINERLEDDEEZ SN,
mTNF-0-K90R @ in vivo |2 BT 2 HifEE# 51T,
Meth-A U~ 7 R ICHBBEIRNB G L, 0
24 [Re[E112 O i35 H 1 2 SEAF F 2 45 AR 1T AT L 7.
WINF-a %G8 TIE, 3ugthkG TS A+ EE
MEEIERZRETERND A2, ERiCHLZ<
ZD10%IZRRFEN A SN DR E, mEIEIEH
N 5N/, —F, mTNF-o-K90R £ 5 Tl
0.3 ug $#512B W T WINF-o 3 ug $ 58 & [F55 LA
FoHIMERERNED SN, 3ugH5ICLDE
< OERBHEAIHRD SN 512, BIERAOHE
BEE L TO LDso i 23k 7= 45 &, WINF-a Tld
390 ug/kg TH > 7= DIiZxt L, mTNF-a-K90R TiZ
510ug/kg THH, ZOHFMEIHEEITETL T
7=. U7=H> T, mTNF-0-K90R %, WINF-o &k
# L T A TNFRI #47 U /= in vitro IZ 515 % 4
WREMEDK 6 (5 THDHITHBED BT, invivo ITH
% SRR 28 10 512, LDso flild 1.3 5 & 72
0, FOIEEEIE WINF-a @ 13 {Z12 6 EL T
B ENHEBL 2. KIZ mTNF-o-K90R O 5 % I
JERHEHE 2 RIS 5729, ERIRINR 5% 0 it H Eh e
Rt U7z, ZORE, WINF-o &l U CiE#E 7
i FP R O 1 B3R 511, mTNF-a-K90R D |fi
Helg i, AUCIEE BITK 2 IR L Tz,
ZOMHEEEOm B, AFA DU P R
EMOY I JEAEH L 7= 2 &12XK % Lowering pl
RICER LD THD, HANRFEEREA, &l
ERABBICEG LD EEZ SN,
PLEO#ERE D, kIt T 7 — P RbTER
BEEE U7 M EN AR N TEAE
OHGERIE S 27 4" ZHWD Z&T, HIGHENE
L < L& U7 Lowering pl ftVJ 2 > R TNF-a 7%
DRELABTEBZE, D invivo TOENT=
EREAHAL -, 20Xk D ICEEMEICEN -
Lowering pl{t V) ¥ > RIEEHE O#H 1L, TNF-o
EEOWTNOEMEEERE THRHZ RN
HEDTHY, KA TLNDMZELEE L B EEE
T5H5ZEEMRLTNWD, BfE, EFIILRBE
HIEEEHEIC Z OFEEME AN TERE ORERIR >
AT LEREHT D EEHIT, T ORISR 2 i
DTHO, IRRMICH -2 — X OB R

FANDOEZEIHS HDOEMHEL TN 5.

2. NXin7 3/ EAOERAIEFEA PEGylation
& Z D

AR L72& D12, MaFNAFa>2ar— 3
CIREAEICEWHERIEE MG TE 5 HEOD
DDS L HRMICEF#M I N TNDEHDD, KAREL
TZDREIENIRD THRn, ZOHERAKDERFIL,
TEPEFEBLEBAL A D & 70 138 AT K 2 By /s JLig 1%
BKFENAFTL T 27— MROH TR - BEEERA
BH—HZHhsD, 2, BRENHIN TSN F
aA>Pad—aiER, EHEOUY eV )
ERONEKM a7 I JHN, 7207 LTESTEHA
TH5HDTHDIEITERL TWD. ZNHEDRR
EWRET 57290, (ERXVBELETIL¥EMIIS AT
CHEEEBALLEREAEZEEL, GEEOF
F—IVHEH—57 vy b & UM RINA Fa >
VaT—Ta iENERINTERL D Ll
2, 7A—=IT a1 T ICEEREEEMES FA—))
HEONAHEAL, EHEONABEEEPEAE
MEEZHWTLEY, PHEREHRETZENT
LESHZENLENWT EMNHPLTNS., 205 A6
HERRF U2 AT VRS AL REHEIER
TE, RN AP a2y — a3 VAlRE
ERSEBRIIBWTIAS, FA—INHEANDE
FTHANREOERS NS, THBRINETNAAa> Y
a7 — MEBESNENE NS BmBIREZ A T
Wb, L7n>T, RA N LAFRMROBIZE T~
oY=l TNA A Par—alEIAT
LTy T LT DI, 7I ) EEY—FT
MeULENAAT P ar— a2 ERED RIS
EATFEANRERO - FEE, BT ERR LS
570 ) O —DWSIMALEIR>TWS, £ZT
AIEmICPNWTAIR Lt N INFRI 24 L 7= in
vitro MR TEDY WINF-a @ 10 ZI2H iR I /-
Lowering pl {t.V) 2 > k$8 TNF-oo (mnTNF-o-K90R)
W95 NRGGY 2 HAOEALEERNA 43
VA= arERADIEICKD, HIEEET
EN TR —MORMEZ 2Bk LG 58N
NNAFA2 T2y —MEEREZNRES AT
Sz /0y —HEEK> . DS AT,
TNF-o @ in vivo HUEERNR, BERAKRTY, HilEE
BB DL K ZFEEE & LU, Lowering pl #h 5 & 5
fbENI=NAFa T ayr— 3 DR EDHEE
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A ZLLNFICHEEL 7=,

WTINF-o 2 I8 mTNF-a-K90R O /NA F > 3 2
F—ralid, mbNHAINTVLEEKRTH T
7 5000 O yE Mt PEG (methoxy-PEG-succinimidyl
propionate) &M\, 7 I /HZEER &L /= PEGy-
lation #17 > 7=. % PEGylation (4% SDS-PAGE
L&A, WINF-aDUY eV I /5N
Kifi a7 2 JHITH L TF >4 AL PEGylation L
ZHETE, @A TNCY 7 R UEEEON RS
I, NTanpTEMELE>TLE>TNDS
ZEMHEAL =, —F mTNF-o-K90R ® PEGyla-
tion TlZ, TNF-a &/~ —IZ% L TPEG 147
FUBEAZINZILADON RUNERI NS
. AEDOFEREF, NRMDOY I JHDHBNER
IZ PEGEAINTNS Z EZMSRBTDHHOD
Tha. RITNEKmT I ) HEEEHE L =50
H 1) PEGylation ® 5 A = F M3 57201,
TNF-a =8{K%7=0 15570 PEG Iz 3G L7z
& / PEG {t TNF-a %% )L JEitd HPLC %51 k> T
STBOREE L 72, DAB%, mTNF-o-K90R D ¥{{7RF FLAY
% / PEG {t{k % sp-PEG-mTNF-a-K90R, wTNF-q
DI >4 A+ E /) PEG {1k % ran-PEG-wTNF-«
LT, TINS5 WE / PEG {t TNF-a O ™7 X
TNFRI Z 47 U 7=AWTE M (CRiEH) 2 LM fific
K9 B MR 5 E M 2RISR AT U 2 A5 R, ran-
PEG-WINF-a TIZH 371 107D PEG 25 >4 L
AT BT, KEM WINF-a DK 6% 12 £ Tlt
HWHENMETFTLTWAE., —7%, sp-PEG-mTNF-o-
K90R T3 % & i mTNF-0-K90R D #J 60% & D i
WHIEEZ B L TS 2 &, S 5ICHKER wINF-o
KO3 ERNHIEEZRFFL T d 2 &
BHL 7 (Fig.7). 2O&L>1Z, PEG{btEAEN
PEG b L TWRWREAEHE X D b5 in vitro
PEIE I 2 R L 723 2 & THUC 2 B2 nWo
TOHIRTHO, NKui7 I/ HANDOERA R FAY
NAFAA D ar—a OB 728 RENHS
mEiro7z.

K12, sp-PEG-mTNF-o-K90R O #: ik N % 5-4% D
MR 2 35l L 7z, = OfE%, Lowering pl
%h 5 & PEGylation £ I12 X 2 HEEHICKD, Z
O il H 2P 13 R A B mTNF-0-K90R D 2 fi5,
WINF-o O] 4 5121 ELTH O, FL L M
BUYENRMELTWBZENHSNER S Z. sp-

ECsp (ng/ml)

(RTEEE)
WTNF-o. 0.17
mTNF-a-K90R 0.03
ran-PEG-wTNF-o 2.85 (6.0%)
sp-PEG-mTNF-0-K90R  0.05 (60.0%)

Fig. 7. In vitro Bioactivity of Mono-PEGylated Forms of
TNF-as
The specific activity of mono-PEGylated forms of TNF-« was measured
by cytotoxic assay using LM cells in the presence of actinomycin D. ECs is
the concentration of various PEGylated TNF-as capable of killing 50% of
cells.

PEG-mTNF-a-K90R O in vivo |2 51T % HilEE%) 5
1%, Meth-A 0¥ < ™7 212k U B [E] B & IR N % 5-
U, &0 24 R[4 o 5 i 38 38 2 FE AR 1 3R A L
7z. RERfH WINF-o 58 TlX, 3ug 05 TS
AToliimEREFETCERMrok. £z
WTNF-a {2k U TZ >4 LIZE / PEGylation L 7z
ran-PEG-wTINF-o Tl%, WINF-o & fhilg L T <
DENRPIESENROERKEROIZITHERN S
7=. —7%, sp-PEG-mTNF-o-K90R # 5.8 Tl 1 ug
P 512B T, mTINF-o-K90R 3 ug ¥ 5.8 X D 8k
PSRN D 54, T OPUREE R IIREM
mTNF-0-K90R O 3 5L RIZ B8R L T\ /=, Hifuk
L 7= & 912 mTNF-a-K90R %, WINF-a X0 % 10
58 in vivo FUEIERI R ZRIET D52 &M 5, sp-
PEG-mTNF-o-K90R (3 A& fifi WINF-o & fbiiz U T
0 FHMNPIUEBIREZE TSI ENHG N LR
o7z, iz, BEMOIEEEE L TO LDy fifi 2 M5t
U7 #E5, wINF-a Tl 390 ug/kg, mTNF-o-K90R
TZ 510 ug/kg, ran-PEG-wTNF-« Tl 1290 ug/kg,
sp-PEG-mTNF-o-K90R TiZ 780 ug/kg Th-o7/= =
M5, sp-PEG-mTNF-o-K90R D513 wTNF-o
@ 60 &%, mTNF-a-K90R @ 5 %, ran-PEG-wTNF-«
D B EFITIER L TWB Z EARB I /.
PLEO#ERED, kI T 7 — 2 RMAER
PR L - EEMEIEN RN TEAE
ORERH S ZTL" ZHWDEZ EITKD,
WINF-o0 &K 0 HEN /= EWTETE % H % Lowering
pl bV ¥ > K48 TNF-a (mMTNF-a-K90R) 73 & 714]
D CAIBITREE R D 2 &, Z @D mTNF-o-K90R O



538

Vol. 124 (2004)

NEKG7 2 /e E UM RN 4O
>Tar—alEEATASILET, HkETDT
SHLIBNAF ALV A= a  IIBIBkL IR
Rz —BUIMRTEDLZENHBHLE., £
Lowering pl ENA A2 P ayr— 3> EO@E
BRIZE ST, A1 M1 > DE4k72 in vivo fEH
DOHFNS B ET iR EH 2 IR ICHEB S 815
LZENHEMNERS EEDHIZ, sp-PEG-mTNF-o-
KOOR DU A, M5 i % O Z IR L
A& LU TORREIRENT.

&HYIC

AT, MED T v — P RMETERIEZ RS
5 ETEAMASE Y — XD HELE Bk % Com-
binatorial Biosynthesis L, = DO#fEIE#HRZ/\ 1 R
W—"T"y NMTHEMBE U155 Hikim % iR T L
. ZOEAMEERGHOART Y/ 0o—13, BR
ISHEEABIR T A T 50 OS5 FHEERICHE L
UZtSREME N TEHE 2 BN 55T, *F - ¥ —
U Z AL TECERRE &5 O R E, iz E R
BWRANTF LA T7T7TO—-FESZAD. IHIT,
FEFIBIUE, LTy —fRaMEREK, Y252
A MEHZET HHREME N TEHE ORIRIC H L)
LTHO, AFEmNEAEEROME (EENL
EEDZ L E% in vivo (EH DLREIRE) ZiE
THOHRST, EHEANH R EEMEZE S A5
TELHHAE T /) oP>—E L TEHTHBHZ L
EROTVWD (KRIERT—F). Ihn, HRRIC
VR L7 W RS I BN =B REE A TEHE O
AR, EEEZHROZE, EHEDO T +—IVT +
SURNT, 7 FIVIGETR E DRI A T = X iR
BlIICZRICEBILES DD I NS, 3 51T,
PEREME N TE B E OMEIE B OfINE, #Hiz/z
RAIEE S — X ORFE, K0 EEMEICEN - e
EEAEDREANLEHANTEINS.

— /T, HifEIhihsbtohkiezidl s
MTERNSTENAAT Y ar — 3 > ORERM
2B R UG SR N A A a2 2 a2 —
TarlET2IET, WEREOMRMENIC EL
FeHEREVE S T ORI, Rl kIR Uiz, HifeE
T INET, FRAMMBEITIE/RE DDS iz
BIHHEEEMER Y X —ORRBICHERIIL THD, Z
NEMFRONAF D> D arF =2 a T AT 4
AT 22 ET, KOEME REMITENHE

B T ORI AREE D bDEEZBND. I
EDH TR EONA AT 7 ) 0o —Hil ok
BITRD, SHBEEL SFERND T LX)V THRIAS
NTHL EEBIT, AHERERE 2 A REE,
ELTRALED ET 5 B0NMEEMIZEML T
WS THAD ZENTFREINS. TDD, AR
TERLUIMIERRONA AT D ar—2 3y,
21 R D E AL E XA D FRBRNICKRDES Z
EEMIFLTWS,

BE ARIIKRBRKR R B AR TR S
FNTFICTIH2ZBDOTH D, AUFFEDZFRITICE
U, THREIHREEW -SSR G- e
PR RLBEIEENRRD, REREFE B - ESL
R RS KB CEFT AR
%) &I &ET D RIKFREBE A TOR
LB OERICEBME L BT ET. £2A0R,
R AR B B e TR (A), BEa—
YA L AR RS 2 - Y T
ARG A TR, EHEHA SRR RS
FRBEHIGE, THEI A 791 T2 RS
W%, JEA S @R AT B Al B < R R B 7= A <
BRI AR EICXDERINZHDOTHO,
ZOHEBHEO L THILERL EIFET.
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