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1) NalOg4 2) NaBH,
HO ° FHEZRSLRYPLI—N
HO §
CICH,COOH/MNaOH

o
R0 Vﬁ AAFEXELAFAFREIRSLRYTLI—N
+ hUDLalg
R,00

Ry: -H or -CH,COONa
l Rz: -H or -CH,COONa

Bio-Rad AG 50W-X2(H*) column

RO 0, . =
A HIEXSAFIFRXINIRYTILO—N
R,00

Ry -H or -CH,COOH
Ry: -H or -CH,COOH

o}
RO ﬁ ANEZELAFAFEZRNSLHKY P I~
R;0 O FUIFATEZI LR
R

12 -H or -CH,COOH*NE,
Ry -H or -CH,COOHsNEt,

1) Gly-Gly-Phe-Gly-NH-A
EEDQ
2) NaOH

FRPOFEVEEE =NH-A
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CO-Gly-Gly-Phe-Gly-NH
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BHIE LCEBERICREIN DD, FRPFOREOHAERI LEBHKICRES
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MOFERE 2 (LS N EREY (EREBIFT MDX-8951 | LW S58A2H5)
BWEDIHIILT I P VBREFTAIREMLAYMIIBOT, 57 b VEBIABLEE
FEME AN, TRLUCHEOREMEGYWEEER L. TO—Plid. LEDORF—
LHZA-NI- TRULACE (527 P UBARKLAZbD) THD, £/, A -NI-I3,
A-NH- TRINZEELEVEETDS 7 b UBRHIHBERE L BHABEO WL
MPXIEFENSDRATEETH B LERL. DRI FF VLV E Y U HIkOBRE AR
U -D51-7059i&BB5c/RE N3 &+ vV — WiFEEHEDOBRE 4 RT,

o, EFlP. FIIERLEVWEEIZE, AVEF L AFATFFZ 5 U8
UTZNWA=DANVKFY A FICE BERERESIODDHNVRF 2 4 F LR
DEBEEE) E. ANVEFORAFIITFIMSORYTALI=-NDF hY o LiES
BEMERRENI ISR LA, 0. IN ZKBRIEF MY Y LoKIBHICHERR LT 0. IN BB T
ETBIEICEDRDI ANEFLAFLFFIINS ORYUTALI—-LOF b
Y v L OKESH A Bio-Rad AGSOW-x 2(H' ) 7 5 L0c4t U Cilmmk 4 Bk s
LTEREE LTHW, ZoRBAFEESEIED 0. IN KERMELF b Y v LoKEEIKIC
BRRL. 7=/ —V72 VL U%EREELT 0.IN EBTRE L7, RFORIE
% s(mgd. 0. 1IN KER{LS bV Y L/KBKROPIEBRFIESY atnl). 0. IN EERO®
EEEZ bl E L. ANKRF U A FINALEE 13.4(a-b)/[s-5. 8(a-b)] DRIz L b
Kdtc, g/, BEYOHBAE (EEX) (3. BWOFHRINAFIRB L - RLE S
tr (362 nmfFas) A oHRDIC, X ST, FYIVIEBBERROFEIHE-> TIT- 70 (H
T 4 TSK gel G4000 PWy, . 7AMEM : 0. 1M NaCl, #i# : 0.8 ml/min. # 5 LiEEF :
40°C) .

#1 : 3'-N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A—NH2 =DX-8951)

H

CH,SO0HeH,N Boc-Gly-Gly-Phe-Gly~
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Boc-Gly-Gly-Phe-Gly (600 mg)H LT N- E FoF+ X7 v I F (160 mg
Z NN- UAFUFILLT IR Q) mIZEBRL. 4CITWALIE, NN - U
vranF UILHILEDAL IR (280 mg) EHEMUI.  DEEIRICHBF6-87746
EAMOFHRE 2 IR INAERELEYD A & » 2L+ VBRIE (600 mg: k5D
AN OEHFISO S NAIALEY) SV FT I v (016 nDEBEREL N,
N-U X FIsk L7 3 F G0 nDBEBAMA T, EETICER TIORRHEEE L an
SRIGX®, CORIGHEEREZE L, REZ VAT VAS LI TS
74— (EHHK : 0.5%BEBRZ S Vs uaAy Ay 7 —J)b = 10:]1 B TH
8L TERAEY (1.0 9&F
Th-NiR (DMSO~d6)6: 8.40 (d,1H, J=8.3 Hz), 8.10-8.17 (m, 2H), 7.91-8.01 (m,
1H), 7.78 (d,1H,J=10.75 Hz), T7.32 (s, 1H), 6.94-6.96 (m, 1), 6.50 (s, 11D,
5.57 (t, 1H, J= 4.582), 5.43 (s, 20), 5.23 (s, 2H), 38.77 (dd, 2H J= 5. 85Hz, ]
= 8.80Hz), 3.70 (d,2H,J= 4.40Hz), 3.65 (d, 2, J= 5.35Hz), 3.56 (d,2H, J= 5.
85), 3.15-3.25 (m, 2H), 2.40 (s, 3H), 2.05-2.25 (m, 1H), 1.86 (m, 2H), 1.35
(s, 91), 0.88 (t,3H,J= 17.35).

Mass (FAB): m/e 854 (M+1)
%12 : 3'-N-(Boc-Gly-Gly-Gly-Phe)-NH-A (A-NH, =DX-8951) & X

Boc-Gly-Gly-Gly-Phe (600 mg)B5 L UN-t FoF X7 4 I F (160 mg)
ANN-D A F LRIV LT I F (20 mIIIZERBL, 4 CIiBA L& NN'- Jv 7
OANF A ED A I (280 mg) E@HMUI, ZDERKIC DX-8951 o4 5
Z R LEREE (600 mg) & PV T FILT I (0.16 ml) A IERE LN, N-2 £ F Lok
AT 3K (30 DDIERENA T, EXATICERTICREFEE LI oSS,
CORGHAEREEE L, BEEVVAX VAT LI b T T 40— BRI :
0.5%EEE 2 Gy z7an Ay v A5/ —)b = 10:1 BR THEL TERLEY
(700 mg) %1%7c,
1H*NMR (DMSO—dB)<5: 8.57 (d,1H,J= 7.8Hz), 8.19 (d, 1H), 8.05-8.07 (m, 21D,
7.79 (d, 1N, J= 11.2Hz), 7.32 (s, 1), 7.10 (d, 2H, J= 7.8Hz), 6.93-7.03 (m, 4H),
6.51 (s, 1H), 5.52-5.55 (m, 1H), 5.44 (s, 2H), 5.18 (d, 1H J= 18.5Hz), 4.84

19



OnCusp
4964 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

(d, 11, J= 18.5Hz), 4.57-4.59 (m, I1H), 3.57-3.71 (m, 6H), 38.15-3.25 (m, 21D,
3.00-3.02 (m, 1H), 2.80-2.90 (m, IH), 2.40 (s, 3H), 2.05-2.25 (m, IH), 1.86
(m, 21>, 1.35 (s, 91, 0.88 (t, 31, J= 7. 35Hz).

Mass (FAB) ; m/e 854 (M+1)

#i| 3 : 3'-N-(Boc-Gly-Gly-Gly-Gly)-NH-A (A—NHZ =DX-8951) D & K
Boc-Gly-Gly-Gly-Gly (120 m@)FB LUN-E FoF+2 2724 3 F (39 mg) AN,

N-DAFIVRWVLT I N Q20 mDIZERBRL. 4 CITBHEIL2%. NLN'- v 2o

FONANMNEZA IR (M0 ) ZH/RM LI, ZDEIC DX-8951 D A & > 2Lk

BRI (150 mg) & U IZFAT I (0.039 ml) EBEMBULNN-U X FILF L

7 IR (0 nDEBEMA T, BT ICEETIRFMBERE LSRG E w7k, o

DRIGHEZRETFE L. BRBEE VANV AS L 702 b5 7 0 — (AR

vsanX gy Ay /=) = 10:1 BHR THELTEREAY (100 ng) *18

1o

Lj-NuR (DMSO-d¢) 6 : 8.40 (d, 1K, J= 8.3 Hz), 8.10-8.17 (m 2H), 7.91-8.01 (n,

1, 7.78 (d, 11, J= 10.75 Hz), 7.32 (s, 11D, 6.94-6.96 (m, 1), 6.50 (s, 1H),
5.57 (t, 1, J= 4.5Hz), 5.43 (s, 21D, 5.23 (s, 2R), 3.77 (dd, 2H, J= 5. 85Hz, J

= 8.80Hz), 3.70 (d.2B, J= 4.40Hz), 3.65 (d, 24, J= 5. 35Hz), 3.56 (d,2H, J= 5.

85Hz), 3.15-3.25 (m, 20D, 2.40 (s, 3D, 2.05-2.25 (m, 1H), 1.86 (m, 2H), 1.35
(s, 91), 0.88 (t,3H,J= 7.35H2).

Mass (FAB); m/e 764 (M+1)

#14 : 3'-N-(Gly-Gly-Gly-Gly)-NH-A (A-NHy =DX-8951) b VU 7l o BEERIE O &5k

Boc-Gly-Gly-Gly-Gly-NH TFA+H-Gly-Gly-Gly-Gly-NH

3'-N-(Boc-Gly-Gly-Gly-Gly)-NH-A (A—NH2 =DX-8951> (79 mg)% kU 7L ol
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B (3 ml) WAL, IBEMREL 2, BiEFEEL. A5/ —)b (30 mD) THH
A2\, =¥ /=) (30 nDTHipAE 2EIT- k. BAZT— TNV TBEL T,
Lo k& (80 mg) &R,

Li-NMR (DMSO-dg) & : 8.59-8.61 (m, 1K), 8.50 (d, 1K, J= 8. 3Hz), 8.21-8.27 (n,
21, 7.91-8.01 (br, 30, 7.81 (4, 1H,J= 11.2H2), 7.32 (s, 1H), 6.50-6.52 (br,
1H), 5.57-5.59 (m, 1H), 5.43 (s, 2D, 5.23 (s, 2H), 3.80-3.82 (m, 3H), 3.70-
3.75 (m, 8H), 3.15-3.25 (m, 2, 2.41 (s, 3H), 2.05-2.25 (m, IH), 1.86-1.88
(m, 2H), 0.88 (t, 3H, J= 7. 3bHz).

BI5 ANKFVRAFNNTFFRAMSVRYTNI—NDI)VIFAT L EZT L
Eof

FH+2Z FF 12000010 g 7 7 b= v THE, FHLSFRE 2000, 0000 & 0.1
MEERSAE @A (pH 5.5, 1,000 ml) ICBEMEL. @3 vFKEF MY v 4L (33.0 2
DAKEE (1000 nDEMA 2, FEHELENS 4 CTIOBRBHEE LAE, = FL v
Ja— (7.0 ml) ZMA. —KEE L, RIGHAKETT 8 WkER{E>F b)Y
LIKBETEZ RO TpHET. 5 I L, KFEFTFEFFY T L (14 g) ZEMAT
BRUIE. BETBRBE®E LU/, RIGKZKS L. BEEET pH5. DICERAEL T4 °C
T 1 BRI L 2o, Sk T T 8 WKEML I b U & KB ARV TpHET. 5 1238
L7, BoNKBRENAA <y 7 Z2-30 & (3 VRTHED Z2HOTRAE
WD & BIES TESOBRELFTE -2, BN FES EHRBERLT, FF 2 b
SURYTILI—NEE/I, TOTFAMSRYTIa—%pH 3.0T 1 BRI
BLALE, NM A7y 7 A-50 BTESFEIZZBREL. ROTESFESG Z /31
A=wv 7 Z-100ETHREL. BARERLTHETF 2 o RUTa— b Q2
0 22428k, COMHOSFE (X, T+ bS5 4E%) 13, 220 K TH
- 72,

CORBFEFZRFISUORYUTNI—N (1.8 A&, KEEF FY YL (10.5 9
ZK (45 nDICEBEN L THONBKBKIIMZ . ZERTHERI L, ZOBRIC
KT TE/ 7o)VEERE (15 2 2MATEBIE%. BERETARERICE Y,
CORIGIKEEFEE TpHAES ISR Lok, Nt < v 7 210 BEEB O TR S
EIZX B ELFELSOREERITE -2, B THESS X BHEELBELT, D AKRF

21



OnCusp
4966 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

AFNFFZAINSvRVTLVA-NDOF YD LE (1.8 5B, ZOWEDH
FE (FVEA. TFRDMT AERE) 13330 K THO ., HILEF S A FIVLEEIR.
8 TH-o

FEREOANVEFOAFNTFFIINS o AYTAI—INDF MY LE (300 ng)
% 7KIZ##E L. Bio-Rad AGS0¥-X2 (200-400 4 v & o H © B #35 L (1.5 X
8.6 cmico®., KTHEH LI, COBFHBKICF)ZFALT I (0.5 nD) %
Rtk BREBLTANVEFSAFALFFIINS VAR YTILI LD YT F
WT vEZY L (380 ng) 2B, ANVKRFUAFLFFIALNS VR Y TIa—
NDF b ) LE (& 300 g% EEREBERICA T LME LT, AKRFL X FI
FFERAFSRYTNI—IND MY ZFNT oE=Y L (380 ng, 400 ng) %78
7o
6 : AINEFIAFINTFIAMS HAYTINI—INDF PY T LEDSEK

LEBISTEHILANRFUOAFATFIAIS O RYTIO—=ILDF b I LE
(0.15 g) %, KERLF FVUZ L (1.05 ) %K (4.5 nl) XHEHLTHON S
IKBBICMA, ERTERSIEL, COBKIOKBTTE 7o VEEEE (1.5 @
EMATHEMBI Sk, BETISMRIGCE ¢, JORIGKEEE Tpi48 138
BL.9mnl 0%/ —)VhiciEF Lk, 3 M |k by o 4okisa (0,15 ml)
ZMA T, ¥ Urczba 30508 (3500 rpm, 843) L W EWHI, ZOk%:
AL /=T Lk, K (G nl) ICEREL. 3 M L b U LokisE (0.
15 mDEMZ . COKBBEEIVRT 7405 — (0.45um) THEEB L. BHEA
B oy /) — NI T LT, i U2csbik 42058 (3500 rpn, 843) i
XOED, CoOLBETSY /) —NVTEHRE LK, KIZEB L. SITEKE (X7
FSHRFT I, Ay bATHFER 6, 000-8 0000 FHWT, Mkt U TER L,
BB AEIVRT 7405 — (0.22um) TRB L 72BICHBERLTHLRFY
AFLFFZAPS Uy RYTAI=NDF YT LE (0.18 8) #8Bi. COYEHED
PERES 12D DOANKEF U A FILE (TIVAYBEERE 131.2 TH -1,
BT DNVEFAFAFFEZLS RV TIVA—NDF b Y Y LIEDEHK

FI5 TERILEEBFF RIS VR TIVO—- (0.2 2% KBERMLF b U 7 L0 (0.
84 g) &K (6 m) IKBEMLTHONZKEBKICIA., BERTHEMI S, 0B
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WIS TTE/ 7o LEEE (1.2 %M THEMS k. FETISEFMRICS
i, ZORIGIKEEERToHAS ICHRE L. 120 nld 4 ¥/ —IVHIZHE T LICik,
3 M M b kv LAOKREH (0.2 ml) AMA T, Hrid U7 bi A & 05 (3500
rpn, 84%) X DEHI, COLEE A Y ) —NTEELLHE. K (G nD) i
HAREL. S M (b MY LokisK (0.2 ml) A7, TOKBEEIURTT
4 — (0.45umTHEB L. WA B nloxy / — LT LT, Hrii L
PR A O (3500 rpm, 843) LAk DEEW, ToEELIY /- ILTHEL
foik. KIS L. BB (X7 b SET 1. Ay b THTFE 6 000-8 000
EROLT, MK UTER LI, EFRNEZEIVRT 7405 — 0.22¢mT
BB LI, BEERLTHANEFVAFLFFZIINSI o RYTIT—NDF b
U LtE (0.20 g) 2%k, COMHOBEBEESLODANEF I AFIMELE (T
A ) REER) 130.4 TH-7,

B8 : ANVEFUAFNFHFRAIS LAY FIVT—)b-Gly-Gly-Gly-Phe-NH-A' (A
fNHz =DX-8951) D & Kk

B THERIANEFOAFNTFIIS>RYTANI-ND MY F VT VE
=7 145 (380 mg, AILAHEF A FIALE 0.8) ENN-UAFIKRILLT I K (B0
mDICIERE L7, S DIEBIZ, 3'-N-(Gly-Gly-Gly-Phe)-NH-A (A-NH, =DX-8951)

@D bY 7oA oBEERE (49 n DN N-Y A FIFRIL LT I F (5 nl) BER. b
JxzFu7 iy 0.017m)  1I-= hFANME=N 2-2 b F2 -1,2-PE o
FoE ) v (380 mg) FMEXRIA. BET—BRERELEDPORIES €, JOR
SR A1 M JKEREF b U Y LJKESHT pH LIS L2k, 25 ml % / — )L
2 5 ml FOMF L, COREAWICI N IEF MY LkE®ER Aol . P F
Nx—F (G nl) EMAT, il UcseBAE&CO5E (3500 rom, 843) 2L D
£,

COWBEKICERL, BFE (AR FPVET I, Ay A THTFE 6 000
-8,000) £ FTHIKIZK L THERL, BNNKEE I VAT 74005 — (0.224m
THEB LI, BREERL, BoncHAERYAK B0 nDIIEEL. 0.1 N
IKER L F b U Y LKEEIR TPl QIZEHEE L. 3TCTIFMELE L, ZONEK L L
DERHICENN Lk, BRRBEE IYRT 7405 — (0.22pm)THRAL . Bk
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4% L TIEECAL & %= 289 mg 187z, FALEWE 0.1 ME LF b U 7 LOKBSHICE
R, GPC (#54 : WY —HRALZHH TSK Gel PW-4000XL. #54E : 0.1 ¥ NaCl,
i : 0.8 ml/min) THHT LR, RUFLAWDOEABRBEIZ <2 ~ib (0.
1 M by @@, ol 9.0, 0.25 mg/nl) 2 2hZ2hE 1 RUKR 21I57T, FLE
MOEFENEMEEOETER) 1N MY ZBEHE (o 9.0) FToD 362 nmn 12k
ZHMABICESOTERLAAEI A 5.3% (WW) TH -7,
B9 ANKRFLAFNTFZAEIS R Y 73— -6ly-Gly-Phe-Gly-NH-A' (A
~NH, =DX-8951)& i

3'-N-(Boc-G1y-Gly-Phe-G1y)-NH-A (A-NH, =DX-8951) (50 m@)» 5414 & FHED
HEi kOB Bocfb L THE SN D 3'-N-(Gly-Gly-Phe-Gly)-NH-A® + U 7 )L 4 0B
BiE %, B8 LRIRDFEIHE > T, FIS THILANVKEFUAFILTFEFRINS &
RYTNI=NDOMIIFLT EYLE (380 mg) 1SEA L THEIILESY (300
mg) EEBLIC, RLEMWE 0.1 MELF b Y o LKBRICHEREZ. GPC (A5
Lo B —#EH S TSK Gel PW-4000XL. #54% : 0.1 M NaCl. %% : 0.8 ml/min)
T LIcEER, RUBLEWOEMEBINARZ v (0.1 N b Y RHK,
pH 9.0, 0.19 mg/ml) ZZ N TNRK 3 RTFR 4177, FILEWOERILEDIK
HEOZE%0.1 0 MY XEHEK (pll 9.0 FTO 362 nn iZH 3 PEEICE S
TEBLALEZAS 5.3%5 (W/W) THo7o
B0 : ANVEFLAFNTFFIEFHEY 73— ) -Gly-Gly-Gly-Gly-NH-A' (A
-NH, =DX-8951) D &%

3'-N-(Boc-61y-G1y-G1ly-Gly)-NH-A (A-NH, =DX-8951) (41 mg) SH 4 & RRED
FHikic L b Boclb LTHE SN B 3'-N-(Gly-6Gly-Gly-Gly)-NH-Ad> ¥ 7 LA o
BRiE 4. B8 LRIDOHFEICHE > T, HI5 THELANVEFLAFAFFI IS &
ARYTNNI—=ILO M) ZFAT ey L (380 ng) AL TEDILEY (190
ng) EFEM LI, BILEYWOEIBBIR A7 bb (0.1 & b Y Z4EEHK, pH
9.0, 0.34 mg/ml) 2E5IIRT., FILEHOERENLAHEEOZEA0L LN Y
ZABEH (pH 9.0) FTD 362 nm I AWHAFICHSWTER LILEZ A L.
3% (B/V) TH - 7,
Bl : ZRFOEDEESEOTUESIEN
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< 2 MEPITE Heth A B8 1x10% Mm% BALB/c ZoMww = (7 A ©
LRBHME TICBME LT Heth A B REFER LA (1T . 7T BEIKHE
GHRAZEE KB L7269 OFEMEEEE Neth A <Y XORHIRAIC 4 HE
W AERE U, BH218 BicEEARHE L TERARE U, ERHEENHIRL
e  FEEREIIHIRG) = [-REREHOTFHEEER 2 o - VEHOF
HIEEES)]I X100 KX BEHE LKL, TZORRE. Fl9 TROMWAEKRPOEYHES
iz, B FERY) 2RV L. LEEREMASHBAEKR (AR—-H —
RO ZHEFHEE L) DB L THRESSRINIREICHE RSN T, ZHEFESE
HEE (F15) RURR—H—0sZBA L LERILEYERE (Fl1 oLEhh
54 4 DFFEIZHE - THIBOC 4L LT S/ B HyN-Gly-Gly-Phe-Gly-NH-A (A-NI,
=DX-8951) @ ~V 74 oBEERIE) BWMETH - 72,

%2
WL E& w5 & (ng/kg) HOHIR %)
EZALAMEE 1.5 X 4 76
1.875 x 4 46
0.9375% 4 36
#9 D{Le 1.4 x 4 94
0.7 x 4 59
0.351 x 4 a1
Vg omme

Bl12 : FRYP O RKYEEE O RERER

B EFBED B L DMeth MBI~ XA/ERRL (1B 60C) . 7 BEHI8
BUB 9 0RMESFEE2BAHRE LG ESOMNEBERAES LB L, T DREE.
UEBEHA OREE X (BHEFHME)-Gly-Gly-Phe-Gly-NH-A" > (ZHEFHEH)-Gly
~Gly-Gly-Phe-NH-A' >EZEALAYEHETH 120 AR—HY—=2NT B EULE
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AL EMBEEAPSDOALEFLAFAFFIA NS RY T I—NLOHILES
PNVIEICEERA LLEY) (ERILEEREOEAE : 6.2EEY ) 3EHTH

- f:o
%3
WAL A 1% 5.8 (ng/kg) MHIE (%)
ESEASHEE 60 77
20 59

B8 DILLH) LK 85

510 76
Bl 9 D ALL 51) 98

2,51 87
Dempemnes

B3 : ANKF S AFINTFALSUARYTINI LD YL F LT UE=Y L
DE

THEZXFZUTH00 (10 g 77 b= 7HE, 5F& 500K ) 0.1 M Bels@E
# (pH5.5, 1000 ml) (Z7ZEMR L. B3 wHEEBRF b UYL (33 g) DKEHK (1000
nDEMX fz, BEHLENSA4CTIOEMPHE LK, = FL 7Y a—-0 (T
0 ml) ZMA. —BEH L, RIS Z8 N /KEML bV 4Kk % FA v Tpl
Z T.51IZEA% Ui, KFEMATHEF FPYUDYL (14 @) 2MATHERLIE, —KPE
MU, RIGHAZKA L. BEBRTpH 5.51CHB L T4°CT 1 BeRgs L 7214, 8
M ZKER{ES b Y 7 L KSR TPl 7.5 L THEIR 1 2187, Blic. FF X b5 v
T500 (10 g 7 7 = o 7HE, H5FE500K 20T, L O—EDBIEEFTL .
B 221870, 36T, TFAPMFTUTH0 (B0 g 77wy 7HE, 578
250K ) 22T, LEO—EOBREEIT ., BRI EBKIEH/I. ThoDa
Bl ~4%28 LT, NAF =y 7 Z-50 BEAEROTREERIC LD RS FHEsS
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DREXAIT- 7o BHFESAFERHIZLT. TFX LT ARY T T-IL (25
g) %8k, COMEDOHTE (FIVIER, TIV5 VEREE) 13! 163KTH -7,
COFFRIFILRYTIa—I (11 g) %, /KEMLF b Y YL (46.2 g) %K
(330 ml) IEMNMLTHESNAKEKICIMZ ., ERTHEMBI S, JOBEBITK
BTTE/ 7olEEEE (66 g ZMMATHEBIEILE, EaT—BRRGEIEL, =
O RIGHK A BERR Tplil e 9 ISR Ltk N < v 7 X-30 A AL IRA AL
Kk oRE LU, MAEBLLOCVEREBREERERELTHANVFF O AFIVTF
ZLSyRYTIIA=NOF YT LR (13 8 2B, COoOWHOGFE (5L
Wl S AEHE) 13 228K TH O ANEFIAFILEER 0.4TH -7,
SOANKEFIAFNUTFEZLS yRY TN I—NDF MY LG (600 mg)
%KICHMR L. Bio-Rad AG 50¥-X2 (200-400 # v > a. K E) %54 (BHE
44mm. EX210mm iz, KTHEH LA, SOBHBEIC Y F LT I v (0.93
nl)&MZ 7o, WS L THERLEY (690 ng) E187,
#1114 : 3'-N-(G1ly-Gly-Phe-Gly)-NH-A (A—NH2 =DX-8951) k U 7 )V o BEEREE @ &A%
1 T#§723' -N-(Boc-61y-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951) (79 mg)% b
Yoot ofiEE (3 nl) KEML. 1ERKREL:. BEEEEL, A5/ -
(30 mDTHHE 2@, =¥ /=) (30 mD)THHFHE 2@FT- ik, Rtz -7
THE LT, FEELEY (80 mp)E1FT,
1H*NMR (DMSO—dS) S: 8.53 (d,1H,J= 8.3Hz), 8.40-8.48 (m, 2H), 8.28 (d, 1K,
J= 8.3Hz), 7.95-8.07 (br,3H), 7.81 (d,1H,J= 10.2Hz), 7.30-7.37 (m 2H), T.
15-7. 30 (m, 5H), 6.50-6.55 (br, 1), 5.50-5.57 (m, 1H), 5.41 (d,2H, J= 7. 82Hz),
5.25 (s, 2H), 4.55-4.62 (m, 1H), 3.55-3.92 (m, 6H), 3.15-3.25 (br, 21, 2.98
-3.03 (m, 1H), 2.73-2.82 (m, 1H), 2.40 (s,3W), 2.05-2.25 (m, 1H), 1.84-1.92
(m, 21>, 0.88 (t, 3H, J= 7. 35Hz).
BILS: AINKEF U AFNFFRALS o AY T T—)L-6Gly-Gly-Phe-Gly-NH-A" (A
-NH, =DX-8951) D& B
BISTHBILANEFIAFATFIII v RY T I =D F bY T LE 400
mg) A MY ZFINT EDLE (AT70 mg) IZEBRU. NN-D X FIKRIVLT I
F(30 ml) CiEfBad e, TOBEBRIC, Hl14THR23'-N-(Gly-Gly-Phe-Gly)-NH-
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A (A-NHy =DX-8951) @ b VU 7o ol (62 m) DN N-U X FILFRIL LT I F
Gnl) BRE. PUYZFLT 0020 ( 1-Z bFECANFEZL-2- T F
y-1L,2- Y Fe®F /Uy 470 ng) EMRMA. #H L TEETBREREL
BRORIGERI., CORIGEDS mIF2%5K10nl Oy / —IIbdc@F L,
ZHZ3 N AR MU D 2oKEKR (2.5 0l) . Y FL—FIb (20 ml)AEMA T
Wrif U7cibR B 00 REIC K OB, TORBEE0.5 M 8k b U o LIKBHKIC
BERREL. KITFO. 1 M /KBRIE S MY 7 LOKIAI Tpl N Lotk BB (xR
7 bVART 1 Ay A T75FE 6000-8000) AT HMkioH L TEHE LA,
ENAKRE IVRT 7405 — (0.22um) TR L., HETEE L TEI/LSY
(600 mg) ZHic, AALEHE0.1 M ELF b U 7 LoKIBIKICERE. GPC (#
Z L B/ — TSK Gel P¥-4000XL. 78 : 0.1 M NaCl . ## : 0.8 ml/min) TH
FrU7cfER. RUBLEH ORI ZRZ Fv (0.1 X b Y ZE@E#HK. pH 9.
0. 0.1 mg/ml ) 2 ThZThR6RUKTIIRT, FLEYWOEESYERLEDE
BF0.1N MY REBE MK (pH 9.0) FTO 362 nm ik iF 3MAEEICESHTER
L&A 5.8% (W/W) TH-7,
f16 : 3'-N-(Gly-Gly-Gly-Phe)-NH-A (A-NHy =DX-8951) b U 7L o BEBRIE DA RK
B 2 T 123" -N-(Boc-Gly-Gly-Gly-Phe)-NH-A (A—NH2 =DX-8951) (79 mg)% bV
A OB 3 nD) WIBEML. TFFRIBEL 2, BlEEHEEL. 47 7 —1E0
nl) THB#HE2E. T/ —IL(B0 nl) THFE2EFT - K, HBEE - T
T LT, ZELEW B0 mg) %2757,
lH-NNR (DNSO-dg) 5 : 8.62-8.66 (n, 2H), 8.23 (d, 1H,J= 8.3Mz), 8.18-8.20 (,
1B, 7.98-8.10 (br,2H), 7.79 (d, 1H,J= 10. 7THz), 7.32 (s, 1H), 7.09 (d,2H,J
= 7.3Hz), 6.93-7.03 (m 4H), 6.50-6.60 (br,1H), 5.52-5.55 (m, 1H), 5. 44(s,
2, 5.18 (d, 1K, J= 18.5Hz), 4.80 (d, 1H, J= 18.5Hz), 4.57-4.59 (m, 1}), 3.57
-3.71 (m, 6H), 3.15-3.25 (m, 2H), 3.00-3.02 (m, 1H), 2.80-2.90 (m, IH), 2.50
(s, 3H), 2.05-2.25 (m, 1H), 1.86-2.00 (m, 2H), 0.88 (t, 3H,J= 7. 35H=).
PINT : ANEF O AFNVNTFRAIS VARY TV —I-Gly-Gly-Gly-Phe-NH-A' (A
-NH, =DX-8951) D & X
PISTEAAINEFOAFAUFFIIS vRYTAI=LDOF bY & LE (1.
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0% PV TF LT EZYLEW.2 g) ZEBL, NN-UAFIFILLT I FE0
nD) ICERE B, OIS, FlI16TH 223 -N-(Gly-Gly-Gly-Phe)-NH-A (A-
NH, =DX-8951) @ kY 7 o EERREE (158 mg) DN N-I A FILFIM LT I FUAD
nl) B, PUVTFALT L0050 (- b F AN KRZIV-2- T b F -
Lo- veFpFvF ) (.2 @ 2#EKRNA. #EL TERTBIEHELLEN
SRIGEH7, CORIGKEDS mlF2%2KF10nl Oy / — VT L, oh
123 N L R Y LAKEK (2.5 01 . VI FIT—F7)0(@0 nl) MR T,
WUl EELSEIC L DED, JOEE0 5 M Bk ) Y LoKBERKICE

MR L. KETO0.1 M KEME b U LoKESHET pl 9 ICERIEE L 23k, BB (XX
2 hIWETFT 1. Ay bAT75FE 6000-8000) &AL T, #Kiox L TEH L7
FEWHE I URT 7405 — (0.22um) TR U729, BESELE L TIZRMLEY
(1.4 ) %187, MMLAMORFEMAEYEEOEEZ0.1 ¥ b X&EEHH (ol 9.
0) £ To® 362 nm KB IFAEEEICESHWTEERELALLEIAS 5.2% (/W) TH-
YA

%118 : Boc-Gly-Phe-Leu-0HD & p%

H-Gly-Phe-Leu-OH (3.0 @)% 50% A F 4 L /KIEIK A8 nl) 2o TRé Lo
OB N KBRS b Y T LK. 45 nD) & (Boo),0 (2.27 g) =LY
A F4 Q4 nl) BRAEMA. 1L, RIGHKICT N iﬁ@(g. 45 ml) A
A EE L, BoNEBELX L YAFVAS LI ST 40— (EHIK -
voauaiy s Ay /—=5: 1ER THELTERMLEWQ.5 9 %2H.
#1119 : Boc-Gly-Phe-Leu-G1ly-0Bz1®d & Bk

18 T8 7-Boc-Gly-Phe-Leu-OH (2.4 @) F XUN-E FoF X7 v 14 1 F (656
mg) ZNN-UAFIRILLT I KGO nl) CHEBL. 4 CIlci@H Lk, NN -

Sy rOoNFUNANRDLIF (LT @) 2BMU. 2EMEELL, 0K
i H-Gly-0Bzl @ b+ ¥ VERIE(1.9 @) & FYTF AT I (0.79 ml) EHEMLI
N, N-U A Fobsk VAT 3 K40 ml) BEAEMA T, ZE TIORFREHEIE L a5 6 KIS
A¥, CORBBEABEELZER L, BBELXVASYNVAS L7 b5 7 4 —

(I : Yraogxd v 2577 —Ib=50: 1ERK) THEL TEELEWE.
0 8 =\,
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]H—NMR(DNSO—dB) é : 8.20-8.30 (m, 11D, 8.12 (d, 1H, J= 8.3Hz), 7.83 (d, 1H,
J= 8.3Hz), 7.32-7.37 (m 5H), 6.89-6.95 (m, 11D, 5.12 (s, 1), 4.52-4.59 (br,
11D, 4.34 (dd, 14, J= 7.3Hz, J= 15.1Hz), 3.93 (dd, IH, J= 5.5Hz, J= 17.2H2),
3 .84 (dd, 1H, J= 5.5Hz, J= 17.2Hz), 3.54 (dd, IH, J= 5.9Hz, J= 16.7Hz), 3.

42 (dd, J= 5.9Hz, J= 16.7Hz), 3.00 (dd, 1H, J= 4. 4Hz, 13.7THz), 2.78 (dd, 1H,

J= 8.8Hz, J= 13.2Hz), 1.50-1.65 (m, 1H), 1.45 (t, 2H, )= 7.3Hz), 1.36 (s, 9H),
0.86 (d,3l, J= 6.4Hz), 0.82 (d, 3H, J= 6. 4Hz).

H20 : Boc-Gly-Phe-Leu-Gly-OHdD & B,

F119 T 72Boc-Gly-Phe-Leu-0Bz1(1.7 g) % BB F (30 nl) & x % J — L
(30 nl) DIRGEBEIRIZEBEE/%. 5 % PAd-C (1.5 @) &IA, B IT41T - 7o
ROCHE %8 L. Bl A sEERE LT, EEd (1.15 9 %284,
$i121 : 3'-N-(Boc-Gly-Phe-Leu-Gly)-NH-A (A—NH2 =DX-8951) ® &K,

#]20 T4 7zBoc-6Gly-Phe-Leu-Gly-0ll (200 mg) ¥ LUN-k FoFizx2 2 o1
I NGB8 mg) ENN-DAFINHRIVAT I N (5 nl) IZEBL. 4°CItlEIL 723,
NN'- Do 7oanNFoAanRI 43I F (104 ng) #MATHEBI I, ZOBK
12 DX-8951 @ A& v RV VBRI (224 mg) &MY T FAT I (0.059 ml) %
BRRUINN-DAFIRIIVLT I F G D) BEENZ T, #ETFICEIRTI68R
HEHELANSRIES R, CORICHEZFRELE L. RELZL UV AFNVHS LY
O3 b7 40— (BHK:0.5% BEBRESL Y700y x5 ) —b=10:
1 ) THE L TER/LEY (200 ng) %157,
1H—NMR (DMSO—dG) 6 : 8.35 (d,1H, J=7.8Hz), 8.08-8.18 (m 2H), 7.75-7.85 (m,
20), 7.32 (s, 1H), 7.10 (d,2H, J=6.8Hz), 7.08-7.13 (m, 3H), 6.85-6.95 (br,
10, 6.40-6.65 (br, IH), 5.52-5.55 (m, 1H), 5.46 (d, lH, J=18.5Hz), 5.37(d, 1H,
J=18.5Hz), 5.24 (s, 2H), 4.44-4.52 (m, 1H), 4.15-4.25 (m 1D, 3.68-3.72 (nm,
2H), 3.40-3.52 (m, 2H), 3.15-3.25 (br,2H), 2.85-2.95 (m, 1H), 2.65-2.75 (m,
1), 2.40 (s, 3H), 2.05-2.25 (m, 1), 1.80-1.91 (m, 2H), 1.50-1.65 (m, 1H),
1. 45 (t, 24, J=7.3H2), 1.35 (s,9H), 0.88 (t,3H,J=7.4), 0.86 (d, 31, J=6. 4Hz),

0.82 (d, 3H, J=6. 4H2).

#1122 : 3'-N-(Gly-Phe-Leu-Gly)-NH-A (A—NH2 =DX-8951) b V) 7L o BEERIE © &K
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121 #8723 -N-(Boc-Gly-Phe-Leu-Gly)-NH-A (A-NH, =DX-8951) (97 mg)*% b
) 7L oEERE (3 nD) WES L. 1 ERIE L, mlEEREL. A5/ - @0
pl) TiLEEAE 2EH. T/ —@G30 nl) THKPFE2EFT- Lk, REE T
T LT iR b AW (5 ng) =/,

T-NuR (DNSO-dg) & : 8.57 (d, 1H, J=8.3Hz), 8.47 (d,1H, J=8.3Hz), 8.32 (d, 14,
j=7.81iz), 8. 17 (t,1H,J=5.5H02z), 7.81-7.91 (br, 3H), 7.79 (d, IH, J=10. 7Hz),
7.39 (s, 10, 7.21-7.23 (m, 51, 7.12-7.17 (m, 1H), 6.45-6.55 (br, 1H), 5.57

(q, 14, J=4. 4Hz), 5.43 (d, 11, J=16. 1Hz), 5.34 (a, 1K J=16. 1Hz), 5.23 (s, 2H),
4.67 (dt, 14, J=4. Oz, J=9. OHz), 4.31 (dd, IH, J=8. 5Hz, J=15. 0Hz), 4.0-4.4 (br,
1), 3.74-3.76 (m, 2H), 3.56 (dd, 14, J=6. OHz, J=16. 0Hz), 3.41 (dd, IH, J=6. OHz,
J=16. 0liz), 3.17-3.19 (br, 20, 3.02 (dd, 1H, J=4. 01z, J=14. 0Hz), 2.70 (dd, 14,
J=10. 0Hz, J=14. 0Hz), 2.40 (s, 3K), 2.05-2.15 (m, 1), 1.85 (dt, 2H, J=7. Oliz, J
=14. 0Hz), 1.50-1.55 (m, 10, 1.45 (t, 21, J=6.0Hz), 1.85 (s, 9H), 0.88 (t, 3H,
J=7.4), 0.85 (d, 3H,J=6.4Hz), 0.80 (d, 3H, J=6. 4Hz).

F123 : ANLEFIAFLTFFRIT o RY T —-Gly-Phe-Leu-Gly-NH-A"(A
-NHl, =DX-8951) D & K

BISTERIANEFIAFNVTFFIL SRV TNI-NVDOE)ZFINT VT
= 438 (690 mg) AN N-U A FIkI LT I KGO nl) iZE@I S, JOBK
i<, §122T%7-3" -N-(Gly-Phe-Leu-Gly)-NH-A (A-Ni, =DX-8951) & bV Z7ilA o
BEeRRtE (95 mg) ON,N-U A F ORIV AT I KA0 m) K. Y F A7 I Q.
03 ml) « I-= bF o ANEZN-2- T bF-1,2- Y FaFrd /) (690
ng) ANEKRMA. BET—BHEB LB ORIES S, JORIGHEDS n1d 2%
Zl0ml Oy J — LT Lic, i3 N AL Y 7 LKeB®E (2.5 nD)
L UIFNLT—FIQ0 nl) AMA T, W LA R OSEICL DB,
SO ES M AEKICEBL. KET0. 1 M KER{EF F U Y LKEHT phi
9 ITHHEBLH. BITE (RRZ7 MPVET 1, Ay bt 75FE 6000-80000 %8
WT, HiKIC U TER L, BRAEEIVRT 7405 — (0.22um) THEHL
7oih. AR FREEEEEIR U THEESS(LE (600 mg) 181, FILAMOERFEALESHIR
HOGEA0 1N M) XBEH H 9.0) FTO 362 nm Tk iF 5RLEITEH T
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TEELAEZA, 4.8% (/W) Th -1,
Bl24: ANAEF U AFNTEFZLS R TFTUNI—ND YT FIAT L EDLE
DEK

F¥FZAbZUT500 (50 g, 7 7= 7B, 45 F& 500K ) %0.1 M EelgsE
7 (pHS. 5, 5000 ml) CyAAEL . MBI TFEERF MY Y L (165.0 g) DK (5000
m) A fc. EHLEDS 4 CTIOBMBEHEL K. = F L o2 a— (35
0 ml) ZMmA. —BHHE L, KIGHKES N KER{LS b U Y 2KEKRA BT pH
T.5 ICHREE L7, KFEILFTYFEF UYL (10 ) 2MZTHERL K. —Bed
U, RICHKEKE L. BEERT pH 5.5 1AL TA4CT 1 BEROIMEIE L7294, 8
MIKERIE > b Y 7 KB EZROT pl 7.5 ([CRELC. BontoKBRKE /1
* 2w 7 Z-50 BEEROCTRMERECL DB FESGOREEITE 72, EHTF
ESEHREER LT, FFIAMSURYTLI—L 211 g) 2187, ZOHWED
¥R (FVEH, T AEEE) 13, 140KTH - 7o,
COFFRPMSyRYTNI=NG R & KEEFT PU YL (2l @) %7K (150
nD) IZEP L THBONIKERICMA . BIRTHEBEIEIL, TOBKISKET
T/ 7o VBEEEE (30 ) AMA T gicEk, 2R T—BRIGE Y, ZORIE
WRATEER CpiA SICTHREE Lictk. NAM A< v 7 Z2-50 X B RAEEEIZ LD
BriE U7, BABB L VEREEREFERERLTAOANEF O AFLTFILS
RYTNLI—DF Y T LIEG.6 g £, TOYMEOLHTFE (FIVIRE,
TS AEHE) 13 263K THH. ANEF L L FIALEIR0 4 TH - 72,

COANEFIAFAFFZISORYTALI—-NDOF P YW LEQR0 g %
7KiZ#ME L. Bio -Rad AG 50W-X2 (200-400 X v > o, H B #3524 (BEE 44
m, && 210 micod, KTHEH L, TOBRHBICIMFYZFALT7 I (4 nD)
MR Fcth. BRASHCIR U TREER/ALEW (2.2 » /7,
P25 ANVEFSRAFNFFIAMSVRYTNI—NVD MY XF VT VEZT LIS
DERK

BIATHBIANKEFOAFUTFFAIS VRY T T—VDF b Y 7 L0
g) E/KICISMEL. Bio-Rad AG 50¥-X2 (200-400 % » ¥ 2. MegN H' B 75
Lz, IKTEH Lic, Z OBEHKARETR L TER/LEY (950 ng) 2187,
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#126 : 3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951)1EMRIE D & Ak

B114 & R D F5E T3’ -N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951) (400
ng) M o723 -N-(Gly-Gly-Phe-Gly)-NH-A bt U 7 )b+ oo BEERIE % 7K -NeOH (1:
4) 1Z##R L <. Bio-Rad AG 1-X8 (200400 * v > =2, C1 ED A5 4 (1.5 cm
X 8.6 cn) WDH., FRBETHEB L, COBERKE B L K. HEEERL
THEEE LS (310 mg) ZEM{7,

Th-NuR (DNSO-dg) & = 8.53 (d, 1H, J=8.5Hz), 8.48-8.48 (m, 11D, 8.37-8.39 (m ,
11, 7.95 (d, 1H, J=8.0Hz), 7.80 (s,3H), 7.78 (d, 1M, J=11.1Hz), 7.34 (s, 1D,

7.14-7.24 (m, 5H), 6.50Cs, 11D, 5.56-5.60 (m, 1H), 5.35-5.40 (m, 2H), 5.24
(s, 2H), 4.51-4.56 (m, 1H), 3.86 (dd,J=4.8,13.5Hz, 11D, 3.68-3.79 (m, 31), 3.
54 (s, 2H), 3.15-3.22 (m, 2H), 3.01 (dd,J=5.6, 13.5Hz, 1H), 2.78 (dd, J=9.86, 3.
S5Hz, 1H), 2.41 (s,3W), 2.12-2.23 (m, 20, 1.81-1.89 (m 2H), 0.88 (t, 3N, J=T.
2Hz).

Mass (FAB); m/e 753 (M+1)
BI2T : ANEF U AFIFEFRALT VR Y FTIVT —)V-Gly-Gly-Phe-Gly-NH-A' (A
-NH, =DX-8951) @ & 5%

I THBIANEFOAFNUNTFIAINSI VARV TNI=IND MY AFIVT VE
— L3E00.1 @ ANN-UAFIVERIVLT I F (6 nl) iIZEiEIE, ZDOEBERIC
#126 T8 7 3'-N-(Gly-Gly-Phe-Gly)NH-A (A-NH, =DX-8951) o IEMRIE (24 ng)
DONN-D A F kb7 3 FA0 nD) B, PV F AT I oGu. I-= bF¥
ANKRZI-2- T hF-1,2- Ve FoFrE/ 0001 9 #ERNA. FRT
— B LA A S RIGE ¥, CORIGHKDS n1$¥2%%10 nl L8/ — )b
BT Lo Zhiz3 M iEk+ U D LKE®E 2.5n0) . Y2 F -5 020
ml) ZA0Z T, #i UcibBz 3008 (3500 rpm, 840 ICL OB, TDIL
BeA0.5 N RIS, KEBTFO. 1 M KER(L bV 2 20kEHET pH 9 & L7
BohioKkBsRENAA <y 7 X-30 BEERCRINEERICELDBRIE L, KE
FEBLBCEBEBRKREIVRT 7405 —(0.22 pm) TIRB LR, BREEHRLT
TRALA (90 mg) %B{. BILEWOERFILEMEEOZTEL0. 1 XN Y XBEEH
W (pH 9.0) T 362 nm iIZBFEZHHAFEICESHNTERLILEI A 115 W/
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VTH -7,
B2 ANEFAFNTFIPS AR Y T I —)L-Gly-Gly-Phe-Gly-NH-A' (A
-NH, =DX-8951) ™ & X

PIBTIRICANEF A FNUTFIMNS RV TALI-ND MY AFLT VE
= LW 1 @ ENN-DAFNKRIVAT I KN (6 ml) iICHEBIE, JOBEKIZ.
126 T45723"' -N-(Gly-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951) o iEMeE (36 mg)
DN, N-D A FIFRIINLT I MU0 mD) K. PV ZFIUT7 I @ul). - b+
HNVEKZN-2- = bF2-1,2- P RoFiF/0 0.1 ) 2IERMEZ. KET
—EpEE LR o RIGEH 7, CORIGEDS nlT¥22%F10 nl oy / — b
BT Ufco TAUCIMEIL S b Y Y LK (2.5 nl) . YT F)x—5 0 (20 nD)
EMA T, $ri L7k %8.0 8 (3500 rpm, 843) 2L DI, Z DL
0.5 M BEKICEMB LU, SKIETO. 1 N 7KBRMEF b U vy 20KES# T pH 12& Uiz,
BOoNTIKIBRAE N A<y 7 X-30 EEAROICREGEICLOBE L, Br
BB LS OERBBEREIVRT 74057 —(0.22 um) THB L 721, HEEZ‘ZRLT
R (80 ng) £, RALEGHE0. 1 N Ik b U o LKA IC A%, GPC

(775 4« v — TSK Gel PW-4000XL. 8% : 0. 1M NaCl. % : 0.8 ml/min)
THHT LSRR, RUKEEWOBMBBIL R R b (0.1 M b Y ZBEH . pl
9.0, 36 ug/ml) 2N T8 RUK 9IIRT, FILEMOEE/ILEGYWHED
ERE0LIM bYUREEHK (ol 9.0) FTD 362 nm i BBMAEICESHTE
BL7&EIA15% (WD THo-7,
BI29: ANEF S AFNTFFIISVRY T —L-6ly-Gly-Gly-Phe-NH-A' (A
-NH, =DX-8951) ® &%

TFF+ X 5 T250(20 g, EXTRASYNTHESE®!, ¥4+ & 250K) 0.1 M BEERGEHE
# (pH5.5, 2000 ml) iZAMRL. B3I TFEBRF MU Y L (66.0 g) DREHK (2000
nl) A7, EHLEHAS4CTIOHMBELALE, =FL 270 3—-1 4.
0 ml) 2MA. —BEHF LI, RINEEKET TS N KE-LF b Y o Lokisk % H
WTPHET. S IS Lic, KFELRYEF MU DL (28 g) 2R THEMELCE.
FERBTHBBHE LI, RIGKEZKS L. BFBRT pi 5.5 IZHAEL T4°CT 1 BRI
U 7o, SKIDT T8 M JKBRILF b U Y LKIERER O TpHET. 5 1L 72, 18
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ST IKEEHE A /S A F < v 7 Z-30 WA B RSB IC & 0 RS FES ZRRE
LT, MAEBLAVWVEIABAWL 2187, Blic, 7F A b5 1250050 g,
EXTRASYNTHESESL, E#4F8 250K)%0.1 M BrEeiRE#& (pH5.5, 5000 ml) 7
R, @3 EBEF LU Y LUA65 g DKEKGIN0 nl) EHA I, EHRLELS

4°CTIOR IR Lick, =F L 7Y a—)u(35.0 nl) 2MA . —8 L,
RISk A KE T8 M KER{EF b V™ LOKESH A AV TplET.5 A L, KR
fbhmEF YL (10 g A THEMLIE, ZRT BB L, KIGKE
SKis L. BEERT pH 5.5 AL TA4°CT I BFRIHEHE L k. KIBT T8 N /KBRML
F P U LKEREROTHET. S ICHELL, Bon/KBRE M1 <v 7
~30 fEA AU 22 PRAMEBEIC & VRS FES ARRE LT, B @S LW ERBIER
2 %8BI, BEKE]l EBRBH2EE60LT. BAEBEIZL O NA A< v I R
-50 A AET ZWAE SN A Ty 7 Z-30 EROTERS TESABRE L, #E
ERLTFER IS RV TAa—IL (25.7 @) 28k, COWHD»FE (5N
B, TS HEEE) 3, 4K TH -7,

SOFFZMSUEYTNI-NG R & KEREF PY L (35 @ K (150
nl) CEALTHESNDKERICMA. BERTHAMI S, ZOBBRITKRTT
£/ 2 oBEE (50 g) AMATHEBSEo%, R TISFHKIGE L, ZOR
ISR A B Tpllge 8 ICHREE Licik, /SA A< v 7 Z-50 AU RS EadE T L
DR Uic, MEAEB LR WEREEREERERLT. AVEFIAFATFZ
FSURY T aI—LDF MY LE(2 @ 2B, COWMEDOHGTFE (FIVE
B, TS BN iE 127K TH Y. HIEF L A FIUALEIIR0S THo7 IO
HNEERAFAFEZINSORYVTALI—NDF PV D LEQ. 2 g ZIKIZIEHE
L. Bio-Rad AG 50W-X2 (200-400 #* v & =. H B »35 L (HiR 44 mn, £
210 nmic D, KTHEHLL, ToBEHBWC MY ZF LT Iy 40D 2MX
7ot. EREEBRLTANVEFIAFAFFRAINS VRY T2 ID MY T F I
7TroE-wLE (2.69 9 2B

ZOHANNEFUAFATFFEIINS o RYVTNLNIA—NVDMNIZFNT VEZD L

B (2.67 @) ANN-UAFIHRNVLT IF (200 nl) ISR LI, ZOBERIC. H
2 RIS L 723" -N-(Boc-Gly-Gly-Gly-Phe) ~-NH-A (A—NHZ =DX-8951) (350
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ng) M SH16L FEHEDFHETHBoc LU TH SN 538" -N-(Gly-Gly-Gly-Phe)-NH-
ADORYZ)AoBEBREE PV ZFAT I (0.116 m1) ZNN-D A FILHRIVAT
IF A0 mDIBEI»LTHONSER. -2 b F o ANEZN-2- = bFT-1,2
- e FoFirF/ U (2.67T ) ENN-DAFILFNLT I FAO nl) 2HEML
THRONBIBEREAEXRMA ., BRT—BBERE L ANORIEI L, ZORIGKIC
3 M b b)Y LoKEEH (100 m1) %20 . 8 19245430 nl Oy /) — )b
K F L7 ThETNICINEALF PY D LKEK (1 nl) . PxF)L—F0
(5 m1) ZMNZ T, thih UcibB e & 058 (3500 rpm, 843) 2k v&EHI, &
DILBAET & b THIFLULE, KISBBEL. 3 N B> Y o 4KEKRAO nl)
Azt 0.1 M 7KERME b U Y LoKE#ET pll 9 AR L. 37°CT 1 BRI
L7, COMNBRE/ A<y 7 Z-10 BE R 7oBRAVEEEIC L 0 BitE L7,
BB UMOCEREERE I UBRT 7405 —(0.22 un)THEE L 12k, B
LTHERILEY (2.30 g %2187, ALEWE0. 1 N B b Y o LoKIEKICER
#%. GPC (#7354 :HY — TSK Gel P¥-4000XL. 74 : 0. 1M NaCl, ##E : 0.8
ml/min) THH LR, RURLEWDOENBRBIXNA XS v (0.1 X b Y 24
#aR, pH 9.0, 0.20 mg/ml) 2T TAXKNIKURIICRT , HLEHWOEEE
MEREOGEA0. 1N MY RBEIKE (ol 9.0) FTO 362 nm 1IZI1F BLIEENICE
SWTERLALEZA, 5.8% (/W) THo7,
B30 : ANKEFAFNTFRAISVRYUTAI—ND MY IF AT L E= L
DEK

FEZAMFUTIO (20 8, 7 7ob= U TRE, EHHSTFEIK ) 00,1 N BEERE
#ax (pH 5.5) B (2000 mDIC, @3 VFEBRF MY v L (66.0 g) DKIEH (2000
nl) ZMA 7, EXLUENSGACTIOEMHEHELA®. 5L 7Y a—-iv(14.
0 ml) ZinA. —BHE L, RIGEKREKEST TS M KBR{LF Y o LKkiBE % B
WT pH 7.5 ICEREE LI, AKFEIMATRF MY T L (28 9 EMATHERLIE.
FRT—BRBHE L, RIGKEKG L, BT pHl 5.5 IZFABL T4°CT 1 BRI
FRU 2%, KIST T8 N /KER(EF MU LKA T pHl 7.5 1ICA%¥L o, ¢
SNIKIBRE A<y 7 Z-50E (2 YARTHED 2HOCBREBEC L VK
SFERERFELT, BEEBLULOERIBRENNAF 7 v 7 Z-30 BABBXE
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720 BONFEBRABEERL T, TFRAFIyRYTALI-LAB.0 2 EHI
COMEOHTFE (FIEE, SIS HEE) 13, 13K TH - 15,

SOFFAPRS RV TAT—ILET ) L KEBLF FY YL (25.9 g) EK
(111 m) B L THE O AKERIZMA . BIRTIERXEL, ZOBEKITK
WTTE/ 7 oVEEE (37 @) AMATHEMS Ik, ERTRBKRISE®,
CORIGHKEATERET pl § WIS LB, N1 A< v 7 R-5EA O RSN BB
Itk ORE Lk, BAES LD WKREBEREFEETRL T, AVEF A FIUT
FZESUBRYVTIIT=NDF YT LIEG. 2 g A28, COWMEOSTFE (¥
iR, TIVS AEHE) 1k, 37K TH O, ANFF L A FIVEER) 9 TH -7,

COANKEFUAFNUFEFERIS ARV T I—NLDOF MY LG 0 g) EK
(72 L. Bio-Rad AG 50W-X2 (200-400 2 v ¥ 2. H E) %5 Lo, KT
EH U, COBBHEHBICINY I FAT IV (9.3 nD) ZMZ ik, BREEELTE
e (7.2 g i,
B3l AIVEFUAFATFILNSVRYVTIOA—ILDO MY ZFIVT LB LR
DEK

B0 THEIFFRAINSI AV TILa—IL(3.9 8 %. /KERLF bV Y 2 (16.3
g %K (17 nl) WKEMLTHRONZKEBRICMA. BERTHEBIEL, 20
BWBIOKKBTCTE/ 7 oVBEEE (23.4 9 2MIX THEMS %, R TISRMK
X Ht, CORIGKATERT pl 8 ICHE LK, 1<y 7 Z-5ERLL
R EBHEIC LV iRE Lic, BMAZBBLLEOEREEREEREEEL T, ALEF
VAFIMFEFIAISUoRYVTAI=NDF MU LIEGO Q) 8, COWED
SFE (FIVIEH. TV FBEE) ik, 28K TH . AIKRF D 2 FIVLEIRO.
5 THotio COANKFUAFILTFFAMS U RYTII=-LDF b)Y D LEA.
8 g) ABIS0EFEMEIC MV I FATUESL Y LBICERL T, ERLEWG.6 2
g1,
FI32 : ANWEF LU AFINTHFALNS VRYVTFTNNIA—ND Y I F T EZ T LIE
DE

FERANZ U4 (20 g . 733 HEL FHESTFE K6 0.1 N BFEREER
(pH 5.5) ZE# (2000 m1) (. BITFEEERF + )Y L (66.0 g) DIKEH2000
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ml) ZMA7, #ENHUENS 4 CTIORMBEHELALHR, = FL o7y a-—-104.
0 mbD ZmMA. —BHEE L7, RIGKREKET T8 N KERILF b Y v LKEsR % B
WTPHET. S ICHB U/, IKFEIAIFRF MU T L (28 8) E£MATEREL-E.
FiRT—RBEE Lo, RIGEEKG U, BEERT pH 5.5 1IZ3B L T4 °CT 1 BpREHY
U, JKIST T8 M AKERIEF b Y Y LK ZR T pll 7.5 /L, 8
SNIIKBIRENA A <y 7 Z-3E (3 ) RT7HED A RAEBE & DK
STESERELL, BoNEARLHRBERLTTFFIIS R TLa—
V(6.0 g) %218, COWHEOHTFE (FIVIRB., VS VB 132, KT - 72,
COTFFRAMSIRYTIVI=VQRT @ &, KEMEF MU L (18.9 g) %7K(81
nD) IZENMLTHRONBKBHRICMA, ZERTERI LI, ZOBKITKETT
T/ 7 0VBEEE (27 g MA TEMI V%, EETENRGIEZ, ZOK
G ZBERRT p 8 ICEAR L 7ctk. A A< v 7 X-50AE F U RMNEAEICLD
Big Urco BEAEE LB OCERFERERBEEIBLT, ANVKRFOAFILTFF X b
SRYTIa-NDF YT LIEW2 @ 8, COWEOSTFE (FIViEE.,
TS L fERE) 13, 20K THO. AIEF A FILEIR I TH - 7o,
COANVKREFLAFATFFZNS ORYTIAT—VDF YT LEWA 0 2) %
BBOE R MY ZF VT e LIEICESR LT, EMLEWU. 8 g) 2872,
B33 : ANERF L AFATFFAS LAY THNI-NLDIY ZF LT v ELY LIE
DEK

BT/ FF APPSR Y TAITI—NQT g) . Killg{b+ by L (11.3
g) %K@l nl) B LTHOoNZKERIIMA ., BIRTHEBI LI, ZDE
WIS TTE/ 7 0)VEERR (16.2 @) 2MA THEMBIEH, BB TISHMRIE
I, TORGHKABERT pH 8 (I LH. ~MF < v 7 X-5BAEH R
Nk L D E Uc, AR LN VEREBRETFEZHERLT, ALEF
AFNVTFFAPISRYTILI—NVLDF DY TLEQRT g 21870, ZOHWEDS
FE (FIVEB, TS AEEE) 13, 16K TH O #AEF D L FIVLEIIRS
THoleeo TOANVKRFIAFNFFZAIS RYTII=INDF MY T LIIEQ.
T8 #F30EFEBEICPIVIFIT U ELYLEBICERL T, ERALEWG. 1
=/,
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B4 : ANAEFIAFNTHEFZAPS ARYFTII— V-6Gly-Gly-Phe-Gly-NH-A"CA
-NHZ =DX-8951) D& Bk

B0 T ANEKFOAFATFFAIS O RYTLI-NDO M ZFNT VEZ
L5 @) NN-UAFILRILAT T N0 nl) BRI S, TOBERIC. bY
T F N7 32 (0.07 m1) &3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951)D
7L o feREtE (210 mg) ON,N-D A F RN LT I FUEO0 nD) B, 1-= b+
ANE=ZN-2- ThF-1,2- PERoFoF /) 0.5 g) ZIFERMNZ. FBT
—WpEH LA S RIGEI R, TORIGEDS nld>%%10 nl ox ¥ /) — L
BFLie ThENIC3 N L+ b Y D20k 2.5 0D . PxF )l —50(Q20
ml) ZMA T, i Ucibi A& .0458 (3500 rpm, 843 2Lk &EDHK, ZOD
EERA0.5 M AtEAKICEERE L . JKBT0.1 M /KERME> b U o 20KEEHT pll 9 &L
7oo BONTIKBRAENAA T v 7 Z-EEB O EBECLIORIEL 72, &
BB LI VR AE IV RT 740y —(0.22 um) THRLE Lok, BEERL
THESALEM (1.3 g 2187, FMLEWE0.1 N B bV ¥ 2KEBICERE.
GPC (#1524 : H v — TSK Gel PW-4000XL. # 4% : 0. 1M NaCl. 7& : 0.8 ml/
min ) THF LER, RUBLEHOENBTRIN AR Fb (0.1 0 b Y X BH
#. pH 9.0. 65 wpg/ml) 2T TINRIZKUKIZICTRT .. FILEYDEEILED
HREOEZEA0 1IN MY ABHEHK O 9.00 FTD 362 nn iTH I ABEEICED
WTREBLALEZS 6.4% (W/W) TH -7,
B35 ANWEF I AFIIFFRAIT VARY TV — -Gly-Gly-Phe-Gly-NH-A' (A
-NH, =DX-8951) D & Ak

BISI THEIANVEF O AFATFFAISIRYTAI—AMD M) ZF LT B2
L2 ) ENN-UAFILRIVLT I N0 nl) BEE B/, ZOBRKRIC. b
JyxF a7 I (0.056 ml) &3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH2 =DX-8951)

D FY 7 A oBERE (168 mg) DN N-P A F LRIV AT I K(30 nl) BK.
I b ANKR=ZNV-2- T bF-1,2- VEFoFF/ U o002 9 2IERM
Z. BRTBHBERELLENSKIGEI R, CORIEKRDS n1¥2%2%10 nl x5
J =TT LI, ThZhiz3 M HEk b U o LokE# (2.5 1) o Y FIL
I —5)V(20 ml) EZMA T, rid Lotk A& .08 (3500 rpm, 843) Tk b4
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Bz, TOEENS N RIEKIZIEMB L. SKBTO0. 1 M sKBRILF ~ Y ™ LKIBKT
pH 9 & L7, BoNIIKBBE A F < 7 R-34AF B EBEIC L0
Bets Lico A BB LSOWEREEREIVRT 7405 —(0.22 un) TiEB L7k,
HAEEIR L THEEAAMUA.0 9 28k, FMLAYOERELEMBEEOSE L.
1M bV ZEREH (pH 9.0) FTD 362 nm iCHIFB3HMAEICESHTER LA E
A, 4.8% (W/W) Th -7,
B3 : ANKEXF L AFNFXFZ LS5 RY 7T —L-61y-Gly-Phe-Gly-NH-A"' (A
-NHy =DX-8951) @ & X
BIB2THRICANWEKFUAFUTFFIAPINS VR TLNI=NVD Y ZFLT VES
7 L3E(1.2 8 ENN-D XA FIHILLAT I F(90 nl) RS/, ZOERKIZ. b
JxF7 I (0.056 ml) &£3'-N-(Gly-Gly-Phe-Gly)-NH-A (A—NH2 =DX-8951)
D MY T7F OBERRE (168 ng) ONN-U X FILFRIL LT I K30 nl) A& |

- T hFIUHNWNEKZN-2- = bFI-1,2- P FoFF) (1.2 p ANEKM
A, ZERTBEELEPORIGSEI, CORIGHDS n1TD2%%10 nl ¥
J =TT Lic, N3 MBIk MY Y LOKER (2.5 D) Y FL
T —7L(20 m1) AMA T, HHH U7ctbi %3058 (3500 rpm, 843) Itk V&
WHic, TOREE0.5 M EEKICHEIEL. KB T0.1 M KELF bV w LKBET
pH 9 & L7, BontKBRENAF <y 7 2-3EE BB EEEIZ LD
BedE Utco BEABEB LB OERBEEIYRT 7405 —(0.22 umn) THlE#S L 7%,
HAREER U TRETLEWA.0 2 28k, FLEYORE(LEYWEEOSTE L.
I N b)) XBEHE I 9.0) FTD 362 nm iCH T ARBEICESHTERLALE
ZA. 5.9% (WW) THhoto,
BI3T: AINKEEF S AFNFFRPFVRY T —)-Gly-Gly-Phe-Gly-NH-A' (A
-NHy =DX-8951) ® &K
PIBBTHRICANEKF UV AFITFZMSURYTIVT WD MY ZFILT VED
7 L5 g) ENN-UAFNKRIIVLT I F(O0 nl) BeS i, JOBFERIC, b
U FIT 2 (0.07 m) &3'-N-(Gly-Gly-Phe-Gly)-NH-A (A-NH, =DX-8951)
D hY 74 OEERRIE (210 mg) ONN-J A FIRIL LT I FU0 nl) &K, 1-
I hFIHMEZIN-2- ThFU-1,2- P FoFoF ) 0A5 @ FEKRMA.
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FETREELEASKIGI T, ZORGKDS nld>%2%10 nl o5/ —
NEIZiETF L, 2R ENic3 N gk bU Y LKkEHK (2.5 0D ( Y F I
F (20 ml) EHA T, A Ucrbiedosa# (3500 rpn, 843 ICX h&EDI,
SO EAE0. 5 M AEAICER L. KET0. 1 M KB LS b U Y LKEBEET pl
9 & L1, BoNIKEBERE N AA <y 7 Z-3EROIRINESEIC K O BIEL
Foo BEEEB UL CERBERE IVRT 7405 —(0.22 un) THEB LR, HiE
g4 L CHESRALAW (1.3 @) %287, FLEPWoRER/LEYMEEOTEE] 1M
MY ZEEE (pH 9.0) HHTOD 362 nm IIH I AEMEICESOTERLILEI A,
4.6% (W/W) TH -7
{138 : Boc-Gly-Gly-Phe-Gly-NH-A (A-NH, =D¥-8286) o &K
Boc-Gly-Gly-Phe-Gly (42 mg) B LUN-t FoFi 27 v 4 3 (2 ng) %=
N,N-D A F ORI LT I K (2 nl) WKL, 4 CicgHEILictk. NN'- 22270
NFEULANMLED A I FQ2 ng) 2HEMUIL, ZOBRICTRH :

144

H,N.

Cl

0 bH
THFaxh 3k (s, 98)-1-7 3 /-5- 7 oo-9- =F)V-2,3- Yk Fo-9-
NA RpF -1 120-R> vV [de]ES 2 [3',4":6,7) 4~ FY Y/ [1,2-b] ¥/
> -10, 13(9H, 15H)- P »: DW-8286) DiEERE (50 mg) & bV xF 7 3 (0.0l
ml) ZEBEUANN-DAFILRIVAT I K (6 nl) BEEAMAT, EHLT, E
BTIBEBEELANORIGI L, CORIGKABEEZE L, REx VA5
HShone bhFST7 44— GEHIE: 0.5% BEfix SV sonA sy A5 ) —
=10: 1 %K) THEL TEZELEaWQT ng) E1H71,

1H-NMR(CDC13> 5 : 8.10-8.20 (br, 1H), 7.95-8.05 (br, 1H), 7.70-7.80 (br, 2H),
7.50-7.60 (br, 1H), 7.40-7.50 (br, 1H), 7.10-7.25 (m 5H), 7.05-7.15 (br, 1),
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5.85-5.95 (br, 11D, 5.50-5.60 (br, 1H), 5.40-5.50 (m, 1K), 5.25-5.35 (m, 11,
5.05-5.15 (m, 11D, 4.90-5.00 (m, 1H), 4.70-4.80 (br, 1H), 4.10-4.25 (br, 2H),
3.60-3.90 (m 4H), 3.10-3.40 (m, 3H), 2.95-3.05 (br, 1H), 2.15-2.30 (br, 1H),
1.75-1.90 (br, 2H), 1.39 (s, 9H), 0.80-1.00 (m, 3H).
B39 : ANKFIRXAFITEIIS vARY TV —JL-Gly-Gly-Phe-Glv-NH-A"' (A
-Nil, =D¥-8286) @ & X

BI2ATI/IANKF O AFATFFIAINS ORIV TALI—ND LT F AT U EZ
L (175 mg) AN N-D X FILFIIVLT I FQ0 nl) ISR, - OERKIC.
$138T1§ 5 723" -N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NH, =D¥-8286) (27 mg)# 5
Bl 4 LEIREDOHFETHEBoc ILLTHE SN S 3'-N-(Gly-Gly-Phe-Gly)-NH-AD> 1) &7
WA OEEERIE Q9 mg) S PV ZFATIDOUDDONN-DAFILRILLT I F (5
n) B, I-T hF o ANLRII-2- ThFU-1,2- YeEFoFLF UL AT5
ng) FMARIMA ., BIRT—BRBPEHRLALHLASKIEX 72, ZORIGKDS nlF>%
L0 ml oy /) —HPITHF L7c, T4i23 M 4k b Y 7 LkiEmK (2.5 ml)
VI FNNT—FT0QO nl) AMAT, Lok A S48 (3500 rpm, 8
) XD BB, COBEE0.S N AIEKITERE L. KT 1 M JKER{EF Y
D LKBIKT pH 9 & U7, BonIokKBIBEE A A< v 7 2-30 BAE R
BB L OBIE L, BE@EB LM OERABREIVRT 7405 —0.22 un)
TIRB L 2ok, SRR L THEEEILAY (135 ng) %187, A{LAMWE0. 1 M K1k
F MUY LIKBIITIEEE. GPC (F5 L B — TSK Gel PYV-4000XL. J&1L :
0. 1M NaCl. 3% : 0.8 ml/min ) THWT LR, RUF/LEWOENABRBIN 2
ARZ MV (0.1 N bYXBERE. Ph 9.0. 99 wg/ml) 2T THRIAKRUEILS
IRY . RALAMOEBLAYWEENSTEIZ. 0.1 X b Y Z@EEH (o 9.0) FT
@D 362 nmn LK FABAEICESHTERLALLEIA, 6.1% (W/W) TH-7o,
140 : 3' -N-(Boc-Gly-Gly-Phe-Gly)-NH-A (A-NHo =D¥-8089) @ & A%

Boc-Gly-Gly-Phe-Gly (163 m@)H L UN-E FoF o 22 o v A I K45 ng) #N,
N-U X Fdb L7 I FA0 nl) WCHEBL. 4 CITBE LB N, N'-U v s an
FUNMNANKRYA I FAI ng) ZHEMLI, ZOBKICTFIRON :
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0 BH
TERENLEW [(Us,95)-1-7T I /-9- =TF1-2,8- Yk Fo-9- ~nag FoF
1, 12H-X >/ [de]ES / [3',4":6,7) 4 KV 2/ [1,2-b] &/ VU >-10, 13(9H,
151D~ ¥ > : DW-80891 k v ILARIE (170 mg) & MY = F )07 I > (0.054 mb)
ZERUINN-D A FILFRILLT I K0 nl) BEEMA T, #EXTICERT—
it Lah o RICE R, CORGKEBERB L. HRiEEZ )V ATFIVA 5 L
ra=w b5 70— (BHE:0.%EREZL Y 7anx5 0 45 ) —)=04:
6 I THS L TIER/LEY (100 ng) %187,
L-NuR (DMSO-dg) & : 8.51 (d, 1K, J=8.5Hz), 8.41 (t, 1M, J=5.6Hz), 8.29 (s, 1,
8.17 (d, IH, J=8. 0Hz), 8.03 (d, 1H, J=8.0Hz), 7.90 (dd, 11, J=4. 8, 5. 6Hz), 7.79
(t, 1H, J=5. 6Hz), 7.53 (d, 1H, J=7.2Hz), 7.36 (s, 1H), 7.13-7.25 (m, 51), 6.94
-6.95 (m, 11D, 5.60-5.63 (m, 1H), 5.36-5.47 (m, 2H), 5.21-5.30 (m, 2H), 4. 42
-4.47 (m, 1H), 3.63-3.96 (m, 3H), 3.51-3.59 (m, 3H), 3.31-3.40 (m, 11D, 3.09
-3.21 (m, 11D, 3.02 (dd, 14, J=4. 8, 13.5Hz), 2.76-2.81 (m, 1H), 2.13-2.17 (nm,
2H), 1.85-1.90 (m, 2H), 1.37 (s, 9H), 0.89 (t, 3H, J=8. 0Hz).
Mass (FAB); m/e 822 (M+1)
B4l ANVEF A FAVTFERILS R Y TV —V-Gly-Gly-Phe-Gly-NH-A" (A
-NH, =DW-8089) D & Ak

PR TR IZANKFUAFAFFZAINS VRYTLI-NVD MY ZFIVT VT
7 AERA.6 2 ENN-UAFINARILALT I NGOG0 nl) ICERE g, ZDOBEKIC,
#140T#H 541 723" -N-(Boc-61y-Gly-Phe-G1y)-NH-A (A-NH, =D¥-8089) (200 mg)
Nof 4 L RO HEETHBoc fLLTHESH B ' -N-(Gly-Gly-Phe-Gly)-NH-A®D h
U7t olEigiEE FY = FILT 2 200.07 nl) ENN-U X FILRILLT I KQ0
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n) IS L THBONBER. I-T b+ oA LE V-2 = bFv-1, 2-Uk K
o¥FoFY) (16 g FIRRMA, ERTBERLUNORIES L, ZOK
[ D5 mldDE%Z10 nl LY/ — T Lic, R EHI1C3 N B4k+ b
o LOKEERE (2.5 nl) . YIFIT—FIL(25 nl) AMA T, B L rc kB E O
Mg (2500 rpm, 843 LK, JORBETY - ILTEE L, KiC
BREL. 3 N B L MY 7 LKA Q0 n1) AH0A . 0.1 M KERMLS b U 20K
T pH 9 IS L, COBBENNMF Ty 7 Z2-10 ARG EGEC L
DRRIE L7c, AMBLAVERBAREIVRT 7405 —(0.22 um) THEB LA
%, BETR L THERLLEY (1.20 @) %187, FELEWE0 1 M L+ Y v L
IKEER ISR, GPC (#7154 : B — TSK Gel PW-4000XL. 5 : 0. 1M NaCl.
G 1 0.8 ml/min) TH LR, RUKMCEHDOEMETIN Z R 7 kL (0.
1M bY@ pH 9.0, 0.26 mg/nl) 2 ZhTOKI6KRUORITISRT . FLE
MOERFEMESMZEEOEELZ0. 1M Y BEK (ol 9.0) FTO 362 nn T3
ZRAEIIHESHTERLAZEIA, 5.0% (WD) TH -7,
142 : Trt-Gly-Gly-Phe-Gly-OHD 4 5K

Trt-Gly-Gly-Phe-Gly-0Bzl (670 mg) . 10% Pd-C (100mg)H LU FEET7 > =17
L (200 mg) %#DMF (b mDHICHIA . 3BFMEIHIEL 2. RICH A B L. ¥ % 5
FEE LA ®%,. BEEX Y VAFXLVAS LI O Y57 0— (BHEK: Y7 oo
AZ L AF ) —Ib=28: 1HEK THELTELLEY (300 ng) #H7,
lH—NMR(CDBOD) S : T7.16-7.45 (m, 20H), 4.66 (dd, 1H, J=9.8,5. 4Hz), 3.93 (d,
IH, J=16. 6Hz), 3.80 (d,1H, J=17.6Hz), 3.78 (d, 1H, J=16.6Hz), 3.68 (d, 1H, J=17.
1Hz), 8.23 (dd, 11, J=14. 2, 5. 40z), 2.90 (d, 1K, J=13. THz), 2.90 (s, 1H).
%143 : 3'-N-(Gly-Gly-Phe-G1ly) -DXRIEEEIE D £ X

Trt~-Gly-Gly-Phe~Gly-OH (100 mg) F X UN-k FaFf X2 o4 3 F(22 mg)
ZDNF (4 mDICE» L. KB TNN'- 2o 7and: o bANEI A I FUO ng)
2MAACT2HEHEBELC, JOBRERIIN-XFLEIFRY » (0.019 n1) &K
F/vE Y »(DXR) IEERIE (92 mg) A ¥5AE L ZDNF (20 ml) B %A T, 4°CT
16 M L 7c, CORIGHREZRBRERE L. BBEX* LV AXVAS Lsax 75
T4— (BEB:P20o0Xx5 025 /)—)b=20: 1K) THYUL:, B

’

/1
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Sht b A To%BERE | ml MR L . 1RSI L2, K Q0 nDDEMA TH
HU7BMR A MG L ThRE ., BRERBEREL T, BohicmREK G o) KE
MUTe ZDIBEIEHEAG-1X8 (C1T B A5 LIICBL. KTHEHLULE, Y/7oox
g oTERL, KBEEBER LT, ELEW U0 ng) %187,
1H—NMR(CDBOD) 6 : 7.95 (d, 1M, J=7.3Hz), 7.82 (t, 1N J=7.8Hz), 7.54 (d, 1H,
J=8.3Hz), 7.16-7.26 (m 5H), 5.43 (d, 1K J=3.4Hz), 5.14 (br, 1D, 4.72 (s, 2H),
4.42 (dd, 11, J=8. 3, 6. 8Hz), 4.30 (q, 1H, J=6. 8Hz), 4.14-4.18 (m, 1H), 4.03 (d,
1H, J=16. 6Hz), 4.02 (s, 3H), 3.86 (d, 1H, J=18.5Hz), 3.83 (d, 1K, J=17.1Hz), 3.
75 (d, 14, J=16. 1Hz), 3.73 (d, 1H, J=16. Hz), 3.62 (br, 11D, 3.58 (d, 1H, J=16.
6Hz), 3.10-3.15 (m, 2H), 3.00 (d, 1H, J=18. 6Hz), 2.94 (dd, 1H, J=14. 2, 8. 8Hz),
2.38 (4, 1H,J=14. 2Hz), 2.18 (dd, 14, J=14.2, 4. 4Hz), 1.94-2.00 (m, 1H), 1.71
(dd, 1H, J=12.7, 4. 4Hz), 1.28 (d, 3H, J=6. 3Hz).
44 - ANEF A FATFFZES ARY TV — N-Gly-Gly-Phe-Gly-DXRD &K
BIATHBIANEF O AFUTEFZLS RV T I—=NVDF Yo LS
g) ZPIBEMBOFET I AFNANT 2V LIEA.2 g) IKEHBLAE, Z
D 400 mg ENN-C A FIHRIVLT I K24 nl) T dic, ZOBERKRIZ. 3
-N-(G1y-Gly-Phe-Gly)-DXRDIEERIE (76 mg) DN N-U A F LAV LT I F(24 ml)
B MV TFILTI @4 D), 1-= b F T HNEZIN-2- = b F2-1,2- D
ErFoFo+s ) 400 ng) ZIERMA. BRT—ERBFHE LA SRIGS ¥,
CORGHEDS nlT2%5FZI0nl Oy ) —VANIHEHTF Lic, T3 M Ik b
U LIRS (2.5 ml) . Y F T —FI0Q0 nl) ZA T, Hr Lok AEaE
L4538 (3500 rpm, 843 ICX VDI, TOMEAE( D M BE/KICERL., /X1
F =y 7 2-30 BEAROARAEREIC L OBRE U, BAES LS OEREEREY
TYHRT T 4N —(0.22 pm) THEIB L., HBEEEEE L TERILS® A0 ng)
5187, LW A0. 1 M EIbF b Y 7 LKBHICIERE. GPC (A5 4 HY —
TSK Gel PW-4000XL. Z58 : 0. IM NaCl, %5 : 0.8 ml/min ) THHTL 745,
BRUBLEHOENBETRILZ RS bbb (0.01 Mb Y ZBEH&. pH 7.4, 36 ug
n) 2T ThRISKRTHEINIT T, FILEHOEF{LEMEREOETRIL. PBS
(o 7.OHTD 480 nn ICH W ZHBAECESOTERLILEI S, 6.05 (/D
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TdH -7,

B45 : ANKXF A FINTFFR IS RV TAI—NVD YT FNT v EZ LIE
DEW

7THFZbFUTIS0 (20 gu 7 7 b= o 7B, FHH5TE 150K ) %0.1 M BeEk
mEHK (pH 5.5, 2000 mDC/EEL. B3I UFEBRF MY v L (66.0 g) DKEMK
(2000 m1) E2MA o FEHLUEDS A CTIOHMBEH LALE, = FL 7Y a—L
(14.0 mD 2MA. —BRHE L, RIGKEKGT TS N KERILF b Y ¥ LkisHK
ZRWCTOHET.S ICHBE U, KFEMKIFEF MY YL (28 ) AIATHEBEL:
B, FBERTBRHEELc, RIEEAZXKH LT, BEfE<T pH 5.5 IR L. 4°CT ]
RERHEIE U 7o JKISTF T8 M 7KBRIL - b U v 2oKis % AV TPl 7.5 1S3 L7,
JBOoNTIKIBBE /XA F=<v 7 -5 (3 V) R7HED 2RO RAEBEIZL D,
500 ml TRHE L THEK L 2137, Flhic. FFZA 5 UTI0 (20 @) DT LR
D-—EOBRIEZIT B2 2/, B ] LIER 2 2IRE L. BEBHOIZS.
0 EUL.40CTAWERIA v F 2 X— b U7k, pliZ TICHE L TR FILENAF
FRISZVRYTIVI-NVEFULBREE "M 4=y 7 2-30 EA BB,
RNTNA ATy 7 Z-SBEROCTHREL %, BRERLTTFFRA NS VR T
Na—V(4.6 g) R/, COMEOHGFE (FIViEB. TS UFERE) 3. 17K
TH » 1,

SOTFFRPSIUARYTIINO=IV(R.5 g) . KBEEF MY DL Q7.5 g) &K
(75 1) BN LTHB SN BZKBBICMZ ., KB THEBIEI, JOBKIZKAT
TE/ 7 oONVEEEE (25 g) EMATHBEIE%, FETAHMRIGEIE:2, -0
BOGIK = BB TpHA O ISR Lctk. N1 4 v v 7 2584 B < BRAVESEEIC &
DERIE L7c, A Ed LA WEBBRREBEEERLT. " LEF L AFLFF2
FSoRYTFTNHA-IDF YU LEW.) @) 2B, TOMEOSFE (FIVIE
M. SIS U FERE) 13 45KTH D, CNEEEIR0.9 TH - 72,

ZDANKEFLAFNTFFIPSoRY TAa—-ILDF MY T LEG.7T g %K
IC#sAB L. Bio-Rad AG 50¥-X2 (200-400 X v ¥ 2. K E) #5204, KT
BH UK, COBBBICMPYZFAT I (5.8 nl) A2, BHEEEERL TE
ke 4 g /1,
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B4 : ANKF I AFNFTF RIS AR Y 7ILT —)L-Gly-Gly-Gly-Phe-NH-A"' (A
-NH, =DX-8951) D &K

BlASTHON I ANKF U AFATFFIAINS O RYTHI—NVD PV ZFNT
T LU 4 D AENN-UAFIVKRIVLT I F (300 mb) iEEBxE, OB
BIZ. MY T FIT (019 1) &3'-N-(Gly-Gly-Gly-Phe)-NH-A (A-NH, =DX
-8951)D ~ VU T4 oBEERIE (580 mg) EFLNN-T A FubhkIbL T I F (45 ml)
B, 1" P FANFE=ZNL-2- T bhF2-1,2- PeEFaForF/ ) oAU 4 0
ZIERMA . B LU TERTBRBHELAP SRS #1, ZORIEKREL N K
BRiL 5 M Y 7 LK T pH 103 Lctt, 5 nl¥D%2825 nl Oy / — )b
R T L7z, 3 M b+ Y wAakER (1ol) . 2x2F -5 B
ml) AMA T, #rih L7cibi A3 048 (3500 rpn, 843) itk bz, Zoik
WAKICIERL, BRE ()27 MVET 1, A1y b4 75F8 6000-8000) %8
WT, HIKIZHLTENT L. BREEIURT 7 005 —(0.22 pn) THEH LI
. EREERLTERLEWG.4 9 287, FMLEYMORELLEHERECO SRS
0.1 by XB@EH (pH 9.0) FTD 362 mm Tk FAH|MAFICHSTHTERELLE
AL 4.6% (WW¥) THo1,
4T : a — A FIVANVEKEFOAFATFI LS VR Y 7I3 —)b-6ly-Glv-Gly-Phe
-NH-A' (A-NH, =DX-8951) @ &K

PASTIRONAFF RIS RYTAI— L2 @) %, KER{LF MU L (14
g) %KB0 nl) ICEBEMLUTH SO ZKBRICMA. EETERIE L, 0B
MIKETTa— 70704 VBA9I nl) ZMATHEBI LK. B TIS
REEIRIG S E7c, CORCHEZEERRT pH 8 ISR Lk, NA1 4 < v 7 Z-50
B RO RAVESEIC L D BRIE U7c, BEAEE UG ORISR E R LT,
A—AFNVANWKREFVAFNTFIAIS UHEY 7V =D F bY o LiE (2.95
g) 2187k, COWEOSFE (FIViEBE, TS FBRE) 12, 45KTH - 1o,
FERE L ODa —AFINHIUVRF UL FIMER. HVEF S AFLFEZ b
SURYTIHNIA—NOEGEHFICHE LU TLUTORIIKRD I, a— X FUANKEF DA
FITFFRAMSRYTHI—-NDF MY LIEOKEK A Bio-Rad AG 50¥-X
2 (" B # 5L U, Bl A AR U TR E LT, S ORBHER
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EBFED0. 1 N KERIEF bV D L/KEIRICHEBL. 7=/ -V 75 LA o &7
FELTO 1 NIERRTHE LI, AHORIES s ng . 0.1 N KERLF F UL
IKIEROFTEBRIE%- a (1) | 0.1 N BRROMHEEE b (ml) &L, a— A FI
ANKF o X FIALE R 13.4(a-b)/[s-7.2(a-D)] ORIz L Wk tc, TDEEE a
~AFIHNVKRF DA FIUALEIR0.8 TH -7,
CDa—=—AFIWVANKFORAFNTFAMNSRYTHNIT=ILDF MY LE
(2.2 g %/AKICEEMR L. Bio-Rad AG 50W-X2 (200400 # v > o, H ED) » 5.4
(B 44 oo, & 210 m)iZDE, KTHH UL/, COBHIKIZ M) ZF L7 3
v @ nl) EMAE, FREERLTa - AFLVALEFIAFNFTFILS 8
UT7NI—=D MY ZFLT e LE (2.69 g) 8%,
ZDa—AFINWVANEFUAFNUNTFFIIS oRYTLI-LO MY ZF LT
YEZDLIEE (2.68 g ENN-DAFIVKRIALT I FG0 nl) ICEE LI, SO
TIT, B2 ERERITERK L 723" -N-(Boc-G1ly-Gly-Gly-Phe)-NH-A (A-NH, =DX-8951)
(350 mg) D SHI16& RO HETHBoc /L L TH SN 33" -N-(Gly-Gly-Gly-Phe)
-NH-A O MU TN A OBFEIE S PUZFLT I (0.116 ml) %N N-2 2 F Lk
L7 IF A0 D) CBEMLTHONIEHE. -2 b F AR )V-2- = hF
-L,2- e FaFrF /)y (2.68 g ZNN-UAFILFRIVLT I FA0 nl) 125
NUTHONLIBERZIARMA . BRT—BBHELEPORKIEEE., ZoKE
B3 M B P YU LKEBHK A0 nD) EZMA. 6 m1F2%K30 nl Ly S — I
FUIR T L7z, £ EFNIC3 N Ek+ b Lk (A nl) | P2Fbz—F0
(5 ml) ZIMAT. L csbBEE.058 (3500 rpn, 84 itk D, =
DILBET & b o THRE LK. KICEMRL. 3N L MY 7 2KkEK A0 nD
ZMAL 0.1 M sKBR(L> b U 7 LKEBEH T pH 9 1B L. 37°CT 1 BER4LER L
2o COMBIRAENAA Ty 7 Z-10 BEEBOCBRMEBEIC L OBRE L, EE
Wl LIS CEREBEREI VR T T 405 —(0.22 um)TEB Uik, FEEERLT
BReiLath (2.15 @ #7187, RLEWAE0. 1 N AL F U ¥ LoKARICIERRE.
GPC (A5 L : v — TSK Gel PW-4000XL. 78 : 0. 1M NaCl, ## : 0.8 ml
min ) THWUICHR. RUFILEMDOEIVBERINZ RS bov (0.1 M b Y XEEE
7, pH 9.0, 0.21 mg/ mDZ2ZhTHhH20H L UHIRT, RS OEREIS
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MEEOGEAX0. 1 N MY ZBEE (P 9.0) FTO 362 nm 1T BBOLEICH
SHWTEBLALEIA. 5.9% (WY) TH-7,
#148 : 3" -N-(Gly-Phe-Gly)-NH-A (A-Nli, =DX-8951) kU 7 )b o BRERIE O & AR

Phe-Gly-0Bzl1®p- b b > XLk VERIE (3.06 g) . Boc-Gly-OH (1.10 g . N
—E FpFd R4 3F (941 mg)  N-AFIVENLT ) 2 (0.725 m) | N,
N-D A FIRIVAT I FU0 nl) OREWMEACIZHAEILICEK, NN - Py 7o
FUNAIEDA IR (1.56 g ZMZ I, BRT—BPBEE LN S RIGE B0,
Rl A2 WERE L, BEE YV AXVAS LI b 57 40— (BHK :
vrsoaAy s Ay ) —v=08: 2EHK) THH L TBoc-Gly-Phe-Gly-0Bz1 (1.
93 g) /7,
y-NMR (DMSO-dg) 6 @ 8.52 (dd. 1M, J=5.6,6. 4Hz), 7.97 (d, 1K J=8.8Hz), 7.30-
7.39 (m 5H), 7.15-7.26 (m, 5H), 6.83 (t, 1M, J=5.6Hz), 5. 14 (s, 1), 4.52-4.
57 (m, 1H), 3.87-3.96 (m, 2H), 3.57 (dd, IH, J=5.6, 16. THz), 3.43 (dd, 14, J=5.
6, 16. THz), 3.01 (dd, 1H, J=4. 8, 14. 3Hz), 2.77 (dd, 1H, J=5. 6, 14. 3Hz), 1.37 (s,
9H).

B o 1 72Boc-Gly-Phe-Gly-0Bz1 (1.78 g) A BEER T F(60 ml) (275 L. 5%
-Pd-C (1.8 g) FHFET. 4RSI Uic, AR E U, B RERM L.
Boc-Gly-Phe-Gly-OH (1.41 g) %787z,
1H—NMR (DMSO—dB) 6: 8.35 (t, 1N, J=5.6Hz), 7.94 (d, 1K, J=8.8Hz), 7.15-7.26
(m, 5H), 6.85 (dd, IH, J=5. 6, 6. 4Hz), 4.52-4.58 (m, 11D, 3.76 (d. 2H, J=5. 6Hz),
3.56 (dd, 1H, J=6.4, 16. THz), 3.43 (dd, 1H, J=5. 6, 16. THz), 3.03 (dd, 1H, J=5.0,
13.5Hz), 2.79 (dd, 1H, J=9.5, 13. 5Hz), 1.37 (s, 9ID.

T8 50 7-Boc-Gly-Phe-Gly-OH (500 mg) FLUN-L Ko+ 27> o I K

(161 mg) ZNN-DAFIsRWV LT I FA0 ml) CEB L2, 2 OBEBIC DX-8951

DAY AIvE CEEE (B30 mg) EFYITFIT I (0.146 ml) ZEMR LN,
N-U X FIbkb L7 3 FGO ml) BEHREMZ T, 4 CIc®HALLE. NN Dv s
ONFINANKRIA IR (268 mg) AT, #EXETICERT—BREZELLENS
RitEg7, CORIGKEBELBE L, REZ > VASFNVAS L0 5T
4 — (BHE:vr7aory A5 ) —=I)b=96: 4K THERL T3 -N-(Boc
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~GLy-Phe-Gly)-NH-A (A-NH, =DX-8951) (100 mg) %787,

LH-NMR (DNSO-dg) & : 8.39 (d. 1K J=8.0Hz), 8.34 (t, 1H, J=5.6Hz), 7.98 (d. i,

J=7.2Hz), T.78 (d, 1M, J=10. 3Hz), 7.33 (s, 1M), 7.13-7.24 (m 5H), 6. 80 (dd,

1H, J=5. 6, 6. 4Hz)>, 5.55-5.61 (m, 1HD, 5.44 (d, IH, J=16.0Hz), 5.41 (d, 1K, J=16.

Oliz), 5.25 (s, 2H), 4.43-4.46 (m, 1), 3.69-3.79 (m, 2H), 3.50 (dd, 1H, J=5. 6,

16. 7THz), 3.41 (dd, IH, J=5.6, 16. THz), 3.16-3.19 (m, 2H), 2.98 (dd, 11, J=4.8.

14. 3Hz), 2.79 (dd, IH, J=9.5, 14. 3z), 2.41 (s, 3H), 2.19-2.25 (m, 1H), 2.10-

2.15 (m, 1), 1.82-1.90 (m, 2H). 1.35 (s.9H), 0.88 (t, 3l J=8. Hz).

Mass (FAB); m/e 797 (M+1)

#% 5417:3' -N-(Boc-Gly-Phe-GLy) -NH-A (A-NH, =DX-8951) (100 mg) % b Y 7 L

A oBEEE (3 nl) ZEA L. 1 BSRIME Lc, BIEAEEL. £ 4/ — 030 nD)
THEEZ2E, =5 —v@0 o) THBE2EIT- k. BEA T —-F L TE

B LT, ERAWE0 ng) £B,

LH-NHR (DMSO-dg) 6 : 8.52-8.62 (m 1D, 7.94 (s, 30, 7.79 (t, 1H, J=11. lHz),
7.34 (s, 1D, 7.15-7.27 (n, 51D, 6.52 (s, 1), 5.57-5.61 (m, 11D, 5.36-5. 46
(m, 2H), 5.24 (s, 2H), 4.66-4.70 (m, 1), 3.69-3.81 (m 2H), 3.61-3.68(m 1H),
3.40-3.47 (m, 1H), 3.15-3.23 (m, 1H), 3.01 (dd, 1H, J=4.0, 13.5Hz), 2.77 (dd,

1H, J=09.5, 13. 5Hz), 2.12-2.23 (m, 21D, 1.81-1.91 (m, 20), 0.89 (t, 3IL J=7. 2Hz).

Mass (FAB): m/e 697 (M+1)
#1149 : 3'-N-(Phe-Gly)-NH-A (A-NH, =DX-8951) b U 7 /bt o BEBRIE D & K
Boc-Phe-Gly(77]1 mg) HLUN-E Ko+ X2 >4 3 F (300 mg) %N N-o
AFIVFRIVLT I FA0 ml) BB LI, S OEIKIC DX-8951 oA & > =2k
BRIE(1058 mg) & PYZFAUT I (0.293 ml) %IEBELANN-U X F LRIV LT
RGO mD BRAEMAT, 4 CITREALLE NN - D70 F Bl 59
A F (494 ng) FMAT, EATFRERTHBBELELELISKES ¥, ZOR
G e RIEER L, BREX VA NAS LI bS5 T 40— (BAHEK: U7
mEAy YAy —v=08: 21K THER L T3 -N-(Boc-Phe-Gly)-NH-A (A
—NH2 =DX-8951)(1.20 @)% &7z,
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'H-NMR (DNSO-dg) & : 8.29 (d. 1N, J=8.0Hz), 8.21 (t, 1, J=4.8Hz), 7.76 (d, IH
J=10. 3Hz), 7.32 (s, 1H), 7.13-7.25 (m,5H), 6.92 (d, IH, J=7.2Hz), 6.49 (s, 1D,
5.56-5. 61 (m, 1H), 5.44 (d, IH, J=15.9Hz), 5.38 (d, 1H, J=15. 9Hz), 5.25 (s, 2H)
4.08-4.12 (m, 10, 3.78 (d, 1, J=4.8Hz), 3.16-3.25 (m, 2H), 2.99 (dd, 1H, J=
4.0,13.5Hz), 2.72 (dd, 1H, J=10. 3, 13. 5Hz), 2.40 (s, 3K, 2.09-2.35 (m, 2H)
1.80-1.91 (m, 20, 1.16 (s, 9H), 0.88 (t,3H, J=8. 0Hz)

Mass (FAB); m/e 741 (M+1)

ETH o723 -N-(Boc-Phe-Gly)-NH-A (170 mg)% b VY 7).+ 0 BEEE (4 ml)
AL, 1 RERIAE Lic, MIEEREL, £ 4 / — (10 nl) THHEZE 2E. T
/=10 ml) THPpE 20T - foth, FRBE T - TILTEER L T, BERLEY

(100 mg) %787,

LH-NMR (DMSO-dg) 6: 8.88 (t, 1M, J=4. 8Hz), 8.68 (d, 1K, J=8. THz), 8.05-8.15
(m, 3H), 7.79 (d, 1H, J=11.1Hz), 7.26-7.36 (m,5H), 6.52 (d, 1H, J=7.2Hz), 5.57

-5.62 (m, 1H), 5.43 (d, 1K, J=15. 9Hz), 5.38 (d, 14, J=15. 9Hz), 5.19-5.28 (m, 11),
4.10-4.18 (m, 11, 3.93 (dd, 1H, J=4.8, 16. 7THz), 3.82 (dd, 1H, J=4. 8, 16. THz),
3.17-3.24 (m, 2H), 3.14 (dd, 1H, J=4. 8, 13.5Hz), 2.95 (dd, 1H, J=8. 0, 13. 5H2),
2.42 (s, 3H), 2.14-2.25 (m, 2H), 1.83-1.91 (m, 2H), 0.89 (t, 3H, J=8. OHz).

Mass (FAB); m/e 640 (M+1)

#150 : 3'-N-Gly-NH-A (A-NH, =DX-8951) b U 7L m BERRHE > & X

DX-5981 @ #x ¥ v )bk ERIE (B30 mg) & b Y T FIVT I (0.28 ml) %N,
N-U A F ARV LT I FA0 m) IR L. 4°CisiHl L7z, Boc-Gly ON-E F
OF AT A4 FZ TN (327 ng) ZMA 1z, EXTFTICERETBFEH LG
NoREEIEI, CORBKABELZBE L. BBV AXNVAS L )
S74— (BHBE:YV/7ooXry s x5 —ib=98: 2K THHE LTI -N
~(Boc-Gly)-NHi-A (A-NH, =DX-8951) (500 mg) %7%%.

Th-NR (D¥SO-dg) & : 8.38 (d, IH, J=8.3H2), 7.77 (d, 11, J=10.THz), 7.31 (s
11, 6.89-6.91 (m, 1), 6.49 (s, 1), 5.55-5.59 (m, 11D, 5.45 (d, 14, J=16. 1Hz),

5.38 (d, IH, J=16. 1Hz), 5.27 (d, 14, J=19. 0Hz), 5.18 (d, 1H, J=19.0Hz), 8.50-
3.62 (m 2H), 3.15-3.19 (m, 2H), 2.41 (s, 3H), 2.18-2.24 (m, 1H), 2.08-2.12
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(m, 1H), 1.81-1.91 (m, 2H), 1.31 (s, 9H), 0.87 (t, 3H, J=8. 0Hz).
Mass (FAB); m/e 593 (M+1)

ETHE SN 3 -N-(Boc-Gly)-NH-A (100 mg)% bV 7 /v o EEEE (2 ml) (ZEH
U. 1BFBBE L7, BlHAEEEL, 44/ =010 nl) T4 2@, =5/ —
W0 ml) THpE 2EAT- ok, BRBL T -7 L THSE L T, EILEW (70
mg) %1% 7,

-NMR (DMSO-dg) 6 ¢ 8.88 (d, 111, J=8. 8Hz), 8.08 (s, 31, 7.81 (d, 1H, J=11. 2liz),

7.34 (s, 11D, 6.52 (s, 1H), 5.63-5.67 (m, 1H), 5.45 (d, 1H, J=16. THz), 5.40
(d, 1H, J=16. THz), 5.36 (d, 1}, J=19. 1Hz), 5.25 (d, 1H, J=19. 1Hz), 3.56 (s, 2H)
3.11-3. 19 (m, 2H), 2.43 (s, 3H), 2.23-2.28 (m, 1H), 2.11-2.19 (m, 1H), 1.81
-1.91 (m, 2H), 0.88 (t, 3H, J=8. 0lz).

Mass (FAB); m/e 493 (M+1)
BIS1: ANAF L AFNTFFRAMS R YVTIIIT=ID DY AFILT L EZ Y LE
DEK

THFZDZ UT500 (50 g, 7 7= THE, SF& 500K ) %0.1 N EelRBE
# (pH5.5, 5000 m1) IZHEMEL ., BI UFEMF> U L1650 g) DK GO0
nl) EMA . EHELEAS 4 CTIOHBHHELAHE, = FL 7Y a— )L (85
0 mD) ZMMA. —HPEHE LU, RIGE%Z8 M KBERIL> b Y 7 LKEKAZR LT pll
TIZHRE L, KFEMATEF YT L (70 @) 2MA THERLLEK, —BHEE
Urco RUGHE AR U, BEERT pH 5.5 ISR L TA4°CT 1 BFRIPEHE L7294, 8
M KERILF bV 7 KB ERWT pl 7.5 ISR L, BoNf/KIEEE N1 A
< v 7 Z-50 BEEAOCTIRAMEEEIC L IBEEITE -0, BEAEB LS WEKRBS
BREFREIRLT, TFAMS VRV T LI (20.2 8) %184, ZOWEDSH
F8& (FIVEE, IS AEEE) 13, 159KTH - 7,

COTFFRFTRYTINA—I(.5 g &, KER{LF bVU YL (Bl.5 g) %K
(225 1) IWEBEAN L THRONZKEBBICMA . BEETHERI SR, ZOBERKRITK
WTFTE/ 7oVEERR (45 @ 2MATHEREIELE, BERTBRICESE, &
DRI = BEBE Tpll % 8 ICEABE L /et /NA A < v 7 2-50 A RO RS B
IKEDBRIELA, BEEB LT OERBBREFRERLTHLVRF O AFLTF
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ZhFrBRYTNI=INOF M) T LIEGB.S g B, TOWMEOHSTFE (T
BB, SIS FEEE) 13 214K TH O ANKF O A FILEIIZN 4 THo7, T
DHNKFUYAFAUFFRISI VRY TN IT=LDF F Y7 LEQ 0 g 2KICE
# L. Bio-Rad AG 50¥-X2 (200-400 A v ¥ 2. H' B #1524 (EE 4 mn. &
E 210 iz, KTHEHLI, ZOBEHBIT MY ZFLT I A nD) 2MA
7otk BRI L TIETILE® Q2.2 ¢ B

BI52 : ALAEFOAFATFILIS R TIVT —~11/—G1y-Phe~G1y-NH—A'(A—NH2
=DX-895D) DA,

BISITHBIANEF L AFILFFIAINS oRY T I—=NVDO MY ZFILT VF
= AtE (200 mg) ANN-DAFIKILAT I F (T nl) BRI, ZOBEE
1. 148 TH3723'-N-(Gly-Phe-Gly)-NH-A (A-NH, =DX-8951) o b 7 )b offfk
4l ng) ONN-P A FIFNVLT I K G ol) B, bV TFL7 i (0014

ml) . I-= bFANK-IN-2- T bFI-1,2- P FoFF/ 92 (100 ng)
EMERMA . EET—BREHFE LGP OIS L, CORIEEDS n1FD%%K10
nl @y / —NFICE T UL, 23 M+ b Y 7 4KkEKR (2.0 nD) .

VI FNIT—FIV(25 nl) EMA T, Wi Uicib# s 30408 (3500 rom, 843)

ISk OEWI, T OEEE0 S N EEUKICEE L. JKTF0. 1 N KERESF b YL
KRBT pil 9 & Lo BoNIIKBRENA A< v 7 Z2-50 AR ORI ES
sk OB L7, BE@EB LS WEREABKREIVRT 74045 —(0.22 un) THE
B U7t HEEEER L TERE® (190 ng) 287, KILEMOERILSYIRE
DOEEAZ0.1 M bY XBEE (O 9.0) FTD 362 nn I ZEAFICEITHT
FRLICEZS 4.5% WW) TH -7,

B153 : ANARF LA FILTFFZ LT LAY T )b I —)b-Phe-Gly-Ni-A' (A-NH, =DX
-8951D) D &A%

BI2ATHRIANEFOAFANFFIIS VRV T I—DF R 7 AR5

g) F/KIZIAME L. Bio-Rad AG 50W-X2 (200-400 » v ¥ =2 Et3N H ) #5
LIZOE, KTHEHLZL, COBHBREFRRERLTALERF O AFLTFZ b
SURYTAII—INND MYV ZFILT U EZY LEQS g) 2187,

COANEFIOAFATFFIAPIS O RYTLUNI—-—NVDO M) ZFILT o EZYT L
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12 (200 mg) N N-DAFIHRIVLT I FA2 nl) ICEBRE 2, ZOERKIZ. §
49T18723'-N-(Phe-Gly)-NH-A (A-NH, =DX-8951) o IV 7 /Lot o WERRHE (42 mg)

EbVZFLT I (0.016 nl) ONN-Z A FIFILLT I F (5 nl) BK. |
~T bFUANRIN-2- T hFU-1,2- Ve FaFyF ) (200 ng) EEK
MmA. EHXLUTERT—BHFEBELLANSKIEI 1, TORERKIZAK (300 mD
A PRAVEBREIOK (7 40 bo 38D 2BOTIRARAL ., BAEsL
O BEHZ0. 1 N JKERIEF MU 20KEEHET pll 10& L. @M (0. 16 um .
T4 bo B AE@EEic, BBUCBERENSA ATy 7 Z-50 BEAERLE
PROMEBEICI OB L. IROT IV RT 74005 —(0.22 ) TRBL 2tk H
FERR L TAESRL A (180 mp) A, BILEYWOERTELEWEEDTE 4.
LM by EEK (I 9.0) FTD 362 nm 2B AMMEEFICHESWTER L&
A 6. 1% (WY TH-i,
BS54 - ANKF LA FUFER DT ARY TV 3 —)b-Gly-Ni-A' (A-NH, =DX-8951)
DAL

BISITI/ICANNEFAFNNTFZAINSI R THNIA—=ID MYV T F VT VED
7 LdE (370 mg) AN N-TAFILFRIVAT I FA0 nl) ICEBEE,  OEKIC.
BI50TH 723" -N-Gly-NH-A (A-NH, =DX-8951) @ bV 7 L oBeBRiE (57 ng) ON,
N-UXFNFRILTIF @ nD) BR. PV FAT7 I 0.02Tnml) | I-= b F
CHIWVKRZI-2- T hFU-1,2- Ve FoFsF Y (185 ng) ZMEKRMAZ. £
BT—BBELLISRIEE L, CORIGKEDS n1F2%%10 nl oy / —)L
FUCHE T Lo, S4HiZ3 M I L+ b Y w4k (2.0 ml) . P Fhx—5)0(25
ml) ZMA T. Hrii UcsbBes.008 (3500 rpn, 843) KX 0D, TD
TEBE0.5 N AIEKICHEMU. KET0.1 M JkEMb+ by D akis#<T pl 9 &L
oo BONTIKBRENA L <y 7 Z-50 BEEHOBRAEBEIC X b BE L7,
JEA @B U OEREERA I VRT 7405 —(0.22 un) THEBL I, B
UTHEseiba® (290 mg) 217, BMLEWOERENLEMEHECOTEE) LM MY
ZABEW (pH 9.0) FTD 362 mn iITHFBBMAEICEHSHTERLALEZA .
5% (W/¥) TH -1,
BG5S : ANKRFLAFNTHFZLS RY FILT —L-61y-Gly-Phe-Gly-D51-7059
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_DEHY

Boc-Gly-Gly-Phe-Gly-OH (200 mg) % b+ Y Z /A offft (4 nl) iIZEH» L. 1L
5 BERITERE L oo AP EL. £ 5/ — A0 nD) THPpE2EH, =¥/ —ILAU0
ml) THhAE 20T - . BEA T —F I TEHSE L T, Gly-Gly-Phe-Gly-OH®D
U 7V A o BERRIE (225 mg) T,
1H—NMR (DMSO—ds) 6 : 8.48 (dd, 1K, J=5.6, 5. 6Hz), 8.59 (dd, 1H, J=5. 6, 6. 4Hz),
8.29 (d, 14, J=4. 8Hz), 7.23-7.26 (m, 41), 7.16-7.20 (m, 1H), 4.58 (ddd, 11, J=
4.8,4.8,10. 4Hz), 3.89 (dd, 1K, J=5. 6, 16. THz), 3.76-3.79 (m, 2H), 3.67 (dd, 1,
J=5.6, 16. THz), 3.56 (s, 2.

L THEB SN 6ly-Gly-Phe-Gly-OHd b ¥ 7 L4 o BEERIE (200 mg) %A . 7kQ10
m) IIEBL. PUITFAUT I UEMAT p 9.0 ZEAB LI, -7 LA L)L
AFIN-EFOFL R 0A0I DA ER—F Q200 mg) OTEF= b YL
G ml) BEEMZ, ROTHRYVZFIVT I U&HNT pH 8.0-8.5 ITHERF Lan
SEIRTARFBBEME L 72, RIGKICL. 5 N BB G0 nDEMA. i LrcihieiR
BRU. KTEEHFLILE, YUV VASLIaR NS5 T740— (BB : V7o
Oxy Ay —=4: 1B THBEL TFnoc-Gly-Gly-Phe-Gly-0H (151
mg) = F7,

Lh-NNR (DNSO-dg) & : 8.28-8.32 (m, 1), 8.08-8.12 (m, 1H), 7.85-7.89 (n. 2H).
7.68-7.72 (m, 2H), 7.57-7.65 (m, 1H), 7.38-7.43 (m, 2H), 7.29-7.34 (m, 21,
7.20-7.25 (m, 41>, 7.14-7.17 (m, 11D, 4.45-4.52 (m, 1H), 4.26-4.30 (m, 21D,
4.19-4.24 (m, 10D, 3.77 (dd, 1H, J=5. 6, 16. THz), 3.58-3.69 (m, 4H), 3.42-3.52
(m, 1H), 3.06 (dd, 1H, J=4.0, 13. 5Hz), 2.78 (dd, 1H, J=4. 0, 13. 54z).

+ 7 o h -Fnoc-Gly-Gly-Phe-Gly-0H (24 mg) . T o= :
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H

Ly OH éBz OAc
TERENB 7 F — VEEEMEK (D51-7059: 9,10-0-(2-7 3 /=5 Y F>)-13-0-(3
-(tert-7 b F AN R=NWNT I /)-2-E FoFi-3- 7= 0]-Fa /) 1 -
10-F7E2FI-9- Yk FaaFr 11D (20 ng) B3 LUN-E KoFo 2o
A 3IKF (Tmg) ZNN-DAFNARINLTIFN A nl) IZERLIL, COBKAE 4°C
WKHREILACE. N, N-Uo2anF o bh bR 240 3 F (9 ng) A#FEmML,. EET
—BRE LA SRISES i, CORINKREBERLZE L. REX VAT VA S
Lraw bS5 74— (BHIE: P70 Xs v A5 —)=96: 45K T
% L TFmoc-Gly-Gly-Phe-Gly-D51-7059 (21 mg) #7187,
ly-NuR (CDC1g) 6 = 8.06 (d, 2H, J=8.1Hz), 7.75 (d, 2H, J=8. 1Hz), 7.18-7.61 (m,
231), 7.62 (dd, 1M, J=T7.2,8.0Hz), 6.07 (dd, 1H,J=7.9, 8. 8Hz), 5.98 (d, IH, J=4.
8Hz), 5.63 (d, 11, J=8.8Hz), 5.00-5.40 (m, 4H), 4.92 (s, 1H), 4.60-4.69 (m, 2H),
4.41 (d, 24, J=6. 4Hz), 4.35 (d, IH, J=8. 0Hz), 4.29 (d, N, J=8. 0Hz), 4.21 (4,
1H, J=7. 5Hz)>, 3.96-4.07 (m, 31D, 3.73-3.86 (m, 4H), 3.37-3.41 (m, 1H), 3.19-
3.23 (m, 1H), 3.00 (dd, 1H, J=8.0, 13.5Hz), 2.85-2.89 (m, 3H), 2.29 (s, 3H), 2.
05-2. 40 (m, 4H), 1.57 (s, 3D, 1.56 (s,3H), 1.53 (s, 3H), 1.40 (s, 9H), 1.22
(s, 3.
Mass (FAB); m/e 1413 (M+Na)

L TH SN -Fnoc-Gly-Gly-Phe-Gly-D51-7059 (21 mg) 227 vut % > (.
8 ml) IZERREE. EXRS UL (0.2 nD) 2MAHE, BET] BEKIGE#7,
CORGHEAE Y ASFNASLIOR VST 4 — (B P/ 00Xy
A Y ) —)b=04: 6K TR L TGCly-Gly-Phe-Gly-D51-7059 (16 mg) A48 7=,
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Tp-NMR (CDClg) & ¢ 8.10 (d, 2H, J=8. 1Hz), 7.89-7.94 (m, 11>, 7.62 (dd, IH, J=T.
2,8.00z), 7.45-7.50 (m, 2H), 7.17-7.42 (m 12H), 7.10-7.16 (m, 1H), 6. 97 (dd,
1H, J=5. 6, 6. 4Hz), 6.08 (dd, 1H, J=8.0, 8. THz), 6.02 (d, 11l, J=4. 8Hz), 5.62 (d,
14, J=11. 1Hz), 5.23-5.30 (m, IH), 5.23 (d, 1H,J=7.2Hz), 5.10 (s, 1H), 4.98-5.
00 (m, 1H), 4.60-4.63 (m, 1H), 4.38 (d, 11, J=8. 8Hz), 4.33 (d, 1H, J=8. 8Hz), 4.
13 (s, 1), 4.04 (dd, 1H, J=5. 6, 16. THz), 3.93 (dd, 1H, J=5.6, 16. THz), 3.82 (d,
1H, J=7.2Hz), 3.73-3.82 (m, 2H), 3.43-3.49 (m, 1H), 3.30-3.38 (m, 2H), 3.24
(dd, 14, J=6. 4, 14. 3Hz), 3.04 (dd, 11I, J=8. 0, 14. 3Hz), 2. 89-3.07 (m, 3H), 2. 30 (s,
3H), 2.01-2.50 (m, 40, 1.70 (s, 31D, 1.62 (s,3H), 1.61 (s, 3H), 1.40 (s, 9,
1.26 (s, 8ID.

Mass (FAB); m/e 1169 (M+1)

P koK TEK L 7Gly-Gly-Phe-Gly-D51-7059(33 mg) %N, N-2 4 F Ik ib L
7IF (0.5 ml) ISHEBRE I, TOBRIC. FIATHRICANVER A FLTER
KNS UBRBYTANI—=ILD M) LF LT vEY LE (180 mg) ONN-I X F )Lk Ib
LT IF (Inl) K. - T hrF2ANKZNL-2- T FF2-1,2- Vb FaFiF
J 0 (180 mg) EMIRMA. FBRTEEHEHLANSRIET G, ZORIGKD
4 mMlFo%K10 nl Ox ¥/ —IVFIHETF Lce TR ZHIZ3 M Bl b U v LK
B 2.0nl) . VI FNI—FINE@5 nl) EMA T, FHLBEEO00 8
(2500 rpm, 843 IZLVEHI, TOMBET Y ) —ILTERE Lk, KIZIER
L. Bio-Rad AG 50¥-X2 (200-400 * v ¥ 2. Na® B #5L (E&E 15 m. E&
85 mm) {ZDHE., KKTHEHL., BHK1 =B 7. B, Gly-Gly-Phe-Gly-D51-7059
(10 mg) ZNN-ZAFIhILLT I F (0.5 ml) SRS Eicik, Hl24TBim
REVAFALFFIAINS AV TLI-NLO MY ZFNT Y LEG) ng)
DN N-VAFIVHRNVLT I K G nl) BR. -2 b FANFZ)V-2- =T hF -
1L2- e Faxs+ /79260 mg) ONN-UAFIRNVLT I Q.25 nl) Bk
ZMEXRMZ . ERTBEELENSRIEEE L, CORIEHEEI0 0l Oy /) —
WHIZE T L%, 3 MBIk Y Y LKk 2.0 ml) . Y2 F T —FI(25
ml) ZM0A . #ri U7cibds @008 (2500 rpm, 843) ik D&, Tk
WAELY /) —IVTHE LIk, KICHEAE L. Bio-Rad AG 50W-X2 (200-400 % v &

57



OnCusp
5002 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

2w Nat B A5 L (EE 15 m BX 85 mm) icow. KTHEE L. BmHE2 A
o, BBHKL EBEHB2ZEAELIR, YA <y 7 2-50 BEE B RAESE:
KX RRiE L7, BRZEE LA OERBBRE IV RT 7405 —0.22 un) THEHA
U7-8. BNz U TREE Lt (208 mg) 27, L& 40.1 N B+ rY
T LIKIERICERRE. GPC (A5 L BV — TSK Gel PR-4000XL. 758 : 0. 1N
NaCl, #iti : 0.8 ml/min ) THOW LR, RUBLEHOENFETIL Z R k
NV (A5 =:k=10: 1 K. 1.69 ng/ml) 2 2hZhK2E L K28R T,
FIEPOERENLEMBREOTEE A Y /=) :K=10: 1 BEFTD 240 nn
WETAWAEICESOTERLILEZA, 5.3%5 WW) Tho-1,
%1156 : A FE0H D IEWE &4 O FUIEE

BT E RBEDHTBEIZL D Meth A $HIE< ™ RA/ERL (1B6PD) . Fll50 %Y
BWEEIZDNT, PI2ERIBRO AETHERE LA GAONESIER Ak, £
DFER. FISOEHPEASEBIH20EBEREILEHBEEICHE~NT, SEEARBEEYNED
iR FHERBOIKERL I,

WAL A Y #EB@mk ) WEI=R®
Bl15D /LAY 10 100
5 99
2.5 95
1. 25 83
Desnammgs

B157 : 23 D EYE KD TUEE (EH

bt MERE SC-6 DHEBEMA X — N X (BALB/c-nu/nu, k) oA BRI T
BHELT SC-6 $HBX— N X% ER LA (18500 , %248 HicESH
ABKCER U0 BYE SR L BIRPNICHEEIRS U, ESER*EE/LE
WEE LB LI, TOER. FlISoEYHEEGFEIERILAMAKICH~T, Fil
FEAETRT LN, BOWTIESHREREL 12,

58



OnCusp
5003 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

WL S & mg/kg) MWHIERG) T RAH EH<Y IH

ES{oWmak 60 08 2/5
15 61 0/5
B15D1LEH gl 100 0/5
o) 71 0/5
Desnammeag

Fi158 : AFEB O AW SR ORI ER

BISTE RO FHEIZL O & MAlfE QG-90EE X — F <=7 X &ER L7 (185
M) . BAERI6H B IS rES RZEFE/KICIERE U 7o F1150 BWHE S & 50k i DR
5L, fESEREERLEYWEELHR L, ZORE., FILoEMESERIE
FEWBEEICHRT, SEECHESHROMREAHABROIKER LI,

WRILEY 5 Emg/kg) WHRG TP FHH Y Y

EBLEMEK 50 50 0/5
12.5 5] 0/5
FI15DILE 7D 98 0/5
1,750 97 0/5
Dgsommus

Bi59 : A J&0H O Y SR DO PLIEE E A

BIILERBRDAERIZE D Meth A B~ X &L (186D | #l12L R
DHETHANOEME AL BORE LG50 RESERA*EHE LS Elk s
B L7, ZORR. PUIOBYBEESKIIEELESMEEIC T, BHECSHIESY
ROFHREFHABBOILRER L

59



5004 of 14295
WO 97/46260
WAL A 1 5 8 (ng/ke) 8 R (%)
B AL A4 B 100 64
50 56
25 34
B4l DL 951 99
12.50 95
6. 251 81
3. 1250 61
Desiomnsg

B160 : FPBOHEYE L& O PUIHEEIER

OnCusp
Ex. 1002

PCT/JP97/01914

1 ERRED FEEIZE D Meth A HBE< Y Z2/EBL (1BE6P) | #12& @B
DHETHI29. Fl46F LUHATOZEYE KL T T hBEEEE L 86 0bilE

BERA AR~

ZORR. FANOEYEEA LI VINESHRLILOCADHABRERL 2,

WAR(L &9 155 8 (ng/kg) P IR (%)
F29D 1L a4 30 99
20 99
10 89
5 79
Fl46D (L2 100 94
80 92
40 82
20 75
F4TD LS4 100 96

60



5005 of 14295
WO 97/46260
80 94
40 97
20 75
Dt ammirs

Bl161 - A FB 0 IR B4 D TLIEBEM
FILEREOFERIZE O Neth A HHIE< 7 Z2/FRKL (1B 60T | Hl443EY
HEEIZDWT, FlI2E A0 FETHERS U THIESER A EELAWEEK (F
FUIE Y L) EHBILIC, TORE. PlAMOENEAARIZRELSY BB

T, HESHEBHROEREAFDHBIROIARER L7,

OnCusp
Ex. 1002

PCT/JP97/01914

WAL A WEE Mgk HHE® T XEER Y 25
EHELEWEE 20 6/6
10 64 0/6
5 39 0/6
BI44D LAY 401’ 96 0/6
201 95 0/6
1ol 87 0/6
51) 76 0/6
Dggwammnug
162 : R FRA D BN A0k OB B HE

BILLERIBED FHICL O Meth A 1BiE< 7 ZEFER L. BIISOEMESEIZDOL
T, Hll2E R0 HETHERS (10 ng/kg : EEAEGYHRER) LT, EHESE
HOBMBRC BT BERB LRI, TOEE. FILOEMEABIIELLE
W AR, EEASANOR BT S L U S NS IS 2 5O EELERIR

HERLUIC, HRER24IT7RT,

61



OnCusp
5006 of 14295 Ex. 1002

WO 97/46260 PCT/IP97/01914

EE¥ FoF A e

BIZATHEBERNTH 2EBEEAEYWORELTEA L AR HOEHESE L. &
BEALBIREICENRTHE Y. @VWIEBFHERBTE L& bz, BHEORHE
LEBEINTHI L0 HIFHEEBLTL S,

62



OnCusp
5007 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914
#® ok o W M

1. 107 I VBPS5H AR —XERTF FREEG L 2~8 BO7 I /B
ﬁ6@51&—#—%ﬁbfﬁwﬁ#yq47w*w?$zbiyﬁuTw:—w
CEEAAMOBEENEES LT BE I &AM ET 2BYE S,

2. ﬁ)b:ﬁs\'—’/cl_ﬁ}l/——%/l/f#—x Mo RYVTUNI—-NEBERTETFIANT
RY TIT— I, EEIZERIZRY T - WALR[RELEZET T+ 2 bS5
VERBLTEONETFFAMNS VRYTALI-NANTHEILEFHMETE. F
KOG 1 HCRHKo BEWE S,

3. fy}bfr‘:#“/clﬁl';’)b#)b?:\'—z FSRY TN AHIRF X F T F
ZANSRYTINA-NTHL2FEROEEAE 1 HELIE 2HIIEHOEHESE
(=

4. BEEAAGYHPIEEAX ITIAERCTH 2HEROEHFE 1 HI L LE3ZHOD
WEhy 1 HIZERKO BMES K

5. BEELEYIVBEKRFUHOVNEEIERZRRT 2 UESEF TH 2HROFEH
EA4BEIIERKOEYEEE.

6. ER/ILAEHIEFRIIKTE L TESERA2 RN T 2EERITH 2#EK0H
PSS 4 i@ o EHESE.

7. HUBBERDP KXy o XiF (AS,99-1- 73 /-9- =F)-5- 7I)A o-
2,8- Uk Fo-9- g FoFi-4- A FV-1L 12H-R> V' [delE5 /[3',4":86,
71 4 FY 2 UI[1,2-b] F /Y -10,13(9K, 15D~ 24 o TH 2 FH KOS 4
HICREROFTMHE EH

8. AR—Y— -X-I-TRENBZIRTF N (-X-Z- BBKHET I /BX) &8
KET I /B ENENZTNNRKBARF CRIFEM &8 > TRTF FRES LTE
KENDZORTF FONRWDT 2 JERUCKRWO A IKRF L VEIS, TH
EFN1EOKERFRT I BEOKBEEROLEELRT) THE L. XI3FEY
RTPF NEZLHRTF FEIMNE LU TECAR- Y —THEFEROMHES HE b
L7HOWF 2 1 FIZESOBEYHEE &

9. BUKHET I /B 72V T7520ThHo, BAKET IV BHAZY L UTH

63



OnCusp
5008 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

Bk OFEEE 8 FHIC B O EMB A 4E,

10. RR=3 =2 (N K -Gly-Gly-Phe-Gly- T 2 R OFHBELE 9 Fiz Lo
EYHE A,

11, MESFIOKRECBARY [~15ERY ORATH 2HROWHESE 5HD L
LE 1 0HoWWTFhd 1 HicE#HOEWHE &,

1 2. UEBBHIOKREOEAED I~10EES ORETH 2F KOMBAESH L
LE1 0HoWTFIhD 1 HITEEHOEYE S,

1 3. HIEBHIOKEDHEAEN 5~6 EEY OFH TH 2 RO 5 HA L
LE1 0HoWT D 1 HIEHKOBEWE MK,

1 4. HyN-Gly-Gly-Phe-Gly-COOHTREN B RFF FONKIRH ALK F & 2 F L
FEIAMSUBUTILNI—IVOANLEFVLRBIZET I NESLTEL, T
F N CHKEEA (1S,98)-1- 73 /-9~ ZFL-5- 704 D-2,3- Ut Fo-9-
A KaFo-4- A FI-IL120-X >/ [del €5 /(3,4 :6,7] 4> Ky /[,
2-b] F /U -10,13(9H, 151D - UA > D1-7 I JHEBET I NS L ko
BHEE 1 THICEE® O EWE S

15. A§99D-1- 73I/-9- = FI)N-5- 74 w-2,3- Yk Fo-9- /~n1 FoF
Y4~ A FIN-1H 120-X >/ [de] €S / (3',4":6, 7] 4 > KU 2/ [1,2-b) /1
»-10, 139H, 15H) - U4 VEREDOBARY 2~11ERY OfETH 2#ROGHES
MIHIC G O BHE LR,

16. ANEFIC ) TUFLTFFRLFvRY T AT 25F& 5 00070 L
500, 000D FEH D AN KEF L AFIFFANS O RYTIOA—-INTHD, HILE
F A FIALED 0.01 ~2.0 OFHTH 3 HROMHEFEVAEIIE SISO
B-yERE g NS

V7. ANREFVC G THUFVTFERES L RY T I —IH353F 850, 000~450,
000 DEEFH D ANV EF A FIUTFHFAPINS ORYTILI—NTHO, HILEF A
FIALEED 0. 1~1.0 OFEHTH 32 HROFEEAHEMEIIEISHICREHOEYHES
.,

18, ANKRFIC_TNFLTFRLFRY THI—NDGFE 200, 000~400,
000 OEHDOANKF L AFNTFFRALIS U RYTLI—-INTHY, HILEF A

64



OnCusp
5009 of 14295 Ex. 1002

WO 97/46260 PCT/JP97/01914

FIOLLEMR 0.3~0.5 OHETH 2FHROFMAFEMEIEIHICEHEOENES
%8

19. (1S8,989-1- 73 /-9- =F -5 7/*+no-2,3- Pt Fu-9- 1 FoF
S4- A F -1 12H-R 2 [del B5 /2 [8',4":6,7) 4 FY Y J[1L,2-b] F /Y
~-10, 13(9H, 151)- Y VEREOHAEN 5~6 EEY 0fHTHY, HIKRF
q%7w+wf#xbayﬁUTW:—w®%¥iﬁ%2%&%?50\ﬁw&#
O A F AL 0.4TH 3 RKOFEHFEIIHICEEHOEYE E4,

20. BEEMAAEMERETILOOEWEZEDOF v+ VT —ThH->T, AILFFY
CLog7 v FNTEFRALT VEY)TNT—NAD S BZEEZEDOF ¢ )T —,

21. AAKFLC TAFAFTFRLFRY T IV T—NO5FEA 5 000~500,
000 OHHTH Y. HNHRFC T IFNMLES0.01~2.0 OFFETH 35RO
P 20IHIC MO EYRERZEDOF v U T —

22. HINKRF ‘/C1_471b$1v—73:¥—2 FZ R Y T a—-LossTED50, 000~450,
000 OFEHTH b HNFKFLC  TIVFMLES 0.1~1.0 OHEEATH KR
FEHAP0HIEWMOEYEEDF + ) T —

28. ANFEFIC 4, TIFNFEILS L RYTIT—LD3FRD 200,000
~400, 000 oFEH TH 0. ﬁ}bdi‘%‘—’/cl_471v:\'—}l/4tf§{fﬁ 0.3~0.5 C&EHEHTH 3
BHROWHE0FICEHBOENEZEDOF + VT —

24. AIKRF -‘/C1_47zvfmlx-?:r—z FZRY TR EFAF LT
FAISRYTNI-INTH BFEROEMBEAFE20IHL L UE23HO VT 1 IHIC
EHOEMPREDOF + VT —o

25. EE/LEYWOBERELES bf:f?)lxdi'#*/Cl_47)b=%=1b7‘:\:x FSRY TN
AN EELEYEEROBED DD ANRF LC_ TV FAFFZ LS5 v HY
T3 —=LOEMH,

26. EEMLEYWOBRELANEFIC Y\ TLFLFFRLS L RYTAI-LE
MAR=—HF =N LT, XEZAR=Y—2NSTICHEES L-EDELSEORED
BDHNEFUC _TIVFLFFZ ISR TV I VOFER,

65



OnCusp

5010 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
% 1 0.12 —
0.08—
0.04 —
'3
*
. 3
(364nm)
0 -
| | |
0 5 10 15 20
Bl (4)
1. 0 -
%82
0. 5
|
5
g —
0
] | I |
250 300 350 400 450
#®HE (nm)

1,713



OnCusp

5011 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
}ﬁ’% 3 0.03 -
0.02—
0.01 —
®
b,
B
(364nm) ‘
0
0 IS ITO 1I5 20
BEM ()
1. 0
=4
0. 5
%
¥*
B
0
| | 1 i
250 300 350 400 450
HE (nm)

2/13



OnCusp

5012 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
%5

250 300 350 400 450
HE (nm)

313



OnCusp

5013 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
% 6 0.24
0.12—
0.06 —
4
¥*
i
(364nm)
0 —
| |
0 5 10 15 20
BEM (5)
1. 0—
BT
0. 5
"
p,"
RE
0 ]
| | I I
250 300 350 400 450
#E (nm)

413



OnCusp

5014 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
% 8 0.48
0.32—
0.16 -
%
X%
[ 2
(364nm)
=
| |
0 5 10 15 20
M ()
1 00—
B9
0. 5
%
¥
; 3
0
| ! I |
250 300 350 400 450
#& (nm)



OnCusp

5015 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
% 10 0.24 -
0.16 —
0.08
%
*
®
(364nm)
0 —
0 5 10 1|5 20
M (5)
1. 0—
%11
0. 5
!4
X
BE
0
| ! | l
250 300 350 400 450
#HE (nm)

613



5016 of 14295

WO 97/46260

OnCusp
Ex. 1002

PCT/JP97/01914

148 —
%12 04
0.32—]
0.16 ~
L4
%
;.3
(364nm)
0
[ | l
0 5 10 15 20
KM ()
1. 0—
13K
0. 5
L3
X
BE
0 —
l | 1 I
250 300 350 400 450
#E (nm)

7713



OnCusp

5017 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
% 14 0.48 —
0.32—1
0.16 —
14
¥
B
(364nm)
0 ———]
0 5 1|o 15 20
M (53
1. 0—
%156
0. 5
'3
¥
B
0
[ | | | |
250 300 350 400 450
#®E (nm)

813



OnCusp

5018 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
0.16—
0.08 -]
3
¥
. 3
(364nm)
0 —
| ] [
0 5 10 1s 20
B8 (2)
1. 00—
217
0. 5
'3
¥*
BE
0 ~
| ] | [
250 300 350 400 450
#E (nm)

9./13



OnCusp

5019 of 14295 Ex. 1002
WO 97/46260 PCT/IP97/01914
0.16 —
% 18
0.08—]
0.04 —|
13
* \
) 2
(480nm)
0 -
I I
0 5 10 15 20
BEM (5)
0. 25 —
%19
0. 125
%
P,
) 4
0 ] ] | I 1
250 300 400 500 600 650
#®E (nm)



OnCusp

5020 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
% 20 0.24 —
0.16 —
0.08 —
0
X%
B
(364nm)
0 -
| |
0 5 10 15 20
B (5)
2. 0—
21
1. 0
%
b
BE
0
! | | I
250 300 350 400 450
#&& (nm)

11713



OnCusp

5021 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
.12
% 29 0.1
0.08—
0.04 —
L3
%
;-3
(240 nm)
0 -
0 5 1]o 15 20
M (2)
2. 0—
% 23
1. 0—

e !

200 250 300 350 400
#E (nm)

12718



OnCusp

5022 of 14295 Ex. 1002
WO 97/46260 PCT/JP97/01914
%24
4 —o— MYk
10 3 —e— (B
] —n— FFR
— —a— /NBR
E
S 1000 -
=4 ]
(@)] ]
3 -
;‘f.g 100+ *
¥ ]
4a ]
& ]
B 103
1 y i e B S B S A
0 48 96 144 192 240

RFME (hr)

13713



OnCusp

5023 of 14295 Ex. 1002

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP97/01914

A. CLASSIFICATION OF SUBJECT MATTER
Int. C16 A61K47/48

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Miocimum documentation searched (classification system followed by classification symbols)

Int. C16 A61K47/48

Documentation searched other than mini doc ion to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the reievant passages Relevant to claim No.
A JP, 5-39306, A (Drug Delivery System Institute, 1 - 26
;Zg;&éry 19, 1993 (19. 02. 93) (Family: none)
A JPé ?9—220197, A (Snow Brand Milk Products Co., 1 - 26
Ltd.),

December 11, 1984 (11. 12. 84) (Family: none)

D Further documents are listed in the continuation of Box C. D See patent family annex.
. Special categories of cited documents: “T" Ilater document published after the interantional filing date or priority
“A" d debini 1 atate of the art which is not considered date and not in conflict wilk the application but cited to vaderstand

10 be of parﬁcuh;r‘etl':\;;nce the principle or theory underlying the invention
“E" earlier documcut but published ou or afier the international filing date X" document of particular relcv;:cg; ibe claimed invention cannot be

. . . d novel or idered 10 invoive an inventive
“L"™ document which may throw doubts on priority cleim(s) or which is Yy ;
cited to establish the publication date g? another citation or other step when tbe document is taken slone

special reason (as specified) “Y” document of panic»:lu relevance; the claimed i i
“0" document referring 10 & 1 discl use, exhibiti ( considered to invoive an inveslive step when the document is
means cmng n o ’ or other combined with one or more othersuch d such bination

“P"  document published prior 1o the internstional filing date but later than being obvious 10 a person skilled in the art

the priority date claimed “&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
August 11, 1997 (11. 08. 97) August 19, 1997 (19. 08. 97)
Name and mailing address of the 1SA/ Authorized officer

Japanese Patent Office

Facsimiie No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 1992)



OnCusp

5024 of 14295 Ex. 1002
EERRERE ERHEES PCT JP97.701914
A. RACRTIFFOSMA (BEIGHSE (1PC) )
Int. C1* A61K47./48
B. AEZET-152%

WEE T ok REE (EBR%GFF5¥E (1 PC) )

Int. C1®* A61K47.748

BARBEMUADEE TREEZITo LA HCSENDI LD

ERERECERBLLBF T —F_—R (F—F_X—ADEH%. WEIZHEHLIZBE)

, (77 IV —7L)

C. MHE+2LBmH6N5IM
5RO BET 5
HTFAY—* 51 AXERAE RU—MOBHABES S L &3, £0MEY 5 EHFORR AROMBEADEF
A JP, 5—39306, A (BRA&#FA - 71 - = XBHEP) , 19.25.1993 1—-26
(19.02.93), (77 IV—7izL)
A JP, 59—-220197, A (BRFLFEKASM) , 11.125.1984(11. 12. 84) 1—26

[] CMoRtxibXmAFIRESH TS,

(] 7> b7 739 —izB8T 35E BH,

* BIAXMOYTIY—

D HOHIZAR X T O

HBEES100
BB TFREXBAM=TH4E3 S

mEES 03—-3581—-1101

TA) SCBEDH DM TITR S, — BBk RT (T) EEEHER X IIEAEBRRICAB I EXRTH > T
LoD THRERLFETA2LOTERRL, BHONMEIIE
TE| BITXMRTIRH S, EBEHBEBUKIZLAREINEYL ROBAEDI-DIZFBTI LD
2] X)) #SIZBEDH 5 XM TH- T, YHHMIROIHL TREA
TL ) BEHERIERLIRET 5 BRI O STRORIT DOFREIHEBER RV EEZ LRI LD
BELL Mo L2BB YR T5-DIC58T5 (Y] SBEOH L TR TH- T, MUz Xht o 1 1L
Xk (EBRZM) EOX@RRED, YEHIZL-THHEHTHIHESEIC
O} QEAILXBBR, A, BRSICERTATR Lo THEMEREZWEEZLNDE LD
TP) EBRHEEBAIT, D OWEHOETROEME LRS5HE (& A—/SF 77 3 ) —XWR
ERREEXFETLER ERRREREORXR
11. 08. 97 19'08-97
EERMEBBBOAHRETH TE BTrEEET (HBRoH5mMA) 4C 17483
BARESYT (I1SA/JP) CI _» | J— Ef

¥ 3452

HMAPCT  I1SA/ 210 (H\2~—)

(19924748)




OnCusp
5025 of 14295 Ex. 1002

mAbs

ISSN: 1942-0862 (Print) 1942-0870 (Online) Journal homepage: https://www.tandfonline.com/loi/kmab20

Impact of linker and conjugation chemistry on
antigen binding, Fc receptor binding and thermal
stability of model antibody-drug conjugates

Mauro Acchione, Hyewon Kwon, Claudia M. Jochheim & William M. Atkins

To cite this article: Mauro Acchione, Hyewon Kwon, Claudia M. Jochheim & William M. Atkins
(2012) Impact of linker and conjugation chemistry on antigen binding, Fc receptor binding

and thermal stability of model antibody-drug conjugates, mAbs, 4:3, 362-372, DOI: 10.4161/
mabs. 19449

To link to this article: https://doi.org/10.4161/mabs.19449

Published online: 26 Apr 2012.

-
E;:Z’.«'b Submit your article to this journal &

i§§§ Article views: 1160

i:g E Citing articles: 56 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=kmab20



5026 of 14295

OnCusp
Ex. 1002

E AN

mahs

Impact of linker and conjugation chemistry on
antigen binding, Fc receptor binding and thermal
stability of model antibody-drug conjugates

Mauro Acchione, Hyewon Kwon,' Claudia M. Jochheim? and William M. Atkins'*

Department of Medicinal Chemistry; University of Washington; Seattlz, WA USA; 2CMC Consulting; Seattiz, WA USA

Keywords: conjugate, thermostabilicy, Fe, linker, SPR, DSC, amine, thiol, carbohydrate, CD32b

Abbreviations: SPR, surface plasmon resonance; DSC, differential scanning calorimetry; Foyllb, Fegamma receptor b T,

meliing teruperature; ADC, antibody-drug conjugate; MSP, membrane scaffold protein; RU, respense units;

SO, standard deviation

The US Food and Drug Administration’s approval of brentux-
immab vedotin (Adcetris™) in August 2011 demonstrates the ther-
apeutic potential of antibody-drug conjugates (ADCs) o trear
many cancers. The therapeutic effects of ADCs can result from
a complex combination of mechanisms, including anti-prolifera-
tive or cell-killing potential through delivery of cytotoxic agents,
apoptotic signaling, antibody-dependent cell-mediated cytotox-
icity (ADCC) and complement dependent cytotoxicity (CDC).
The inherent specificity of ADCs, coupled with their long serum
half-life and low immunogenicity have generated substantial
interest and investment toward improving these drug delivery

platforms.
The choice of linker that connects the drug 1o the antbody
e

scaffold is a critical factor in determining the effectivencss of

ADC therapy. There has been notable progress recently in linker
technology and the range of chemical reagents available for cou-
pling the antibody o the drug of interest.! Several factors con-
tribute o optimal linker funcdon, including stability in vivo,
immunogenicity and efficiency of drug release from ADC. The

linker should be sufficiently stable 10 aliow the antibody to carry
the toxic payload to the cell of interest and subsequently into the
cell, where it must then release the active cytoroxic drug. This last
step may be of critical importance, and it depends on the method
of cellular uptake and internalizarion of the ADC, which in
tarn may change with linker properties.?® Furthermore, a linker
should be chosen that induces no or minimal immunogenicity or
off-target binding.

The site of conjugation must also be considered. Ideally, the
site for conjugation must not interfere with any therapeutic func-
tion, nor significandy disrupt regions thar may confer fold stabil-
ity. The most common approach in preparing ADCs is 0 use
heterobifunctional Hinkers. These consist of a spacer with chemi-
cally distinct reactive groups on either end that can couple to
various functonal groups on the respecrive antibody or drug
molecule. This provides considerable control and flexibility in

how one attaches the linker. There are several targets on the anri-
body available for conjugation. Three common strategies include

thiol coupling 1o reduced cysieines, amine coupling to lysine

362 mAbs
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residues and coupling o oxidized sugar residues on glycosylated
AL o - :
rmAbs. In principle, each method offers advantages and disadvan-

rages with regard to product heterogeneity, stability and potential
< o/ Py L

irnpact on effecror function. Because in some cases modification
of antibedy residues spatially distant from the CDR domains can
affect antigen binding, it is reasonable to expect that conjugation
to the different functional groups may have different functional
affects.
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Since different IgGls can in principle have different sensi-
tivities to conjugation with drugs, it is important to determine
whether the trends observed in effects of conjugation for one
IgGl can be generalized w others. In addidon to variable link-
ers and coupling strategies, we compared two distinet {g(G1 scaf-
folds, to determine if different Fab domains would differendally
be affected by the differenr finkers. The 1gGls used here include
i-6xHis (aHIS), which is directed against his-tags and there-
fore can be used with varying antigens that vary in size or other
property, and HyHEL-10 (H10) ant-hen lysozyme, which pro-
vides a weli-characterized scaffold wirth well-understood interac-

its antigen. In effect, we constructed 2 matrix of linker,
1gGl scaffold and conjugation chemistry to explore their effects
on in vitro propertics of ADCs.

Alchough the available lirerature suggests indirectly that the
optimal choice of linker and conjugation site may vary with
mAb idiotype, drug payload, conjugation site and antigen, no
direct comparison of the effects of linker characteristics on
funcrional properties-for muliiple mAbs and variable antigen
has been reported in the public domain. General ‘rules” about
the advantages or disadvantages of specific linkers or conjuga-
tion methods are not well documented. Here we
evaluate the impact of linker and coupling chemistry on the
propertics of two model IpGl antibodies {Fig. 1A). The resulis
demonstrate some general trends concerning optimal linker

ar

i

tions wi

matically

strategies.
Results

Overall strategy. To explore the effects of IgGl swructure, con-
jugation chemistry and linker on ADC properties, we exploited
two model IgGl scaffolds, with muliiple linkers of variable

length and hydrophobicity. The linkers were used to attach the
model ‘drug’ biotin w amines, reduced thiols, or oxidized car-
bohydrates on each g5, In all cases, the form of biorin used for
ch allows for facile amine coupling
of the biotin. Amine and carbohydrare linkers were purchased
with this biecytin attached. For clarity, we refer 1o the group as
biotin rather than biocytin in the remainder of this report. The
structures of the linkers and biotin are shown in Figure 1B. For
ADC identification, the subscripts D, “T” and ‘C’ refer to cou-
pling to amines, thiols or carbohydrates res
chosen as 2 model drug for several reasons, Biotin, while hydro-

conjugation was biocytin, wl

pectively. Biotin was

phobic, has a relatively low propensity to form aggregates or to
bind non-specifically 1o protein surfaces. It also provides a rapid
method to verify conjugation via SPR, quantify the level of biotin
load on the ADC (Table 1) and verify that the recognition of
biotin by streptavidia is niot compromised in the conjugates. All
{gG-linker-biotin conjugates synthesized showed positive cap-
ture by the Biacore strepravidin-linked CAP sensor chip surface
(data not shown). 1gG1 idiotype monoclonal antibodies (mAbs),
such as the mouse H10 and aHIS, are the most abundant and
commonly used mAb p
contains a total of 16 disulfide bonds including four interchain (2
heavy-heavy, two heavy-light) and 12 intrachain disulfide bonds
(Fig. 1A). The four interchain disulfide bonds are accessible w

tform for ADCs, and the 1gG1 idiotype
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Component 1

H10/w

HID, PEGS.

Componant 3 Component 4

7056

67.0

a5 PEGS 717

*N, amine; T, thicl; C, Carbohydrate; L, low linker ratio; H, high linker ratio

reduction wirhout unfolding the antibody. This gives a rotal of
eight potential conjugation sites, assuming reduction of all four
bonds. In practice, a mixture of thiol conjugares wirh different
load (0, 2, 4, 6 and 8) is presumed. For amine coupling there are
many surface accessible lysine residues distribured over a char
acteristic IgGl strucrare. No attempt was made here w separate
mixtures of antibodies loaded with different levels of biotin, and
the average number of biotins per ADC were used as a measure
of biotin load (Table 2).

Thermal stability. DSC was used 1o characterize cach anti-
body and its corresponding ADCs to determine effects of linker
and coupling strategy on thermal stability. Each DSC thermo-
gram was fit to multiple components. A shift 1o lower T for a
component is indicative of a loss in stability. Replicates for SD
analysis are not available for each ADC. When evaluating sig-
nificance of changes 1o T for a particalar ADC from the naked
antibody we used the conservative value of greater than 1°Clasa

minimum. In fact in the samples where a significant change in
T isnoted, the values reporied are much greater than those char-
acteristic for replicate samples with this instrument.
H10 anribody unfolds in two distinct but ovedapping irreversible
ransitions (Fig. 2A), whereas the naked aHIS antibody unfolds
with four distinet bur overlapping irreversible transitions (Fig.
2C). 1gG1 mAbs often exhibit two or more transitions in DSC
rhermograms due to the vastly different stabilities® of the immu-
noglobin structural domains. The heterogencity in drug-load
with all ADC preparations is expected to cause seme broaden-
ing of transitions seen in DSC thermograms. However, all DSC

he naked

thermograms fit well to between two and four components using
a non-two state model. In the absence of knowledge regarding

mAbs

H10LC-SMEC

aHls. SMEC

ar T, thiot rh
"BTN, biotin; Ab, antibody

the degree of heterogeneity in biotin load, a relative comparison
of linkers and conjugation chemistries was pursued.

With H10 generared ADCs, the amine and carbohydrate con-
jugation chemistries did not alter the pattern of two component

Volume 4 {ssue 3



5029 of 14295

OnCusp
Ex. 1002

EAE AN

CA HIO C aHis observed berween components 2 and 3 for the thiol H10
Uy P ) ADCs. Component 4 showed 2 modest decline in T
wof wl -reduction o LA . oh
ot conﬁpfzrca with the naked antibody, decreasing as much
1o E o
orer sl as 3.8°C for aHIS_PEGS. So, in comparison to aHIS, the
Ol ¢ g
VSt °§“* impact of thiol conjugation o thermostabiliry was greater
Eaol . ~ .
VIaf Tul for H16 ADCs with comparable biotin load. The resules
VT 4ok o bl o “ i e “
I Sl for the shifts in fow temperature DSC components with
20 0k " 3360 , O . . - .
wf . \. different model ADCs are summarized in Figure 4. In
- » iy w general, the results clearly demonstrate that different thiol-
conjugates IgGs yield ADCs with significantly different
B D sensitivity to drug load, even with the same linkers,
200 o £ .
Tempsrature (°C) . For this work, we were interested in changes in thermo-
10 ol sreduction >r this work, we v eres changes in thermo
wl stability that may be important for the manufacture and
e use of these ‘model’ therapeutics. Therefore, we focused on
Snl
%: notable changes in the rt:latwc components with the lowest
2 r . . ~ v . -
=t f\\ temperature transition. For thiol conjugates, H10 showed
& . . et Lo v 1
o t SN a strong correlation (R*= 0.87) berween higher biotin load
o - o o and loss of stability. ForaHIS, no correlation was observed
5 80 9 55 55 & €5 70 76 89 85 88
90

Termperaturs {°G) Tempssature (°¢)

for the corresponding thiol conjugares when comparing the

10“/(,‘3{ IC‘I\PC[&[LLK‘C transitions. Howe CVEr, among mficrcn-

DSC components there are similarities. This su ggests that
e

conjugation to free thiols located in the hinge region can
differentially affect IgG1 scaffolds in ways thar could have
implications for their manufactare. With amine conju-
gates there were only rwo linkers used for each antibody.

For amine H10 conjugates the correlation between biotin

trausitions seen with the naked antibody (Figs. 34, C and D and
Table 1). Amine conjugation to accessible surface lysine residues
presents an additional strategy for conjugation of drugs, with
the potential to modify swability of the amibody fold. There was
a clear difference in stability observed with th
ADCs with a drop in T for both components 1 and 2. The
greater the biotin load (Table 2) the grearer the changein T .
the corresponding thiol conjugates (Fig. 3B and Table 1), a new
compouent is observed with a much lower thermoswability than
the other two components. While component 1 does not change
significantly in T for the thiol generared ADCs, the presence
transition results in ADC that are sig-
nificantly less stable than the naked antibody, with H106, GM BQ
beginning to partially unfold at a T
component in the naked antbody, This ADC was also the one
with the highest |

¢ amine coupled

For

of this new lower wmp
7.4°C below thai of any

biotin load.

For the aHIS ADCs, the partern of component transitions
observed with DSC again differs depending on conjugation
chemistry (Fig, 3E~G and Table 1}. However, unlike H10 the
number of visible components dccrcascs from 4 with the naked
antibody and amine-coupled ADCs 1o 3 for the thiel ADCs. It
is unclear whether the lack of a a component 2 for thiol-coupled
ADCs reflects its superposition with another component in the
thermogram that makes it indistinguishable. For amine aHIS
ADCs, components 1-4 remain largely unaffected, even with
higher biotin load (Table 2). For the thiol aHIS ADCs compo-
nent 3 shows a large decline in T to the naked anti-
body of between 7.0-6.7°C which is comparable to the difference

relative

www.landesbioscience.com

mAbs

foad and change in T for the low remperature compenent
is fess than that of ¢h 101 H10 conjugates. With amine s HIS

conjugates the two T values are too close to confidently assess

the correlation beeween biotin load and change in T . However,

both values are below that observed with any of the thiol conju-
gates when those data sets are extrapolated to comparable biotin
foads. What is clea

had less impact on the; mostability compared with thiol conjuga-

r from rhis data are that amine coupling has

tion for both antibodies. Also, for thiol conjugation the impact
on thermostability with biotin load is very different among the
rwo anribodies tested,

To determine the affect of reduction without chemical elabo-
ration of the hinge region disulfides alone, both antibodies were
unfolded in the presence of TCEP as the reducing agent. At the
concentrations tested here (16 mM), TCEP had negligible impact
on the DSC baseline. As stated previously, the H10 antibody has

two characteristic component transitions (Fig. 2A) and the num-
ber of components, as well as the transition temperatures, did not
For the
ter-chain disulfides with

change in the presence of this reducing agent (Fig. 2B).
aHIS antibody, reduction of the hinge i

TCEP showed a slight negartive affect on thermogram compo—
nents 2, 3 and 4 Fig. 2D)."]
data demonstrare that the effect of thiol reduction on stability
can be IgG dependent, but the reduction of IgG by iwself does not

with decreased thermostability { These

cause a significant decrease in thermal stability in either antibody
used here.

fn addition to thiol and amine conjugation strategies, we
ex

xamined the effect of linking via carbohydrate. IgGs include
N-linked oligosaccharides on two conserved asparagine residues
(Asn297) in the CH, domain of the Fe region and approximately
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15-20% alse have N-linked oligosaccharides in the variable
region.” Oxidation of these N-linked sugars offers 2 conve-
nient means of conjugation of a drug or small molecule at a
defined location, with potendally less of & destabilizing effect
than hinge-region thiol conjugation. Among the conjugarion
strategies we tested, the carbohydrate linked ADCs had the
smallest changes in T for DSC profile compared with the
unconjugated antibody (Fig. 3D). This may be in part due
to the much lower level of conjugation (Table 2). However,
the affect of conjugation on
T was much less than that for the thiol or amine conjugated

even taking this into account,

antibodies.

Auntigen binding, Because tight binding to its rarget is
inherent in the strategy when using these drug delivery plat-
forms, any effects on antigen binding due to conjugari
important. Such effects are possible, in principle, due w long
range structural effects ransmitted from conjugation sites w

on arce

the antigen binding sites, or in the case of amine-conjugation
potentially affecting hotsport lysine residues ar the interface.
Given the moderate role for disu‘fc es in antibody stabilicy

yjugation o hinge-region
Each individual ‘Lniibcidy

(Fig. 2), we also studied whether
disulfides affects antigen binding.
aud its respective ADCs were tested for binding o anrigen.

r o
5 p
Fepresentative sensorgraims are shown in Figure 5; compari-
sons of K| were made by assessment of differences (>2-fold
difference from unconjugated andbody) with conjugation
chenistry or linker. Mone of ADCs for either antibody were
different than the unconjugated antibody {Table 2). For the

mAbs rested in y. there was no clear disadvantage o

gen binding for any of the linkers or chemistries invest-
gated here. The amine-conjugated H10, PEG4, ADC was the
one notable exception, and most likely s cﬂccts modiﬁwt‘on of

a lysine residue at or near the paratope when the biotin load

sufficienty high.

Effector function and Fc binding. Effector functions
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mediated by binding of the Fe region of 1gGl antibodies to

Fc receptors (FcR) can play an important role in the overall
effectiveness of ADC therapies.™ Meodifciatdon of residues

directy involved or near the Fc recdepror binding site, such as

regions of glycosylation on antibodies, may have an important

role in FeR binding and in the structural integrity.”" The

potential therapeutic benefits of FeR activation or binding to

other “FeR-like” proteins make these interactions a target for opti-
mization. All three conjugation strategies and linkers explored in
this study could have direct or indirect effects on the structure
and accessibility of the Fe region of the andbody. To test this, we
caprured the ADC to a SPR sensor surface on which narive anti-
gen was immobilized and then investigated binding of FcR to the
captured ADC (Figs. 6--8). Effectively we began with a surface of
ADC that was already bound to its corresponding antigen. This
approach had several advantages over coupling of the antibody
di "M5 dextran s ¢ of the chip or the Fe recep-
tor. Because one of the approaches underiaken in conjugation

involved amine coupling, the amine-sites available for coupling
the ADCs to 3
the antibody on the SPR chip via its ai

(CMS5 sensor chip were much lower. Capturing
rigen also minimizes the

mAbs

poss ce and the Fe
region that couid be confused with effects of N-linked biotin on
the Fe region. The SPR data of FeR binding to ADC captured
on the chip surface all fit very well 1o 2 one-site binding model.

There was no statistically significant improvement of the fits w
the data for a two-site binding model with non-equivalent bind-
ing sites, as observed by others.¥ As noted above, one tmporrant
distinction to other work using SPR in this area is that in our
experiments the anribody/ADC was caprured to the chip surface
via the antigen rather than usi

ilicy of interactions between the chip su

g direct amine coupling.
Some conjugation strategies were found to have a signifi-
cant affect on binding w certain FcR-binding partners. For
H10 PEG4,, the affiniry was reduced 17-fold for Protein G (Table

33. This mcw be due to coupling 1o lysine residues proximal 1o, or

Volume 4 {ssue 3
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in direct contact with, Protein G binding residues. There was also
a decrease

in binding to Protein G observed with amine coupled
aHIS LC. TheaHIs PEG, ADC was the anly one 1o show some
negative affect on bmdmﬂ war') all BcR model proteins (CD32b,

Protein A and Protein ). For this conjugate, the higher ratio
of biotin load may be one reason for this (Table 2). CD32b is
an inhibitor for Fey receptors that are often involved in effector

functions such as ADCC and Ciq mediated complement activa-
ton. A reduction in expression of CD32b has been associated
with enhanced antitumeor activiry for antibodies.”” These results
suggest that amine coupling at high load-ratios can have a signifi-
cant affect on binding to the Fc dnrmm, and a similar evaluation
would prove useful for any therapeutic ADC targeting effector

f‘.}.DCUOH and ‘.J.S;U?. this u)n;ugatton Chﬁﬂl,‘-Str}’. :)ﬂ‘ﬁf reports

sand a
large reduction, but
only with one ADC binding to one particular FeR.

suggest a strong correlation with pegylaton of antibo

reduction in FcR binding'®” We observed a

Discussion

The lack of any significant change to antigen binding, or in most

ases FeR binding, with any of the linkers or conjugation meth-
ods used, support the important role for antibodies as robust
drug platforms for therapeutics. One attractive aspect © amine
conjugation is the potential for increased drug load compared
with using the fixed eight thiols presented by the Ig31 hinge
disulfides. Because increased drug load on the ADC might be
expected to improve therapeutic efficacy, the refatively mild
perturbations to both Fe receptor binding and antigen bind-
ing observed in this work suggest that this advantage might be
exploitable. However, in the case of thiol ADC, an increase in
drug load does
tic outcome.® With amine coupling, these results suggest that an

not necessarily correlate with improved therapeu-

LT bt 5 i . ]
analysis of FcR binding may prove useful when comparing leads

that may present differences in serum half-ife.

www.landesbioscience.com
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Table 3. impact of linker and conjugation chemistry on ADC binding to
Ferece

Protein A

Protein

N, amine; T, thiol; C, Carb

Increasing circulating half-life has often been associated with
improved the mpeuuc efhbacv r ADCs. Correlation between
protein stability and in vivo half-life has been known for some
time”*® The more obvious correlation would be expecred for

changes in neonatal Fe recepror (FeRn) binding, which is a
major factor in determining the rate of L.’.[RbOLSJ’U of {gi5s not
displaying target-mediated dispost
evidence that other factors may play 2 more s;gm?cam role in
serum half-life than affinity for FcRun. ' We chose the bacterial
receptors Protein G and Protein A as surrogates for natural FeR
p with FcR binding sites and
Our results suggest that binding

on, although there is some

since they are both known o overla

compete for their binding.
to FcRn would not be expected to change with any of the con-
jugation chemistries or linkers “herefore, the
circulating half-life is not expected to change as a direct resalt

these modifications. However, catabolic mpchal..xms medi-
ated by the cytosol are a possibility with any of these ADCs.
Since terminal amine residues are a determining facror in that
pathway, there is potential for influence on half-life in the case
of amine coupling 1 the N-terminus of rthe antibody.

Biotin is small and somewhat water soluble whereas many
chemotherapeutics are larger and more }Wdrophobic Our
results with biotinylating IgGl antibodies demonstra
no impact on antigen/Fe receptor binding, With t}\e exception
of HI0 PEG4,, these csulis are in contrast to several other
reports which suggest that coupling of PEG molecules to an
antibody can have a significant detrimental impact on antigen
binding.” The results with the H10 PEG4, ADC more lik
reflect a difference in biotin load : rd ocation of conjugation
on the antibody rather than [h“ identity of the linker hsc]f. The
physiochemical charact cliular disposition

nvestigated here. T

¢ lide or

cs and ultimate cellu
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of the drug should also be considered when interpreting these
results. Consideration of unintended consequences to second-
ary roles mediated through Fe recepror mediated binding would
seem to warrant a similar analysis for ADCs currently being
developed. There remains the possibility that a different small
molecule, peptide, protein or nucleic acid bound to a different
antibody via these methods mighthave a significant impact on

antigen/Fe recepror binding., However, we tested rwo distiner

IgG1 antibodies with completely different targets, and our

results suggest a more general relationship in the case of smaller
molecules. Clearly, many of the current chemotherapeutic drugs
employed or explored for therapy differ significantly in size,
charge and hydrophobicity from biotin. With much larger drug
payloads like bacrerial exotoxins we would expecr that steric

hindrance could play a significant role in modulating antigen/
Fc recepror binding. While not a drug, there is clear evidence
that with much larger PEG moieties used in the linker, the neg-
12527 I eases

the

chemical idenrity and length of the finker may influence the

ative impact on antigen binding can be dramaric;
where the drug payload is highly hydrophobic and ‘sticky’,

ability of those drug molecules o selfassociate and promote
aggregation.

While this report focuses on the relative thermal stabilicy of
conjugates, there has been mnch interest in investigating the
The work here demonstrates that
linker identity has little or no impact on the inherent stability of

stability of linkers in vivo.

the ADC construct, especially when compared with the refative

3}
P
o

mAbs

irnpact of conjugation chemisery. Although outside the scope
of this study, it would be interesting to compare conjugation
y of an ADC with
similar linkers and drugs to see if there is any correlation with
the stability of a given linker 1o processing in vivo.

For all ADCs synthesized here, conjugation had some
impact on thermostability of the molecule that could influence
decisions for the manufacturing and storage for any particular
ADC and may guide initial decisions on coupling strategies for
therapeutic use based on possible correlations between thermal
stability for the protein fold and serum half-life. Of the three
functional groups investigated, thiol conjugation resulted in
the greatest decreases in observed T
Furthermore, the degree of ¢h
number of

b

chemistries known to impact thermal stabi

as monitored by DSC.

ange in T is correlated with the

tin molecules linked to the antibody via thiols.
The degree to which the T was independent of the length of
g m

the linker used or its hydrophobicity when the molecule being

attached to the antbedy is small and slightly hydrophobic. It
remains to be seen if this relationship holds for much larger or
more hydrophobic drugs such as exotoxins or auristatins. DSC
showed clear diff

[

ences in the number of components observed

e

in thermograms for the two IgG1 antibodies and those differ-
ences also extended to how those component transitions were
differentially tmpacted by conjugarion chemistry. Perhaps
most importantly, the results demonstrate the potential ndil-
ity of 3SC as a method to study comparability between ADC
preparations.

Volume 4 {ssue 3
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Preparation of thiol conjugated ADCs.
Stock solutions containing 5 uM H10 and
alIS were reduced with 10 mM TCEP in
nitrogen purged phosphate buffer (10 mM
sodiam phosphare, 150 mM NaCl, 5 mM
EDTA, pH 7.2) for 2 h at 37°C. A fresh
solution of 3¢ wM SMCC (Fig. 18) in
DMSO was prepared and mixed with bio-
cytin ar a ratio of 1:20 in Phosphate Buffer
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for 2 h at 37°C. Inital attempts to reduce

NY

disulfide bonds in these antibodies to form
a thiol-linked conjugate using low ratios of
% TCEP:ABY proved unsuccessful. When

using ratios below 5:1 no significant level
of conjugate was observed. Considerably
higher ratios of reducing agent:mAb were
required (2,000:1) ar elevated rempera-
tures, which is more consistent with those
reported for other IgGls.”® The reduced
antibody was then buffer cxchanged into

times (9}

Time {5)

AT A AR I AU TS SO SV VL S SV
S0 0 40 20 38 40 S5 G0 70 $0 90 1001101261 20140150160

HBS (PBS for aHIS) buffer using three
Zeba desalting columns equilibrated with

HRS buffer. Removal of TCEP reducing

agent during this step prevented inhibition
of the maleimide reaction.”® The reduced
antibody was then mixed with 1/10 volume

Materials and Methods

Materials. Buffer salis and biocytin for ADC synthesis and puri-
fication were purchased from Sigma. Heterobifuctional linkers,
both with and without biotin attached, T-gei and Zeba columuns
were obtained from Thermo Scientific. Concentrated hybridoma
supernatant containing mouse HyHEL-10 IgG1 (H10) whole
vided by Dr. Sandi Smith-Gill, {National
Cancer Institute, Frederick, MDY, Japanese quail lysozyme was
purified from egg white. Purified mouse monoclonal anti-6«His
1gGl (aHI5) whole antibody was purchased from In
and dialyzed into PBS, pH 7.2. Hexa hisddine peptides were
obtained from AnaSpec. An engineered variant of apolipopro-
tein Al {MSP1D1) was purified using the hepta-histidine tag via
Ni-affinity chromatography as previcusly described in reference
28. Reagents and consumables for DSC and SPR analysis were
obtained from GE Healch Sciences.

Purification of H10 antibody. Concentrated fractions of H10
anribody from hybridoma cultures were clarified by centrifugation
at 50,000x g for 20 min at 4°C. The supernatant was then applied
t0 a T-gel column and purified according to the manufacrurer’s
instructions. Antibody fractions were concentrated via Millipore

antibody was pr

rrogen

Amicen-Ultra 0.5 spin-ulirafiliration columans and then passed
through a GE Superose 10/300 GL gel filration column pre-
squilibratsd with HBS buffer 10 mM HEPES, 150 mM MNaCl,
3 mM EDTA, pH 7.4). Purified antibody was stored in HBS at
4°C until further use.

www.landesbioscience.com

mAbs

equivalent of the SMCC-biocytin reaction
mixture and allowed w equilibrate at room
remperature for 2.5 b in the dark. An excess of L-cysteine was
then added to cap unreacted thiol groups and the mixture was
allowed to incubare for 35 min at room temperature.
Preparation of amine conjugated ADCs. NHS-PEG4-
Biorin (Fig. 1B) was re-suspended in PBS and mixed with
HyHEL-10 1gG in a final molar ratio of 20:1 and 40:1 and both
reactions were incubated at room temperature for 2 h. For aHIS
IgG, NHS-LC-Biotin (Fig. 1B) prepared in DMSO and NHS-
I
with aHIS Ig( in final molar ratio of 25:1 and incubated at
room temperature for 30 win. In both cases, excess linker was
removed with Zeba desalting columns.
Preparation of carbohydrate conjugated ADCs. Stock selu-
tions of 530 uM HI0 were oxidized in freshly prepared sodinum
petiodate in PBS ar room temperature in the datk for 2 h*

+4-Biotin (Fig. 1B) were re-suspended in PBS and mixed

Excess oxidizing agent was removed with Zeba desalting col-
umns aud the oxidized antibodies were immediately reacted
with the hydrizide-biocytin linker {Fig. 1B) at a ratio of 1:20 for
2 h at room temperature.

Purification, determination of biotin-load and storage
of ADCs. All ADC mixtures were further purified and buf-
fer exchanged using a Superose 10/300 GL size exclusion col-
umn pre-equilibrated with HBS-E (10 mM HEPES, 150 mM
MNaCl, 3 mM EDTA) for Hi0 ADCs and PBS {16 mM sodium
phosphate, 150 mM NaClL pH 7.2} for aHIS ADCs ar a flow
rate of 0.55 mL/min, with UV detection at 280 nm. Protein
ractions corresponding to the ADC peak (based on rerention
times of unconjugated antibody) were pooled and stored at 4°C

W
[+
WO
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uneif further use. Typical reaction yields after purification were
between 30-55%. Degree of biotin conjugat ‘)r: —\DL was
1 qua ﬁ tion kir

determined using the fluorescence biotir
from Thermo Scientific

Stability analysis o.»f conju.gates using DSC, Differential
scanning calorimetry was used to determine the affect of
ligand and conjugation chemisiry on the stability of all anii-
bodies and ADCs. Samples were prepared immediately prior
wo analysis and any aggregates formed during storage were
removed by size-exclusion chromatography in HBS-E baffer
(10 mM HEPES, 130 mM NaCl, 3 mM EDTA, pH 7.4} or
PBS for aHIS ADCs. Concentrations of antibody and conju-
gate used were 4~6 pM. All samples were analyzed using a
Microcal VP-Capillary DSC equipped with autosampler and
temperature controlled sample storage accessories. L ‘nfo}ding
was monitored between 10°C and 90°C (20°C and 90°C for
aHIS ADCs) with a ramp rate of 1°C/min and a filtering period
of 16 sec with no g;zin H10 antibody was analyzed by DSC
using ramp rates of 0.5°C/min and 1.5°C/min and rhere was
no siginificant change in T or component profiles in the ther-
mograms. Thermograms were normalized for econcentration
and then baseline corrected prior to fivting to 2 noa-two-state
unfolding model to determine transition meliing temperature
T for each component.

[letermination of binding affinity for HEL antigen
using SPR. SPR was used to compare effects of conjuga-
tion on ADC binding to its anugen. All experiments were
conducted on a Biacore T100 with CM5 sensor chips.
The antibodies were amine coupled o the sensor sur
face using 10 mM sodium acetate, pH 5.0 at a level that
resulted in 2 maximum analyte response no h5gher than
40 response units (RUs). This, together with a flow rate of
100 pl/min, negated auy significant mass transport effects for

this very tight association. Several different concentrations of

analyte diluted in HBS-EP running buffer 10 mM HEPES,
150 mM NaCli, 3 mM EDTA, 0.005% v/v P20) were injected
for 120 sec followed by monitoring dissociation for 10 min.
Raw sensorgrams were double reference subtracted using a ref-
erence flow cell with no ADC immobilized and by injections
of running buffer. Corrected sensorgrams were fit globally to
a 1:1 interaction model using the Biacore evaluation software.
The quality of the nonlinear fit to this model was evaluated
using coefficient of variance (CV) values and residuals, Unless
otherwise stated in the figure captions, all values reported for
apparent affinity K are an average of three ind?pendenr. mea-
surements made fmm separate dilutions of analyte stock. All
experimental cycles were conducted at 25°C. Chip surfaces
were regenerated afier cach cycle using 10 mM Glyeine, pH

L5,
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Determination of binding affinity for 6xHis peptide anti-
gen using SPR. ADCs were diluted inte 10 mM sodiurm acetate
buffer, pH 5.0 at a concentration of 10 pg/ml and immeobilized
on CMS5 sensor surface chips using amine-coupling chemistry to
give a maximum analyte response of approximarely 40 response
units (RUs). All binding analysis of antibodies with 6xHis pep-
tides antigen were performed ar 25°C in PBS (pH 7.2) as run-
ning buffer. Several concentrations of 6xHis peptides diluted in
running buffer were injected for 150 sec at a flow rate of 50 ul/
min followed by moniwring dissociadon for 450 sec. Raw sensor-
grams were double referenced by both subtracting a flow cell with
no antibodies immaobilized and subtracting a run of buffer only
injection. The surface was regenerated with 10 mM glycine, pH
2.0 at a flow rate of 20 pL/min.

Determination of binding affinity for Fc receptor using
SPR. Assessing the effect of conjugation on effector role func-
tion-was done by first immobilizing the antigenic HEL ligand
(a His-tagged apoii?opx'()tcin Al variant for aHIS) onto a CM5
sensor surface onto which a high level of conjugate was caprured.
This configuration allows us to assess whether antigen bound
ADC canstill effecrively bind Fe receptor, Berween 3,500-4,000
RUs of capture ligand (and
cell including the reference flow cell. To this was then caprured
approximately 500-1,000 RUs of ADC diluted in SPR running
buffer HBS-EP (PBS for aHIS). The level of captured ADC was
chosen to give sufficient signal to provide good signal o noise

ven) was irnmobilized on each flow

gal

ting while ar the same time minimizing (for Protein G} the

for mass transport limitations. Several concentrations
of Fc receptor analyte were freshly prepared and injected over the
-captured ADC surface.

For Protein G, the protocol used was for kinetic measuremenrs
with a flow rate of 10 ul./min, an association tirne of 60 sec and a
dissociation time of 60 sec (120 sec for atlfS). To assess potental
mass-transport limitations tests with higher flow rates of 20 ul/
min and 46 pl/min were conducted. No significantly change in
on-rate was observed. Chip surfaces were regenerated after cach
cycle using 10 mM Glycine, pH 2.5. Analywe binding level was
stent among replicates, decreasing less than 5% after repeated

;}Iillg

c
regeneration cycles, and calculated rate used in dererminatdon of
i, were highly reproducible from cycle 1o cycle. Raw sensorgraras
were double referenced using a flow cell with no ligand immobi-
lized and by injections of running buffer. Corrected sensorgrams
were fit globally to a 1:1 inreraction model using the Biacore eval-
uation software. Quality of the nonlinear fitting to this model was
evaluated using CV values and the residuals. Values reported for
apparent affinity K are an average of three independent measure-
ments made {rom separate dilutions of analyte stock,
Determination of binding affinity for CD32b and pro-
tein. A by equilibrium binding. For both CD32b binding
and Protein A binding, the on rates and off rates were too fast

[y
~
-
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to be measured with confidence using the

apparent
binding levels

HBS-EP buffer.
erence flow cell and buffer injections, equilibrium
wete plotted against analyte concentration using Biacore evalu-
ation software and fit to a 1:1 association model using non-
linear Scatchard analysis. E
in triplicate and both methods were conducted using a sensor

8

[

10, Narsume A, Niwa K, Saroh M.

W

7

Each cone

surface temperature of 25°C.
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formation. In the inaciive form, the dimerization domain
{domain Hi i;~, tethered to domain TV preventng the
formation of dimers with other HER recepters. Sub-
stantial e:lomdm rearrangement s triggerad wher Ligand
binds to the recepror at extraceliniar domains | and [
This rearrangement cxposes the dimerization domain for
interaciions with the dimerization domain of other HER
receptors that are in the active conformation. Incontrast,
HERZ, Wb.ch lacks any kucwn Hpand, is constitutively in
the active conformation and stract: urally resembles acti-
vated bgas .si bound EGFR. As a result, the dimerizabion
domain is permanenily exposed and ready to form di-
mers with li;,:m«i«as tivated HER "“Cﬁp\iOfS, This explains
why HERZ 18 ’me pvﬂerfed binding partney for other
HER recoptors [21] It h:.s 4l been shown that HERZ-
conizining het :sm,n* & are the most prevalent and the
most aciive of all dimer combinations {211 For example,

treatment with the HERT hgand heregulin was able to
induce transformaton of cells sxpressing HERZ-HERS3,
but not cells that express HERI alone [491 Other
experiments have shown that the HER2-BGEFR hetero-
dimer may be assooiated with greater and more pro-
longed profiferaiive signals than EGEFR hémodimers {21,
25, 371 Interestingly, HERZ-HER3I and HERI-EGFR
heterodimers were also more effective Inducers of vas-
sular endothelial growth factor than cther HER hete-

vodimer combinations {351
Usng & siably

transfected NIH 373 cell line
expressing the HERZ gene, several 1gGlx monocional
antibodies (MADs) targeting HERZ were developed and
shown to bind different epilopes on the extraceiiuiar
domain of the receptor [14] One of these, the MAb
204, was subsequently shows to bind io the puiative
dimerization domain {domain I {18] Agents specii-
cally targetng domoain I couid inhibit HER dimer-
ization, thus prevesting activation of HER sigoalog
pathways that mediate cancer cell probiferation and
survival [S1 Moreover, it iz logical to targer the
dimerization domain of HER2 becauvse it 1 the most
coramon reseptor i HER direer combinations {21
Since the chnical wtiliy of murine MAbs s limited by &
buman aniimouse antibody (HAMAY response {423
204 was humanized. This paper desernibes the human-
ization Cf 2¢4 and the evaluation of pharmacakinetics
and safsty in prechinical models, The principal objective
of f}n slujv was 0 oresie a humanized MADL that
specificaily binds to the exiraseliular diroerization do-
main on the HERZ receptor, therefors it B'ﬂblﬁﬁé. HER
dirperization and the resultant activation of intracelbe
lar signaling pathways sasociated with cancer cell pro-
liferation and survival.

=

Materials and methods
Counstruction of chirseric and humanized 204 Fabs

The rourine MAD 2C4 that specifically binds the extra-
celiular domain of HER2 (ErbB.r.} has been deser
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fel

s were ampiifiad by reverse is\ig‘-

gin reaction T PCR} Oei y

'a*mhie
pulyme;
trancted into ;
human hppe cogstant r{ﬂﬁ“vn and Rthigta
main as ;erzousl} described [6, 40]
transformed  inte  Hyeherichia coli stxain
agene, La JoHa, CA, USA) for pnpnr.t..{ou oi‘
-stranded DNA.

o+

wnt both
light (L) and heavy (H) chains were completely se.
guenced using an sutomated ABD Swetch 3700 ge-
guencer and Big Dye reagents {Applera Corp., Applieg
Biogystems (ABLL Sec;uemc% of the murine var-
Light (VL) and vanable heavy (VH) domaims {Fig
were used to constr m,i a compuier g.,r;zphm mode
determine which framework residues should be §
potak’d inte the hweanized antibody. Consiru
models was performed as previonsly described by Carler
and co-workers {6, 131

The vector template for humanized Fab contained a
consensus human kappa sabgroup I L chain, a congen-
sus human subgroup I heavy chain (VH-CHI) an
alkaline phosphatase promoter, and an {1 phage ongim
for producideon of single-stranded DNA 5, 401 To
construcet the first hum&nw&,\ variant, the complemen-
tarity-deternuining region {(COR}swap Fab-1, site-di-
rected  mutagenesis  29] was  performed on g
deoxyuridine-confaining single-stranded DMA template
prepared from £ colf strain CJ236 (BioRad, Hcr'cvtu
CA, UBAY Thus all six CDRs were changed to the 204
sequence. Plasmids for other Fab varanis were con-
strucied uaing Fab-1 as the {e mpla

Chimeric 204 Fab and humanized Fab varianis
wers transformed into F. cofl strain 1609, a derivative
of MM284, for protein expression and cultured using
APS modified medivm for profein induction. Fabs
were purified using protein  {G-Sepharcse CL-48
{Pharmacia Biotech, Amersham Biosciences Comp,
Piscatisny, DJ, USA) [4], bufles exchangad into
16 mN sodion succinate, Pl WaCl pH 6.0, end
concentrat‘r‘d 10 a volume of 0.5 mL using 2

conceznratiﬂm were determined by quantitative amino
acid aanalysis.

Construction of chimeris and humanized 284 1pGH

haipy font I
ae p[\o; ‘mif}rs {91 The L

er co-transfected into an ade

L]
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710
Fig. 1 Aminc acid sequences of & riable Light Domain
wirine 2C4, humanized 204
aabdoand
4{?'&1‘» 139 \pettuanw.:.ﬁ),‘ 43.1“: . 19 20 30 an
HITNan CORsensus aaquamca oi o e SR T € g A (N PP 3 i T re R £ ot i s
3 204 UPVMTOSHERIMETSVIODRVETITC [KASODVSIH WY QORE
(huraxy and B chain subproug wE wRIA X * *
A {huu. UL, COR loops are huMab2od DIOMTQSPSSLIASVEDRVTITC [KASQDVEIS WYQORP
em“o@e’i in mema : % Kok RR %
oy KT DIOMIQEPSSLEASVEDEVTITC [RASQOSISNYLA] WYQCEP
=0 &8¢ T a0
204 [SASYRYT] GVPDRFTGSGEGTDEFTETISSVRA
y 3 * * * R
. huMabiC4 GRAFKLLIY [SASYRYT] GVPSRFSGSGEGTRFTLTISSLYY
. S
{ . KT GKAPRLLIY [AASSLES] GVPERFIGSGSGTDFTLTISELOP
'2.
3 8¢ 100
. 204 EDLAVYYS {QQYVYIVEYT] FGEGTRKLEIHERD
R * % A *
N huMabiTs | EDEATYYC [QDQYYIVPRYT] PGOGETEVEIERT
i wk k%
v ham XX¥ BEDFATYYC [QUYNSLPWT! FGOETEVEIRRT
3 B Varishle Heavy Domain
t . - ;
: 10 26 30 40
) 204 EVOLOOSERELVEPGLSVRKISCKAS [GFTFTDYTMD] WVEQE
% L * LA &® ® %
; huMablC4 EVOLVESSGGLVOPGGSLRLICARS [CFTFTDYTMI] WVRQA
dk A %
; hu IIX EVOLVESGGOLVOPGUSLELSCAAS [SBHTFSSYAMET WVRQA
3
30 & &¢ T2 &G
204 HORSLEWIG [DVNPNSGGEIYNQRFRE] KASLTVDORSSEIVYM
5 * % * % EX R I R L)
huMab a4 PERGLEWVA [DVNPNSCOSIYNQRFEG] RETLOSVDRSENTLYL
1 AA AKX R% A KkEkk L
s Fuam TIT PGREGLEWVA [VISGDGESTYYALSVEG] FT‘T_S‘R DNSENTLYL
:
. abe 90 100ak 119
i 2C4 ELRSLTFEDTAVYYCAR [NLGPEFYFDY] WEQERTTLTVES
B £ ok
huMab2od OMNSLRABRDTAVYYCAR [NLEPSEYEDY] WEQETLVIVES
: Yok ok kKK
v hoen L1 CMMSLEARDTAVYYCAR [GRVGYSLYDS WEQGTLVIVES
novirus-transformed human embryonie Kidney cell e HERZ-extracellular domain (HER2-ECL)
203 {201 using a high-eficiency procedure {191, Meadia binding assay
Were c'ha,:zg,ﬁd 1o serpm-fres and harvested after 4 ¢ davs.
i Antibodies were purified from the supernatants using  To measure the binding activity of Fab and immunoe-
profein A-Sepharose CL-4B with the buffer exchangsd  globulin Gs ({gGs), NUNC maxisorp plates were coated
; and consentrated, wsing the same buffer g for the Fab,  with 1 ;J”}‘;iL of HER2-ECD {Geoentech Inc, South
Chinese haroster ovary (CHO) cells were transfectad  San Francisco, CA, USA) in 30 mM carbonate bulfer
with di-cistronic vectors to achieve siable expression of  pH 9.6, overnight 2t 4°C, and then blocked with en-
perinzumeb ThoaMAb 2043 zyme-linked impmunosorbent assay (BELISAY difusnd
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Table I Hinding of humanzed anti-HERYZ Fab vardants to HER2

Template

Ala H49 L;h
Phn a7 Ala
178 Vsl
fs 50 H & Arg hamew
flo H6Y Len CDR-HZ

ﬂm ;

e

murine/Muman chumenc
gnt binding to that

s Polyse

to capiure periuz wvub {rhabMAL
h. \w‘mi di samples |4 g

2 mcobated mouse anti-l S :
, bound Fab or gl molecules wers detected  framethyl bsnmdmg Uaed as th substrate
dotinylated murine ant-tuuan ke ntihody dr,\:;':spsm-:m' fo quantity serum perivzamab against a
{§(Z.‘N & 4 74 followed by streptavidin-conjugate

a

imowa ndard curve. The assay ‘rtm a
» peroxidase (Nigma, St imm MO, USAY  quantifiable concentration of (25
3,5 tetramuethyl beozidine (Kivkegaard and  urumsab in mouss, rat, and cynomol

vies, Gaithersburg, My, A} as sub-

strate. Absorbzmt«: was read :
g served as the standard. Tit > res were fit with  Single-dese pharmacokinetios in mice and rats
a foor-parameier noolinear regresst “aru*i}mu“
programn {Maleick . Synergy Sofi .
PA, USA) Conocsn ?r’tum of Fab wvariants o weighing 0.022-0.0%8 kg were m*wmm,-‘d into
sponding to the midpoint absorbunce of the ttraion  groups (36 per group) ved 3, 36, or 80 m;r
curve of the standard were calculated and then divided  periuzuroab by bravenous =1\§ woius M
by the concentration of the standard at that poind. E-'zwi'—‘v 31 ( “harles River)

Mate CD-1 mice {Charles River,

Rukigh, NC, US&)

pgi grouy nE ﬂ

ceived 3, )fiai of pet t\m mois *“‘f
Pharmacokinetics and toxcology o anuraly TV Bbolus. For both %p\:‘cm '
phar ﬂc-)i{s'xe'ic analyses "udose and ai VATIOUS M
All animal studies were conducted 1 acc from 3 mun {o i“us postdose.

tonal gnidelines. Perimzumab (207 ¥
4, Geoeotech Inc., South San T

sl:‘}_d rehicle (i

Single~-dose pharmacokinetics i monkey

amples were ¢ anti-

wa;uz,\m arnd '&i,owm ‘m clot at room i;{;niperzs.tx.&s‘&:, and

3 thawing for amalysis of
ations. Msvmc‘ rat, and
\cmﬂi

concentrations were assayed 1
BIISA. The assay uses my
BCD {Genentech Inc, South

;\mmmc
e, and from 30 min iu 28 day

N
N
\:
N
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Multi-dose toxicology study in monkeys

of thc CDR y

the most appre H
chis ‘wxi\ gui 1

> of thp

fm »sssmg
wuenes homology
/ cmd. uanan H

R2-BECH, sit
man and cvnom 0

; pertuzumab o n
HERL data not shown}, and a tack o
4 3 <neny. A Eﬂ;«\zw f\g i Yoseqy
L ied o 20 .31.11&5; and 20 females’ cyn n‘}uEEJJn H26-H335.
monkayvs that wa—;m aithy and free from obvious i*:; CONSSNIUS $equence f’om
P abuormalities, and i omw; kapps § and human
< kg, % : e framewark for

i)

Han 17&tm=z {Fig.
ssinily Md in

mework has been o

i the control ar : ¢ : e |
the do\\ g P hmmg a {ed am’i §C1 (\n»d fﬁr hinding as Fab . The initial

period, hi-‘cd W od for toxicok : ant, Fab-1, we : . in which the
&) g‘{u‘m“ squently from 45 min o 7 days  six norine CDRs wers gre the hman frame-
st and seventh doses, For the second to wo;-k This Fab showed ¢ binding to HERZ-

sriples were collected at pesk and  BCD (Table 1)

g mtervals. Additional Blood sarm- As shown  Tab
the recovery ammals frorn days i's'(r’n "%’e h'r mn {o the murk

gy ma;-\\w fmm E. call,

[

sixth aiow.., i
trough at a
ples were ool
$7 to B0
Animals datly

wealih andd (G ¥s. Dhetai
vatinns were performed oncg wcc%\iv and on §."t3e day
scheduled euthonasia {day 49 or 30) Hody weight,
temperature, blood pressure, heart rate, electrocardio-
gram {BCG), ophthalmic paramet inical pathology
{inclnding ini

analyses,
creatinine kinase is

e i, m ¥w£ H?E was changed
o acid {Arg HTL
ously been shown o
U and CDR-H2 (44
me dmu;e ereased LLP binding from \mk‘ie(t

o bacr‘ved

tirmes on dosin

sty shown o
3, the

MRENNG £ & 10
binding ab-3 was seex compared with Fab-f
when both the H7! and H73 ph:&nw ware
d 1o Fab-d, binding was increas
id difference {rom the chimera.

Several buried residues were evaluated bmeai on z&aeﬁ.r
imporiance in previons humanizations, H49, G
play a role in CDR-H2 conformation {40], was «:h:s_nged
from the hn e o the rourine aming adid {Ala H49
Glvy o that might fuence
packi H2 504 w

&
aeﬂ

n T, he}” i
pararpefers, and uroalysig), and anatomic p
parvameters (inchudi ;
and histopathology)

g and L,m*fusmt on of COR-H2 [30], w
‘: the human 1o ihi\ wurins aratoo acid (P
AI".; Fach of thes fted woa very ¢
{ANOVA)Y or ¢ rease Ut binding c-om.pz ith the template
's ¢-test {11} was used ) ated  The s:a"rn‘nm?tion Of H4Y and H57 changes (Fab-7) was
18 i ANOVA or A\i KA ,\ were sig-  uoelia either mutation alone, Rased on the
aific Group comparisons were evalua i : 7 hi E 3
at the §% two-tatled probability level

mmn of chmcal p..xhoioxv d

up. W m *‘x‘é eXC2)
frer ‘} 12 firat d v of

only data eollected on
analyzed statist

Results

of 204 menocional anttbody

Humanis

A second residue r* e Framework-3 loop, Asn H?t‘iﬁ
Fuse-fuiman  chimene Fah was constructed by  was previouslty observed to influoence bind
- the variable doraing of 204 murine MAD inte  wae therefore uhaz}ged to the mvrine amine
a vector that contains hm«m kappa acd CHU  position (Asp H76 Arg) resulting in variant |

7

o

h-9. U‘I%
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in binding

Pharmacokinetics
Table 3 summarizes pharmacokinetic parameters for
pevtuznmab.  Pertuzumab  seram  concentration-time
data frorn single-dose studies in mice and rats, and sin-
gie-dose and reultiple-dose studies in c‘fn(\mo?gus MOt~
ksva exhibited biphasic disposition and were 8t into a
two-compariment phannacokinetic model. The distri-
bution phase of pertuzamad was <1 day, the terminal
slimination half-life was approximately 1€ days, and the
volume of distribution was 27-58 mal/kg. The volume of
distribution of the central compariment approxiraated
the serom volume in all models and did not change with
increasin g dese n multiple-dose studies in cynomo
monkeys. However, clearance inoreased by @ppruxj‘-
mataly ,{; 7o when the doge was increased from 5¢ mg/ky
to 130 mg/kg in these owltiple-dose svadies. Figure 3
shows predicted clearance in humans by aliometoc
interapecies scahing {24},

W omcrsised binding bul as the
residue Ry he sohentsexposed and @ wnmbrm to
111‘111’1.)110&.,("3((1'{) UEC ouman annno :iklu al f}l' paGs 1Hon
§Aany wis & Furihor mutations wees wade o
B § Anee ‘i the. L ik ain -‘xm’i e baavied
- ok .;d

- WRE T
p;&.\&“ﬁ Iic
He i» \:;‘
sl
Fidd10 and the chiggi 0 1
sorface plasmon resonanece. Tha sy d ies «,mflx'ned that
Fab-10 has binding equal to that of the starting clumenie  yequpent.related effects on physical examination, blond

antibody {FTable 23 [18L . 3 e
. ressure, beart rate, BCG, cardiac markers (creatining
Full-length MAbs of variant Fab-10 and the chimera E “

Safery evaluation of pertuzuruab
10 cynoraeigns roenkeys

Portnzumab (15, 50, and 130 mgikg IV weelly for
7 waeeks) was generally well tolerated and there were no

: n VL and VH inase isoenzymes and  fropomm T, ophthabmic
v WOrs 20N 3 38 7 < /1 . AN . Y B e Y H
%E were constructed by fusing the respective ame Vi parametex*‘ chinical pathology tests, and anatomic
N domains to the constant domains of human kappa L chain - « : i ; _p vt b WA
%g 4t Lol H 5 The Falid e ,}?p ¢ pathatogy 1 with pertuzumab was
3 4 1L s ¥ Ve 3 . K X7z 3 . .
§ and huraan pG H chain. The fli-longth 1gGt of vatlent ) eesviated ‘3_‘ wce and ocour
N : g
N .
%E s sHSE was ¢ ; “{‘ut}m
§ -1 Lew  most notabls mab pe
. ; kg Dmrrnes d;d not ‘ad\zm “eiy it va;aht {ex-
E d did ot dmt on of
§ Aovsves
N - sletele wry
: LAY ~ g
§5 = - week recover
§ 1. .
Ky <
.08 » M
\ - Biscussion
§ s e TS 254, 795 el Based on the hypothesis that xmxhe ting HLR drfrmz.&
\i Tk ~~§-— thaliab 204, OHQ nella L\m way bloek ks siu;i'-.&«” :m}m Hathegy
3 Shifnens 204, 293 o
g STPREAC 204, 237 Colls : \ini‘} \Ilfa
AR R RS A S LB work Wi

1w w? iy speniie %\\‘ ‘mx‘n\.@
Antiocdy concentration {mgimiby hmt‘ih ,}E m denn
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Table 3 Ph

remacokinetic parameters for periuzamab®

N

Study tvpe  Specieafsirain Mo.jsex Rouwie Doses (mg/kg) TL abidayikgy ¥, Gubjke) ¥ (mlfkg oHL

S PR
S0 PE
SD PR
MD Tox

sarance, ¥, vol ume. 0! distrd

gerur conceniration-

soated HER dimerization

degi

both the toxicology and phar- g‘u ket H., and fuzmcv\mk 3 At position
4 : 3d1u u;mrtﬁ.w this paper supporte o the  HTE t}:e- ‘m;ige human residoe, Arg, would ‘>m‘mb}3
it n \,f h-*mm clinical studics using doses of 0.5+ impinge s Pro at 39001 tion 523 on CIR h therehy
13 rag/ke of pertuzumsab administered every 3 weels. g the conformation of this "GOD. he s \s.b titntion

Consensus frameworks have been used succesefully in of Val, a much smaller and unc h 3 ;‘L residue, a
sevaral previous humanizations {6, 13, 49, &}., 501 the CﬁRHA to maintain the 'rmtim
sd work furibee hsiriisd the ; 3 se, the perbuzumab so with e
ot Traw ¢ URRS frone the mivine antibody m positions HEY and 1i has the ¢l
to the human {ramawork resulied in ca‘qpsdf‘ loss of homologue ({le} of the L u found at pos
binding to HERZ-ECD. Remarkably, altering only three  H6% in s bgim y 11, sod the favored Val from subgro
nan-CDR residues in the H chain was sullcient to re- 11 at position 71. In the model, # appears that H73
store bivding sofvent sxposs a, thus it was postulated that this ¢ ise
model, it was 3[h3\13‘>dtm1t&dt‘i“f@ ﬂf thoss resid' might inderact directly with antigen. In the orystal
and H71, are buried and m; the same ssde eirmmre of the perinzurea E\~r°ve§tor SO
strand with their s H73, changed t© Arg in i. pertazomab, can
Thoag, it was ihﬁugpt that *hs Wuks pi ty an mpum‘ n é}su&j interact with the Ttkt‘piﬁ“ thos expla
role in meintaingng the conformation of this CDR. In oreference for Arg over Asp al this position,
the crystal structore of the hunanzed N 4 Fab pow  H73 B q_asii.e varizble, and may '\}a a direst vole in
mm-ribei i ¢ can be sean that this hypothssia & nding of r antibodies. MNone of the rest-
is correct. When Leu is substituted for Iie at position  dues in the L c,h 114 changed to derive the human-
ized argibody.

Bvidence i gzuxomi pub‘ii bed 1 vitro and in
vivo studies supports the putative mechanism of action
of g:.-artu:mmab a.«. an inhibitor of HER dimenization [2
# 18] A recentt study determined the Xeray crystal sirucs
O tore of the soluble HER2-ECD i 2 con.a;)ic.x with the

Hgviebindiog hagoent of pertuaumab {[16). The study
that pc; tnrwnab hnm ngar the center of the
exmd oyt stne-rich dimerization domain {extracell um;
a of the HER receptor famﬂv that s

i
;-,
{

5

ul

Position

0,335
CL=627xBW =
kS 3
=ne@Beeen PiNARY E04 O {BVG)
- - -~ e 204 CL extrapoiated
o L~ Heroepll

pleed

SO0 e vavasessydas

Freee ,Aigh conserved and previously \§ ewe o be DECOsIALY
for BGFR homodimenzation. |
i binding site was altered by wmuts ioate
b i ,; ORI & n_t.ec:hzmism for the ability of };L:rtu:»:umza_b io inhbit
3 { HER? receptor dirserization and signaling {16]. Of note,

myuss o 3
o

: & pa;‘mmm: binds to @ differsnt extracelinlar domain of
S : o
Gk ; the HERZ recepior compared with trastuzomab, which
ot Kook . S Lot bireds af domain IV [], 141
0.6 19 R I vitro studies showed that pertizumab is far mor
Body weaight (k@ affective than trastuznmalb in pting the ;os‘m&i;on

of HER3-heregulin-HER?Z complexes in MUF-T dow
normal HERZ expression) abd SK-BR3 high HERZ
expreasion) bresst cancer oell "nee [21 Inhibition of
HER dimw formation by perivzomab was also shown

<t

s aosling Lm.,J o] ptt\‘.\
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N

gvary 3 weeks has been shown to be feasi- vy shserved in the 26-week study. Agenis
i targetin Fore e alse
i been R80T pith diarrhea {2 they
ke bave tiam of act
i, g of pertuzumab. ind to EGFR, but it
ad Since pertusumab was associated with minimal tox- don ¢ 3FR/HER? heterodimers
b oy and a Jargs ty factor in the T-week toxicology may be a negauvs regulator of o
i study i cynomolgus  mox a starting dose of therefore, mhibition of receptor acuvity
8 0.5 mg/kg avory 3 woeks we somunended for clinieal  increased finid secretion into the intestinal b

oxicity in cynomol
decreased left
pa

iesting. An upper dose of 15.0 ragfkg every 3 wesks was There was no 2
recommended by estimating the dose required to exceed  gus monkeys. Tn i
¥ 1 comcendrations of pertuzumab associated

with efficacy in 25 pgfml) 33
Pharm 24 that doses be-
tweon 5.0 mgfl adnamsie

weeks would a
At f

2V fed

x> ing pathwayin ¢
i most su

role in the cardi

e 3
RO

2S MAY p
oxioity of ant~-HERZ
of potential cardiac effects 13
lindcal studies of pertuzurnab.

guab

0,

biects. The

3
ir

iolerated and no cvidence of
S ; cology study, & Hanc: ras observed, except i one p
wd : chea cand was pbserved  inderonrrent myocardial infaret

3

i ¥ inallde of antitumer activit
i & Diarrhes moproved duriog the recovery period
MNST CASES WASs Tespons sapporive care. Surndlarly,
iarchea was also observe a chronic dosing
which cynomoelgus mon ¢
uzumab (15, 30, and 150
not showng, Unlike in the 7w

alse provided svidenes

FeR R

ase lasting for more
f of 21 patients,
detected.

eek study, diarrhes-related
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and human mammary carcinomas

Maurizio Allmandt),
Stuart A Aaronson’,

mzer.:as L wu.,
P(n ewcrm Urngna ¢ V{U.“vm.
o

Medical Cen

e ihe present siudy we demomstrate that er8B-3 and
abB-2 covperate in neoplastic fransiormation. Under
eonditions in which neither gese alpae Induced {ransior-
mation, they readily teassformed NIH3T3I cells i oo
expressed. Furthermeore, at high expression lfevels of
ErbB2 which cause tramsformation, ErbB3 enbanced
focus formation by one order of maguitude. Synergy
sguived sn imtec! EybBY extracelloler domidn and
vrosing Kinmse gsetivity, Cooperation berween ErbB3
and ErbB2 iavolved beterodimerization and increased
tyrosine  phosphoryiatien of ErbB3. Sigmaling by the
| heterodimer resubted in nereased PI 3-kinuse recyuiinnend
Cas well as quaniifative and qoaliiaiive differences in
subsizate phosphoryiation, Evidence for sipnaling by an
active  ErbBE3-ErbBE2  heterodimer in four mammsry
tumor cell Hnes indicated relevance of this mechanism
for hmman ncoplasiz. (ur detection of the NIDF/
heregufin  tramscript dn NIHZTI celle impliontes an
sutecrine leop kwvolving this Hgand in signaling by the
Fril3-FobB2 heteradimer i the model system, whereas
heregulin-independent mechapisms likely exist for co-
eperative signafing by ErbB3 and FebB2 chrondonfly
setivated i some fonman mammsry earcinomas,

Kevwords: 6B roceptor fandly; oncogenes; iyrosine
phosphorylation; heterodimerization; P-ldnase

Introduction

The BB famiy of recopior tyrosing kinases (RTKs)
. inciudes the epidermal growth factor recepior {EGFR),

erbB-2/HER-2/meu, erbB-3/HER-3 (Ullrich and Schiles-
singer, 1990 and references therein}, and er6B-4/HER-4
- {Plowman ef of, 1993}, Members of this family have
frequendly been implicated in hmman neoplasia due to
-':h.eir oversxpression in the presence or absence of gene
- wmplification {Yokota er af., 1986; Slamon ef af., 1987,
£929; Kraus e o, 1937; van de Vibver 2 af, 1987,
- Berger er ol, 1988). Tn the case of orbB-2, gene
smplification in mammary and ovarian carcipomas has
hesn associated with decreased disease-free survival

Blamon = of, 1937, 19891 Understanding of the
physiniogic funclions of these reospiors has been

reatly aided by studies in cell model systems in which
gy have heen exogenously expressed individually or
i combination. Such investigations have (fat.ib}b},&d,

respondence: MH Kraus
d 19 Jan 1955; accepted & Febraary 1995
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Cooperative signaling of ErbB3 and ExbB2 in neoplastic transformation

Murare®, Pacle Fedid,

0, Netonal fnsii i Heaith, Be
er Institute, Nationad Fnssitutes of .?* J,uf
le, {imiversitg u IV dsemmzio’, 86013 Chizti, ftg
208574, US4

&

Derald

14)

for mstance, thal bgand aclivabion was indispensable
for BEGFR biclogical activity (DM Fiore ot af, 1987y
Velu ef af, 1987, Riedel er g, 1988), while normal
ErbB2 cxhibited constitutive activity :n the sppareunt
absernce of a specific hgand (¥ Fiore er af, 18870
Hudmak e of,, 1987} Furthermore, struciural receptor
aliceations were able to upregulaic intrinsic catalytic
properties of sither BGFR or ErbB2 proteins (D4 Fiors

er ¢f., 1987h; Bargmann and Weinberg, 1985 Segaito
et al., 1988; Haley et af, 1989). Fmally, BOF-

iepend&mi phosphorylation m ErbB2 by the BGFR
and biological couperation of both molecules impli-
cated traxaphosphorylation and heterodimerization in
sxbnal transduction by this class of receplors (King et

. 1388 Stern and Kamps, 1988, Kokal er gl 1989},

Employing » chimeric BOFR/EbB3 receplor, we
and othors have demonsiraied that a third member of
this receptor family, ErbB3, iz capable of transducing
mitogenic signals in NIHA VT3 fibroblasts {Kraus er af
1493; Fedi ef af., 19%94; Pugent and Guollick, 1994}, The
mechandsros responsible Fc»r ErbB3-induced miogen-

esi¢, however, are not clear. Concerns about the
inirinsic cmyma:ic ability of ErbB3 arose from
possibly ingetivating amine acid substitutions in the

predicted ErbB3 catalytic dormain with respest to other
BTEs (Kraus ¢f o, 19583 Ploway
iniiaal  resulfs o)("?V"’d that 3
autophosphorylation w  vigre (Kra;& et al., )
However, the FErbB3 ereymalic achvity roight be
significantly lower than that of the EGFR, as was
shown 1o subsequent studies (Guy ef o, 19%4)
Recent evidence pxomdcq a framework for delineat-
ing the roke of ErbB3 in mitogenesis. {1t was reporied
that the EGFR i1z capable of transphospboryiating
FebBY, an event assosiated with  recrnitment of
phaospbatidylinesitol 3 Kinase (P 3-kinase) (Soltoff er
al., 1994). In addivion, we found that a lgand-
stinulated EGFR/EDRI receptor can eficiently couple
to PI 3-kinase, hat aot to phospholipase Cy (PLOyy or
i3TPase-activating protein (GAP), revealing siriking
differences as compared to the BOGFR and BrbB2
proteins (Fedi er af., 1994). Moreover, menahers of the
MND¥F/beregubin fanuly of EGF-like molesuies (Holowes
el al., s Wen ef af, 1992, FHalls e¢f ol, 1993
Marchionni ef of, 1983} bind to ErbB3 {Carraway #f
af., 1994), However, co-cxpression of ErbB2 and BrbB3
i CO8 cells indicated that 2 putative heterodimer
between these reoiecules bound heregulin 10- to 100-
fold more efficiently than ErbB3 alone (Sliwkowski ef
af., 1994, Carraway and Cantley, 1994}, I is therefore
conceivable that NDF/ heregulin and/or other putative

7
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Hgands oormally assooiale  with  TebB3-containing  Tadle I Concomitant n of BrbBI and ExbBZ sgnaling iy \
heterodimers. In this setting, ErbB3 would contribute Auman 2 5
its unigue ability when compared with BGFR and o N ‘Eﬁh‘?-ﬁ'h
ArbR2, te recrgit P 3ddnase, and possibly other Lot BTy L S i
second messengers. The mitogemic akility of HrbB3 MBAME4EY e i
might therefore depend in part on an intrinsic, albelt {j:}\ i N b : k
reduced, kinase activity and in part on its ability to SK-RI-3 N S
heterodimerize with other b8 family members which 1
are often co-expressed in vagous cell types. L ¢

ErbB3 has been found o be sxpressed at varying
levels in human mammary carcinomas {Kyaus ef o/,
1989; Lemnine o7 af, 1992). PFurthermore, chronic
ErbBY  tyrosine phosphorylation m 2 significant
fraction of such tumor cell lines indicated constitutive (;.”pm\_ 3 by R
sotivation of the ErbB3 sigoaling funcion dn these  avtsers and ani-PTyr
tumnors (Kraue ef «f, 1993). We reasoned that BrbR3 from 1 ;
might cooperate with other erbB family members by v oot dons
sipulianeous  reondtment of complementary  signal S shusohoiviosine and Heotsin levels have besn }'m_,vio N
fransduction pathovays, In the present stody we tested  vepsrted fKevns e o, 1993) P
this hyvpothesis. We darnonsiraie that so-expression of : P
HebB3  and ErbB2 o MNIHITI cells resulis ~ ’ :
significantly  increased tramsforming  astivity when g
corapared to ErbB3 or ErbB2 expressed individually. 2

5
=

4

!

MDA-MBY
7
T 5

-4

ML

Auvalysie of ovieplasmic signaling pathways indicated

that cooperative fransformation was associated with

qualitative and gquantitative differeoces in subsirate
phosphoryiation, inchnding a striking increase in PI 3- aErtB2/oErhB2
kinase recruitment. Simultaneous activation of ErbR3
wngd EebB2 cignaling functions st both receptor and
substrats EQMQ was observed in cortain human breast
tumor cell lines, underscoring the vrelsvancs of
biological cooperation between ErbB2 and BErbB3 for
hinnan neoplasia, Finally, lack of heregulin expression
i marsreary toroor cell hoes harboring concomitanily

MDA-MBIBT

MOA-RRAGS

CMODA-NMEBATS
i

SK-BR-3

— ErhE2

oErhB2/oP-Tyr e BrHED

activated HrbB2 and BErbB3, raises the poseibiiity that Figure 1 Brbl2 ine phosg ion in human
heregulin-independent roechanisms exist for coopers- tumor celt Hnes, One my fysate of dicated mammar

nre :sr:‘.d n ‘%")S‘»(‘nsrr"ining ’mn‘?‘ ey W

tion of ErbB2 and ErbB3 in human neoplasia, “g‘ “‘;“
jaxt ated

Tmunopy

M :D Fiore of al, ~<><>'oy or
tibodies PY20, PYa%; IO

Resudis

Evidence for concomiiant activation of EsbR3 and FrbB2

N o . phosphorylation of ErbRB3I and ErbB2 is  human
m fugnen mammary sumor oolf fines ’

mammary tumor celi lines, axsmg the possibility that
We have previously demonstrated conedtutive BrbB3  ErbB3 aod BrbB2Z might be aciive synergistically,
tyrosine phosphorviation in some human mammary

i A
g};{}f(a;f Iifgz %%?ﬁif‘(krfjj:?a?&‘ig? iiﬁi‘féé C{P?j)z’;‘}’f{iiwf irgngformarion of NEHITS celis by ErbRl

: and FKrb83

1}, As the same cell lines have also been shown o 3
overexpress HrbBZ, but not the EGFR (Kraus = o,  To inmvestigate =i» paskihibiny i
1987}, we sought to determipe the state of ErbB2 ErbB3 and Erbl m tw“
tyrasine phosphorvlation in the sawme cell lines. As  expressign e
shown in Figure |, the EcbB2 protein was detected at I thus wewdgd
varying levels in 10 mammary tumor cell lines, with ErbB2 p-f:tu\
highest expression in MDA-MB453, BT474, MDA-  iis exprossion
MH361 and SK-BR-Z {Figure 1) When anti-FrbB2  ErbB3 does
immunoprecipitates were  sobjecled to immunoblot {Krauns ¢t af.,
analysis with anti-P-Tyr, ErbB2 tyrostne phosphorvla-  ton with t&
tion was readily detected i MDA-MB433, BT474, uun\{mm Lo 3
MIDA-MBITS and SE-BR-3 (Figure 1 These findings 3
coincided with the presence of counstitutive ErbB3 transforming '33: !
phosphorylation in the same cell Toes (Table 1) EcbB2 B0 ¢ Fect on FGFR m:i
tyrosine phosphoryiation was not selely a function of
its level of expreseion as evident from a comparison of
MDA-MBITS and MDA-MBIG! cells (Figure 13
These findings indicated concomitant chronic tvrosine

o
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in versely, BriB3 did not sysegl
site outand of ErbRL, LTR-E
1990} or with an amino-terminally
LTH-ANErhB2

{ wre ef gl
indicating a repuirament for both i

;
* kinase activity and the presence
domain.

Cooperarive prangormation by Erb83 and frbB2 s
: ign dnd
recepror heterodimerization

To investigate the effects of cotw [on on receplor

selected  and

aciivity, cotransfectanis wete
grown up 1o mass caltures. ¥l
tation  with EebBY or ¥
jmmunoprecipitaies were subj
with anh~-reseptor o an . Inoan
avoid receptor coprecipitation, lysates were prepared in
the presence of ionde detsrgents. As shown in Figure
34, BrhB3 was expressed at comparable levels in LTR-
FrbB3 transfeciants and cotransfectants with either

LTR-EreB2 LYR-ErbB3

P

83 +1

LYR-Erb CTR-Erhfz

5. LR~

SIGH veCOT

Plaies weare 4

Table 2
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LTR-FrbB2 or LTR-ErbB2g:. (lane 7, ¢ and 10), while
endogenous mouse ErbR3 and ExbB2 proteins were not
deteciable {anas 1 and 6). Bapression levsls of the

! protein were similar in cotransfeciants
i vector or with LTE-ErbB2 flanes 3 and
se-negative mauafant
foid lower lovels in

protein was expressed al &
cotransfectants with LTR-Hil

Analysis of ErbB2 | MG
Tyr antivodies demonstra
specific tyrosine phospl
with LETR-neo or LTR
no ExbB2 tyrosine pho v
ErbB2u,: mutant co-expressed with the ErbB3 protsin
{lane 5). These findings indicated that ErbBI did not
tion. o

lation in cotransiectant
3 and 4y, wi
was detectable in

P

“—ErhBR3

o33

ErBZ—»
ol -Tyr

ofrbde

BrbB2}

}oware ser-

t analysis con-
in these

transi arison with
provioust 1987y,
Riseysi Have

1993) indieaied
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striking contrast, the level of ErbB3 tyrcsine phos-
phorylation was elevated fiver 1o 10-fold when co-
expressed specifically with the sormal ErbB2Z profein
{lans 7 and 9). There was no effect of co- cxpras:ion
with the BErbB2 ATP-binding site mutant danes 7 and
16y nor the activated ErbB2 protein {(ANErbB2) that
facked most of s extracelhular domain {(data not
shown), Thus, cooperative transformation of HrbR3
and BxbRBI was associzted with a significant increase in
ExrbB3 tyrosine phosphorylation, suggesting transphos-
phorviation of ErbB3 by the BrbB2 protein.

We next sought to determine whether helerodimers
hetween ErbB2 and HrbB2 could be demonstrated in
the cotransfectants by testing the ability of ErbBZ to
so-immunoeprecipitate the BErbB3 proiem To minimize
dissociation of recepior complexss, mmmunoprecipita-
tion @xps”ﬁrp nts were condncted on fresh lysates
prepared in the absence of iooic detergents. Lysates
ware snubjected to immanoprecipitation with an ErbB2-
specific monoclonal antibody and then immmunoblotied
with peptide antibodies specific for ErbR3 or HrbB2
profeing, respectively. As shown in Eigurs 3B, the
ErbB3 protein was readily recovered from EebB2
mmunoprecipitates of LIR-ErbBYLTR-BErbBY co-
transfeciants (lane 14). The specificity of this
iwmunoprecipitation was confirmed by the
the ErbB3 protein (n imwunoprecipitates of the sarse
fysates using non-fonnune {26, or in BrbB2 immuno-
precipitates of LTR-ErbB3 trarafectants (Figure 3B,
lanes 13 and 16} These resulfs demoustrated that
ErbB3 and ErbB2 aggregate i vivo to form hetlero-
dimerie receptor complexes. O node, heterodimer
formation cocurred independently of ErbE3 or ErbB2
ivromine phosphorylation, sinee guantitatively propor-

L0~

absenice of

OnCusp
Ex. 1002

tional BErbB3 proiein was co-immunoeprecipiiated with
anti-BrbB2 from cells co-expressing ErbBI 2nd the
ErbB2 ATP-binding stie mdant protem {Figare 33
{ane 18}

ErbB3-mediated recriiment of PI 3-kinase
enfanced by co-expression of EvbE2

In efforts to investigaie whether the biclogical coopera.
tion observed between ErbB3 and ErbB2 was asse-
ciated with alierations in their intracelivlar signaling
capacities, we initially investigaied PI 3-kinase activiy
i the cotransfectants. As shows 1o Figure 4,
significantly elevated levels of PI 3.-kinase activity were
observed io anti-P-Tyr or ant-ErbB3 immunoprecipi.
tates of LTR-BErbBY/LTR-ErbB2 cotransfectanis when
compared to LTR-neo or LTR-ErbB¥as well as LTR-
neo/LTR-ErbB2 or LTRErBBYLTR-ErbR2q.:, co-
transfestants (Figure 4A). Standardization of the PP
signal relative to p&3 expressicn levels i the same
Eysa‘e-‘\ indicated 2
; Thus, the increase in PU 3-kinase recrartm
pra allcln,c the increased level of FrbB3 tyresine
phospharyiali@n observed in LTR-BroR3/L TR EbR2
cotransfectants.

We next corapared association of the p83 subunit of
PI 3-kinase with the fraction of phosphotyrosine
containing proteins in these transfectanis. Immunebiot
analysis with anti-pRS demonsirated that the highest
levals of pBS were deiecied 1o ant-B-Tyr mmunopes
cipitates of HrbB3/ErbB2 cotransfectants (Figure 4B,
fane 4} Relative to pR3 expression levels in the same
iysates, & 2.8-fold or 5.5-fold increase was estimated in
these cotransfectants when comparad o transfectans

Q4 '?H!L I
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containing onfy BrbB3 or ErbBZ, respectively. Thus,
peterodimenization of ErbB3 and ErbB2 was ‘msm.aicd
with 2 significant increase of Pl 3-kinase signaling
NIF3T3 celis,

Cooperative fransformation by Erb83 and [rbB2
ivolves differences i substrate phosphovyiation by
cptor hetevodimers

To explors whether other differemees in subsirate
recruittoent o phosphorylation by ap BErbBZ-ErbBE3
neterodimer conld be demonstrated, we sought to
compaie pattens of phosphotyrosing-containing pro-
ins in transfectants expressing sirailar levels of ErbBY,
B2 or both proieins by  two-dimensional gel
Iysis. As shows in Figure 5, phosphotyrosine-
ning ;protems were less abundant in LTR-ErbR3
wpared with BrbB2 transfectants, Comparisen of
rransfectants cxpressing BrbB3 as well as BErbB2 with
an ErbB2 conired revealed a nomber of common spots.
Some of these P-Tyr-containing protoins showed
wreased lntensiiy in the cotransfoctants and were
detectable gt lower ipteansity in the LTR-ErbB3
cotant (Figure 35). These findings suggested a
grntitative inerease of substrale phoﬁph orylation in
IT:{ ErbB3/LTR-ErbB2  cotraosfectants.  Of note,
three major spots were uniguely detected in LTE-

b3/ TR-ErbB2  cotransfectants  (Figure 5, right
pancl, arrowheads). Two of these proteins migrate
i the molecular weight range of 128130 ke,

as the thirvd exlubited estimated molecular
of 65 kIxa, Nons of these spots was visualized
ng antisera specific for carboxyl-terminal epitopes of
ErbB2 or BErbB3 (data not shown}, suggesting that they
are not receptor degradation products but rather refiect
tyrosing Kusse subsicates specifically phoephoryiated
by heterodimeric BrbB2-ErbB3 receptors. Two spots
observed in the ErbB2 transfectant were not evident in
the ErbB2/ErbB2 cowrsnsfectant. It is uol known
whether the 65 kDa protein in the iatter represenis a
difforeniialy ph ipharylated isoform of ooe of these
two unigue spots in the BrbB2 transiectants. In any

m

ErbB3 ErtB2

Figare §  Two-dimensio
trami;f, Tanis were f

analyss of phosphotyrosine-contaning proteins in MIF
Yo Trilon buﬂ‘er coniajning phosphatas‘i inhit' i
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Ex. 1002

bvnemg cf ErbBE and ErbB2 signaling in Neoplasia

SNy
R

8

case, these findings provide evidence for qualitauve as
well as quantitative differences in substrate pbosphory-
fation in NIH3T3 cells cooperatively transformed by
FrbR2 and ErbB3.

Avidence jor EebB3-medinted signaling in human breast
tumar cefi fines

Based upon the known differences in efficiency of ErbB3
and ErbB2 with respect to PI 3-kinase reeruitment, we
investigated the pattern of PI 3-kinase activation 1w six
human brasst tomor ooil nes including four lines that
exhibited active ErbB3 and ErbB2. PI 3-kinase activity
was sdelermined following serumestarvation and was
normalized for p85 eapression levels in these cell fines.

Amnalysis of anti-P-Tyr and and-HrbB3 onmunoprecipt-
‘,:a tes revealed 2o docrease in asseciaied P 3-kiness
activity 1 MIDA-MB36!,  MDA-MBASI, MDA-
MBIT?S, BT474 and SK-BR-3 as compared to MDA-
MB134 celle which showed little if any associated P 3-
kinase activity. Moreover, apalysis of ant-ErbB3
anmunoprecipitates revealed relatively "'Li;het' fevels of
ocisted P 3-kinase astivity in eofl Hines axbibi Bg
chrome BErbB3 and ErbB2 tyrosing =>huag~’r arylation
{Figure 6A). All of these findings suggested increased
coupling of ErbB3 with PI 3-kinase in the ErbB3
activated tumor cell lines.

We next analysed these same tumor colt Hues for
evidence of ErbB3-ErbB2 beterodimers. As shown in
Figure 6B, ErbB3 co-immunoprecipitation with ErbB2
was most pronounced in the fowr cell lines with
constitutively  aciivated ErbB3  mcloding  MDA-
MB4S3, BT474, SELBR-3 and MDAMB.ATS, wher
litile co-rmounoprecipitabion was obaerved in MIDA-
MBIEL ceils. The exient of HErbBI co-immunoprecipi-
tation with ErbB2 in thece cell lﬁfﬁb Blass esponded e
relative levels of chronin ErbBi st 3
tlon as well 38 ErbB3-assc ua!::( PE A-hinase .auimtv
Thus, the resulls with human breast fumor lines arg
consistent with heterodimer formation and PL 3-kinase
recruitmoent observed in NIFH3TY cells cooperatively
tramsformed by ErbB2 and ErbBLL

(45000 TUBIBAR ARORI0IY

cleins wels Hnmunep:
1594). Following 2
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Figure § Signaling by an ErbR3-ErbB2Z heterndimer in
2F-Tyr or aBrbB3 mmunoprecipitates was determaine

pman manumnary temor cell
as described in leg

iines. (&3 FI 3-kinas: ivity associsted with
sl to Figure 4, (B) ErbB3-ErbB2 heteradimer formation

was analysed in the indicaed mammary tumor oell lnes as described In Figure 38

Ligand-dependeni activation of ErbB3-ErbB2

heterodimers

Co-expression of ErbBI and ErbB3 bae been reponed
e reconstitute a high-affinity receptor for NIF/

hercgulin {(Carraway and Cantley, 1994; Shwkowski
et al., 1984}, Thus, WNOF ‘heregulin might be involved
in EroB3.Ecb87 heterodimer formation so NIHATS
cells as well as breast fumor coll Hoes co-cxpressing
these molecules. We tosted these cell hnes for NDF/
berepulin tr‘mscripts by reverse trzznscriptﬁs<‘,~poiymcr~
ase chain reaciion (Ri -PCRY Oligomuclestide primers
were designed io invariant regions of the gene 1o al k;w
PCR 2 n)h‘u‘atmn of the rodent homeclogue (NDF;
wsil as 4 human isoforms of hevegulin, HRG-v, HRG—
Bi, HRG-B2 and HRG-B3. As sho*m in Figure 74, the
predicted 367 bp N F/beregulin fragment was amph-
fied frors RNA of NIHITY and a burass lelomye-
sarcoms derived cell Hne, SK-LMS-1, which scrved as
a positive control Under these same conditions, the
MIE/ hererruhn transcript was not defeciable in MDA~
MEB134, MDA MBI, SK-BR-3, MDA-MBITS,
BT474 or MIDA-MBASI A f-actin condrol demone
strated integrity of the mRNA in cackh ceil line {Figure
TAY, The expression of NDF/heregulin transcript in
MIHITS cells ¢ conmstent with the consept that this
ligand is responsibie for autocrine triggering of ErbR3-
ErbB2 heterodimers in these oslis.

To iavestigate the possibility of other ligands
respousible for ErbBI-ErbB3 heterodimerization in
mamrnaey  bwraer cell dines, we tested  conditioned
medium for the ability to induce ErbB2 tyrosine
phosphorviation in MDBA-MB134 cells. This cell fine
expresses relatively ligh EcbBY and low ErbB2 protein

levels neither of which exhibits detectable tyrosine
phosphoryiation (Figure 1 and Kraus 2f o, 1993
When serum-starved MDA-MBI34 were exposed to
conditioned maedium prepared from breagt tumor ceff

lines with actbve FrbR2 and ErbB3, conditioned
medium of MDA-MBI7S indused ErbB3 fyrosine
phosphorylation, wheress BSK-BR-3, BT474 and

MDAMBASY lacked similar acuvity. Thus, endogen-
ous  ligand production might be responsible for
activated signaling by an ErbB3-ErbBY heterodimer
in MDA-MBITS cells, Whether this activity represenis
an alternatively spliced form of NDF/heregulin whose
transcript was not detectable by RT-PCR or a different
motecule, s not yet known.

Biscussion

ErbH2 has been implicaied in human mahgnancies dus

to gene amplification/overexpression and iis ability o
induce transformation in model systems # viro and #
vive, fn NIHDT3 cells, normal ErbB2 transforming |
activity was only evident ai high levels of expressicd
{EM Fiore 21 af,, i987; Hudziak or o, 1987). In homat
mabignancy, similarly high ErbB2 protein levels art

abserved in 4’% ’% Oi br&w& or ovanan ;,Mcumrr%‘

wifng of breast tume
mmor-dertved sell i doss  not  display  gen®
amphfication, but oversxpresses Ft}:BZ ‘ai I‘l"’daf 218
levels, ingudiivient 1o produce the 3 :
i the NIHETS medel systern (D F fare ef alm

o
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Figure 7 Ligand involvemnent inm HrbRZ-ErbH2 heterodimer activation. {A) Five g total RNA frow the indicsted cell Hues were
ed for the pressnve of NDF/heregulin transeript by RT-PCR. To asceriaie RMA-specitfic amplification, reactions wers
performed in the presence or absence of revorse dranscriptass (RT). fn addition, a negative countrol for POR amplification was

conducted in the absence of template (O, Top: Bihidium bromids statn of WD/ heregulin products. Center: Bthidium bromide stain
of § actin p 18, Bottom: Southern blot analyals of gal thown in top panel emploving an internal WD F/heregulin-oligonuclzaiide
s a probe. The predicied 367 bp fragment was independently confirmed as NDF/heregulin by restriction analysis with Psif and
Boll. (8} Sevumesiarved MIDNA-MB134 cells were triggered with conditioned medium harvested from the indicated cell bines, Twomg
iysate was tramunoprecipitated with afsbBE2 monseional antibody B3-1 and subjected o fmunoblot analysis with sP-Tyr antibody

(O or «BrbB3 peptide antiserum

Kraus ef of, 1987; Berger ef al, 1388; Slamon et a
1989, Onar present siudics show that BrbBE3 coopcr.m:a
with ErbBZ in the neoplastic transformation of
NIHIT3 cells. EebBY activates ErbB2 traosforming
potental at intermediate exprossion levels and sub-
stautially enhances neoplastic transformation, when
ErbB2 is expressed at high protein levels. These
chservations in & model systemn were paralleled by
svidence of concurrent activation of ErbB2 and ErbB3
signating fanction in a vumber of hurasn breast tumor
cell lines. These results imply that biological coopera-
tion between these two erbB family members can oocur
i human malignancy,

We demoustrated that biological cooperation be-
twoen ErbB2 and FrbB3 was assosiated with betero-
dimer formation and inereased steady state ErbB3
tyrosine phosphorylation. The formation of a hetero-
diruer i vive may facilitate transphosphorylation of
ErbB3 by ErbB2 or such heferodimers reay possess
higher inirinsic catalytic activity than the monomer.
We further showed that an ErbB2 mutant acking most
of itz extraceHular domain, ANErbB2, was unable o
cooperate for transformation with ErbB3 Based vpon
the current us)cmn?dmimg s)f f*(:c—;pi.m‘ dxmus}uiwu
{Sibiessinger ~i59§~} xuzw

@\ o

SIS 3‘3*’5*"‘
e all 188 i A
hiterndineis wive Bet nps\rted 1 hashas Qi
celis due to a lack of co-expression of these two
Cttydors at enicient protein levels (Galdman er ol
'whf Fs‘E)Bﬁ and EpbBY are found

tumor cell Hnes at intermediate or high protein levels,
Moreover, an active HrbB3-Erb82 heteredimer in
MIDAMBITS sugpests thar simultassously increased
signabiog can occur even ai lower expression of both
vecepiors,

The question arises as to the underlving mechanisms
of ErbB2 and ErbBR3 heterodbmer {ormation. Our
observaiions suggost involvement of roultiple molecudar
mechanisms. Previous sindies have indicated that
receptor  homodimerization and  heterodimerization
oeeur m response to ligand or, as in the case of

GrhB2, may resell from structural alterabions mirmck-
ing ixgax.d activation (Weiner of of,, 1989 Honegger e1
af., 1990; Spivak-Kroizman ef of, 1992). Based upon
constitutive  ErbB3  {yrosine phosphorylation in
PNIH3TS cells, we have previcusly suggested that these
cells way prodoce 30 BrbB3 hgaud Kraus et of | 199%).
Consistent with s ﬁtadmg, e detected cnd(‘gmguc
TNIF/heregulin expression in NEHSTﬁ cells by RT-
POR. In addltlon, eonditioned medium from NIHIT3
cells was able to trigger ErbB3 tyrosine phosphoryia-
tion m MDA-MBI34 celle {data not shown) Thug,
awieorine NDF/bheregulin produstion is likely respon-
sible for BrbB3-ErbE2 hﬂicrodsm»nzatmn it this model
syaient.

In all fowr marmamary tomor cell lines displayiag
consiuiive activalion of ErbB2 and BcbB3, we Mded
to detect WD/ heregulin expression by RT-PCR. Thie
observation doss not rule out alternatively spliced
NDF/heregulin {ranscripts escaping detection by RT-
PCR. Such a NDF/heregulin variant might be present

MDA-MBIZS, since we obssrved soluble ErbB3-
triggering activity as well a3 higher molecular weight
transcripts hybridizing with a human heregulin probe
i Northern blot anabyms {data not shown}. In SK-BR-
3, MIDA-MEB4EY and BT474, however, lack of NDF/
heregulin detection by RT-PCR was paralieled by lack
of transeript detection in Northern blot aunalysis {data
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Synergy of £rbB3 and Erbli¥ signaling in Neoplasia
M Alimandi et af

st

e

=

not shown and Holmes e af,
ExbR3 mazgurma activity from conditicned medivm.
These findings raise the pomhdm' that ErbB2-ErbB3
heterodine wo in these cell lnes wmvolves & still
unknown, cell-associated Bgand activity or ligand-
independent mechanisms including mutations or high
receptor density.

We demonstrated eohanced signaling through the PI
I-kinase pathway in NIH3T3 colls as well as human
tumor cell lines exhibiting co-expression of chrounically
activated BrbB2 and ErbB3. These fHudings can be

explained by the enhanced tyrosing phosphorylation of

ErbB3 cc-expressed with ErbB2 which by ltsell dogs
uol efficently couple with PT S-Kiosse. Substantial
svidence m;phmt»% PI 3-kinase in mitogenic signaling
{Caniley et «f, 1991, Valius and Kaziguskas, 1993;
Rodriguez-Viciana er af, 1894}, Thus, increased
recrmitment of PI Zkinase might participate  in
ennanced signabng by an Erbi3-EebB2 beterodimer.
Howsever, it appears unlikely that PI 3-kinase alone is
responsible for this effect. SV40-ErbB2 tranafected
MIH3T? cells, for instance, did net exhibit &
transformed morphoelogy even upon exposure to high
concenttrations of inselin, 2 potent actvater of P 3.
kinass {Cantley e of, 1991 and PP IH Fiore,
wapublished ob%grvatwm; wherene they were readily
iidl‘SfOl'ﬂPJ by co-exapression of ErbB3. Indeed, we
identified by 2-dimensional gel analysis three phospho-
tvrosing prodeins thal are aniquely phosphoryiated 1w
the cotransfectani, but not by ErbB3 or ErbB2 alone.
Thus, biological cooperation does not only involve
additive recruitment of ErbB3 and ErbB2 signaling
pathways, but is determined by ¢ualitative differences
in subsirale recroiiment by a yeoeptor betercdimer.
Charasterizaiion of these eubstrate proteins should
provide insight in the mechanism of action by an
ErbBZ-ErbR3 heteradimer.

In human breast cancer, ErbB2 overexpression
assoclated with gene amplification has besn shown to
possess progpostic value for decreased survival in
tymph-node positive disease, while a diagnostic role
In stage 1 inmors was not unegmivocally established
Slamon e af, 1987, 1989 Tandon er af, 198%;
Paterson ef af., 1994 Jo additbor, BrbB2 overexpres-
sien at intermcd;a ¢ lovela "ﬁwtmg sigmificant subsst
of human mammary carcinomas, could not be
associated with disease progression. Based on our
results, it appears worlbwhile to evaluate breast toreors
for SrbB2 overexpression i Bght of simultanecus
ErbB3 exprossion s well as figands activating the
signaling function of a heterodimer. EBvidence for
bislogical synergism of ErbB3 and ErbB2 in & modsl
systemt and hounan breast furecr cell lnes raises the
possibility  thai determiuation of a shoultassously
activated ErbB3 and ErbB2 sigunaling function may
improve the predictability of disease-free survival in
human breast caneer.

Materials and methods

Tumor cedl lines

Huwar twmor cell Hnes were oblained ftom the Amencan
Type Culiture Collechion (ATCCY and were maintained in
Puibecce’s Modified Bagle Medivm {DMEM) containing
6% feial calf serum.

19923 and absence of
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Preparation of conditioned medivm and riggering of MO A
MI34

Confluent monolayers of cell lines seedsd on Sbronsstiy,.
coated plates were washed twice with FBS {phosphat
taxifored saline) and expossd 1o 6.1 mi per om® e
siading. (DMEM wnt«msz\g S g™ trar
165 M seleninm) for 48 b Counditioned s o
harvested and clarified at (9 @f)f)y MDA-MBI3 mqrn
mary tumor colls were plated on fibrousotin-ooated plaig
and grown to confusnce. Fellowing serum starvation fy,
18k, monolayers were triggered with 0.1 mi per om? o
souditioned mediura for 10 min at 37°C. Mock treatmay
with serure-free medium or conditioned medium of MDA,
MB134 cells served as negative controls,

Feneration of wlirb B2 menoclonal antibody E2-7

A monoctonal anntbody against the extraceliviar dorxu ing

FrbB2 was ratsed by immunization of Balb/e mice with Hve
LTR-ErbB2 WNIH3TS transfectants as previously desceibeg
{Kraus er «f, 1993}, Hybridoma supernatants were

sereened by enzyme-linked tmwunosorben: assay (BLISA)
Foliowing double cloning by limiling divtion, supee
natants were analysed by immunofiuovescence awmd im.
manoprecipitation. One wonoclonsl astibody, MAbD E2.],
further characterized as IgQGi isetyps. It specifically
recognized the ErbB2 proteln, and did wot show cross
reactivity with EGFE, ErbB3 or ExbB4 proteins over-
expressed in MIHIT3 celis.

Prosein analyvsis

Immunoprecipitaiion snd fmmucoblot avalyses were con-
ducted essentially as previously described (Kraus ef of,
£987, 198%). Immunoprecipitations using wonocional
agtibodizs were performed using Gammabind G agarose
precoated  with  goat  snti-mouse  umunoglebultn G
secondary aniibody. For recepior co-tmmunoprecipiiation,
cells were sen or 16 h and lysed in a buffer
containing 20 mam Trs-HO 705, 100 rav Nall, 5w
EGTA, 1% Nonwdet P40 {NP-40), protease and phospha-
tase inhibitors. Reeeptor-spect munoprecipitations
were performed (n StaphA buffer {16 ma sodium phos
phate pH 74 ’GO myM MNa(l, 5mM BEGTA, 1% Triton,
8.1% S5, 0.5% dmxwh(‘]am whereas it m.\.m)pruipzta
tions with m':-? Tyr {UBL were conducted in 1% Triten
buffer (Fedi ez af., 1994). Pl 3-kinase assays {Fedi er af,
(494 and 2.1 analysss (Romameo ef i, [%54) wers
performad as proviously reported.

Reverse transeriplase-polymerase chain reaction (R PCR)

RT-PCE was conducted by standard methodology using 2
commersial preamphification system {Gibeo-BRLY First
steand-synihesis was prireed from § g total BNA usieg
ragdom hexamers \memm.a, and 200 wmts Superscxipt
reverse fransoriptase. Following inactivation of the enzyme
at 95°C for § min, samples were treated for 20 min with 2.5
anifs ®Mase H (Giboo-BRL) Forty cycles of PCE
amplification (1 min at $5°C, 2 win av 35°0, 3 mip &l
FC) were carried out in 100 ¢ using Tag polyruerast
{Roehringer Maunhaim) and | um of the following primerst

NDE hereguiling
SGAGTGTAAAGAAGGCAGAGG-Y and 5-CACACA

GAMAGTITTCTCOTT- (Holmes f al, 1993 Wen #
3., 1592).
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Antibody—drug conjugates: targeted drug delivery for cancer
Stephen C Alley, Nicole M Okeley and Peter D Senter

The antibody—drug conjugats fleld has made significant
progress recently owing to careful optimization of several
o

rametsrs, including mAb specificity, drug potency, linker
tgchnology, and the sinichiomatry and placement of
conjugated drugs. The underlying resson for this has bean
obtained in pra-clinical biodistribution and pharmacsking
studies showing that targsted dslivery leads o high
intrajurmnoral free drag concentrations, while non-target fissues
ars frgely apared from chemotheraDeuiic eXpost
] worrients in the fiskd ha
of ALCs being testad clinioally, with 3 in Eate siage of m;cz-i trxaf
Brentukimalts vedot o raferred to as SGN-38) for Hodgkin
fymphoma; Trastuzumab-DMY for bireast cancer; and
inotuzuemad czoegamicin for nore-Hodgkin iymphorna, This
revisw Bighiights the recent pre-clindcal and clinical advances
that have been made.

Address
Reattie Genetics, Inc., 21823 30th Drive SE, Rothell, WA 98021, United

States

Corrssponding author: Alfay, Stephen C {SAlley@seagen.com;

This review cnfﬁ% fovy A
Nexi' G i Them;,a

ROV 10.40187.0hpa 2RIt We'i T

reelonal antibodies km, fi)y have boen
Er,r HSC in many indications, including cancer
ns by which m
3 cfﬁmcy, bar often their ivity is oot
to produce a lasting benefit. Hence, several

strategics bave boen eraployed to enhance thelr activiry.
Antlody-divg  conzugares {(ADGCs)  re 1t
approach, where the d)ii ty to hamoss reAb spesficiny
,md v Ve i ageny o the turnos
ma H

$E ACHIVITCE,
ron of
~ 1o thiC OYIOLONIC
g the use of potent agents that would
mic use. Optimization of a varicry

reconthy ract w considerable
e 3 A DCs are now i late-stage chinieal

rrmL, Wi 1h ’\E“("I[ 10 arhers in carlior stage als,

Davelopmeant of optimized ADCs
Optimization parameters

Extensive optimization of several ADC paramerers has
raken place over oul t:pi., decades, and clinical de
ment of ADCs d avtendon these decaits.
Table 1 Hsts these eptimivation perameters and differene
selutions for groducing pharmaceiogically sctive ADCs
There are 3 koy components of an A the mAb, the
drug, and the linker, fdeally, the mab will specifieslly
bind t an antigen with ssbetandsl exprossion on wmor
ceils bt Himieed cxpression on normal gssucs, Specificity
ailows the utilizadon of drugs thar orherwise wonld he oo
roxic for chinical application, Vhus, most of the recers
work in ghis d has cenrerad on the usce of highly potent
CYIOENNIL s, This requires the developmoent of tinkes
wchnc]ogic" that provide conditional swability, so ¢
drug release occurs after wirnor binding, rather than in
ctriculation. Finally, the method of ADO conjugat
which detorminss the drug fcading stoichiorsstry and
has been shown o play roles not ondy
ctics, but also in activity, potency, and toler-

T

ohary macokin
ability.

Antigen binding and drug release

v different ansigens bave been evaluared for ADCs
315.6 1. "The vast majonty undergo rapid intcrnalization
once the ADC brods threugh a process Known as recepior

mediared endooyrosis, in which anugens localized o
clathrin-ccated pits oc lipid rafis are memalized alo
with bound antibedy {8} For some antigens, unco
gated mAb and ADC have been obhsorved v interms
with the same rate {71, while for other antigens ADC
been observed o intemalize much moere cfficicndy than
unconjugamed mAb i8], thar ntornalization
processes are variable acress anugens and depend on
multi pararveters. Onoe < d, the AR
delivered o lysosomces {although there are some excep-
vicas (91) where effective drug release rakes sdvaniage of

suggesting

abwlic envirorunens found withiv these
nHomrw release from the lysosome, the drug eivher
binds o or feaves the ©
i 2Cs have demonstrated
*:(E drug in aantigen

the ca

arganclics.

via

55IVE Prosesse
r accunndatios

ntigens can
: s ADLA pmux iy wrilizing
d\‘uﬂ rdf‘“( STYarg that occur in the mmer microon-
vironment rather r! an inswde cells {12,13] Fho require-
ments for antigen invernalization o yickd aerive ADC
an arca of active invesugadon, and the resuits may be

Current ()pmicm in Chemical Biology 2010, 14:529-537
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FHgh stabiity by v g
Htg'} ;‘:n:ﬁnrxw sige '*&l VR v., jitpe} tiea

'm:rs;uge Oy 16 4
with aherad PR

depondent nor only ssed for ISENMEY cotly hnked SMOG ADUs and disul
drug attachn butaiseont g GRCE IS fide-linkod ADCs borh vield g-amino lysina-linked drugs
released from the mAb carrior, {6, 9, 11}, The disulfde-inked drugs can aise he reduced
hg free thiol and Sllt‘m guently S-methylared or oy
red {7, 312} (Figure 2). "Uhese various small molecules
s that were alrcady approved have different potencics ii‘d collular permea 108, pro-

i ause of differences in charged groups on the
{10]. MWNot all drug classes may be

FLN

Orugs and finkers

“arly ADCs relied on dr
for wse as sreall moleouls
arubi and suffered from

as vinblastine and dox-
sck of porency and low

more potent drugs Beation with an amino acid, and oouid
L i this form.
bBeen more proanising 4s Al
{Figure 1), $ines QE‘(;_);;]‘(; 23, and \,ah\,ﬁmdr‘nr" ; Seability of the drug-linker in circulation is imporeans

{Figure 3

SRR
CY LTS

i ha
sure for several days post injeot

because the long cire
ox

z'rd ma

s

cyele arrest, an v subs fe P oapopiosis. ADCs and protease-cleavable Hnkers 2
Manemerh y}ghrg STAtin conjugated throngh a pro- stabie o circulation than disulfides an
weasc-cleavable  dis hnkor {v { 1 151, although the stabilicy of the lac 1 b
and monm'(‘-cch'yiamm ¥, 0o s : 1o mADs tuncd by altering the neighhoring chemieal serocture. For
hrough i cic acid (GuoebMAR, 3) I8 bsrituencs oo the aromade group adjacent to
s\/r‘(n(,-.}(‘ analogs of dolastarin 10, a the :l}’{f’q“(}n(} irs calichearicin conjugares were shserved

produc:
affece the rate of calicheamcin releasc and
c{3)or ADC potency [151 B2M4 has a gem-dimethy] group nexe
cional succinimidyl 4- to the disulfide, which increases disnlfide bond sabilivy
boxylste comparad o DM that bas a single adjacent methvl group

2 from the o ve Dada-
. DM}, I8
the hererobi h
thyliey \)Hht

7\4 30y hnkor (8,
d-.smﬁdc {18}, arc
a natural product orig
shrab
icaving ny-“m

BT

Nv isolated from the Er hiopian
Calichearaicin, a DNA strand

ADCs, includi

.sr-‘)i(‘ni()rnctry and
honld mainain th
xr‘XL t'h

A

are three common meth

fation of veduced wrerelh

tion of f‘n;,zru*;"’i
v varicry of catabolic o sco that ocour 1 y and up o {00
an ADC, The veMMAE protcase- I\' for conjugation on 1g(3 n.f\,/ and

{1) was e 1to relcase MIMAR <

ResS 3ICs oSty in hLeragencous mi

71 anad indeed RINMAT was reporrad as TEIF e conjugates provide 3 (icgfr(' of
the ondy incracalinlar released dong s cancer cell lines R formn\v than lvsinc-bascd conjug '?‘xh,

¢ methods in which oys

aare 13 (L "Fhe diveorly conju
{3} was vhserved welease

red meMMAEF drag- recombing
cNENMAY (4) after mtroduccd tinto the mAb backbone are morc ru»xi‘r\-m sgild
colvire dop
wse vhe drop (Figae 1) ]

ances, b has been ohscrved that the

0N 122,231, In somc in
Far lacarion of the conj

ADC cambolism, consistent with p 8
of the mAh o

as the

ared drug is nenas inpe
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Figure 3 . e compared using a single radiclabel on the drug. Since the
diabody clears much faster thau the mAb, the kineulos of
rumor accumulation wers distinen released drug from the
diabody conjugare reached peak concentrarions within 1 d
post dose while the released drug concentrazion from the
reAb conjugate was stil Jnoreasing at 24 post dose
{Figure 4b) Despite the mpid clearanes of the diabody,
rhe tmor exposure to the drug for diabody and mab couldd
be matched wi rger diabedy dose, but an the expense
of the disbody cuposing the normal tssues 1o much hipher
concenrations of conjugared and released drag. "Fhus, the
tnor 16 novmal gssue released doug exposure ratios were
found 1o be superior using a mAb for drag delivery,
compared o the Jower molecutar weight diabody [27]

Currerd Gpimon in Che;

af Biology

Hibody- drug coniugate. o A N N =
published study invelving marhematical modeling and

Figure 4
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Pizzeys Patent and Trade Mark Attorneys Pty
Ltd

GPO Box 1374

BRISBANE QLD 4001

Australia

Your reference 49212DAI/KS

Application number 2014371934

Applicant name Daiichi Sankyo Company, Limited, Sapporo Medical
University

Earliest priority date 25 December 2013

Final date for acceptance: 21 June 2020
Date of this report: 13 September 2019
Examination request date: 15 November 2018

Dear Pizzeys Patent and Trade Mark Attorneys Pty Ltd,
Your application has been examined under sec#ing 45 of the Patents Act 1858, | consider that this application

does not meet the requirements of the Act because there are issues with the application that are explained
in the report details.

You have until 21 June 2020 to overcome all my objection(s) otherwise this application will lapse.

You will also need to pay any annual continuation fees that apply. Your next continuation fee is due on
24 December 2019.

Details of this patent application can be viewed on AusPat, our Australian patent search database.

Yours sincerely,

Shawn Lyons
Section: CHEM 3 - BIOTHERAPEUTICS
Phone: (612) 6283 2081
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In examining this application | have considered:

- the verified translation of the PCT pamphlet as originally filed
- allowed and/or proposed amendment/s under S104 up to and including amendment item number
2, filed on 6 September 2019.

Summary of novelty, inventive step and patentable subject matter

Satisfy Claim
requirements? numbers
Novelty/inventive step Yes 1-39
No NONE
Patentable subject matter Yes 1-39
No NONE
Detailed obj

Section 40 (support, disclosure, clarity, lack of unity)

2 Claims 26-31, 37-39 are not supported. More specifically, the claims are directed to an
antitumor and or anticancer drug comprising the anti-TROP2 antibody conjugate,
pharmaceutical compositions comprising the claimed anti-TROP2 antibody conjugate suitable
for treating various cancers and the use of the claimed anti-TROP2 antibody for treating
tumours and/or cancers broadly and various other claimed cancers.

It is not reasonable to expect that the conjugate can be used for treating cancers where TROP2
is not implicated. D9 is considered representative of the common general knowledge in the
art and discloses that TROP2 overexpression on several types of carcinomas is associated with
tumour invasiveness and poor prognosis. However, TROP2 is not overexpressed in all cancers
e.g. TROP2 is not upregulated in head and neck cancer (see the first paragraph of the
Discussion on page 706; the paragraph bridging pages 704 and 705). Furthermore, the
applicant’s specification demonstrates that not all cancer cells are positive for TROP2 including
the lung cancer cell line Calu-6 and the human cutaneous melanoma cell line A375 (See
Example 22 of the applicant’s specification).

In the absence of a principle of general application that enables the whole scope of the claims,
the claimed invention will only be supported if the body of the specification provides adequate
guidance in the form of explicit instructions and/or sufficiently representative examples that
enable the skilled person in the art to perform the invention over the full scope of the claims.
In the present application, however, such instructions or examples have not been provided.

Thus, for the reasons provided above, | am not satisfied that the body of the specification

Page 2 of 5
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provides the support required by s 40(3).

I apologise for not raising this objection in the previous report.

Documents cited or considered relevant
D1:T. M. CARDILLO ET AL, "Humanized Anti-Trop-2 IgG-SN-38 Conjugate for Effective Treatment of Diverse
Epithelial Cancers: Preclinical Studies in Human Cancer Xenograft Models and Monkeys", CLINICAL CANCER
RESEARCH, (2011-03-03), vol. 17, no. 10, doi:10.1158/1078-0432.CCR-10-2939, ISSN 1078-0432, pages 3157 -
3169 111

Category: A Claims: 1-39

D2: WO 2011068845 A1 (IMMUNOMEDICS, INC et al.) 09 June 2011 ["]
Category: A Claims: 1-39

D3: US 20080131363 AT (GOVINDAN SERENGULAM et al.) 05 June 2008 [1]
Category: A Claims: 1-39

D4 : MORITZ N WENTE ET AL, "DE-310, a macromolecular prodrug of the topoisomerase-I-inhibitor exatecan
(DX-8951), in patients with operable solid tumors", INVESTIGATIONAL NEW DRUGS ; THE JOURNAL OF NEW
ANTICANCER AGENTS, KLUWER ACADEMIC PUBLISHERS, BO, (2005-08-01), vol. 23, no. 4,
doi:10.1007/510637-005-1442-2, ISSN 1573-0646, pages 339 - 347 1

Category: A Claims: 1-39

D5 : YUSUKE OCHI ET AL, "A possible mechanism for the long-lasting antitumor effect of the
macromolecular conjugate DE-310: mediation by cellular uptake and drug release of its active camptothecin
analog DX-8951", CANCER CHEMOTHERAPY AND PHARMACOLOGY, SPRINGER, BERLIN, DE, (2005-04-01), vol.
55, no. 4, doi:10.1007/500280-004-0911-1, ISSN 1432-0843, pages 323 - 332 [l

Category: A Claims: 1-39

D6 : YOSHINOBU SHIOSE ET AL, "Systematic Research of Peptide Spacers Controlling Drug Release from
Macromolecular Prodrug System, Carboxymethyldextran Polyalcohol-Peptide-Drug Conjugates”,
BIOCONJUGATE CHEMISTRY, (2009-01-21), vol. 20, no. 1, doi:10.1021/bc800238f, ISSN 1043-1802, pages 60 -

7001
Category: A Claims: 1-39

D7: US 20110293513 A1 (GOVINDAN SERENGULAM V et al.) 01 December 2011 ["]
Category: A Claims: 1-39

D8 : IKUO MITSUI ET AL., "A New Water-soluble Camptothecin Derivative, DX-8951f, Exhibits Potent
Antitumor Activity against Human Tumors in vitro and in vivo", JPN. J. CANCER RES., (1995), vol. 86, pages
776 - 782 [N

Category: A Claims: 1-39

D9 : STEPAN L.P. et al., "Expression of Trop2 Cell Surface Glycoprotein in Normal and Tumor Tissues:
Potential Implications as a cancer Therapeutic Target", Journal of Histochemistry & Cytochemistry, Vol. 59,
No. 7, pages 701-710 [2]

Category: A Claims: 26-31, 37-39
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] Cited in the search/examination report of EP 3088419

(2] Document found in an informal state of the art search for common general knowledge. See attached
Search Information Statement for details.

Note that this report has cited non-patent literature document/s. Copies of non-patent literature
document/s can be requested for a fee (see Palent Regulations, schedule 7, fee item 233 and 234) through
orling services.

Please provide the citation details and associated patent application number with your request. Note that
because of copyright restrictions we can only provide copies of hard copy books, journals and newspapers
(see the Australian Patent Office Manual of Practice and Procedure at part 2.12.14 Copving of Material and
Copyright Implicaticns). However copies of any remaining documents should be readily obtainable from
known electronic database sources.

New Documents
Informal state of the art search was performed for common general knowledge.

| apologise for any inconvenience that raising new citation/s at this stage may have caused.

Special categories of cited documents:

in light of the common general knowledge when considered together with a combination of the document
and one or more other such documents.
A: Document defining the general state of the art which is not considered to be of particular relevance.

Page 4 of 5



5076 of 14295

Your reference 49212DAI/KS
Application number 2014371934

OnCusp
Ex. 1002

Application number: 2014371934
Earlier search results available: Yes
Search completion date: 13 September 2019

Search strategy

Informal state of the art search of the Internet using Google and the following keywords:

TROP2 antibody and cancer - First 20 results viewed

END OF REPORT
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Trastuzumab-DMI1: A Review of the Novel Immuno-Conjugate

Overexpressing Breast Cancer

Myra F. Barginear *' and Danief R. Budman®

" The Mourt Sinai School of Medicine, The Breast Cancer Medicine Program af the Ticoh Cancer Institute, One Gusiave

L. Levy Place, Box 1079, New York, NY 15029, USA

“New York University School of Medicine, Don Monii Division of Oucology, 8onter Cancer Cepter of Norih Shore

Lniversity Hospitald, USA

Absiract: Trastuzomab is 8 monodlonal antibody targeted apainst the HERD tyrosine kinase receptor. Although
trastvumats is & very active agent in HER2-expressing breast cancer, the majority of patients with metastatic HER2
averexpressing breast cancer whe initially respond to trastiennaab develop resistance within one year of initiation of
treatment, and in the adjuvant setting, progress despite trastuzamab-based therapy. The immuno-conjugate Trastuzumab-
DM1 {T-DM1) was designed to combine the biological activity of trastuzamab with the targsted delivery of a highly
potent antimicrotubule agent, DM, 2 maytansing derivative, 0 HER2-expressing breast cancer celis. T-DM1 s the first
immuno-conjugate with a non-reducivle thioether linker in clinical trials. Here, we summarize evidence from pre-clinical

siudics, analyvie chinfcal data, and discuss the potential clinical implications of T-DM1.

INTRODUCTION

Several metheds o cohance and inaprove the selectivity
of cytotoxic drogs, and thus significantly improve the
therapeutic  index, are currently being pursued. One
particular method is targeting drug carriers such as
antibodies; this s the objective of immuno-~conjugates, in
which cyiotoxic drugs are attached vig chemical linkers to
antibodies that recognize cancer cell antigens and deliver the
gytotoxic drug only to the cells of interest.

The therapeutic concept of drug targeting was founded
on Paul Ehrlich’s vision of “the magic bullet” {1} As such,
he predicted the emergence of targeted agents which have
lessened effects on host tissue. However, serotherapy was
limited by the lack of appropriaste targetls, the inability to
make discrete anfibodies with high specificity in large
guantities, and the reproducibility of the characteristics of
the poly-antisera. In the late 1970%s, George Kdéhler and
{Uésar Milstein fundamentally changed Immunclogy by
developing the technology of hybridomas, the production of
a desired speciiic antibody in large amounis {2]. These
investigators showed that antibody-producing cells, of any
given specificity, could be fused with a2 myeloma cell line
and create an unlimited amount of monocional antibodies
carrying that specificity {3]. This finding has led researchers,
clinicians, and cspecially biotechnology companies to focus
on new dizgnostic and therapeutic agents.

Lessons from the development of immunoconjugates can
be learned from the bicdistribution of irarmunsconjugates and
the relationship between toxicity and cfficacy. This is
obheerved by the success of Yitrium-%90 (scY)-ibritumomab

o

ce to s author at the Tisch Cancer Institute, The
Mount Sinai Schoot of Medicine, One Gustave L. Levy Place, Box 1079,
New Yord, WY 10029, USA; Tel: {212} 2413650 Fax: {2]2) 8765276,
Boroaih, Myra Ravmesr GEmssem o

*Address correspon
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dusen (Zevahin® 1) and  Jodine-131 (D
insiuemoamab {Roxas, Gdas Smithiline) {4, §]. Both of
these radio-immunoconjugate therapies target the CD20
antigen that is cxpressed within normal pre-B lymphocytes
but not on sfem cells or plasma cells, The anatoraic
distribution of CD20+ ceils on both normal and malignant
lymphocytes withio blood and bope marvow may influence
the activity and {oxicity of radic-immunoconjigates.

Trastuzumab is & monoclonal antibody targeted against
the HERZ tyrosine kinase receptor. Although teastuzumsb is
a very active agent in HERZ-expressing breast cancer, the
majority of patients with metastatic HERZ overexpressing
breast cancer who initlally respond fo rastuzamab develop
resistance within one year of initiation of treatment, and in
the adjuvant setting, progress despite trastuzumab-based
therapy {€-9]. The immunoe-conjugate Trastuzemab-13M1 (T
DM was desipned to combine the biological acihs
Frastasnmab rooptin®, Genentech) with the tuwrgsted
delivery of a highly potent antimicroiubule agent, DM
OGmmunoGen}, a maviansine derivative, to human epidermal
growih factor receptor type 2 (HERZ)-expressing breast
cancer cells. The aim of immeuno-conjugates such as T-DMI
is to target intracellular delivery of both drugs with high
apccificity to avoid normal tissues,

The anti-mitotic drug maytansine was chosen for use in
the targeted delivery approach because of its high in vitre
potency {10, L1} It was originally isolated from members of
the plant familics Rharmrceds and Euplorbiaceae, as well
as some mosses [12]. The maytansinoids bind fubulin
competitively with vinca alkaloids and are approxivaately
100 times more poferd than vincristine [12-14] To link
maytansinoids to antibodies through disulfide bonds, a thiol-
containing maytansinoid, DMI (N-methyN-{3-mercapto-1~
oxopropyil-L-alanine ester of maytansinol), an analog of the
clinically-studied drug maytansing) was synthesized. In the
case of T-DMI, DM is linked to tuzumab using the

2009 Bentham Open
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bifunctional reagent, SMUC {Nesuecinimidyi-d-
{maleimidomethyl) cyclohexanccarboxylate.) SMCC is first
added ¢ dysine residues oncthe protein o produce a Hoker
modificd antibody. The thiol group in DM is then reacicd
with the maleimide group of the linker to form the non
reducibie thioether bond (Fig. 1), Each antibody contailns an
average of 3.5 drugs, however the product contains a
distribation from O to B deags per antibody [15] T-DMI
the first nmuno-conjugate with a nonreducible thdoether
linker in clinical trials.

MOC linker

OAd1 Drug

Fig. (1), lnstration of T-DMIL. The aversge number of DM
mciecnies per monockonal antibody is 3.5 {457,

A review of the Bteeature regarding T-D3MI, s safety,
efficacy, and toxicities was conducted by scarches on
Medling, Embase, Web of Scicuse, and scientific wmecting
precesdings. Here, we suramarize evidence from pre-clinical
studics, analyzc clinical data, and discuss the potential
cligical nophications o T-13Mi,

HERZ POSITIVE BREAST CANCER

Overexpression of HERZ, aiso referved o as HERZ/meu
or ErbB-2, was first described more than two decades ago
{16, 171 HER2 overexpression or gene ampiification is
ahserved in approximeately 20 to 309 of invasive breast
cancers. HERZ overexpression has been reporied o be a
poor progoostic factor and a peedictive wsk factor for
decreased  disease~-free survival and overall survival in
paticrts with breasi cancer 118, 19}, Conseguently, therapies
which farget HER2 are atraciive in weating HER2-
gverexpressing  breast  camcer. One  such  therapy  is
teastuzumoab, & humanized moneclonal  immunsglobulin
(Ipds) thal targets the extraceliular domain of the HERZ
receptor. Trasimzumab was approved in 1998 for the
teeatnent of melatastic breast cancer and in 2006 for the
adivvani treaiment of HERZ overexpressing breast cancer
28}

The exact mechanisms i which trastuzumal canses
regression of HERZ-ovorexpressing tumors are still being
clavified, but several effocts have boon reporied in the
iiterature {21}, They include antibody-depondent ccllalar
cytotoxicity, angiogenesis  iphibition, and reduced
downsircam signaling through phosphatidy inositel 3-kinase
and mitogen-activated protein kinase, nitimately resuliing in
cchi-cycle arvest and apoptosis [21-25].

Trastuzamab Resistance

Although the selection of trastuzurasb is based on the
presence of HERZ overexpression, the simple presence of
HERZ is not sufiicient o ensure that trastuzumab will be
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sffective in frstline treatment or guasardee that resistance
will not develop.

The objective response rates for palients with HER2
averexpressing tumors t0 single apent trastuzumab range
from 1296 o 34%, for a median duration of @ months {7, 8,
26, 271, The median time {0 progression in patients who have
not reccived prior chemotherapy and who have received
prior chemotherapy  for HERZ overexpressiog  matasiatic
breast cancer, s 4.9 months and 7.4, respectively {7, Sk
Thus, paticnis whoe respond lo drastuzumab  develop
resistance within one year.

in the adjuvant setting, the administration of trasturumab
i combination with or following chemotherapy lmproves
the disease-free and overall survival rates in pationts with
carly stage breast cancer {6, 91, However, approximately
153% of these women still develop metastaric disease despite
irastuzumab~based adjuvant chemotherapy. Understanding
the maechanisms that contribute to trastuzumab resistance and
identifying novel agents is critical fo improving the survival
of patienis whose tumors overexpress HERZ.

Trastusumab ~ DRI

A normal breast cell may have Z0,000 HERZ2 receptors,
whereas 2 breast cancer cell may express as many as 13
million copies per cell. which makes HER2 a potential target
for immuno-conjugate therapy {281 Preclinical and clinical
studics indicats that trastuzumab combines exiremely well
with microtubule-directed agents {29, 30}, Thus, it was of
sarficnlar intorest o conjugate teastuzumab to the ckiremely
potent drug maytansine.

The inpnmonee-conjugates i development have  beon
repoerted that use cither antibody lysines or cysteines as the
sites  of drug attachment {(31-34). Immuno-conjugates
ecoriaining DMI have previously been reporied using several
targeting  antibodies {13-35]. In these studics, the linker
attaching the drug to the protein lysines used a partially
findered, but siill reducible disulfide. Trastuzumab finked o
DM through a nonreducible thioether lnker {(SMCC) was
compared 6 versioos using disuliide linkers and appeared o
offer improvements to both safety and <fficacy {37}
Although the non-reduscible linker is significantly more
stable in circulation than the disulfide, it can still release
active DM following internalization inte tumeor cells {36]
Woaork by Erickson, ef al [38] suggests that the imumung-
conjugats is proteolytisally degraded to release lysine-MCC-
DML, which is still a potlent anti-mitotic agent,

THRASTUZUMAR-DMI CLINHCAL TREALS

Pre-Clinieal

Lewis-Philiips and colleagucs reporte the
pharmacokinstics, efficacy, and toxicity of T-DMI{37]. The
miclogical effecis of disulfide linkers wers nvestigated by
constructing various T-DIM1 conjugates; the stability of the
linker not anly compromises potensy but can also exacerbate
wricltyy. Trastuzumab  conjugated o MY through a
asonreducible thioether linkage displayed better efficacy and
lower toxisity than frastuzunisb conjugated with reducible
disulfide linkers. This was also confirmed by Koevtan and
colleagues (28] T-D) s internslized upon binding o
HERZ2~overexpressing tumor celis and &t is believed that
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tvtansine is released secondary to ntraceilndar proteolytic
(E radaticn.

The antiproliferative eifects of T-DMI were evaluated in
sormal (MOF 10A breast epithelial cells) and tumor {breast
carcinoma BT-474, SK-BRE-3, MCF7, MDA-MB-468,
MBARMB- 361, HCCI934, lung carcicoma Cale 3, and
cvarign  cacchoma  Hne SK-0OV-3) el lines. HER2-
overexpressing, trastuzumaberesistant tumor cells respoaded
to 1-DMI whereas cell lines without overexpression were
unaffecied. Celt cycle apalysis of conjugale-treated cells
reveaded cell eyele arrest in the Ge-M phase.

In vivo efficacy was determined in I’iER;Z_nvsrexpreeSirg
breast eancer mouse models, Complete wmor regression for
the duration of the study {126 days) was ovserved B mice
receiving T~DMI. In conirasi, unconjugated trastuzumab
induced an indtial decrease do tumor gize, followed by
rogrowih upon cossation of eatmorg, In addision, T-DMI
was active in HERZwoverexpressing, trastuzumab-~refractory
tumers {371,

Junttila and colleapues recenily reported that teastununab
conjugated to DM did
traziuaumab {391, Cell lings overexpressing HER2 were used
io asscss in wirro officacy and 2 trastumamebinsensitive,
HERZ-ransgenic mouse model was used to assess in vive
efficacy. The affinity of T-DM1 for HER2Z was nearly
identical to rastuzuraab. Drug conjugation did not adversely
affect wrastuzumab’s inhibition of HER2 shedding or down-
reguistion of AKT signalieg, Notably, T-DMI was active

aganst mouse models that W Sre in cither
im\mzumab or lapatinib { Tyker®™. Glgn . These
results, along with the favorable efficacy and profile

of trastnzumab linked o DMIE through
Binker, have advanced T-DMI inte clinical development,

Clinical

Two phase { studics have been conducted with T-I¥h1,
adminisiered weekly or eovery 3 weeks, in paticnis with
advanced HERZ overexgressing breast cancer [40. 41F
Beeram #f o/ reported six dose levels of intravenous TDIMI,
scheduled every three wocks, in twenty-four HERZ positive
breast cancer patients {40]. Patients had progressed on at
lcast one trastuzrmab-couniaining rcgimen with the moedian
aumber of 82 weceks of prior teastuzumat therapy. Pationts
with significant cardiac discase, who had received prior
doses of anthracyclines, andior Grade 2 neuropathy, were
excluded. The median age was 51 and all paticnis had an
ECOG performance status of 8 or 1 (Table 1) {401

The six dose levels of T-DMI were adwioistered: 0.3
mgrkg (=3}, 0.6 mghkg (o=1), 1.2 mpfz (=1}, 2.4 mg/kg
(n~i) 3.6 mpfke (n=15), and 4.8 mg/ke {n=3). Sidc cffects
included  grade 1 and 2 ironsamiusse  elevations,
thrombocyiopenia, fatigne and naussca. Constipation, anemia,
and neuropathy were also reported. Grade 3 and 4
thrombocyiopenia was reporied v three patiends of whom
two bad Grade 4 events at 4.8 mgrky, the dose Limiing
toxicty. One patient experienced Grade 3 neuiropenia and
another pulmoenary hyperiension. No cardiag events were
eported.

The median progression-free survival at 3.6 mg/kg, the
maximum  wierated dose, was 9.8 maorghs. Additionally

d not affect the mechanisiu of astion of
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thrombocyiopenia, at the makimum tolerated does, was
reported 1o be grade 1, rapidly  revorsible, and  not
cumufative. Partial responses were observed in 6/16 patients
at 2.4 mgfkg {o=1) and 3.6 mg/kg (o=5). These patients had
prior treatrient with trastiamab and other ublin-binding
cytotoxic agents such as  paclitaxel, docetaxel, and
vinorelbine. An additional 9 patients were reported o have
stable disease.

In the second phase I trial, Holden and colleagues
reported weekly dosing of T-IIVG fo fificen patients with
advancsd HERZ-positive breast cancer {41} Patients had
progressed on gt deast one trasteemab-comiaining regimen
with the median nomber ot 122 weeks of prior rasivzumab
therapy and an average of two prior chomotherapy regimens.
The median age was 53 and all patients had an ECOG
performance staius of § or 1. T-DMI was dosed at 1.2 mg/kg
{n=3), 1.6 mgkg (n=3), 2.0 mp/fkg (n=3}, 2.4 mg/kg =7},
and 2.9 ma/kg (n=3) intravenously weekly.

HBurris zmd s;s)(ic‘a;{ixes initiafiv 1"cp0r°‘t'd pi‘msi—; 1{ datza z)f
T-DMI o
American Qacmt} of Chmcal Oncology Br

cast C:meu
Symposiam and wpdated the results gt the San Anlonic

Breast Cancer Symposium, Docember 2008 [42-441.
Enrollment completed with 112 patients. Patients were
eligible it they had progression of disease on or within sixty
davs of recelving HERZ direcied therapy and no active brain
mctastases, defined as symptomatic or requiring treatment
within the last theee months, Additional eligibility criteria
incladed prior ireatmeont with one or more chemotherapy
regimens and no history of significant cardiac dissase. The
msdian age was 55 {33-79). The majorily of paticuts bad an
BEOOG performance status of 8 or {, 68% had more than
three metasiatic sites, primanily liver and lung. and 8% had
braln metsstases, The median number of prior cytotoxic
therapics  was  three  {1-12) with  68% recciving  an
anthracyeline. The median duration of prior traztuzumab was
77 weeks. Fifty-five percent of patients had received prior
fapatinib therapy with a median duration of prior lapatinid
therapy for 26 wecks.

Patients were treated with T-DMU dosed at 3.6 mg/kg
tnravenously overy three weeks and assessed every fwo
eveles for toxicity and efficacy. Echocardiograms or MUGA
scans were done after eyole 1 and cycle 2 and every other
cycle thereafter. The average mumber of cycles administered
was five; three patients were dose reduced to 3 mg/ky every
three weeks., Pharamacokineiic pararacters indicated the
average ferminal halfclife was 8% howrs and pesk serum
levels were dess than 18 ng/iml, The preliminary
pharmacokinetic analyses were simiiar © those reporied for
the maximum folerated doos in the phase 1 study by Beerman
and coileagues {45

The most coramon adverse advents were fatigue, nausca,
and hesdache. Gradc 2 and 4 adverse gvents included
throwbocytopenia (n=8§), hypokalemis (a=6), fatigue (=4},
mifection  {u=3), musaukxskaiami chest  pain (=2,
convulsions {(n=2), thromboses {(n=2), dyspnea (n=3), plevral
effusion (p=3}, and epistaxis (u=2}. There were no Grade 3
or 4 cardiac dysfunction reported.

Fithy-six of the 112 patients have discontinued the study.
Forty- -four patients bave discontinued the siudy secondary to
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NN

IR

A

NHnng

L
=

il and lapatinik
prostvaied i BEd

;.

N

T: wasteznmat, N nwmber, 81D siable disease, PR partial response, TR complete response, AE adverse event, PIR: not reported, M

progressien  of  diseaze, six  secondsry  to patient or
physician’s decision to discontinue the study, five secondary
to adverse events unrshated to T-13MI, and one death on the
study secondary to progression of disease.

The primary cudpoint was overall response rate; the
objective overall response rate was 39.3% (98% confidence
interval (CI} =30-4%), and the confirmed overall response
vate, repeal huaging done on two cccasions more than four
weeks apart, was 27% {(95% Ci=194-36.1) Of the 62
patients exposed to prioy lapatinid therapy, sixty were
evafuable for efficacy. Objective respanses were observed in
23760 (38.30%, 95% {I=19.4-36.1).

In Qciobter 28008, Genealech indicated that they plan fo
mitiste a Phase IH, randomized, muliicenter, international
trial designed o compare the safety and efticacy of T-DM1
with that of capscitabine (Xeloda™, Roche) and lapatinib in
paticnts with metastatic breast cancer that overexpross
HERZ. A wtal of 380 padests will be envolled al
approximaiely 260 sites worldwide. The company has also
announced that they have initiated a Phase I trial comparing
T-DME, pivent as a single agent, (o (rastuzumab plos
docetaxel as a first-line treatment in mctastatic HER2-
positive breast cancer. Currently, Genentech is envollng a
multicerter, open~label extension swdy. Patlents who
rececived T-DMI in & Genentech-sponsored study and
completed T-DM1 or who continue to receive T-DM1 at the
fime of the parent study closurs are cligible for continued
reatment.  Fatients  can receive ToDMD  untifb disease
progression or unacocpiable foxicily for as long as the
extension study remains open. More information on these
trials can be found at www.clinicalirials.gov,

maANUeg tolerated dugy

DISCUSSION

The immonge-conjugate T-DM1 has displayed significant
in vitrg and Ia vive potency, Patients enrolled in the Phase
and [ trials were heavily pretreated with cyiotoxic therapy as
well as HER2-targeted therapy. The median duration of geior
trazizumab or lapatinib therapy was over § vear [43]. This
finding esiblishes thet HER? remaing 3 viable iarget, in
HERZ oversxpresing breast cancer, sven after trastuzumab is
ineffective.

There is clinical evidenee thal contisued freatment with
trastuzumab  beyond  progression  improves activity of
subsequent chomothorapy i pationts with HERZ2-positive
breast  cancer  [46]. Trastuzuraab  can induce  an
immunemcdiated. target-cell killing by antibody-dependent,
ceftmediated cytotoxicity {47, 48] It iz hypothesized that,
under  the seloctive pressure  of  continuous  antibody
exposure, breast cancer celis may be able 0 bypass the
antiproliferative  action  of frastuzumab  but  leave =
chemotherapy-sensitizing  mechanism  intact {461, The
reintroducion or continuation of tastuaumab vie T-DM1
may be very effective in patients with metastatic breast
caneor who arc heavily preircated.

The delivery of the active cyiotoxic agent, maytansine,
through. the drug delivery system of irasiuzumab s
significant. The linker chemistry is of upmost jruporiance
with regards to efficacy and tolerability. The thic-ether
linked T-DM!I increases serum stability relative to 2
disulfide limker version (37} and appears to underge
endosomal degradation {17), resulting in intraceilular release
of the cytotoxic agent (17), thereby mmproving efficacy and
taolerability.
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T-DM1  is alse well folerated. Grade 3 aumd 4
thrombocytopenia and clevated ansarninases were reporied
1o be reversible [45]. Dotably, there were no Grade 3 or 4

cardiac dysfunction reporied, and nearly 40% of patients

eorolled in  the I’hasc il wial had received 2 prior
anthracycline. Cardiotoxicity remainy a magjor conoern
withthe wuse of ftrastuzumsb. The association between

impatrment of the leit cardise ventricle and trastuspmab was
first observed in one of the cxly prospective trastuzumab
trials; cardiotoxicity was seen in 27% of patients treated with
irastuzumab and anthracyclines, concurrently, o 13% of
patienis treated with trastuzumab and paciitaxel, and in 5%
of paticnts treated with trastuzumab alone {81

In additon, T-IMUs abtumor resuits are extremely
note-worthy I a heavily prefreated paticnt population. The
overall response rates were observed in over 38% of patients,
These developments provide us with optimism for the future,
bnt further imxmgatien of T-DM1 will need to focus on the
mechanisms of resistance and toxicity, so that T~-DM1 can be
integrated into reatmmend schemes safely, The vse of T-I¥MIY
with  other  immuno-conjugaies, which could possibly
provide non-cross-resistant therapeutic  effects  without
curanlative wxicities, should also be explored {491,
FUTHURE SIRECTIONS

in the past few decades we have seen significant progress
in the developraeni of immuno-coniugales as anti-cancer
agents. Improving the thorapeutic index of these drugs is
imperative and will probably resuit from targeting antigens
and increasing linker stability, as demonstrated by T-DMIL
The progress made in the targeted delivery approach with
TOME as well a5 the clinical and pre-clinteal results have
been very promising. It s plausible that T-DIMI may be 2

treatment stratepy for paticnts with HERZ ovexexpnsqsd
breast cancer that progress on first line HER2- divected
therapy. The Phase I data results for T-DM1 are amxiously
awaited.
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Background: A novel antibody-drug conjugate (trastuzumab-DM1, T-DM1) is currently in
clinical trials for patients with trastuzumab resistant HER2-positive breast cancer. Since no
clinical data is available from gastric cancer, we studied T-DM1 on HER2-positive human
gastric cancer cells and xenograft tumors.
Methods: Effects of T-DM1 were studied in four HER2-positive gastric cancer cell lines
(N-87, OE-19, SNU-216 and MKN-7) in vitro. Xenograft tumors from N-87 and OE-19 were
studied to determine the effect of T-DM1 in vivo.
Results: T-DM1 was found more effective than trastuzumab in N-87 and OE-19, and mod-
erately effective in MKN-7 cells. On SNU-216 cells both trastuzumab and T-DM1 showed
limited efficacy. In xenograft tumor experiments, complete pathological response was
observed in all OE-19 xenografted mice and in half of the N-87 xenografted mice. The
results were equally good irrespective of the tumor burden at therapy initiation, or preced-
ing trastuzumab treatment. T-DM1 treatment showed direct effects (apoptotic cell death
and aberrant mitosis) as well as it mediated antibody-dependent cellular cytotoxcity
(ADCC).
Conclusions: T-DM1 showed a promising anti-tumor effect in HER2-positive gastric cancer
cell lines in vitro and in vivo, even in tumors which had developed resistance to trast-
uzumab. T-DM1 therapy may warrant clinical trials for HER2-positive gastric cancer patients.
© 2011 Elsevier [reland Ltd. All rights reserved.

1. Introduction

when their cancer is already beyond curative surgery [2,3].
Treatment options for these patients include radiotherapy

Gastric cancer is one of the most frequent human malig-
nancies and the second leading cause of cancer-related
death in the world [1]. Because the early disease is often
asymptomatic, many gastric cancer patients are diagnosed

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; BAC,
bacterial artificial chromosome; BSA, bovine serum albumin; GAHIG, goat
anti-human immunoglobulin; FISH, fluorescence in situ hybridization;
H&E, hematoxylin and eosin; i.p., intraperitoneally; i.v., intravenously;
LDH, lactate dehydrogenase; SCID, severe combined immunodeficiency.

* Author contributions: B.M., M.T. and J.I. conceived and designed the
experiments; B.M. and KK. performed the experiments; B.M. and J.L
analyzed data; and B.M. and J.I. wrote the paper.

* Corresponding author. Tel.: +358 50 300 5609; fax: +358 3 3551 8923.

E-mail address: jorma.isola@uta.fi (J. Isola).

0304-3835/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.

doi: 10.1016/j.canlet.2011.03.002

and chemotherapy, but cancer progression is common and
the 5-year survival rate is less than 30% [2,3]. Therefore, a
high unmet medical need exists to develop new highly
potent therapies,

One possible target is HER2 (ErbB2) oncoprotein, a mem-
ber of the epidermal growth factor receptor (EGFR) family of
receptor tyrosine kinases. Its overexpression occurs in ~20%
of gastric cancers and is associated with poor clinical out-
come [4,5]. Trastuzumab, a recombinant humanized mono-
clonal antibody against the extracellular domain of HERZ2,
has shown significant antitumor effect in both in vitro and
in vivo models of HER2-positive gastric cancer [4-8]. Very
recently, a randomized phase III clinical trial (ToGA trial)
showed that trastuzumab is highly effective in untreated
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advanced HER2-positive gastric cancer patients and signifi-
cantly improved overall survival when given in combination
with standard chemotherapy [9]. These data show that
trastuzumab is a valuable drug for the treatment of the
HER2-positive subset of gastric cancers. Unfortunately, a
sizable fraction of HER2-positive patients in the ToGA trial
did progress on treatment {3,10]. This denotes that develop-
ing trastuzumab resistance might be a problem also in gas-
tric cancer, similar to the situation in breast cancer {11]. For
this reason, several research strategies have focused on
alternative HER2 directed treatments.

A new strategy of anti-HER2 targeted therapy has been
achieved using the antibody-drug conjugate technology.
The monoclonal antibody trastuzumab has been conju-
gated with cytotoxic molecule DM1 (derivative of maytan-
sine 1). The resulting conjugate, named trastuzumab-DM1
(T-DM1) is designed to deliver the highly potent DM1 into
the HER2 overexpressing cells via receptor-mediated endo-
cytosis [12]. Active lysine-mcc-DM1 is released by lyso-
somal degradation [13]. Free intracellular DM1 is a
potent inhibitor of microtubule assembly thereby causing
cell death [14.15]. T-DM1 is effective both in vitro and
in vivo models of trastuzumab-insensitive breast cancer
[12], furthermore, it showed remarkable activity in phase
I and II studies in which it was given to patients with trast-
uzumab-insensitive HER2-positive breast cancer {16-18].

Because trastuzumab is effective in HER2-positive gas-
tric cancer, and T-DM1 shows promising efficacy in trast-
uzumab insensitive breast cancer, we wanted to test the
efficacy and mechanisms of T-DM1 on gastric cancer cell
models. In this paper we report that T-DM1 displayed
strong anti-tumor effect in OE-19 and N-87 gastric cancer
in vitro and in xXenograft tumors in vivo. Furthermore,
T-DM1 was highly effective even on large tumors which
progressed on prior trastuzumab, This is the first study which
shows the efficacy of T-DM1 on gastric cancer cells in vivo.

2. Materials and methods
2.1. Cells

OE-19 human gastric cancer cell line was obtained from
the European Collection of Cell Culture {CAMR Centre for
Applied Microbiology and Research, Wiltshire, United
Kingdom). MKN-7 and N-87 human gastric cancer cell lines
were obtained from American Type Culture Collection
{ATCC, Manassas, VA). SNU-216 human gastric cancer cell
line was obtained from the Korean Cell Line Bank (Seoul,
Korea). Human breast cancer cell lines MCF-7 and SKBR-3
{ATCC) were used as a control. The cell lines were cultured
according to recommended specifications.

2.2. Antibodies

Trastuzumab (Herceptin®) and rituximab (Mabthera®)
were purchased from Roche Ltd. {Basel, Switzerland).
Trastuzumab-DM1 (T-DM1) was provided by Genentech
Inc. (South San Francisco, CA) through a Materials Transfer
Agreement. FITC-conjugated goat anti-human immuno-
globulin (GAHIG) was obtained from Jackson ImmunoRe-
search Europe Ltd. (Newmarket, Suffolk, UK). Rabbit

monoclonal antibodies against human HER2 {clone SP3)
and human Ki-67 {clone SP6) were obtained from NeoMar-
kers/Lab Vision (Fremont, CA). Mouse M30 CytoDeath anti-
body was obtained from Roche Ltd,

2.3. Flow cytometry

For flow cytometric measurements trypsinized cells
were centrifuged and resuspended in 50 pl PBS (pH 7.4)
supplemented with 1% BSA and labeled with a saturating
concentration {40 pg/ml) of unlabeled trastuzumab or
T-DM1 for 30 min (at 4 °C). After labeling, the cells were
washed twice with PBS then labeled with FITC-GAHIG
{30 min at 4 °C). The cells were then washed twice with
PBS and fixed in 1% formaldehyde. The fluorescence inten-
sity of FITC was determined using a Coulter1 EPICS XL-MCL
flow cytometer (Beckman Coulter, Inc., Fullerton, CA) or Accuri
C6 Flow Cytometer (Accuri Cytometers, Inc., Ann Arbor, MI).

2.4. Fluorescence in situ hybridization (FISH)

HER2 gene copy numbers were determined by using the
dual-color fluorescence in situ hybridization (FISH). After
trypsinization and washing with PBS, the cells were fixed
with methanol-acetic acid (3:1) and air-dried on slides. A
bacterial artificial chromosome (BAC) clone specific to
HER2 DNA was labeled with dUTP-FITC (Fermentas, Bur-
lington, Canada) and the chromosome 17 centromere
probe (p17H8) was labeled with chromatide Alexa Fluor
594-5-dUTP (Invitrogen, Carlsbad, CA) using nick-transla-
tion and FISH was performed as described previously [19].

2.5. In vitro assay of drug sensitivity

The effects of trastuzumab and T-DM1 on the cell
growth were examined by the AlamarBlue method (Invit-
rogen, Carlsbad, CA). The cells were trypsinized and plated
in 96-well, flat-bottomed, tissue culture plates. The effects
of trastuzumab and T-DM1 were tested at a concentration
0f 0.001,0.01, 0.1, 1 and 10 pg/ml. MCF-7 breast cancer cell
line with low trastuzumab binding capacity was used as a
negative control. The number of viable cells was tested at
72 h after drug exposure by adding the AlamarBlue re-
agent. Fluorescence was measured with excitation at
544 nm and emission at 590 nm using a Wallac Victor2
plate reader (Perkin-Elmer, Turku, Finland). Fluorescence
values of samples were normalized with values of the cell
culture media without cells. The results presented as the
proportion of viable cells were calculated by dividing the
fluorescence values of drug treated samples by the fluores-
cence values of untreated control samples.

2.6. Measurement of antibody-dependent cellular cytotoxicity
(ADCC)

ADCC was analysed by measuring the lactate dehydro-
genase (LDH) released from the cancer cells as a result of
ADCC activity of peripheral blood mononuclear cells
{PBMC). PBMCs were separated from the heparinized blood
of a single healthy donor by Ficoll density gradient centri-
fugation (Histopaque-1077, Sigma-Aldrich, St Louis, MO).
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Cancer cells (target; 5000-10,000 per well) and PBMCs
(effector) were co-incubated at 1:40 target:effector ratio
in 100 pL DMEM containing 5% FCS in a 96-well U-bot-
tomed plate in quadruplicate for 6 h at 37 °C with trast-
uzumab, T-DM1 or negative control antibody, rituximab.
ADCC was measured in a 6-h LDH release assay (CytoTox
Non-Radioactive Cytotoxicity Assay, Promega Corporation,
Madison, WI). The absorbance at 490 nm was recorded by
using a microplate reader (Model 680XR, Bio-Rad, Hercu-
les, CA). The negative control sample (target spontaneous)
was prepared identically, contained trastuzumab or T-DM1
or rituximab, but did not contain PBMCs; effector sponta-
neous sample contained no target cells. Tumor cells killed
by freezing at —80 °C for 1 h then warming up to 37 °C
served as positive control {target maximum). The percent-
age of cells killed was calculated according the following
formula: (experimental — effector spontaneous — target
spontaneous)/(target maximum — target spontaneous) x 100.

2.7. In vivo assay of drug sensitivity

5- to 8-week-old female SCID mice (Harlan Nether-
lands, Horst, Netherlands) were given a single subcutane-
ous injection of 5 x 10% N-87 or OE-19 cells suspended in
100 pl cell culture medium. Rituximab (5 pg/g) and trast-
uzumab (5 pg/g) were given intraperitoneally (i.p.) once
per week. This dosing has been shown to saturate HER-2
receptor on breast cancer xenografts [26]. T-DM1 (5 or
15 pg/g) was administered intravenously (i.v.) once per
week, as shown effective by Lewis Phillips et al. [12]. No
signs of general toxicity were seen in T-DM1 treated ani-
mals. No animals died during the experiment or had to
be sacrificed prematurely because of signs of systemic
illness. Tumor growth was measured with a caliper and
tumor volume was calculated using the formula T =
7/6 x larger diameter x (smaller diameter)? {20]. Animals
were euthanized by CO, inhalation. The experiments were
done with the approval by the National Animal Experiment
Board.

2.8. Immunohistochemistry

Animals were euthanized by CO, inhalation. Samples of
xenograft tumors were fixed in 4% buffered formaldehyde
for 24 h, processed into paraffin, then sectioned at 5 pm.
Sections were deparaffinized and stained with hematoxylin

Table 1
HER-2 gene copy number and trastuzumab binding capacity of human
gastric cancer cell lines.

Cell line HER-2 gene copy Trastuzumab binding
number per cell® capacity (%, relative to SKBR-3)°
N-87 19 87
OE-19 23 76
MKN-7 13 26
SNU-216 17 26
MCF-7¢ 2 5
SKBR-3" 30 100

@ Determined by FISH.

b Determined by flow cytometer.

¢ Breast cancer cells were used as negative control.
4 Breast cancer cells were used as positive control.

and eosin (H&E). For immunohistochemistry, tissue sec-
tions were deparaffinised followed by antigen-retrieval in
Tris—EDTA buffer (0.01 M pH 9.0) at high temperature
(water bath, 30 min at 98 °C). After blocking for non-spe-
cific binding, primary antibodies {see above) were applied
at optimized concentrations and incubated (30 min at room
temperature). Standard peroxidase-polymer kit (PowerVi-
sion + poly-HRP [HC Detection Systems, Leica Biosystems,
UK) was used for visualization, with diaminobenzidine as
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Fig. 1. (A) Binding of trastuzumab and T-DM1 to HER2-positive gastric
cancer cells. Trypsinised OE-19 gastric cancer cells were incubated with
control antibody (rituximab; red), trastuzumab (black) or T-DM1 (green),
followed by goat anti-human FITC. Fluorescence intensities were deter-
mined by flow cytometry. Trastuzumab and T-DM1 bound to the OE19
cells in a similar manner. (B) Trastuzumab and T-DM1 mediate ADCC on
HER2-positive gastric cancer cells in vitro. Target tumor cells (N-87, OE-
19, SNU-216, MKN-7) were mixed with peripheral blood mononuclear
effector cells (PBMCs) freshly isolated from peripheral bloed at effector/
target ratio 40:1. ADCC was analyzed by measuring the lactate dehydro-
genase (LDH) released frem the cancer cells as a result of ADCC activity of
PBMCs in the presence of trastuzumab, T-DM1 or control antibody
(rituximab). Trastuzumab (black column) and T-DM1 (hatched column)
evoked similar tumor cell killing on the HER2-positive gastric cancer cell
lines. Breast cancer cell lines SKBR-3 and MCF-7 were used as a positive
and negative controls, respectively.
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the chromogen {Vector Labs). Slide scanning was done
using Aperio ScanScope XT at superresolution (40x). Cells
with normal and aberrant mitotic shape were defined mor-
phologically as describer earlier [21]. Cells with normal and
aberrant mitotic shape were counted in hematoxylin and
eosin stained histological sections. Apoptotic cells were
counted as positive cells using CytoDeath antibody immu-
nohistochemistry [22]. Cells with normal and aberrant mi-
totic shape and apoptotic cells were counted on a minimum
of 10 randomly selected x40 high-power fields containing
representative sections of tumor. Data are presented as
the average of positive cells + SD/field.

2.9. Statistical analysis

Data are expressed as the mean + SE. The statistical sig-
nificance of the differences between means were deter-
mined using Student’s t test for two samples after
verifying that data passed the normality test and the
groups compared have equal variance. Unpaired groups
were compared with the Mann-Whitney U test. Differences
were statistically significant at P < 0.05.

3. Results

3.1. HER2 oncogene amplification and protein expression levels of human
gastric cancer cell lines

Using FISH analysis we confirmed that the HER2 oncogene is ampli-
fied in all gastric cancer cell lines studied. By flow cytometric analysis
we showed that HER2 protein is highly overexpressed in N-87 and OE-

19, comparable to that of breast cancer cell line SKBR-3. HER2 protein
in MKN-7 and SNU-216 cells was also overexpressed, being about one
third of that in N-87 and OE-19 (Table 1). Conjugation of trastuzumab
with DM1 did not influence of binding to the OE19 gastric cancer cells
(Fig. 1A).

3.2. Trastuzumab- and T-DM1-mediated ADCC against HER2-positive gastric
cancer cells

Because antibody-dependent cellular cytotoxicity (ADCC) has a key
role in the in vivo effect of trastuzumab [23,24], we compared trast-
uzumab and T-DM1 in an ADCC assay. Trastuzumab and T-DM1 evoked
ADCC similarly on all four gastric cancer cell lines. Therefore, conjugation
of trastuzumab with DM1 seemed not to alter the ability of trastuzumab
to mediate ADCC (Fig. 1B).

3.3. In vitro sensitivity of HER2-positive gastric cancer cells to trastuzumab
and T-DM1

Next we compared the effects of trastuzumab and T-DM1 on four
HER2-positive gastric cancer cell lines in vitro. After 72 h incubation, a
concentration of 1 pg/ml trastuzumab inhibited the growth of the cell
lines described as trastuzumab sensitive previously (OE-19, 86 +5%;
N-87, 82+ 1%; SNU-216, 91+ 1%), while the growth of trastuzumab
resistant cells was not inhibited in MKN-7 (105 = 6%). T-DM1 inhibited
the growth of N-87 and OE-19 cells in a dose-dependent manner. The
growth inhibition was significantly stronger compared to trastuzumab
in the concentration range of 0.01-1 pg/ml (P < 0.05). Growth inhibition
by T-DM1 on trastuzumab resistant MKN-7 cells was also significant at
a relatively high concentration (1 pg/ml (P< 0.05)). In contrast, T-DM1
had no superior inhibitory effect on SNU-216 cells compared to trast-
uzumab. Concentration of 10 pg/ml of T-DM1 inhibited also the growth
of the HER2-negative control cell line (MCF-7), suggesting a non-specific
toxic effect (Fig. 2).
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Fig. 2. Growth inhibitory effects of trastuzumab and T-DM1 on HER2-positive gastric cells in vitro. The effects of trastuzumab (white circle) and T-DM1
(black circle) was tested at a concentrations 0.001, 0.01, 0.1, 1 pg/ml and 10 pg/ml on OE-19, N-87, MKN-7 and SNU-216 gastric cancer cells in vitro. The
results are presented as the proportion of viable cells (AlamarBlue assay). T-DM1 inhibited the growth of OE-19 and N87 gastric cancer cells in a dose-
dependent manner. The effect of T-DM1 was stronger than that of trastuzumab in the concentration range of 0.01-1 pg/ml (*P < 0.05). Growth inhibition by
T-DM1 on MKN-7 cells was also significant at a concentration of 1 pg/ml (*P < 0.05). No difference was detected between the inhibition by trastuzumab and
T-DM1 on SNU-216 cells. HER2-positive SKBR-3 breast cancer cells and HER2-negative MCF-7 breast cancer cells were used as a positive and negative
control, respectively. A high concentration of T-DM1 (10 ug/ml) inhibited also the growth of MCF-7 cells, indicating a non-specifically toxic effect.
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3.4. Effect of T-DM1 on N-87 and OE-19 xenografts (n=6) or T-DM1 (n=6) were administered on days 14, 21 and 28.
Rituximab (n=6) was used as negative control agent. A rapid tumor
Of the four cell lines, N-87 and OE-19 were capable of forming subcu- shrinkage was seen by T-DM1 from day 19. From day 37 onwards, none
taneous xenograft tumors in SCID mice. Tumors were formed in all mice of T-DM1 treated tumors were measurable. Histologically, a pathological
inoculated with N-87 cell suspension in 7 days (n = 18, mean tumor vol- complete response was seen in three mice (3/6), and residual tumor cells
ume 24 + 3 mm?). Thereafter, three weekly treatments with trastuzumab in the other three (3/6) at the end of the experiment (day 55). Overall, the
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Fig. 3. (A) Effect of T-DM1 on the growth of N-87 xenografts. SCID mice with N-87 xenografts were treated on a weekly basis with control antibody
(rituximab, 5 pg/g, i.p., white circles, n = 6), trastuzumab (5 pg/g, i.p., black triangies, n = 6) or T-DM1 (15 pg/g, i.v., white triangles, n = 6). Drug administration
schedule is shown by black arrows. Trastuzumab had no effect on tumor growth (black triangles). Rapid tumor shrinkage was seen by T-DM1 from day 19
(white triangles). From day 37 onwards all T-DM1 treated tumors had shrunken to non-palpable. Histologically, residual cancer cells were found in three out
of these mice (3/6), but a complete pathological response was suggested in the other three (3/6). Trastuzumab and control treatment of N-87 xenografts
was discontinued on day 29 and switched to T-DM1 (15 ngfg, i.v.; white arrows) from the day 34 onwards (marked by x). In this setting, rapid tumor
shrinkage was seen by T-DM1 in both control- and trastuzumab-pretreated mice ( black squares and white squares, respectively). (B). Effect of T-DM1 on the
growth of OE-19 xenografts. SCID mice with OE-19 xenografts were treated on a weekly basis with control antibody (rituximab, 5 pg/g, i.p., black circles,
n=6), trastuzumab (5 pg/g, i.p., red circles, n = 6) and T-DM1 (5 pg/g, i.v., green triangles, n = 7). Drug administration schedule is shown by arrows. By day 19,
all T-DM1 treated tumors (green triangles) shrank to non-palpable and remained non-palpable and histologically carcinoma-free at the end of the
experiment (day 76). Trastuzumab treatment was discontinued and switched to T-DM1 in three mice (5 pg/g, i.v., cyan squares) from the day 49 (marked by
black x) and continued for another 2 weeks in the other three (5 pg/g, i.p., pink squares). In this setting, trastuzumab treated tumors grew further, while
tumors were shrunk by T-DM1; significant tumor inhibitien was seen by T-DM1 on day 58 (cyan star, P < 0.05). Control tumors reaching an average size of
590 + 163 mm?> (black circles were treated with trastuzumab (5 pg/g, i.p., gray triangles, n =3) or T-DM1 (5 pgfg, i.p., blue squares, n =3) from the day 22
onwards (marked by red x). In this setting, tumors started to shrink by T-DMT1, while trastuzumab treated tumors continued to grow.
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effect of T-DM1 on tumor growth was much stronger than that of trast-
uzumab (P < 0.05) (Fig. 3A). The experiment was repeated to obtain tumor
samples from T-DM1 treated animals. Despite lower drug dosing (5 pg/g
vs. 15 pg/g), a similar shrinkage of the tumors was seen (data not shown).
This experiment was terminated before complete shrinkage of the tumors.

Tumors were formed in all SCID mice incculated with OE-19 cells in
10 days (n = 19, mean tumor volume 47 + 6 mm?). T-DM1 administration
was started on day 10, and by day 19 all T-DM1 treated tumors shrank to
non-palpable (7/7). Thereafter, the tumors remained non-palpable in all
of these mice until the end of the experiment (day 76). No tumor cells
were found even in histological examination, indicating a pathological
complete response of all T-DM1 treated mice. In this setting, trastuzumab
also inhibited the tumor growth in comparison to the negative control,
but the effect of T-DM1 on tumor growth was much stronger when com-
pared to trastuzumab (P < 0.05) (Fig. 3B). When QE-19 tumors reached
590+ 163 mm?® in size in the negative control group, treatment was
switched to trastuzumab or T-DM1 from the day 22 onwards. In this set-
ting, these large tumors shrank by T-DM1, while trastuzumab treated tu-
mors continued to grow exponentially (Fig. 3B).

3.5. Effect of T-DM1 on N-87 and OE-19 xenografts pretreated with
trastuzumab

Trastuzumab treatment of N-87 xenografts was discontinued when
no inhibitory effect was seen compared to control (day 29). The treatment
was switched to T-DM1 from the day 34 onwards. Rapid and complete
tumor shrinkage was also seen in trastuzumab-pretreated mice (Fig. 3A).
T-DM1 was tested also on OE-19 xenografts which received six trast-
uzumab treatments. For half of these mice trastuzumab was discontinued

R A

trastuzumab
 a— e ) 1% 3 1

Number of mitoses / field
[\

and switched to T-DM1 from the day 49 onwards. In this setting, tumors
were shrunk by T-DM1, while trastuzumab treated tumors grew further
(Fig. 3B).

3.6. T-DM1 decreases the number of mitoses and increases the number of cells
with aberrant mitosis in gastric cancer xenografts

Histological sections of the N-87 and OE-19 xenograft tumors were
prepared and stained with hematoxylin and eosin. Because T-DM1 treat-
ment abclished the OE-19 xenograft tumors, histological examination
was done on the large tumors initially treated with trastuzumab. When
enumerating the number of mitoses with normal morphology, we found
no differences between trastuzumab and T-DM1 treated OE-19 tumors
(Figs. 4A and 5A). In contrast, we detected a significantly lower number
of mitoses in T-DM1 treated N-87 tumors in comparison to trastuzumab
treated ones (P<0.05) (Fig. 4A). Conversely, T-DM1 significantly in-
creased the number of cells with aberrant mitotic morphology in OE-19
tumors when compared to trastuzumab (P < 0.05) (Figs. 4B and 5B), while
no differences in the number of cells with aberrant mitotic morphology
were found in N-87 xenografts (Fig. 4B).

3.7. T-DM1 evokes apoptosis in gastric cancer xenografts

Apoptotic cells were detected using CytoDeath staining, which local-
izes a caspase-activated breakdown product of cytokeratin subtype 18. In
this analysis we found significantly increased number of apoptotic cells in
both N-87 and OE-19 tumors treated with T-DM1 in comparison to the
trastuzumab treated ones (P < 0.05) (Figs. 4C, 5E and F).
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GE-1%
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Fig. 4. T-DM1 induced aberrant mitosis and apoptosis in gastric cancer Xenografts. For histology, samples from T-DM1 treated N-87 tumors were cbtained
from the experiment which was terminated before tumor shrinkage. Because complete pathological response of OE-19 xenografts was seen after T-DM1
treatment, samples were taken from animals whose trastuzumab treatment was switched tec T-DM1. Samples from trastuzumab and T-DM1 treated tumors
were compared (black and hatched columns, respectively). The number of morphologically normal mitoses was lower T-DM1 treated N-87 tumors (A,
“P<0.05) but did not differ in OE-19 (A). The number of aberrant mitoses was significantly higher in T-DM1 treated OE-19 tumors (compared to
trastuzumab treatment) (B, “P < 0.05). No difference was seen in N-87 xenografts (B). The number of apoptotic cells (by CytoDeath staining) was higher in T-
DM1 treated N-87 and OE-19 compared to the trastuzumab treated ones (C, “P < 0.05).
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3.8. Expression of HER2 protein on trastuzumab and T-DM1 treated
xenografts

Immunohistochemical staining localizing extracellular epitopes of the
HER2 protein were performed. No major qualitative changes in the cell
membrane staining of HER2 expression were observed. Virtually all tu-
mor cells showed strongly positive cell membrane staining reaction. It
is noteworthy that trastuzumab treated N-87 and OE-18 tumors were po-
sitive for HER2 in spite of their intrinsic or acquired resistance to trast-
uzumab (Fig. 5C and D).

3.9. Histological evaluation of residual N-87 cancer cells

As we mentioned above, residual tumor cells were found at the inoc-
ulation site in three samples (3/6) (Fig. 6A). Inmunohistochemical stain-
ing of the HER2 protein showed that all residual tumor cells were strongly
positive for HER2 (Fig. 6B). The fraction of proliferating cells (by Ki-67
staining) positive cells was small among the residual tumor cells (Fig. 6C).

4. Discussion

Trastuzumab-DM1 (T-DM1) is a new antibody-drug
conjugate which has been developed to improve the ther-
apy of HER2-positive breast cancer. So far T-DM1 has not

been extensively studied in preclinical models of gastric
cancer. In this study, we showed the efficacy of T-DM1
on gastric cancer xenograft tumors.

We applied different treatment strategies when testing
T-DM1 in tumor xenografts. A complete pathological re-
sponse was observed in all of the OE-19 xenografts and
in half of the N-87 xenografts when T-DM1 was given to
mice carrying small subcutaneous tumors. Surprisingly,
the effect was not dependent on tumor burden, since rapid
tumor shrinkage was seen also for large established tu-
mors. Most importantly, T-DM1 was highly effective even
on large tumors which had become resistant to prior trast-
uzumab treatment. Both N-87 and OE-19 tumors which
had become resistant to trastuzumab started to shrink al-
ready 1 week after switching the treatment to T-DM1, de-
spite the fact that trastuzumab and T-DM1 should compete
in binding to the same epitope of HER2. These results sug-
gest that N-87 and OE-19 gastric cancer cells must have
relatively rapid HER2 protein turnover, which produces en-
ough trastuzumab-free HER2 for T-DM1 binding. In the
clinical setting this suggests that lengthy wash-out periods

Fig. 5. Histological characterization of T-DM1 induced changes in gastric cancer xenografts. OE-19 xenografts were obtained from mice treated with
trastuzumab (A, C, E) or T-DM1 after prior trastuzumab (B, D, F). Histclogical secticns were stained with hematoxylin and eosin (H&E, A and B),
immunohistochemically for HER2 protein (C and D) and apoptotic cells (CytoDeath staining) (E and F). Many aberrant mitoses were seen in T-DM1 treated
tumors (blue arrows, B). Apoptotic cells were evident in the T-DM1 treated tumors with H&E (white arrows, A and B) and CytoDeath stainings (green arrows,
E and F). Mitoses with normal morphology were found beoth in trastuzumab and T-DM1 treated OE-19 tumors (yellow arrows, A). Tumor cells retained their
strong (3+) HER2 positivity after long-term trastuzumab (C) or T-DM1 treatment (D). Interestingly, HER2 staining positive intracytoplasmic granules (black
arrows) were seen in T-DM1 treated tumors (D). Giant multinucleated cells (red arrows) were seen in T-DM1 treated samples (D).
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when switching from trastuzumab to T-DM1 are not
needed.

The main mechanism of T-DM1 is the release of free
intracellular DM1 after degradation in the lysosomes.
DM1 is a potent inhibitor of microtubule assembly thereby
causing cell death [14,15]. In line with this observation,
T-DM1 treatment was associated with apoptotic cell death
and mitotic catastrophe in breast cancer cells [12] and
{Barok et al. submitted for publication). Here we showed
that the cellular response to T-DM1 was apoptosis and
aberrant mitosis also in gastric tumors.

Very recently, studies in breast cancer have shown
direct cytotoxicity is not the only mechanism for T-DM1
action, T-DM1 can evoke antibody-mediated cellular
cytotoxicity (ADCC), similar to unconjugated trastuzumab
(26). ADCC was evidenced with similar efficacy on HER2-
positive gastric cancer cells. Because ADCC has a key role
in the efficacy of trastuzumab in vivo [23,24], we believe
that ADCC might be an important contributor also in the
in vivo effect of T-DM1 in gastric cancer.

In our experiments the effect of T-DM1 was much
stronger in N-87 and OE-19 cells than that of trastuzumab.
Of the gastric cancer cells with lower level HER2 overex-
pression, T-DM1 had a clear inhibitory effect on trast-
uzumab resistant MKN-7 cells, while trastuzumab and
T-DM1 were both relatively ineffective on SNU-216 cells.
As all gastric cancer cell lines studied were FISH-positive,

this may suggest that responders could be identified by
their HER2 protein expression levels. However, this may
refer only to direct cytotoxic response, since strength of
ADCC was showed no correlation to the HER2 protein
expression levels.

Interestingly, residual tumor cells could be identified in
half of the mice whose N-87 tumors had macroscopically
disappeared. Thus, these cells were able to survive the
T-DM1 treatment despite their high HER2 overexpression.
These cells showed low proliferation activity (Ki-67)
suggesting that they might be in a dormant state. In an
immunohistochemical assay these cells did not reveal stem
cell-like properties [25], since they were immunohisto-
chemically CD44 negative (data not shown), The presence
of residual cancer cells indicates a possibility for a relapse
after long latency period. Therefore, combination of T-DM1
with other cytotoxic drugs (such as taxanes) should be
considered.

In summary, we found that T-DM1 is strongly effective
on HER-2 positive gastric cancer cells both in vitro and
in vivo. T-DM1 also inhibited the large tumors which
had become trastuzumab resistant. To our knowledge,
this is the first published demonstration of efficacy of
T-DM1 in gastric cancer xenografts, and gives the theoretical
background for testing this drug clinically in gastric
carcinoma patients whose treatment with trastuzumab
has failed.

Fig. 6. Residual cancer cells in T-DM1 treated N-87 xenografts. Residual cancer cell aggregates were found from the skin samples in three of six N-87
xenografted mice after T-DM1 treatment (G). These cells were strongly HER2-positive (1), but displayed only few Ki-67 positive cells suggesting tumor

dormancy (H).
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Phase I Study of Weekly Intravenous Recombinant

Humanized Anti-p18¢

;§HER2‘;

Monoclonal Antibody in

Patients With HERZ/neu-Overexpressing
Metastatic Breast Cancer

By José Baselga, Debusish Tripathy, John Mendelsohn, Sharon Baughman, Chris

fancy 7. Sarin, Andrew . Seidman, Chiff

tord A Hudis, Jackie Moore, Poul ?‘ Rosen, T

ropher C. Benz, Lucy Danis,

omas Twaddell,

. Croig Henderson, and Larry Norton

Purpase: Breast concey §requemiy averaxprasses the
prociuct of the HER2 proto-oncogens, & 185-kd growth
factor receptor {pi857™%), The recombinant humanized
monodoenal antibady {rheMab) HER2 has high offinity
for pl185™? gnd inhibits the growth of breast cancer
cells that everexpress HER2, We evaluated the efficacy
and foxidty of weekly introvencus administration of rhu-
Mab HERZ in potients with HERZ2-overexpressing mete-
static breast concer.

Pa?sems cam.f A‘ie?hcds. We troated 46 patients with
5 T 58 ared 2 that overexpressed HER2.
Patients recsived o loading dose of 230 mg of intrave-
nous rhufAb HER2, then 10 weskly doses of 100 mg
each. Batients with ne dissase progression at the comple-
fisn of this treatment period were offered o maintenance
phase of 100 mg/wk.

Results:  Study potients had extensive metastatic dis-
ease, and most had received exlensive pricr anficancer
therapy. Adeguate pharmacekinetic levels of rhuMab

RIKG THE LAY DECADE, pouk wm
3 i Btors and @

snde

Apdis tha

SEEASSETA RN S G PO
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have been found fo play brportant reles o the pathog
of & 1 buroan sabignancies, muwiing breast can

e and as c-erpBE) @
ptor {(plRSH
a«ih fact
S ]\zm 36
e 0 30% of hnan
Dreast cancer icts for & worse prognosts in patienis
with primary disease that mvolves axillary bymph ms;ss‘w '
Several hues of evidence support a divect role for HE:Y‘..,
in the gam‘wgrmm an s,}m cal aggressiveness of HE
overexpressing troors: The introduction of HER2 into aon-
neopiastic ool is causes their malignant transformation™™
Transgenic raiece that express HER2Z develop mammary tu-
mors,” HERZ overexpression ie common i ductal carcine-
mas in site and in thelr associated invasive cancers. ™™ Anti-
bodies directed at pi ) inhibit e growth of twmors
55 high Jevels of dis recep-

HERZ pove (& NOWR 88
185-kad wansmembrane glyooprotein
fias partial homology Vhﬁ] the (‘}

and of transformed cells that expr
The latier obser

El poter-nm target for the treatrus

asive breast lesions becavse ﬁm ccﬂs

HERZ., The murine monocjonal :ata;,xbodj,'

directed against the extracelivlar doramn of

14

vailon st age

YU ﬂ

dournal of Clinical Oncology, Vol 14, No 3 {Marchy, 1994

D pp FAT744

HER2 were obiained in 0% of the potients. Toxicity was
minimal ond no antibodies against rhubab MERR were
detected in any polients. Objective responses were seen
in five of 43 cszessable potients, and included one com-
plete remission ond four portial remissions (overall re-
sponse rate, 11.6%; 5% onfidence interval, 4.3% to
25.9), Responses were observed in fiver, mediastinum,
fymph nodes, and chest wall fesions. Minor responses,
seen in hwe patients, and stable disease, which occurred
in 14 patients, lasted for o medion of 3.1 manths,

Conclusion: rhuMAb HER2 is well tolersted sad clini-
cally netive in patients with HER2-overexpressing meta-
stafic breast cancers thot had received extensive prior
therapy. This is evidence that targeting growth fastor
recoptors con cause regression of human cancer and jus-
tifies further evaluation of this agent.

4 Clin Oncel 14:737-744. © 1995 by American So-
ciely of Clinicol Oncology.
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ANT-HERZ ANTIBODY THERAPY FOR BREAS

=

CANCER

Tuble 1. Patient Charsctoristics

Characte istic

Age, yeus

Madian 50
Range 30-¢8
Karnclsky performance status
Median 20
Ronge 43100
7 132
3% 848
Racapior siofus
Estrogen receptor-pasitive 17 A28
Progesterone recepior-positive {n = 39} 15 38.8
Ne. of metasiatic sites
i 18 4.8
2 14 RIVES
= 3 16 385
Dominant site of metoshosis
Yiscera 37 3G 4
Skelston 1 22
Soff Hizsuss 8 7.4
Chemotherapy 45 978
Adiuvant chemotherapy 26 565
Nesadjuvant chemotheragy 4 8.7
Melastatis disease {ne. of regimans)
Hona 8 7.4
i g i7.
2 g iP5
=2 0 43,5
Madinn
Ra
Hormonai tharopy
Adjuvant tamoxiten 7 15.2
Mastasiatic dissoss A 5.8

*In parcent of hemor celis with ayteginsmic membrans staining.

RESULTS

Patients charvacteristics are listed in Table 1. A total of
4¢ patients were enrolled onto the study, Their level of
fumor oversxpression of HER2 wae relatively ugh, with
move than 30% of the tureore having more than half of
their celis exhibit posifive membrane staining, Our pati
population had extensive metastatic disease: 34.5% of
patients had three or move metastatic sites. Dominant sites
of ruefastases were viscerad in' 80% of cases (ung in 18,
fiver in 13, both Yiver and lung in five, and ovary in onej.
Imly 17.4% of cases had dominant metsstases in soft
tissues {skin and lyviph nodes) and only one patent had
bone as the domdnant site of dise The total nuraber
of patients with bone disease was 18 (39%). All but one
of the pationts had received prior chernotherapy, with
22.6% having received at least one regimen for metastatic

eng

B
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73%

disease and 3% haviag received (WO Of mOre Yegimens,
Of this latter group, four patients had previously received
high-dose chemotherapy with bexastopoietic sters-cell
support.

Data on rhud Ak HERY pharmacokinet
frong 43 patients (Table 2). More thar 30% of the exam-
ined population (41 patients) had rhaMADb HERZ trough
jevels above the targeted iD-pgiml. level The mean se-
um £, of thuMAb HER2 was 8.3 & 3.0 days. The rhu-
MAbL HERZ serum t5, was found o be dependent on the
presence of cirenlating BODY eleased frore the tmor
into the serum (Table 2). Representative cxawmples of
pharmacokinetics profiles are shown in Fig 1. Figure 1A
shows the seoum levels of rhubAb HERZ in a patient
with undetectable level of cironlasng ECT stable,
therapentic serum levals of the drug were maintained iy
thie patient for more than | year. Figure 1B shows the
serum levels of rhuMAb HERZ in a patient with high
levels of circulating BCD*™™ trough levels of thaMAb
HERZ were consistently below detectable levels through-
out the treatment course and antll disease progression.
Autibodies against rhubMAb HER2 (bumayn antihuman an-
tibodies [HAHA]Y were not desected in any patients.

Treatment with rhuMAb HERZ was remarkably well
tolerated. Of @ total of 768 administrations of rbuMab
HER?2, only 11 events scourrad that were considered fo
b related fo the use of the antibody (Tabie 3). Fever and
cinfls oeowred oo five cocasions affer the frst administra-
ton of rhadAb HERZ. The fever lasted less than B hours
in all cases and did not recur on subseguent administra-
tions of the anttbody. Thrse patients expeviensed chest
pain in areas of toor involvement shouily after the influ-
sion of the first dose of rhaMAb HERZ; in one case this
required an overnight hospital adraission for pain control.
The pain did not recur on suceessive administraiions of
the antibody. None of the patients whose cagver Togres.
gion met the formal eriteria for coraplete or
sponse had pain at a tumor sife after administrati
shudAb HERZ.

The number of patients assessable for treaiment ye-
sponse ot evaluation day 77 wag 43, Three pationts were
nof assessable for response. Oune hiad a bacteremic infec-
tion of an inraverous catheter that required prolenged
adrainisration of antibiotics, which precluded treatment

are available

Takis 2. ECDN.Dependent Phormunekinatics of thubdsh HERR

rRpAb HERD b,

®N Fafient Groug {dayz}

45 Al potients 88w 30
A0 Circulating £CHM™ < 500 ng/mt ¢1 w47
5 Cireulating ECOM? w500 ng/mi RN
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Fig 1. Effect of sarum ECON? op shuMAab HER2 phormacckinetics. Stable sarum lovels of rhufab HER2 in o patient with absence of ECDYR?

{8} v suboptimal thuMAab HERZ sarum jevels in o patient with high ECDT*? {8}, Note that Iy scales on the Y-oxis describing the serum EC
t assay standerd, {0} obsorved chubMAbk HERZ sorvm conceniration; {8} LTS for rhuMAb RER2 serum

differ amang chards. 11§, less than lowest

BMERZ

conceniration; (4] ECD"? serum concentration; [0 LTS for ECDYR? serum soncantrativn.

with rhuMab HER2
the study for personal reasons. The
tive heart fadlore assoctated with p
ment. Among 43 as
§ponses: one pati P“.{ had &
had parial sem

drd died of conges-
or doxorubicin treat-
3 had twmor re-
« complete renadssion and four
Therefore, the overall respouse
s} for a

e chills

tumor site P 1
el 2
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NOTE, in number of avenis of o tolal of 768 administrations

stable dises
nance phase of
gression of disease. The media
the patients with cither minor or stable discase was §
months, An additional patient had a grester than 30%
reduction i the size of ﬁ’htz ! ,‘;zisissﬂr disease on her
madrastinam and ch v 2 weeks of treatment,
While the duration of response wag greater than 4 wee
by evaluation day 77 the lesion had begun fo regrow from
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Doy the last decade, overexpression of the HERE
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Toble 4. Responss Rute Obinined With rhutdb HER2
in 43 Assessable Patients

Rezponse No. of Patisnts %
Complets rosponzs 1 2.3
Pasiial sesporse 4 9.3
Dreseal] rasponse 5 11.8
Miner response 2 4.8
Stable diseuse i4 324
Progression of disease 22 51.2

consequence, strategies dircered at imderference with
HER? expression or the funciion of its protein, p185HE™,
have been anticipated 0 have therapeotic value. Bxten-
sive prechisical studies have shows that ceriain MAbs
directed against pl85™™ cag iohibit growth of HERZ-
overexpressing wmor cells. Y™ Thiv study provides the
first clinical evidence of the antitumor aciivity of one of
these agents, rhudab HERZ, h

Gf 43 patieats with pl85¥* . positive twmors assess-
abie for response after treatment with thaMAd HER?2,
five experienced 3 complets or partial remission, for an
overall sesponse rate of 11.6%. One additional patient
had a greater than 309 shrinking of her cancer that lasted
more than | month, but was not considered 3 responder by
our protoced dehsition. The ohisctive antitumor responses
observed were of clinical imporiance, since twa pabients
Biad regrescion of cascers in the liver and one pahient
achieved a pathologicaliv-proven complete response of
chest wall disease, which has persisied for 24 months. Qur
patients were selected 1o bave many sites of metasiatic
imvelvement, one of the most dire progaostic characters-
tins roparding response o therapy. This selecuion was
the conseguence of the mile that patiends with disease
invelving only bone were ineligible for accrual, hecause

OnCusp
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741

bone is the solitary stte of tnitial metastatic ipvolvement
i oup 0 60% of cases.” 1t is reasonable to hypothesize
that the percentage of patients who show objective tumer
regression to rhulMAb HERZ will be higher when pafients
with less extensive breast cancer are treated, since labora-
wry studies have shown that the tesponse 1o antitesepior
antibodies s greater with lower tumor burden.™ It wonld
by also of interest 1o analyze the response yate to thuMAab
HER?Z in a patient population with uo prior chemotherapy
for stage IV discase, since prioy expericnce has shown
that ontreated patients usually respond betier o new anti-
cancer drugs.”

Another important peint about the probainbity of re-
sponse to rhubMAb HERS concems the observation that
37% of patients achicved munimal responses or stable
disease. n the laboratory, rbubdal HER?2 or the parent
antibody 4035 has been uoted fo be cytostatic, which
causes growik arrest, rather than oyiocidal, which causes
cell death. In clipical wirle of many amticancer drugs,
particularly chemotherapy, the achievement of stable dis-
ease is not considered 3 reliuble meusure of anticancer
activity, However, with rbubdah HERZ, stable disease
may be an asthentic reflection of the Bologic action of
the drug, which differs markedly from conventional anti-
cancer agents. The unusually long durations of muinimal
responses and stable disease seen in our toal may wlate
w this distinction, These data are specially interesting in
light of the absence of significant tozicity observed here,
for in @ setting i which palliaton is 2 main chiective,
guality of lfe while on treatroent should be a mmo end
point.

The dose and schednle of rhublab HERZ administea-
tion used in this protocol provided adeguate serpm oon-
ceptranons in all patients, except in those with circulating
levels of wmor-shed BCDM™ at serom concentrations =

Yuide 5. Choraceristics of Patients Whe Achisved o Response te Treatment

Pesian: T, tERDS Sitee of Matostatis Disetse Prior Bystamic Therapy Best Raspane Disretion of Resgorne {ranrdiic)

¥ 3+ Thest wali Complete responset > 24

2 33 Livar Doxarubiain, mitaxantions, Partial responze 67
pacitoxe!

3 2+ Mediastinum CMFVE, downrubicin, fortind rosponse 77
iamasifen, padiiaxe

4 3+ Uvar + rebroperioneal fymph CHF, dacsioss] Fortiol response 1

nodes + bone
5 24 Chast wol Pochitaxet Postial rasponse 3.4

Abbraviations: CMEVP, cyclophaspharmide, methatrennts, flusrourca
yracit,

1e, and prednisone; CME, c}‘cﬂop%usphgmid(—;, methoiroxate, and fivoro-

"By immunchisiochamising: 2+, 25% fo 50% ot tumor cells with cytapimsmic membrans staining; 3+, > 80% of tumar calis with cyioplasmic membrans

stairing.

FPatiant's complete response was pathologically proven with several biopsies ab tumer site. Patient bane sean, head, thoracic, sbhdomingl, and pslvic

computed lomographic scans are negative,
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Fig 2. Potient with exien-
sive fiver disease befora reat-
ment with rhuMAb HERZ {4}
and 8 months info treciment
showing morked reduction in
fiver involvement {B). Fatient
with chest wall recurrence be-
fore sterk weatmest {C, loft)
and ¥ yeor later showing com-
plote resolution of diseass i€,
rightl, Visible scars are from
multiple biopsies that com-
firmad histologically the ab-
sance of lumor,

dowwregnlation of pl83"Y Antbody-induced down-
ulntion of pi837 has been shown to faduoe rever

i HER2-transformed

sion of the transformed phenoty;
cells. ™ By a similar mechaniam, the contingow
o thoMaAb HER? at adequaie concentraiions
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The observed activity of rhadMAb HERZ apainst ad-
vanced brca\i cancers that overexpress HERZ provides
the firast clinical evidence that anti~growth factor recep-
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tic agents, mchuding cisplatin, doxovabicia, and
taxel, ™" without increasing thei
studies of the mechantsm of this effect ar
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THE EPITHELIAL/CARCINOMA ANTIGEN EGP-1,
RECOGNIZED BY MONOCLONAL ANTIBODY RS§7-3G11,
IS PHOSPHORYLATED ON SERINE 303

Amartya Basut, David M. GOLOENBERG? and Rhona STEmN?

‘L}cpmc*rzem oj'Bio‘ hemistry and Molecular Biology, Graduate School of Biomedical Science, University of Medicing and Dentistry
of New Jersey, Newark, NI §7103; 2Garden State Cancer Center at the Cenier for Molectdar M’r’( icine and I wiogy,

Newark, 1‘\”(}7.!()'3 risA.

RS7-3Gi1 is a murine monocional antibody (MAb) raised
against humisn non-small-celi hung carcinoma, and is under
clinical evaluation. The epithelial/carcitoma antigen EGP-Y,
defined by RS7-3G1 I, was isolated and purified to homogenelty
from a cervical carcinoma cell fine, ME180. EGP-1 is a glycopro-
tein with an average molecular mass of 47.8 kDa. Metabolic
fabisiing of the antigen with PP-orthophoiphate snd subsoguent
ipaunioprecipitation with RST3GH showed that itis aphesphe.
grotein, Phosphoamine acid analysis of the i vive plussphory-
iated EGP-1 revesied that the phosphorylation is on seviee In
vitre analysis with purified antigen demonstratéd that protein
kinase C, and not protein kinase A, is involved in phosphorylat-
ing the antigen in vitro. fn vitro analysis inditated a stoichiometry
of phosphorylation of 0.54 mole of phasphate per male: of
EGP-1. Phosphoamino acid analysis and phosphopeptude map=-
ping of the antigen phospherylated fo vitro by protein kinase C
showregd that pi\ﬁsphowmmﬂn oucnered on a serine residue,
specifically o serine 303, located in the cyropismic domain of
EGP-1. Treatment of MEI80 celis'with photbol ester inereased
the phosphorylation of EGP- 1. The biclogical function of EGP-1
remains to be elucidated. In this report we elucidate an
involvement of protein kinase € in phosphorylating EGP-1,
which may signify a role for this antigen in signal transduction
across the cell membrane.
© 1995 Wiley-Liss, Inc.

An epithelial/carcinoma giycoprotein of 46-48 kita molecu-
far mass is defined by the murine pancarcinoma RS7-3G11
MAD (Stein er af, 1993). Following the proposal of the Third
International IASLC Workshop on Lung Tumor and Differen-
tiation Antigens, we are adopting the nomenclature epitheliaf
glycoprotein- 7 (EGP-1) to designate this antigen (B¢ Leij ef al,
39943

The BS87-3G11 MADb, which was aised against buman
non-sraail-cell lung carcinoma, reacts with various huwman
tumors of epitbelial origin, {ncluding breast, biadder, lung,
ovary, prostate, pancreas, and stomach. Although most normal
human fissues are unreactive to R87-3G11, the antigen is
found to be expressed in several normal plandular and epithe-
lial ceils, including plands in the bromchas, breast, prostate,
and skin, snd ducts and acini of the pancreas (Stein e af,
1940}, Nevertheless, radiclabeled R37-3G11 has been found
io target several carcinoma types in patienis (data not shown ).

The antigen bas been affindly purified using the RE7-3G11
MIAbL and partially sequenced (Stein ¢t al, 1994} Sequence
data indicated a hkely identity to the deduced sequence of the
GAT733-1 gene, which has been cloned previously (Linnenbach
ef od., 19893 GA733-1, along with GAT33-2, forms a family of
genes coding for proteins that are highly immunogenic in the
mouse and that have been exploited effectively in applications
invoiving fumor targefing and site-directed iroranaotherapy
{ e al., TN Ross ef of, 1986), The GAT33-1 gene is an
Wtrordess trang sposon forme d by redroposition of the GAT33-2
gene via 2g mRNA intermediate (Linm:nhach et al., J9
the amino acid level BEGP-1 and BER2 ( ne praduety of
GAT33-1 and GAT3I3-2, respactively) are 49% identical. Evi-

dence by Litvinov et ol {1994} suggosts that EOP-2 s an
epithehai specific intercelhlar adhesic

The séqiience investigation of O 2 indicates
that BGPE {5 a type 1 vapsmembrane glyvoprotein with
homology to nidopen, a reatyiy protein involved m cell adhe-
sion, human and bovine thyrogicbulin type I repeat unit,
c-subunit of the interieukin-2 growth factor recepior of Bumas
and mouse, and HLA-DR-associated invariant chain {(Linoen-
bach ef «l, 13%) Fhe molecular mass of the protein motedy of
BQGP-1 is appee 45 ki (i‘i‘rlt_\pﬂﬂijﬂlh o the pre-
dfcied mass of the GAYI3-1 gene pradues 357 R, with
heterogeneous N-linked g lyuc‘swa‘uon on zts cxtra cil.ﬂur do-
madeaiging o 11 fu i 3HEDN T
ghosen S b anfigenic fy BY? *n{xi
e @ vonfatmativog spitops (Steinatal, |
axtracellular domain i5 rich in cysteine m.s;(ius.s, which might
bear some functional significance.

Analysis of the pradictad ymino acid.segusmce of BEGP
Qu;g»sted possible phnsphor k‘?an(m sites ‘M*hm .iw wwi\w
mic domain of this antg;
that weither BGP-2 : thc hr)molagom anﬁgs’m nidogﬁn
cortain agy phosphorviation sites in their cytoplasmic do-
maing. The present studws were ipitiated to determine the
phs\\phuwl\ukm § 3 poriademonsiyates

for DP-1 50 signal iramduuﬂon

MATERIAL AND METIHODS
Cell culture

3, a cami»

The huroan cervical carcinorsa cell }u‘e ME-18
woma ol sthedtal ooign RS gron
b t_:;si(:-nr 1 with ‘
i a1, puniciitin € Y
TR 3 i wM} 3

G after ol

Preparation of crude exiract from ME-182 celis
MEI8D cells were grown to confluency.

ter removing the
raedium by thorough washing with cold PRS, cells wers lysed in
lysis buffer [0.1 M Na(l, SO M Tris-HO3 at pH 74, 1 mM

“To Whmn correspondence and re print requests should be ad-
dressed, Fax: 201 QSZ 7047,

Ai“bruvmi,os-" use ine serum albumin; BELISA, enzyme-
, Epithelid glyvoprotein-1; SIAE,
buffered sifine; PKA, preieitt
a kinase C; PAGE, polyacrylamide g gel zlectro-

3 PVDT, pu)lyvmylmgnc Huori de; PS, phosphati dylserine.
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EiTA, 1.0% Nonidet P-40, phenyimethylsulfonyl fuoride
HY nM), aprotinin (0.6 gg;mi) and fevpaptin (1.0 pg/rmli at
O for 1 hr. To ensur e dysie and antigen solubilization, the
cxiract was sonicated ag,pre)ximasciy 18 numes for 10 sec cach.
The ceil debris and nuclei were removed by centrifugation at
12,000¢ (Sorval 88-34 rotor, Dn Pont, Wilmington, DE) for
2030 min at 4°C. The supernatant was stored at —83°C before
use.

Furification of EGP-I from MEI8G cells

BEP-1 was parified from the MEIS0 ool extract
concanavalin A«\spmm”) {(Phagrwadia, Piw
umn chromaiography and RS7-3G11-Affi-Gel Hz column
chromatography as described previously (Stein er af, 1993}, Tao
achieve maximum purity, the antibody column- pur'ﬁed sampie
was pas*ed through 3 Q@th)(?" 5-300 (superfine} column
‘ OV et} WEre ansay
A, The. BLIS S ~postive frschions 4
tratod asing Oeateicon-1E {Amicon. Bays
,pha tyl 8-300 column-resolved BGP-1 sample
o SDS-PAGE foliowed by silver staining

sEEPS
ponted, snd
exly, MAL. The B¢
WS svn.vmd by 10%
(Blumeer al, 1987,
AMetabolic labeling of EGP-1 with ¥P-onhophosphate

MEI8&S cells were grown £0 approximately 80% cosnfluency
in T25 flasks. The cells wore washed Brsi with cold PBS and
then with cold phosphate-free RPMI-1640 medium (Specialy
Media, Lavaliette, NI) without any supplement. The celis were
ailowud to prow in phosphate-free R¥MI-1040 medium with-
out :my supplement for 1-2 hr and ihfn m *«hmph?tﬁ free
dium supplementad wii mz,siwmi-
ics, S9% fetal Bovine seoany aud A8
phate {Dw Pont NEN) for 6 by at 37

frmunoprecipitation of EGP-1

The lysate from MEI80 cells was prepared as described
above. The lysate was first cleared with 58 ul of a SU%
suspension of protein A-agarose beads (BioRad, Mebalie,
MY for 80 min. The beads were removed by a brief centrifuga-
tion and the concentralion of MaCl; io the supernatant was
adjusted 10 10 M. The cleared lysate was then incubated with
concanavalin A-Sepharose beads (100 ul, 50% packed resin
from Pharmacia) for 2 hr. After a brief cenfrifugation, the

supernatant was discarded and the concanavalin A- Qezj}"hd"()‘ad .

beads with bound antigen was washed with 1.5 ol of lysis
butfer. The antigen was eluted frore the beads with 1.0 mi af
lysis buffer cortaining 1 M recthyl o, D-masnopyranoside
rotating end-to-end for 30 min. The concanavaiin A-Sepharose
beads were xremoved by centrifugation and the eluant was
incubated with MAb-protein A-agarose beads for 3 hr. The
MAb-protein A-agurose beads were prepared by incubating 1
g of antibodies with 50 i of protetn A—dgar(l‘-ﬁ beads in -O(‘
ui of PBS for 3 hr, followed by wasbiog Mth lysis bufter, The
beads were coltected and washed with 0.5 M NaCl ~copttaining
tysis puffer (1.5 wi}, then with lysis buffer supplemented with
5 BSA, 1.5% sodium deoxycholate, and 0,196 58 (4.5 ml},
and finally with unsupplemented lysis buffer (3.0 ml), Al the
above steps were periormed at 4°C and in the presence of 1
M sodium orthovanadate.

The washed immunopres ,ipitdte, was solabilized o Lacrami
{1970) sample buffer by boiling for § min. The agarose beads
were separated by cenirifugation and the superpatant was
subjected 1o 0% SD’SJ’AGE without reduction. The gel was
either dried and autoradicgraphed or transferrad to polyvinyl-
idene fluoride {(FVDEF) l‘lflllhi‘dl’i\ for Western blotting, as
described prevnoucly (Steineral, 1993).

in vitro phosphorviation of EGP-1 by protein kinases
Phosphorylation of EGE-1 was performed in vitro using 200
g of purified antigen {more than 95% purity as deter mined by

usl\«er starning; data oot shown} and 20 ng of PKC (a mixture of

faway, NI o -

o, B, and v subusnits purified from the rat brairg Upstate
Biotechaology, Lake Pia»xcﬂ NY). The reaction mixture con-
tained Tris-HCE at oH 7.5 {20 mM), MpCh {5 mM), Triton
X100 {0.03%), CaCy gU mM or w1th0.1t) phosphan(whep
ine (& 3img,m. or without; Sigma, 8t Louis, MO, diokein (5.4
pd or without; ICK, Costa Ms:m CA), fres hidonic avid
(0.4 M or without; te Ny, and O, 25 M\li [y-¥#PLATE (2.5 pCh
Araershanm, Arl,ngtf)r H:_w‘fu:s L) in a final volurae of 20 ul
{Sekiguchi ef al 19%) &ndcz calcium-depleted conditions,
EGTA {3 mM) was added to the reaction mixtures. Histone

type II1-88 (94 wg. Sipma} from calf thymus was vsed as a
positive control. The reaction mixtures were incubated 3t 30°C
for 1 hr and were stopped by boiling the samples for 5 min after
adding 22 SDS-PA ampie buifq v‘nih orwithout 2-mercap-
toethanol, Approximately 10-1 g of EGP-1 and 25 ng of
histone type HI-SS from the rcaciim} raixtures were analyzed

by 109% SDS-PAGE. Gels were dried and auto: admg,ruphcd

The competition experiment with ATF was performed by
adding unlabeled ATE x.t final concentrations of 0.5 pM, 5.0
M, 125 wbi, and 25.08 b in resction mixtures containing

Ca?" (1 mM) and phosphatidyiserine (0.31 mg/mi).

To determine the stoichinmetry of phoaphm riationof ¥
1.7 8 {330 pmole ) of 0 nned FGE-1 s s ablesved o react i
witre 19 the presence af €7 (1 mM}, phosphatidyleerine (031
mg/mi}, 2 mb cold ATP, and 8.34 o {y-”P}ATP with mﬂng
of PKC for 1 by at 30°C. The sample was resoived in 10%
SI5-PAGE under non-reducing conditions. Foilowing stain-
ing of the gel with Coumassie blae, the antipen band was
excised and radioactivity was measured in a g-seintiliation
counter {Fackard Trillarb, Meriden, 1) Liguid Sointiflaton
Spectrometer 3255).

Protein kinase A (PKA) was assayed in the preseoce of
Mg?t as the divalent cation. The reacton raixtures included
I\,IOCAZ (5 ral}, Tris at pH 7.4 (20 mM)}, EGTA {4 snM) 0.25
;.,,M -2 P}ATP {2.5 wCiy, 0.2 ug BGP-1, or 0.4 up of histone
type [1E-55 as substrate and 20 ng of FEA in a final voinme of
20 pl (Park and Campaisi, 1990}, The reaction mixtures were
incubated at 30°C for 1 he, Reactions were stopped by botling
for 1 min sfter adding 2 X sample buffer and the proteins were
resolved using 0% S1S-PAGE. The pel was dried and
autoradiographed.

In vitro dephosphorylation of EGP-1 by valf intestingl
atkaline phosphatase

Purified BEP-1 (50 ng) was phosphorylated én virro by PKC
as described above. Following inactivation of PEC by botling
for 10 mnn, 5 anits of calf intestinal alkaline phosphatase and
regction buffer {New England Biolabs, Beverly, MA} were
added, The reaction mmixture was incubated af 37°C for | by,
and the reaction was stopped by adding 2X sample buffer and
botling for 5 min. It was then analyzed by 10% SDS-FAGE
without reduction. The gel was dried and antoradiographed.
Histone type HE-88 was used as a positive control

Phosphoarino acid analysis

The two-dimensional phosphoamino acid analysis of the
3P-labeled EGP-1 was performed as deseribed by Cooper e al.
(1983}, The phosphorylated EGP-1 was resolved in 10%
SDE-PAGE. The gel was dried and gmmmdmgaphuu The
FPEEE-T band was excised and cluted overnight at 37°C with
50 mM ammontam bearbonate containing 0.1% S8 and
0.05% 2-racrcaptocthanol with continuous shaking. The cinted
sampie was precipitated with 20% ice-cold TCA in the
presence of 10 g RNase A and then washed, An aliguot was
subjecied to partisl acid hydrolysis (6 N HCH for § he at 119°C.
The remajnder of the saraple was saved for tryptic digestion.
Alternatively, the 2P.EGP-1 was transferred ordo a PVEF
racmbrane and then subjecied to partial acid hvdrolysis.
Phosphoaming acids were analyzed on a cellnlose plate (100
wm; Folygram Cel 300, Macherey-Nagel, Doren, Germany) by
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Al (éa)t*ﬁ:( acid/acetic acid/
4} in the fitst dimension sad at p}I .5 {asetic
: 3, TG LAY dn the seddnd  dissetgion: The
Epohdaet vd ph phnammu 3 datacted # ¥ autora-
dicgrophy and thes the undibeled phosphoseria phosphate-
. and phosphothreonine,, used as interysl stamdards,
were stained with 0.25% ninhydrin in acetone.

thin layer elec tmphorsmi at pEL 1

Tryptic digestion and peptide mapping

.\-{3-mj‘§ﬁ:‘f&: trypricaligeston of thedn
fesdho 1:}3 the method das
1} withe slight pwdifications. B
ixid?.‘s!: EEEEIN puimsnsﬁm; 43 5y W 3Tk

2 miore aliguots of trypsin, 5 pg each, at 12 r m‘ﬁrv.ﬂ. ]
totai tryptic digest was then hyophilized, resuspended Ar 1.0 wi
of water, and iyophilized again. ¥ was then resuspended in 100

wht 50 mM ammonium bicarbonate at pH 7.8 and passed
thmugh a Sephadex (3-25 {fine grade; BmRad Melwlh. NYY
squitibrated with the same “huster, lne COTUM Was ¢ ated
setl stachyose (M, 6688} and pialtow (b, 342 befare the

cun. The fracamm {0.6 ml} were counted by hqmd seintiliation.
The peak {ractions were pooled, Iyophilized, resuspended i
2.5 el of water, and lyophilized again. Finally, the ssmpic was
resuspended in 10 pl of water and an thum 1.5 wl) was
subjected (o phosphopeptide asalysis in 2 dimensions on a
20 > 20 om ttin Jayer celhulose plate (100 wm). The digest was
analyzed by c]cctrophorm.a in the first dimendion using pH 8.9
buffer (1.0% ammonium bicarbonate adjusted to pH 8.9 with
30% ammonium hydroxide} and then ‘chromatography was
employed in the second dimension using n-butanol/pyridiae/
acetic acid/HLO (7.5:5:1.5:6).

Fo confirm the identity of the phosphopeptide as phosphory-
tated 8-G-K, synthetic phmphotr peptide (ie. phospho-§-G-K-
COOH, wmheswed for us by Cualty Controlied Biochemi-
cals, Elc)pim)if}!i‘ MAY was run 2s an internal standard along
with the sample durtag phosphopeptides separation. The plate
was first autoradiographed and then stained with 0.25%
sinhydrin.

RESULTS

EGE-] is phosphorylated in vivo

In order to establish whether BOP-1 is phosphorylated in
vivo, ME180 cells were metabolically labeled with 3P-
orlhnp‘qmphdie This cell ine was selecied due 10 a high level

{ expression of HGP-1 (Stein et af, 1994}, Since it had been
obani ved that the cxpression of EGP-1 increases with increas-
ing cell demsity {data not shown), labeling experiments wers
performed using cells at greater than 90% confluency. As
shown it Figure le. MAb RS7-3G11 immunoprecipitates a
phosphorylated pmdm,t with a molecular mass of 4648 kDa
{Fig. ta, lane 13 The migration of the phosphorylaied protein
o SOS-PAGE U)r"capﬁﬁdf‘d to the migration of purified
FGP-1 and mmunoprecipitated EGP-1 metabolically labeled
with [*Sleysteine {data not shown). Immunoprecipitation of
the 3*P-labeled cell lysate with the non-specitic MAb Ag did
pel vield any phospborylated prodoct coresponding 1o the
molecular mass of BEGP-1 {(Fig. la, lane 23 These resuits
indicate that TOP-1is a phosphoglyecprotern,

Hdentification of the phosphondated residue

Since the evtoplasmic domais of EGP-1 contaius sexine and
iyeosine vesidues, and the consensus site of tyrosine phosphor-
yiation 18 not well defined (Hanks and Quinn, 981 we
mvestigated the possibility of phosphorylation of both serine
and tyrosine residucs. A tyrosim: residus is located at positon
306 in the context of -S-G-K-¥Y-IK-K- (residae --308) in the
oplasmic domain of EGP-1. To deteon whether the
-1 is phospbaorylated on t‘noaim,, antiphosphotyrosine

El

MAb 4G10 was used to immunoprecipitaie EGP-1 in the

pH18 —

it ion ol by mr il B
fant b l»ntlhnpi;m shates fid NIIS-E
enlis wine inputiated wit ‘\Pvm*hupm«zg}l

' phatertieg }ﬂ’\f‘{vlt» 8y um“}‘iw

autor adioge p}w

fesnnoprecipl
-mesmmnﬁ at 4

S nend i 15’ i ;vmsm;t: of T oM soditxs i}‘ if‘»\\ratsm
iﬂini thh &‘)

ot *is.

i % mmm were tisw‘.t‘

sutoendii eoaphsd, The band corex &

excised from the bist and hvdmaw‘d in 6 N H{(i for 1 h,
Phosphossindds e o wy descrbed i the mathodods
S \U,‘tkt‘ﬁ Spot | sorraspundtiin phosphoserine and spot £ 16
sthophusphate, The wrigle dsshows ey *m,i th directings
of alues Qrefis E y G m».
unlam,,\. Fphosahoennine 80t
PS, B8, and PY stand iy
;r-h(rsphuiyre)sm , respectively.

fion stadies with 4G10 asd RS7-3G11 indicated t ,ai =h-
sutiphosphotyeosine MAD 4G18 docs vot recognize i,
waplying that BEGP-1 is pot phosphoryiated on tyiosmc (Gata
not shown}.

Identification of the phosphorylated residue in BEGP-1 was
performed by phosphoamino acid analysis of the 2F.-EGP-1,
phosphorviated in vive. The metabolically jabelod VP-BGP-1
was immunoprecipitated with RSE7-30G11 from MBISY cell
extract, resolved o 10% SIS-PAGE, transferred onte PVDF
membrane, and autoradiographed. The band ‘.,ozrc,:,potadinz'!'o
RPEGP-1 was excised from the PVDF membrane and then
subjected to partial acid hydrolysis followed by electrophoresis
{cathode to anode) in 2 dimensions on & thin layer cellulose
plate. Unlabeled phosphoserine, phosphothireonine, and phos-
photvrosine were incloded as internal standards, The locations
of the standards after 2-dirnensional elecivophoresis are shown
by broken circles (n Fignee 10 Co-migration of the labeled spat
{spot 1} with anlabeled phosphoserine (marked by P3 in Fig.
i5Y mndicated that EGP-1, in vive, was phosphorylated on
serine and not on tyrosine or threonine residues.

Ya vitro phosphorylation of EGE-I by protein kinases

There are 2 serive residues in the cytoplasmic domain of
BGP-T that potentially can be phesphorylaied, serine 303 and
serine 322, The contexis of these serine residues were com-
pared with the consensus motifs of PKA and PKC. PKC, the

calcium-dependent protein kinase, recognizes the motifs

Pl

i P P

AN

AR 0
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R/K 3 Kga-8/ T2 PRIK L, > RiKes
p o 2-‘\. T for pho b"(‘{it AMP- depen»
dent prote 10 Kinase rcumm,m the moids R-R/E-X-5/T
R-X-X-5/T = R-X-8/T, where X i is any amino acid (Kcrint‘ﬂy
and Krebs, 1991). The contexis of both of the cytoplasmie
domain serine residues in EGP-1 {serine 303, R-R-K-8-G-X;
and sering 322, R-K-E.P-8-1} are compatible to PKC consen-
sus sequences and closs to PRA consensus sequences, Due to
the inherent flexibilily of the conseusus sequences it was
necessary to consider the possibility that BGP-1 oould be g
substrate for either kinase.

Both kinases were examined for their ability io phosphory-
inte purified BEGEP-1 in virro. In this study only phosphatidylser
ine was used as an activator in the reaction mixture of PKC g
the p we of TatY, The PKA reaction was periormed i the
presanes of 5 mM Mg The results of thinse siisprimeniy are
shown i Figure 2. The sample was used, both untreated and
aftex boiling, to examine both native and denstured forms. No
bands of phosphorylated EGP-1 were observed when either
untreated (e, native) or boiled {fe, denatured) BEGP-1 was
incubated with PKA (Fig. 22, lanes 3 and 4, respectively}.
Histone type [I1-85 {both unboiicd and boiled)}, used as a
poasitive controi, was phosphorviated by P4 (Fig. 24, lanes 1
angd 2, respectively). On the other hand, th‘n incubated with
PKC, ptsraﬂed BGP-3 became phos.phz) tated in vifro and was
observed as a 47 kida band (Fig. 2%, 1<me 2} Reduction of
purified BGP-1 had been ahuwn ta vield a doublet around 45
kra. A similay doublet paitern was also observed with the
phosphoryiated form of EGP-1 (Fig. 25, lanc 3), as wndicated
by minor arrows on the right margin of Figure 26, Phosphoryla-
tion of histone type HI-88, used as a control, is also shown
{Fig. 35, jane |, unreduced and iane 4, reduced). The band of
autophosphorylated PRC (approximately 80 kD2) s marked
by the major arvows on the left and right margins in Figure 25
These results demonstraie that FKC and oot PKAGS nvobved
in phosphorylating EGP-1 in vitro. The effect of Mn®* instead
of Mg?* as the divalent cation on phosphorviation of EGP-1 by
PKA bas not been exemined.

Confirmarion of the enzymaric labeling of EGP-I by PKC
To confirm the involversent of PKC in the phosphorylation
of BEGP-{, control studies were performed under various
reaction conditions. PRC requires ealcium sod phosphatidyl-
serine for its activity (Takai &f «l, 197%). Amouy different
phosphoiipids, phosphatidylserine has been shown o be the
most effective phospholipid for activation of PKC {Takai et af
19786}, Diolewn, a synthetic unsaturated diaeylplycerol, and
free arachidonic acld bave besn shown 1o avgment the activity
of PEL when used at low concentrations {(Sekiguchi ¢ al,
1088, Takai ef af, 197%}) It bas also beeo repotted by
Sekiguchi f 4 {1988) that at a concenirxation of 0.4 mM or
nigher, free arachidonic acid inkibits the activities of the a-, 8-,
anct v-subtypes of PKC to varying extents (Sekiguchi ef af,
1988). The effects of calcium, phosphatidylserine, diclein, and
free arachidonic acid on EGP-1 phosphorylstion were evalu-
ated to confirmy the participation of PKC 1 this reaction ;.
virrg. The results of these experimends are shown in Figure 3
The phosphorylation of EGP-1 (47 kDa band) was ;
when dioicin was added to the reactivn mixtures oo
¢ither Ca?* alone (Fig. 3a, lanes angd: Ty orunly phue pfmtuisi-
serine {¥ig. 35, favies 1 and 3} or both (Fig. 3 izme:, I and 3}
indicating increased activity of PRC under these conditions.
cms, arachidonic acid at a concenination of ¢.4 mM, on the
other hand, inhibited EGP-1 phosphonvdation under all of the
conditions examined (lane 2 in Fig. 3a—<). Phosphoryvlation of
BEGY-1 was greater in the presence ¢ of phosphai Adyiaez ine alone
(Fig. 35, lane 1) than in the presence of Ca®t alone {Fig. 3a
Jane 1). The phosphorvlation of EGP-1 by PKC was even
greater when both Ca?* and phosphatidylserine were present
(E*sg‘ 3¢, kane 1. In the absence of both Ca?r and phosphatidyl-
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sexme, phosphoryiation of EGP-1 by PKC was not o

(il »} hawint}: Aliadagh dependebivy of PR &
iy i cevtis, el devighesseel variie wigd
phats ichizobi, 1% ¥ these resulls ar

those chaxau'cnstws reported for PR, THe consis
these results with the known properties of PEL, slong with the
fact that no phosphorylation occurred on BGE-L in the
absence of PRC {data not shown), demonstrated the involve-
ment of PKC in phospharylating BG8-1 in vitro,

in anciher approach to show that the phosphm‘viatium of
pusm  TPEEFT s snem sted progess,
tion botwesn [y FIN T and cxopss of enipbeled ATP in the
reaction mixture of PXC was evaluated. The study utilized

approximately 3 §6G0-, 1,250, 4

and Z,500-fokd ex .es‘. of
el
P- {x}’ 1 in thc. autornauxgmx from tmmm«

amples fdata notshown),
cotstant, pdiospiry-

uﬁiabs}led ATE. There was a gradual decreise of ¢
maemmu oi

SRS f
im;un o E(}f‘v! PN \AHF‘ ‘t“i)t.‘f}y,
Calf intestinal alk slmﬁ phosphatase was used to show that

nhosphe o E s e subieate for phicsphatase. The in
wigre-Jabaled 34P»£\ rf‘ was alowed 1o reant with 5 U of calf
imtestinal alkaline phosphatase. Phosphorytated HGP-1 and

>-treated phosphorylated EGP-1 were resolved io
3 A‘( E and guteradiographied. Histone type TI-S8
was ted as positive conteed. The rendigare shown in Figure 4.
The dmapppdmnta of the band corresponding to Y- BGP-1
{Fig. 4, lage 1) after sihsline phosphatase freatment £Fig 4
fane 3} demansiraigd that ¥P-RGF1 could be deph s)\”}:ﬁ}\iry-

phosphatase
Sam gp
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The stoisfdemwtry of phosphorylstion of EGP-1 by PRC in
vitro was deteiiined in the g yane of Catt {1 mI\/ﬂ and
phosphatidyisexine £0.31 mpimi}, No activator of PR
diolein, was addes 10 the reaciion mixture, Tha incorpoeation
of phusphat‘c was .54 mole of phosphate per mole of the
FGP-1, which is in the biologically relevant range.

Serine residue{s} is phosphomylated by PRC invitro
In order to de?ermme whether serine or ihreonine or both
these rcaxdutﬁa -;f R

{ :P l were phmphm}dateﬁ by PEC in vitro,
i t

sy of the pk«; ;\ph\mmmn ,,\.tds iy \hnws; e Figne T
Tampraion df 5y with sl waleheb
mwsphm 3 fehown by broken offcke &mi
"&&Q tw }“s} m\}u e was the anly wnino acid
Th -§‘ht"¢ phovdationof & riw.

e 3 - phosphorsiation of
}},(_ }.‘-1 O SeTing sug%:ﬁ that PKC is most I}s“ iy engaged
phosphorylaiing BEGP-1 in vivo,

Phosphowlation of EGP-{ on serine 303 by PEKC Invitro
The phosphpndation of BEIP-1 by PRO conld dithay

serine 30 w322 or tmtn iy the cortexty

YR {rendie S8 30T

T determine wh

phvsphopipiidy g ]

wit-on the estahl s 3Pl {Linnenbactves

al, 1980}, compiety dpesitan n‘f ‘EGP-‘; with trypsin should

v;sid gither a i'l‘;{“:?‘?th.iy crnaisting of the sequence-5 (B4

pi‘mg}hmy;.x
k! peritesmed.
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hosphorsis
SN atk Hne p‘m\ph' 3
a«*ii i ping by PRO with

IR {50 ) e
x?‘ L phusphe
305« FAGE a\zﬁ e
133 ntm«c;\ i

2] s phospho
i Fhe g casphm
atkabnep
> Y Q

'{; e ok
ﬂxﬁsphx«skwtxmﬁuﬂ gzh \!}}
Amzxph\»p}s t\}\iic‘d PKC is i :>d by minor “atrows.
I\».Qlwmds inthe wizegie, The
he m\.phmphor ERHEH]
§ ‘L}\‘Jiv SRRy b«ui’s\mus!ﬂ\

or

[CR O
S{PO,)-1
Sephadex G-25 coluran sundonly one radiviabeled peak was

a teirapeptide consisting of ithe sequence -E-P-
., or both. The tryptic digest was passed through s

obtained. Due o the acidic gature of the cled p}‘(aﬂpha)psﬂp
iides, first-dimension slectrophoresic of the tryptic digest was
performud vaing pi 8.9 tudler, Bemgameee hydioghale than
the phosphairipeptide, the ptzmphm apeptide shaull mi-
grate at @ different location when chromiatographed in the
second dimensitn a8ty ongaidl selient. Fxgu;e & shows the
result of phosphupeptide e pping of the P BEGRL Two
spots apps,mui in the _utoraamvr,}m Bpur 1 represends thy
majority of e phosphorviated pmdm.{ tinlibelad phs)\,p%mm-
peptide, ${P0;)-G-K, used as an intetnal standard and stalned
with ninhydrin, nigrated ot the same spot (indicaied by broken
circle) where the majonty of the radivactivity was retained
(spot 1), thus confirming the segiicwds of 1 tatwded peplide:
The minor spot in the autoradivgran (ndicatad by a minoe
arrow and 1'epsescmir3g iess than 5% of the radicactivity in
spot 1) may prm;ant cither inefficiently phosphorylated
tetrapeptide 01 g by (iigf:sit:ﬁ ;}hnxgﬁh(apamnie GRvisa
ated frnm the . These poseibiliticos we
ot investigated ft .ﬁ‘cr E}:\ s of this study suggest that
the sequence R-R-E-3-G-K (s'asidue 300-305} s the major site
of phosphorylation on BGP-1 and that serine 303, present in
the coytoplasmic domain, is the target amino acid for PEC.
Whether serine 303 is the only site or ithe major site of
phosphcwiaiion on BEGP-1 for PKC remains to be confirmed.
Fhosphorviation of LGP-1 inviva by PKC

Prorbol esters are known to acilvate PRC dicectly i vive,
circumventing normal activation processes {Castagna #f al,
1982}, To determaine whether EGP-1 is phosphorylated by
PEC in vive, MEIBD cells were treated with phorho 12-
myvistate 13-acetate (PMA, 150 ng/ml)y for 15 nedw after
metarolically fabeling the cells with PP-orthophosphate {189
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The dependence of phosphorylation of EGFP-1 on phospha-
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(199} 1hat the rate of internwdizatiys of EGP-1-RSTIGY
Cé):‘ﬂ}‘fi sx ts fairly rapid in an ad@asciroinoma cell line, Cabu-3,
Whether internalization is facilitated by phmphcry}anﬁn of
BEGP-1 on serine 303 in vivo remains (o be deterrained. I this s
found to be the case, theun the exisience of an as yot unidenti-
fied ligand interacting with EGP-3 is Hkely.
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Abstrsct: Monoelonal antibodizs {mAbs) and derivatives are currently the fastest growing class of therapeutic malecules.
More than 30 G-type immunoglobulins (IgG) and related agents have hsen approved over the past 25 vears mainly for
cancers and inflammatory diseases. In oncology, mAbs are often combined with cytotoxic drugs to enhance their
therapeutic efficacy. Alternatively, small anti-neoplastic molecules can be chemically conjugated to mAbs, used bath as
carriers (increased hali-~life) and as tergeting agents (selectivity). Potentis! benefits of antibody~drug conjugates (ADCs),
strategies, and development chalienges are discussed in this review. Several examples of ADCs are presented witl B urchasaDownioad Thi
emphasis on three major melecules currently in late slinical development as well as next generation thio-mAbs
conjugates with improved therapeutic index. hdmw\ Articles

Introduction/Background: Conjugating Cylotoxic Drugs to Antibodies

Antibody drug-coniugates (alsc called immuno-—conjugates) are constituted by a recombinant antibody covalently bound by a synthetic linker to a given
cytotoxic chemical (Chari, 2008). The main objective is to combine the pharmacoiogical potency of “small” cytotoxic drugs {300 to 1,000 Da) and the high
specificity of monaclonal antibadies (150 kDa, Figure 1) for tumor—assaciated antigen targets. Anti-neoplastic drugs ke dox daunomycin, vinca~
alkaloids, and taxoids, to name a Tew, have demornstrated their abifity to kill cancer celis (Bailly, 2008), but generally with limited selectivity and high toxic

S
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L trastuzumab, cefuximab,

y combination with small
cy*atoxac drugs to achewe s:g f sl, many strat : are investigated including
enhancement of intrinsic Fe—finked sffector functions by ; ) pacific antihodies, polycional antibodies. and
conjugates (Beck et al, 2010L; Beck ot af, 2010c). Covalent ] F mAbs and s with synthetic chemical linkers is not 2 recent concept. in the
sls with murine lgl-based ADCs were conducted

effe ots on norrr‘ai calis y:eidshg marginat t'\s\’apeu ¢ indicss, On the other hand, spproved naked antibody drugs such as

Figure 1. Strusture of humanized lgGL. A%
current approved therapeutic antibedies are
feGs or their derivatives, Human G
immuroglobuling are tetrameric glycoproteins
{150 kDa) cormposed of two heavy chains (HC,
80 ki¥a) and two light chains (L8, 25 kDa)
They are divided in four subclasses or
isotypes defined by differant hoavy chains
{(¥1, ¥2, Y3 and 74) They share greater
than 80% sequence homology in their constant
domzins but differ significantly in the hings
region. Disulfide bridges (sixteen for IgQ1 and
IgG4; eightesn for 1gGZ} and non-covalent
interactions maintain their 3~dimensional
structure. The heavy and light chains are
linked hyv one disulfida bond and the heavy
chains by two (for IgG1 and IgG4) or three
(for IgG2) disulfide bonds. ail located in the
small hinge domain, which also sontains a
papain cleavage site vielding two Fab and one
Fc fragments (80 kDa each). The other twelve
ar fourtasn cysteing bridges are
intramolecular and delimit six different
globular domains: one variabis (VL) and one
constart (CL) for the light chair: one variabis
(VH} and three constant (GH1T, GHZ, and CHS}
for the heavy chain. Each varisble domain
contains also 3 Complementary Determining
Regions {GDRs), a short sequence up to 18
aminc acids. The SDRs are the most variable
parts of IgQs and contribute to their diversity
by making contacts with a specific antigen,
allowing igls to recognize a vast repertoirs of
antigens with a high affinity (Beck et al.
2008).

rited compared to naked gGs (Hasuw et al, 2008). Only anedrug, namely

R vk ‘ Pfizer/Wyeth) has bean approved by the Food and Drug Administration (FDA)
in 2006 fw the treatmant of patisnts with § < Vi) This ARG was never approved in Europs and recently was voluntarily withdrawn from
tha U.S, market by the sponscr company. The requ ?d oval study combining phisny s and Mylotarg did not demonstrate improved survival and

furthermore the fatal toxxcxty rate was highsr in pat:eqtr treated with gemtuzumab plus chemotherapy compared to patients treated with chemuotherapy alone.

Gemtuzumab ozogamicin is 2 ha‘temge‘neous mixture of 50% conjugates (Cis & cah\,hz‘amycin moieties per IgG molecules with an average of 2 or 3, randomiy

linked to solvent expose syl residues of the antibody) and 50% unconjugated antibody (Bross et al, 2001; Labriin et al, 2009). Nonetheless, this first
compound may be considersd as a Trajan horse for the ADT field. Al the extansive recorded date and the lsssons learned from this first—in—class ADC helped

to pave the way for the next generation imwune~conjugates. At least fifteen promising new immuno—conjugates are currsntly investigated in clinical trials
(Table 1). They include moleculss with optimized linkars that are hydrolysable in the cytoplasm, resistant or susceptible to proteases, or resistant to multi~
sy efflux pumps that are asseciated with highly cyteotoxin drugs. Selection of targets, drugs, and linkers are discussed in the next sections.

Tumor—associated &ntigens Ssiaction

Antigens must have high tumor cell sslsetivity to Bmit toxicity snd off~target eifects (less svident). A plethors of tu mnf‘*a&boviated antigens have been
investigatad in pre-clinical modeis an clinical trisls including entigans over tl:resssd in B-oells {e.g, 020, CD22, GDAQ, CDTY), T—oslis (GD25, GDR3O),
carcinoma cells (HERZ, Ef . EpGAM, EphB2, PSMA, Criste). endothelial { Y, or stroma oelis (fibroblast activated pmfe:M to name s faw *\Tv:uhr_r,
2008). As an iiiustration, \ose retained for the most advanced ADG investi pation as wall a3 new potential \:drgot\ are briefly discussed below. & major and
critical property for ADC targsts is their ability to be internalized: this can be an intrinsic feature of the antigen by itself. or it can be induced by the binding of
the antibody to its antigen. Indeed, ADT internalization is orucial to reduce toxicity asseeiated with an exiraceliular delivery of the drug saviosd.

HERZ

HER2 is a particularly intsresting target, validated by 12 vears of therapeutic use of trastuzumab in HERZ positive Iy
asquired resistance to this mAb (Nahta et al, 2006). as weil as primary resistance (Kruser and Whaesler, 2010), sre ciaaa’iy establis
among the multipie mechanisms of action of trastuzumab — blocking HERR dimerization, blocking of HERR extracellular domain vage, antibsdy~—dependent
cell-medistad cytotoxicity (ADUC; and HER2 irternalization and degradstion, the last one is of prime intersst to ensure specific drug internalization in sancer
cells. This surface antigen was chosan as target for the current most clinically advanced ADC (see below) in HER2~positive patients refractary to
trasturumab {Hughes, 2510},

'patientv Nevertheless,
od drawbacks, Interestingly.

Hematslogical malighangies
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& fraquently chosen indications
310 Polson et al., 2010}

to study new ADC-based expivirg £ 3
iS008

Malignant blood cefls are mure amnw

Targeting tumor i

Reduzing the blood supply of tumors is ancther afficient option to fight cancer. SR an anti-VEGE mAb, is now an established key therapeutic
approach that targets endothelial cefls within the tumor in combination with other L.i"ematherapeuuc% Again, the antitumor activity of bevscizumab as a singla
agent drug is limited and the development of vasculature targeting ADCs {ooks promising. Other endethelial oeli-linked antigens fike integrins or endoglin have
been chosen as targets for immuno—conjugates {Gerber et al, 2008). The aitn is to induce anti~tumor effects via the selactive destruction of bleod vessals
within established tumors, leading to tumor cell death due to g

Salection of Highly Cytotoxic Drugs

In contrast to the vast variety of putative antipen targets, only three main families of cytotoxic drugs used as pavisads in ADCs ave 1‘urr€*nt!y actively
investigated in clinical trials: calicheamycin {(Pfizer), maytansincids (DM and DM4: ImmunoGen + Genentech, Roche, Sanofi-Aventis, Biag
Centocor/Johnsen & Johnson, Millennium/ Takeda), and auristatins (MMAE and MMAF; Seattle Genetics + Genentech/Roche, Medlmmhre/Astr:Zeneca,
Bayer—-Schering, Celidex, Proganics, Ganmab) (Table 1), The first one is a DNA miner groovs hinder whereas the sther two are tubulin depolymerization
agents. One of their common features is their high free drug potency (1 0% to 10717 M) in comparison. for example, to doxorubicin (1077 M) used in the first
ganeration ADCs. Another key element for success is the clear knowledge of a “permissive” position for the linker attachment that allows the release of
active metabolites, similar to traditional prodrugs.

pmi=() Linker Yrastuzumm b
{310 4 perigG) -thicether- {HaigG1)
LysNR, {random)

F:gure ZA Structure of iy \\\g;\\;w\;\

An ADC iz a three~block “engine”
- antnbody*-imkas‘-dmg - and each part of
the composite molesule has te be carefully
selected and assembled. Considered as an
armedrantibody, an ADC is a bi-dentate
construction where both parts (antibedy and
drug) of the molecule combine their offect to
ensure selectivity and potency. The role of
the linker arm s of paramount importance
demanding a fine tuning to execute the
controlled release and delivary of the two
active companants in the tumar shvironment.

Interestingly. one representative of each of the three sytotoxic~derived ADCs (trastuzumab emtansine, fnginiug ;:i_‘\\\\u;eg&:\c\ and Brsrnusimaboeadain) is
currently in iate olinical trisis (Figure 28~-C), which indicates the maturity of these technologiag and confirms their feadership in this fisld with these new
generation ADGs (Reichert, 2010; Alley et al,, 20100,

T-DM1, anti-HER2 + DM1) (Figure 2A). Encouraging clinical phase I date have been recently reported for trastuzumab emtansine,
IR ved from trastuzumab and linked to a mavtansinoid hemi-synthetic drug by a stable linker (Krop et al. 2010). From
pharmacological standpamt, T-DM1 retains all the mechanisms of action of the naked parent antibody (Junttiia et al, 2010} Qn July 7, 2010,
Qenentech/Roche has annsunced the submission of a Biologics License Application (BLA) to the FDA for trastuzumab emiansine fur use in patients with
advanced HERZ-positive breast cancer th have gxrf‘vir)us!y rec exved mu!tmie HERZ—t arget?t‘ medicir‘es and chemotherapies (Nisulescu-Duvaz, 2010). The
i Eti“cerfter trial designed to assess single—agent T—
ng at least two prior HER2targeted treatments

] : - Nevertheless, the FRA refused to accept the
application for accelerated approval of ¢ he BLA by the vnd of August 2010, The ﬂ- DA stated that the T— DM1 trials did not meet the standard for the
accelerated approval process because all available treatment choices that were approved for metastatic breast cancer, regardiess of HER2 status, had not
been exhausted in the study population, Genentech will continue with its ongoing Phase Nl registrational T-DM1 trial to submit a new BLA in mid-2012.
Genentech has licensed the technology for T-DMT from ImmunoGen and Ssattle Genetics. The fact thet this leading bistech company has approximately 80
ADGs in early stages of research and deveinpment for multiple tumor types underlines the high level of hope and expectations for this ADC strategy.

Trastuzumab e“ntamme
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Figure 2B, Structure of inotuzumab
aregamidin.

E‘cheam-c: | Plizer/Wyeth + UCR S.AJ (Figure 28), Inctuzumab oz egamsﬂm is investigated in B-cell non-
in a phase 1l trial (Advani et al,, 2010; Alley et al, 2010}, A humanized anti-CD22 mAb (Q5/44, kkQd)
was conjugated to calicheamycin with an acid labile link (acety!p%enoxy"butaro'c,: to prcvrds the :esi.c]t-ng corgugate, termad CMG-544. Aftar binding 1o
CR22, the molecule is internalized, and the calicheamicin portion then binds to the minor groove of DNA| leading to UNA-strand breaks and uitimately
Preclinical studies indicatad that the drug candidate significantly reduced levels of CD22 in cell lines, as well as in cells obtained from patients with

B _cell ma ignancies. The combination of notuzumab o \:agan'ﬁmm and rituximab is being compared to a drug regimen seiscted by investigators in an ongoing
phase W study of adult patients with follicular non—Hodgkin® s lvimphoma,

Inctuzumal ozogamicin (= OMO-544, anti-CD32 +
Hodgkin' s 1ymphomd {NHL) in combination with

N 1 (= SGN-35, anti~CD30 + suristatin, Seattle Genetics + Millennium,/Takeda) (Figure 20). Brentuximab vadotin is investigated in relapsed
and ¥ olory Hodgkm 3 Eyrr-phama (phase B/ (Foyil and Bartiett, 2Qi0) This ADC 15 a chimeric IgG1 conjugated. on an average of 3 to § cysteinyt residues
and after mild reduction of interchain disulfide honds, to monomsthyt auristatin £ (MMAE), via a maiv--n’-idPcaproyi“va!y'"c:truiilt‘ A-praminobenzyvicarbamate
finker. Upon internalization, seliular proteases cleave the bond and MMAE is released as a chemicsily unmodified active drug (Senter, 2008). Initisl phase
studies of brentuximab vedotin showed 2 §52% overall response rate in relapsed Hodgkin ¢ lvmphoma, with minimal toxisity

Rational Design and Optimization of Chemical Linkers

Linkers reprosent the key somponent of ADG structures {Rohrer, 3008; Erickson ot al. 2010; Ducry and Stump, #010). Among the reasons of failure of first
genferai!mi ADCs the poor stability of the drugs in serum (and early release of the drugs in blood that triggered toxicity) or, gonversely, non-release of the
drugs in the tumor target cells stood out. Several classes of second generation linkers have been investigated. Acid~labile hydrazone linkers have been
designed to be cleaved within the intraceliuiar compartment of lysosomes due to lower pH compared to the systemic bloosd circulstion (pH 5 vs. 7.4,
respactively) and they have been 4ppixad 1o the produstion of gemtuzumab and inotuzumab ozogamicin, for example, dnother class of linkers is disulfide-based
in order to be selectively cleaved in the cytosol due to a more reductive intracsilular envirenment (Lewis Phillips ot al., 2008). Non—cleavable thioether linkers

were devalopad mors recently and intended to release the free active neoplastic drug by catabolic degradation of internalized ADC in the lyscsomal

compartment {e.g., trastuzumab emtansine), Peptide finkers Bke sitruline-valine have Lhe potential to be selectively cleaved by lvsosomatl proteases (e.g.,
cathepsin-B}
making brenit

sy have demeonstrated incressed serum stability snd improved anti~tumar effects comparad to hydrazons linkers. A paptide linker is used for
imab vedotin {Doronina et al, 2006

Beecduchonk Papiide Hnksr Anciiatin £ o {
o} Lo {2 pw R
ngsi

Ly

Figure 2C. Structure of brentuximab vedotir.

In addition, promising third generation linkers have baen r
conversely, hydrophilic linkers designed to bypass ;
metabolites and retained by multi-drug-resistance 1 {molecu

iy described that are processed as --p«npﬂfnim metabolites of disuifide~iinked conjugates or,
(Koviun el al, 2010). These laler ones are processed in tergal colls Lo eytotoxic
oy & expressing cells.

ol lg]

e
From a strategic perspective. it is interesting to note that a r*u'nber of big pharmaceutical and bictech comparies (e.g., Genentech/Roche, Medarex/BMS,
Biogen Ides, Sanofi~Aventis) that have entered the complicatad "ADC” field have first signed deals with ImmunoGen and/or Seattle Genetics to have access
1o their avictoxic drugs {maytansinoids and auristating, respeatively), linker por‘t‘uh.}, and know-hbow to soive chemistry, manufacituring, and contrel (GRS
issuss. In complement, thay are developing their own ADC technologies (e.g., thiomabs by Genentech) or new synthetic DNA minor groove binding agents
(Medarex/BMS).

2 Regmn.x (\;DR::) or ‘.rxt. .ai framewam yes:duex of the antsbody
.abil: rsgio 1N Lhereby io:i-ws ths; dntibudy' s L.ap.scity [ bmd to tar Eet antig,-enb or E“'" seceptars; Alternatively, site-specific-coupling to one or several of the
eight cysteine residuss inveolved in inter—chain disulfide bridges after mild reduction may be used as flustrated in the case for brentuximab (Figure 20). For the
same purpose, the glvean molety can be subjected to mild oxidation and be ussd for site selective conjugation via a hydrazone linkage (Beck st al,, 2008),

As further improvements for the third generation ADUs, design of optimized antibodies (e.g., mgmwr?d 1o contain free swfacs exposed systeines for a site
specific drug linkage) as well as drug leading level optimization are =r'ves+!gated for exampls, to mai the natural faverable. g & of chimeric,
humanized, and human IgGs. Site specific conjugation to antibodies results in homogensaus drug loading and aveids ADC subpopuiations wi aitered antigen—
binding (cmss-iink in the CDRs) or aktered pharmasokinetics (Fo domain binding sites of FoRn ;fe::.eptors). Several such attempts have been recently
described including the addition of two cysteines in the ;snﬁbody variable domaing (Junutula et al, 2008; Chen ot &, 200%; Junutula et al, 2010} {(Figure ), in
constant domains (Vovnov et al, 2010), and the addition of C-terminal selenocysteines (MHofer et al., 2008); they reprasent very slegant ways to improve the
overall homogeneity and te o 'mi.rc:i the oytotoxic drug position and E\.\.dmg. Sclenooysteine is co-transiationally inserted inte recombinant proteins and the
nucleophilic sslanol group sllews region—specific covalent sonjugation in the presence of the other natural amine acids (Hofer et al,, 2008)
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Figure 3. Structure of thio—trastuzumab
emtansine. Homogeneaous engineered entity
basad on a site directad covalent
maytansinoid conjugate, Additional cysteine
rasidues have bean introduced at Alall4
position of both trastuzumab—heavy chains
and 38 nor-reducible bis—maleimido—
trioxyethylene glycol linker (BMF’ O) was
med This next generstion {ny NN

s much bstter chemically defined and shows
an improved therapeutic index in in vive
oncology models that warrant interest for
clinical testing Glunutula et al, 2010).

Further Challenges: Chemistry Manufacturing Control, Pharmacokinetics, and Biomarkers

From a pharmacsutical perspective, ADCs are much more complex molecules to develop than naked antibody or cytotoxic drugs (Wakankar, 2010). Chemistry
Manufacturing Control issues are now clearfy identified and addressed for the next s,enerat'on of ADCs (Wakankar et al., 2010}, Manufacturing of ADCs
involves specific facilities to handls these highly c,/tntox:c drugs and to limit staff and environmental exposure (Rohrer, 20083, Sensitive mass—spectrometry
methods sre developed to as the structure of these very large and m,mpiex motecutes (150 kDa), to investigate the stabifity, and to insure batch to batch
consistency. Tremendous progress has been mads in these domains and there is ne doubt that the methods that ars currently developed for naked IgGs wifl
also help to extensively characterize the structurss of ADGs (Beck et al., 2005; Wagnsr-Rousset et al, 2008; Viasak ot al, 2008, Atmanene et al, 2008}, in
addition, new formulation issues may be encountered and must be specifically addressed, opemt‘"a pharmacokinetics, tudies including
retabolism studies are designed to optimize the ADC loading and the administration schedules \Jumbe et ai, 2010). L er targeted anti~cancer drugs,
integrating melecular diagnostic and biomarkers to select the best patient sub~ pepuiatmn is of prime importance for a successiul ARG trestment {Hughes,
2009; Petak et al, 2010). Once again, trastuzumab—DM1 is a perfect paradigm since HER2 positive patient improvements have validated this oncoprotein 3s a
biomarksr (increased tumor cell proliferstion and poor pregnosis). Another good example was recently reported for glembatumumab vedotin that targets
glycoprotein non—metastatic s protein B (GPRMB) (Naumovski and Junutula, 2010). The expression of this antigen is associated with the basal/triple—
negative subtype and is a progno marker of poor ocutcome in patients with breast cancer, a diseased population that currently lacks targeted-therapy
options. Additionally, the better understanding of resistance meschanism to current treatmernts will help to design and provids the right ADC to the right
petient population.

Conclusion

Combining the cytotoxicity of natural or synthetic highly potent anti~neaplastic agents with monoclonal antibodies corjugated by Blosd—stable optimized
linkers is the key strategy of a new generation of antibody drug conjugates. The developmernit of antibody drug conjugates in oncology takes a longar
timeframe and is mare complex than for naked antibodies, because much more parameters have to be finely tuned. As 3 sign of technsiogicatl advancement,
three of the ADCs (trastuzumab emtansine, inctuzumab czegamicin, and brentuximal vedotin) have reached the late clinical developmsnt stapes and
encouraging therapeutic effects against both selid tumors and hematological malignancies. In addition, a dozen ADCs are investigated in earlier clinica
including glembatumismab vedotin and lorvotuzumab mertansing in phase I trials, FDA and EMA have recently granted designation for the latrar
one. Altogether these recent encouraging successes show that the next generation of antibody—drug conjugates has come of age. Renewsd promises and
hopes emerged, as it was the case 10 years age. But it seems that at last we are close to the approval of novel ADC drugs.
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introduction

Cancer has long been treated with a variety of cytotoxic drugs
in an atrempt to destroy the malignant cells without
significant harm to the host cells.! Most existing chemotherapy
drugs enrer cells non-specifically through lipophilic interaction
with the cell membrane® Many of these drugs preferentially
kill cell types with higher proliferation or mertabolic rates, a
class that inchudes most tumor cells but also many healthy cells
such as those in the digestive system epithelium. In an acterapt
to increase the therapeutic index of these cytotoxic drugs, the
drugs were attached 1o tas rgeting groups that preﬁercnnai.y
delivered the payload to tumor tissue. Monoclonal antbodies
against cell surface antigens have been among the most popular
The attached antibody can significantly

causing

targeting moieties,

46 mAbs

decrease non-specific uprake of the drug and increase specific
uptake of the conjugate by rumor cells.? Assuming the antigen
shows a significantly elevated expression on {hs target cells

healthy cells, the therapeutic drag should
increase. Early artempts o construct antibody drug conjugates
(ADCs} utilized doxorubicin as the cytotoxic drug, but those

index of the

conjugates showed insufficient porency (IC) = 100 oM) and
were ineffective anti-cancer agents.’ In response to these results,

new conjugates with more potent drugs such as calicheamicin’ or

maytansine® proved to have sxgmhcamly higher potencies {(IC, =
0.01-0.04 oM, for maytansine conjugaie), yer were stifl well-
olerated in mouse models. These conjugates showed promising
results when used to treat mouse xenograft rumors, as compiete
regressions of the tumors were observed at nos-toxic doses. This
success prompted the development of a variety of drugs from the
maytansine and dolastatin families”® along with both cleavable
and non-cleavable linkers.” The merhod for chemical atrachment
of drug 1o :
More recently, substantial efforis have gone toward investigation
of new techniques that result in
with greater control over the site of drug
could potentially result in an improved hcrapchuf index of the
conjugates. 1 hlS review will focus on these new techniques for
site-specific drug attachment, as there are numerous other reviews
that have already explained the important factors for selection of
antibody, drug, 10-19

antibody, however, remained relatively unchanged.

a more homogeneons mixtare
rtachment, which

and linker.

Current ADC Conjugation Methods

There are many techniques for chemical modification of
proteins,®* but two in particular are norable because they were
used to construct the two ADCs with current FDA marketing
approvals. Brentuximab vedortin, deve]nped by Seattle Generics,
Inc., consists of an anti-CD30 monoclonal antibody conjugated
to the highly cytotoxic drug monomethylauristatin £ (MMAE)
224 This
method involves reduction of the solvent-exposed disulfides with
dithiothreitol (DTT) or tris(2-carboxyethyl) phosphine (TCEP)
followed by modification of the resulting thicls with maleimide-
containing drugs (Fig. 1A). For brentuximab vedotin, the thiols

via modification of native cysteine side chain thiols.”

Volume & {ssue 1
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were modified with MC-VC-PAB-MMAE, which incorporates
a cathepsin B protease cleavage site® (VC: valine, citrulline) and
a self-imrmolatve linker (PAB: parg-aminobenzyloxycarbonyl)
between the maleimide group (MC: maleimidocaproyl) and the
cytotoxic drug (MMAE).?® The cysteine attachment strategy
resulted in two drugs per reduced disulfide; most buman {gG
molecales have four solvent-exposed disulfide bonds, and so a

www.landesbioscience.com

mAbs

range of zero to cight drugs per antibody was possible. The exact
number of drugs per anribody was determined by the extent of
disulfide reduction. Full reduction of all four disulfide bonds gave
a homogencous construct

with eight drugs per autibody while a
partial reduction resulted in a heterogeneous mixture with zero,
two, four, six, or eight drugs per antibody. Though the mixture
is heterogeneous, there are suill only cight potendal sites for
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conjugation, which gives some measure of site conrrol compared
with the lysine modification strategy described below. Although
these disulfide bonds aid in the stability of the antibody, r,h,re
have been many examples of antibodies that bind their antigen
with similar affinity after reduction.®” Overall, this method
has proven to be reliable and robust for many different antibody
substrates. In addition to brentuximab vedorin, several othe
28-31

conjugates in clinical teials have also utilized this method.

The other ADC with current FDA approval is ado-
trastuzumab emiansine (Genentech, Inc.)
by coupling an anri-HERZ monoclonal annboay to the
drug maytansine through modification of ly
amines.” This version of mayransine {DM1) was modified o
include a thicl that could be attached to a maleimide linker. A
bifunctional linker (SMCC) with a maleimide at one end and
an N-hydroxysuccinimidy! ester (NHS ester) at the other was
reacted with lysine primary amine side chains to form a
amide bond. The modified maytansine (DM1) was then attached
to the antibody through conjugation to the maleimide end of the
bifunctional linker {Fig. 1B). In contrast to the linker utifized
in brenruximab vedotin, this linker had no protease cleavage
site and thus required lysosomal degradation of the antibody w
liberate the active DM1-linker-lysine metabolite. The attachment
method ruul ed in a

), which was constructed
cytotoxic

ne side chain

stable

heterogeneous mixture of conjugates with
an average of 3.0-3.6 drugs per antibody, but a range of zero
to approximately six.¥ Compared with the cysteine method
described above, this strategy gave a more
because 20 o 40°* different lysine residues were found tw be
modified, while only 8 different cysteine residues are modified
using the native cysieine modification method. Nonetheless, this
method has proven effective as evidenced by the success of ado-
[I}!,Stﬂzu[ﬂab CIH[}]IAS:\ILC il,Iid 7.,}3(.‘ NUIMSTrous ()tllc[' C()fljug}}[[&; lﬂ
advanced trials thar use this technology.®%

clerogeneous m xrure

<

Limitations of Current Conjugation Methods

Though the "'rsviomiy described methods have led to FDA-
approved ADCs, and they are being used for most of the conjugates
in clinical trials, there is still sub
in the areas of therapeuti

Sl,a,l’][}«’;‘,l room for lmpl()‘/émﬁﬂ!

index, toxicity, and pharmacokinetics.

48 mAbs

While the exact mechanisms of ADC clearance and toxicity are
still not fully undersiood, it has become clear from empirical
evidence thar the number of drugs per antibody can have a large
effect
Hambletteral. constructed ADCs using the cysteine modificarion
strategy, and then used non-denaturing hydrophobic interaction
chromatography 1 isolate conjugates with exactly four drugs per
antibody from the heterogencous mixture. While this method
allowed comparison nf different drug loading les

When equal concentrations of as m* iy were tested in
cell toxiciry assays, ADCs with eight drugs per antibody showed
2 lower IL,‘ than those with four drugs per anubody.” This

on the important in vivo parameters of the conjugate.

vels, it was not
scalable.

rrend did nor translate o in vivo mouse xenograft experiments,
however, as, at equivalent antdbody doses, the conjugate with
four drugs per antibody was equaily potent as the conjugate
with eight drugs per antibody. Further, on a per drug basis,
the antbody with four drugs was rwice as potent as the eight
drugs per antibody conjugate. The differences observed between
in vitro and in vivo potency was due to an increased rate of
clearance for the more heavily modified conjugates {Table 1).
These experiments led to the conclusion that the oprimal loading

was two to four drugs per antibody to maximize potency while
avoiding rapid clearance from circularion. While the cysteine and
lysine attachment methods can be adjusted to give an average
drug loading of two 1o four per antibody, the resulting mixrure
will still be heterogencous and contain species with both less and
more drug oadmg than desired. It is sub-optimal to have a nou-
potent portion of antibody (no drug loading) and a portion that
has the potential to be rapidly cleared and could coneribute 0
toxicity (high loading).?**® Therefore, a conjugation strategy that
results in a homogeneous mixture with two or four drugs per
antibody would be ideal for maximizing the therapeutic index.
[n addition to the issues with hercrogeneous mixtures, there
have been reports that the maleimide-thiol bond may have
stability issues in circulation. Alley etal.
drag transfer from antibody to cysteine-34 of albumin cccurred
slowly in serum.” They postulated thar the maleimide was
released via retro-Michael reaction and the high concentration
of thiol-containing albumin scavenged the free maleimide
drug. Transfer w the a blocked by cither adding an

were the first to show that

E

5) wmin was

Volume & {ssue 1
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Table 1. Relevant pharmacokinetic com

parisons between antibody drug conjugates with different drug ioading or site of drug attachment

AUC
ara /

Conjugation Method ADC Description Zlea:rkdg:ce (mL il_/Eodei Ref.

ayrkgi {ug hrimb) System
Native Cysteine anti-CD30 MMAE 4 drugs/Ab 80106 1,689 4+ 187 Mouse 38

ol
Native Cysteine anti-CD30 MMAE 8 drugs/Ab 19.2+£08 520+ 21 Mouse
Native Cysteine anti-Muc16 MMAE 16.1+3.5 N/A Rat a
THIOMAB anti-Muc16 MMAE 95+ 2.9 N/A Rat
Transglutaminase anti-M151 MMAD (Light chain} NZA 30,610+ 1,257 Rat 45
]

Transglutaminase anti-M151 MMAD (Heavy chain} N/A 9,422 £ 949 Rat
Unnatural AA anti-Her2 AF 74+0.7 3,213+ 304 Rat 54
Unnatural AA anti-Her2 naked Ab 7426 3,632 £ 1,052 Rat

From Hambiett at al,, the four drugs/antibody conjugate showed a significantly slower rate of clearance than the eight drugs/antibody conjugate.®
Junutula et al. demonstrated that the homogeneous THIOMAB drug conjugate with two drugs/antibody showed a slightly decreased rate of clearance
compared with the corresponding ADC with an average of three drugs/antibody.! A new site selective method of drug attachment using transghutamin-
ase described by Strop et al. was utilized to attach MMAD to the (-terminal region of either the heavy or light chain.® The two conjugates showed marked
pharmacokinetic differences in rats, as the heavy chain mutant showed faster clearance and thus a lower area under the curve (AUC). These experiments
demonstrated the impact of site of attachmeant on pharmacokinatic properties. Finally, an anti-Her? auristatin F site-spedific conjugate was synthesized

using

unnatural amino add incorporation by Axup et al., and this conjugate showed similar ¢

pharmacokinetics to the naked antibody, thus demonstrat-

ing the feasibility of the unnatural aminc acid method for constructing antibody drug LOnjqut&S % Note that clearance and AUC data are only relevant
when compared with the injected dose, 5o these values can only be compared within the same reference as the injected doses are identical, Comparisons

between different methods are not valid given the available data.
excess of thiol to the serum or alkylating albumin cysteine-34.
The conjugate was stable in buffered agueous sohution as long
no thiols present to scavenge the maleimide drug
before it could re-artach to the antibody, T
in serurmn is slow, with a similar half-life o that of the IzG in
circulation, and resulted in an approximately 25% drop in the
exposure of drug to the tumor according to area under curve
These experiments were performed using ADCs
with the drug attached to the interchain disulfide cysteines, and
do not necessarily represent the rate of maleimide exchange for
thiols incorporated at different positions. Alley et al. showed that
replacing the maleimidocaproyl group with bromoacerylcaproyl
decreased the rate of drug release, but there is always a need for
new conjugation chemistry that resules in high stability hnkages.

as there were

he rate of this reac

calcularions.

Site Specific Methods for Drug Attachment

To solve some of the issues described above, several research
groups developed methods to site-specifically attach drugs
antibody.
advantages such as well-defined, homogeneous conjugates and,
-y for attachment. With a tunable,

at precise locations on the This straregy imparts

in some cases, new chemis
homogeneous system, the pharmacokinetics of the conjugate can
be optimized by %angino the site of atrachment of the drus:, the

linker chemistry, and the overall number of drugs. These factors

www.landesbioscience.com

are difficult to change with the standard attachment strategies and
the resulting heterogeneous mixtures would require significant
separation efforts to analyze each component.

THIOMAS drug conjugates

The firse site-specific approach was developed by Junotula
L ar Genentech by mtv)dauﬁg extra cysteine
t This common p;acuce in protein
modification®” was more complicated in an antibody because of
the numerous native disulfide bonds already present. Introducing
the extra cysteine residue in an unsuitable position could result in
improper formation of the native disulfide bonds and therefore
improper folding of rhe antibody. A further complication arose
when the cys essed, as the murant residucs

residues using

site-directed mutagenesis.’

ine mutants were expre
were found as disulfides with cellular thiols such as glutathione
or cysteine. In addition, a small portion of the antibodies were
found to have three light chains due o a disulfide bond between
engineered cysteine residues in the
was resolved through purification and adjustment of cell culrure
methods.® Drug attachment to the mutant residoes rcquired
reduction first, but there was no way to selectively reduce only
the mutant cysteine disulfides without also reducing the native
disulfide bonds. s preblem was solved by reducing beth
the interchain and murant disulfides, purifying the antibody
away from the small

light chain, but this issue

molecule thiols, then reoxidizing the

native cysteines using a gentle oxidant such as CuSQ, or

mAbs 49
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dehydro-ascorbic acid. The resulting antibody had all of its native
disulfide bonds intact, and a single reduced thiol in each heavy or
light chain depending on the position of the mutation (Fig, 1C).

In addition to the mixed disulfide issue, some of the mutants
were rendered unreactive by formation of a disulfide between
the two mutant thiol side chains (light chain V110C). Other
mutants (heavy chain Al14C) showed excellenr reactivity
toward maleimide reagents, thus giving a mostly homogeneous
conjugate with addirions only ar the mutated residues. MC-VC-
PAB-MMAE was then attached 1o an antd-MUCIHE antibody
(heavy chain A114C—now referred to as 2 THIOMAB) 1o form
a THIOMAB drug conjugate (TDC). This particular conjugate
was studied with 1.6 drugs per antibody but later preparations
achieved approximately 2.0 drugs per antibody. In comparison
w the corresponding ADC constructed through the standard
cysteine reduction strategy, the TDC showed slightly decreased
efficacy in vitro and this difference was attributed to the 2-fold
lower drug loading (1.6 for TDC, 3.1 for ADC). However,
similar to the four vs. eight drugs per antibody case described
by Hamblett et al,®® the TDC was equally or more potent
than the ADC in vive when equivalent antibody doses were
injected. Additionally, the TDC showed much lower toxici
equivalent doses compared with the ADC. In rats, the ADC at
16.6 mg/ke (1,500 pg/m? MMAE) showed depletion of circulating
neutrophils five days afier injection with 2 compensatory rebound
by day 12, while the TDC at 36.4 mg/kg (1,500 ug/m* MMAE)
showed no difference from the vehicle injection. Similar results
were also observed in cynomolgus monkeys. In summary, the

TDC was equally potent o the ADC in vivo when the
wete equivalent by antibody concentration, and the TDC showed
fewer adverse effects when the injections were equivalent by toral

njections

all

drug concentration. The serum clearance rate of the TDC was
also slower than the ADC (Table 1), and a higher percentage of
the TDC retained at feast one drug. That the TDC both stayed
in circulation longer and had fewer adverse effects strongly
suggested that the source of much of the toxicity comes from
the portion of drug conjugate that is degraded or removed from
circulation. In addition to the MUCL6 TDC, a TDC version
of ado-trastuzumab emrtansine showed similar efficacy w© the
corresponding ADC, but with fewer adverse effects, and thus
it has a 2-fold higher therapeutic index.” The promising results
of these studies demonstrate the importance of developing new
methods to precisely control the drug loading of ADCs.

After showing the benefits of the controlled drug loading, the
anging the site of drug attachment
could alter the properties of the conjugates. To further investigate
the role of the site of attachment on the properties of 2 TDC,
Shen et al. made several TDC preparations with the mutant
cysteine in different locations.® The three constructs compared
were light chain V205C, heavy chain A14C, and Fe-S396C.
Drug attachment 1o each resulred in conjugates with two drugs
per antibody. All
differences when tested in vivo. The light chain mutant showed
stightly better anti-tumor efficacy than the heavy chain mutant,
while the Fc mutant was significantly less potent than the other

researchers examined how ¢

showed similar in vitre potency, but dramatic

WO,

50 mAbs

[n experiments meant 1o explain these resuls, the three TDC
sampleswere incubated in serum at 37°C and the ratio of iwo-drug
TDC to toral anubody was determined by liquid chromarography-
rass spectrometry (LC-MS). An increased rate of drug loss from
the anttbody correlated well with diminished efficacy of the
conjugates. The less potent Fe mutant had litde remaining two-
drug TDC after only 24 h, while the other conjugates showed a
rauch more gradual loss of drug. Other mutadons in the Fe region
did not have the same potency-reducing effect, so the effect was
site-specific and not antibody region-specific. After cleavage
from the antibody, the drug was found covalently attached to
albumin, in agreement with observations by Alley et al® Upon
further exs
light chain V205C mutant showed mass shifts of +17 Daand +33
Da upon incubation in serum. These mass sh
hydrolysis of one or both maleimide rings, which prevented the
retro-Michael reaction that separates the drug from the antibody.
It was then postulated that the high concentration of positive
charges near the mutant cysieine cawlyzed this hydroelysis, and
this trend was observed on several different TDC mutants. e
should be noted that these difficult LC-MS experiments were

on of the LC-MS darz, it was observed thar the

"o 5.
£s COTFSSPO\]({CG 0

made significantly easier by the homogencity of the sample, and
might not be possible when analyzing a
Clearly the site of attachment plays a role in the pharmacokinetics
of these conjugates, although these experiments do nort allow
determination of whether the solvent accessibility or the
maleimide hydrolysis plays the larger role.

The en
be used for

WICTOZENEOUS COH,j ugate,

cered cysteine method proved rigorous enough to
the site-specific ADC SGN-CD33A from Seattle
Genetics, Inc., which recently entered a Phase 1 study as a

c

treatment of acute myeloid leukemia (AML). ft was constructed
using a proprietary engineered cysteine method to attach a dimer
of the novel DINA crosslinking drug pyrrolobenzodiazepine.®
The resulting conjugate mixture consisted of approximately
95% antibody with two linked drugs and an average loading
of 1.9 drugs per antibody. No pharmacokinetic data has been
released to darte, but the conjugate showed full xenograft tumor
regressions with single doses as low as 0.1 mg/kg.

Autibody drug conjugates via transglutaminase

In addition to the THIOMAB conjugation strategy, other
methods for site-specific attachment of drugs have been
developed. Strop et al. from Rinat-Pfizer demonstrated a new
technique for conjugation using microbial transglutaminase tw

coup]c an amine-containing drug to an engineered giutaminc

on the antibody.® Transglutaminase is an enzyme that casalyzes
bond formation between the acyl group of 2 glutamine side
in and the primary amine of a lysine side chain® P
experiments by other groups suggested that this method would
result in site-specific conjugates. Jeger et al. showed that the
enzyme does not modify any of the native glutamine residaes in
ification of glutamine
ues incorporated via site-directed mutagenesis. In addition,
Ohtsuka et al. demonstrated that microbial transglutaminase
could catalyze bond formation using a wide range of amino
substrates, provided a four carbon linker separated the amine
group from the rest of the molecule.”® The group at Rinat-Plizer

revious

the antibody,” thus allowing selective med
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utilized these observarions to develop a strategy thar efficienty
coupled cytotoxic drugs funciionalized with a lysine or amino-
PEG spacer to gluramine side chain residues (Fig. 1E3).
incorporated the short sequence LLQG into 90 locations
throughout the anribody, and 12 sites showed high levels of
conjugation when exposed to microbial transglutaminase and a
suitabl

They

¢ amine substrate. Two conjugates were carried forward
for analysis in animal models, both utilizing an and-M1S1
antibedy {C16). One contained the extra glutamine sequence
at the C
incorporated the glutamine at the C-terminus of the heavy chain
(C16-HC). Upon conjugation to AcLysVC-MMAD (lysine

~citruiline prowease

-terminus of the light chain (C16-LC) while the other

with N-terminal amine acetylated, valine
cleavage site, and monomethyl dolastatin 10) the mutants had a
loading of 1.9 (C16-HC) and 1.8 {(C16-LC) drugs per antibody
out of a maximum of 2.0, and peptide mapping demonstrated
that the drugs were attached to the mutant glutamine residues.
The resulting pepiidc bond between the glutamine side chain
and lysine of the drug moiety did not have the swability issue
found with the cys.tgulc—m&lu'mdc u)rJuoatu described i

the THIOMARB section above. This allowed the effect of thc
on site on pharmacokinetics to be probed independent

conjug
of chemical stability.

( 16-LC and C16-HC were first compared with a traditional
C16 ADC (3.6 drugs per antibody) in vitre. Both conjugstes
showed IL,O values in the 0.050-0.075 oM range for MiIS1
overexpressing cell lines BxPC3 and A431, while the traditional
C16 ADC showed values in the 0.030-0.040 nM range for the
same cell lines. in potency toughly corresponded
to the ~2-fold difference in drug foading, Further, the site-specific
conjugates showed similar in vivo efficacy 1o the trac
ADC in a mouse model with BxPC3 xenograft. Treatment with
cach of the three agents at a single dose of 3 mg/kg conjugare
caused significant tumor regression that was stable over the 120
d of the study. Similar to the findings of Junutula er al.,> these
conjugates showed similar efficacy at equivalent

e difference

itional

site-specific
antibody doses, but double the potency when the drug loading
was taken into consideration. While similar in mice, C16-LC and
C16-HC showed significant pharmacokinetic differences in rats
(Table 1}). The C16-HC conjugate showed a much accelerated
rate of clearance in rats as 83% of the angbody was lost from
serum 24 h post-injection. In rats, the clearance of the C16-HC
conjugate was similar to the anti-Mucl ADC described by
Junutula et al, whereas the C16-LC ¢ (:n;hg te showed similar
clearance 1o the antt-Mucl site-specific THIOMAB drug
conjugate. Because the C16-LC and CI6-HC conjugates do not
u-.,\hzc maleimide chemistry and therefore do not suffer from
the maleimide transfer issues, the marked differences berween
the two conjugates are likely due to the positien of the artached
drag. To verify that the C-terminal modification of the heavy
chain did not interfere with FcRa interactions, the binding of
both conjugates was tested and showed no difference from the
respective naked antibodies,
chain mutation may affect other cellular interactions that
Taken together, these experiments
suggest that the placement of the drug on the antbody can

However, the C-rerminal heavy

impact conjugate clearance,

www.landesbioscience.com

mAbs

have a significant effect on the pharmacokinetics, though the
mcchanmn of this effect is unknown. Further experiments with
the drug attached in & wider variety of positions could help
clucidate some of these unknowns.
Unnatural amino acids in antibody drug conjugates
In a

0N 10 enLyy natic "()n U.gx}fl() 1, (,‘*I‘lb()g()[l& d\cmlsuy

v modify a wide
o1 One method
for inserting unnatural amine acids into proteins uses an evolved
(RINAARNA synthetase pair that specifically recognizes the
unnarural amino acid and incorpmire‘: it as the Z1st amino acid
7253 Recent experiments by Axup

et al. demonstrated that this method was viable for producing
IzG with unnatural amino acids®™ They chose to
p-acerylphenylalanine as the unnatural amino acid because it
contains a ketone functional group that is not found in any of
the 20 natural amino acid side chains. This allows for specific
modification of the ketone groups without interference from other
amine acids, hence the term orthogonal conjugation. As a proof

conjugation has alse been used to site-specifi
variety of proteins using unnatural aminoe acids.

in place of the amber stop codon.

introduce

of C(mcepi,p—;x.ccty'iphcnyia anine was incorporated into an anti-
Her2 IgG1. This was accomplished by first stably integrating the
cmlvcd tRINA and corresponding p-acetylphenylalanine-tRNA
synthetase genes into Chinese hamster ovary cells. The light
and heavy chain genes were then incorporated, with the heavy
chain bearing a mutarion that changed a amne—l?l o the amber
stop codon recoguized by the evolved (RINA. "
produced over 300 mg/L of the mutant antbody from suable
suffer from this
he mutant antibody showed similar affinity for its

The resulting cells

ci()ncs, which showed that the vield did not
rechnique. ’
ligand as trastuzomab (Herceptin®), and electrospray lonization
mass spectrometry (ESI-MS5) of the deglycosylated heavy chain
showed the expected mass given the mutation of one alanine w
p-acetylphenylalanine.

With mutane antibody in hand, a drug conuwining the
appropriate chemical moiety was required to make the desired
ADC. Ketone groups can be modified with an atkoxyamine w
form an oxime bond thatis s under physiological conditions
(Fig. 1E).®% Therefore, an auristatin F derivative attached
to an oxyamine group using a short polyethylene glycol linker
(AF-oxyamine) was synthesized. Similar to the DM1 molecule
from ado-trastuzumab emransine, this drug contained 2

4

non-
; o gy

cleavable linker so release of the drug was dependent on lysosomal

degradation of the adjoining antibody.’” After reaction of

AF-oxyamine with the mutant antibody, the resulting conjugate

(anti-Her2-1gG-nAF) contained two drugs per anubody, with less

% unreacted antibody as detected by ESI-MS. When tested

than 5
in virro the conj 11g1-e showed excellent potency against various
Her2* cell lines with E Co
showing significantly less potency (> 40 nM) against MCF-7 cells
(Her2?). Similarly impressive results were observed in vivo as the
conjugate showed nearly full regressions of MDA-MB-435 Her2*
xenograft tumors with a single injection at a dose of 5 mp/ke. To
evaluate the pharmacokinetics, anti-Her2-{g(3-nAF was injected
into rats and the serum concentration of antibody was observed
over time. The conjugate was indistinguishable from the naked
mutant antibody {Table 1), thus suggesting that this conjugation

valuesin the 0.11-0.35 6M range, while

[5:3
iy



5123 of 14295

OnCusp
Ex. 1002

method and placement of drug were effective. In addirion, the
conjugate was incubated in mouse serum at 37 °C for 3 d before
use in cell toxicity assays and showed nearly identical in vitro
potency and selectivity as non-incubated conjugate. No toxicity
was observed in Her2 cells for the incubated conjugate, which
suggested there was no deavage of drug from the antdbody
during incubation. This m-:rhud pmvxded an additional route for
ADCs with precisely two drugs per antibody. In
addition, the oxime chemistry resulted in dtug—anubudy linkages
Hlent biological stability.
This work only included pharmacokinetic data for one

constructing A

with excel

mutant, so it was not possible to draw any conclusions about
the site of drug artachment. However, the unnatural amino acid
method is particularly well suited for scanning potential positions

of attachment on the antibody. Simple site-directed murﬂgme sis
to incorporate an amber stop codon is all that is necessary to
mutauts, The imporiance and potential of this
method is illustrated by the number of companies pursuing
various technologies for unnatural amine acid incorporation.
Ambrx, Inc. (associated with Axup et al), Allozyne, Inc., and
Sutre Biopharma, Inc. are all developing ADC platforms using
unnatural amino acids. Questions remain, however, about the
potential immunogenicity of unnatural amine acids and ¢
bio-orthogonal linkages.
was repnrted by Axup et ‘J » further investigation is required to

survey new

their
Though no evidence of immunogenicity

CHsare [ﬂ&, ‘s;!i'&,lv O- 1’ C8C CC unp()und.s,

Conclusion

The methods described in this review have provided three
new routes to homogeneous ADCs with two drugs per antibody
attached at Compared with traditional
the site-specific methods showed an improvement
index. Since ADC toxicity correlates roughly
with high drug

precise  locations.
methods,
in therapeutic

with the total amount of drug, the anribodies
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loading contribute more to toxicity,
cleared from circulation than the low drug loading antibodies,
so they not only contribure more o toxicity but also less w0
tumor killing efficacy. These site-specific
high drug foa dmg amibodies while also limiting the amounr of
unconjugated antibody present. In addition, these site-specific
methods will allow for furt.'nsr optimization of pharmacokmstic
properties based on the site of attachment of the drug. Finally,
these methods have proven to be relatively scala
themn viable for clinical exploration.

Alchough the site-specific ADCs appear to improve upon
the non-specific ADCs currently used in the cinic,
conclusions are based on fairly limited prec;mmal dara and
clinical trials. Additionally,
site-specific ADCs are still in the nascent stage of development.
Further improvements are still possible, such as homogencous
conjugates with greater than two drugs per antibody, which
could be more potcm, While higher drug loading has been
correlated with increased rate those
conclusions were drawn from ADCs constructed using non-
specific lysine or cysteine modification metheds and may not
be valid for site-specific ADCs. As the mechanisms for toxici
and ADC clearance are betrer undersiood, these site-specific
methods can be engineered to produce ADCs with the desired
properties. The area of ADCs is rapidly expanding and the
contributions of site-specific chemisery will help

but are also more rapidly

methods climinate the

ble, which makes

these

fequire more rigorous testing in

of ci earance and roxicity,

fuel that
expansion,
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Absteact: Trastuzommab, a bumanized mouse monocional antibody directed against HER2 (Hurnan Bpidermal Growth Factor Recepilor 2),
is currently a keystone in the treatment of breast cancer. Meanwhile, trastuzomab has been validated for use in other types of cancer
too. But the data on HER?Z expression in colorectal cancer are ambiguous, with reported overexpression of HER? varying between zero
and 84%. In this review these studics are evaluated and compared. [t shows that many factors influence the determination of HER2-
expression, especially of the intracellnlar fraction of HER?2. It is concluded that although membranous overexpression of HER?2 is low
10 colorectal cancer with only 5% of all patients being positive, a significant propartion of the patients (30%0) shows cytoplasmic HER2
overexpression. The chinical impact of enhanced intracellular HER2 is not known, because the nature and origin have not completely
been revealed vet. Enlightening this process could be a stepping stone towards targeting of intracelhular HERZ as a treatment option.
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Background the breast cancer patients that could benefit from

Colorectal cancer is a major worldwide health
problem with an annual incidence of 1.2 million
and an annual mortality of over 600,000 people.!?
One of the reasons for the relatively high mortal-
ity is high tumor stage at the time of diagnosis,
caused by the lack of symptoms or the presence
of aspecific symptoms during the initial stages of
disease. With an increase in tumor stage, the risk
of recurrence after resection rises and the chances
of survival deteriorate. Chemotherapy has shown
to be an efficient strategy for adjuvant therapy,
but 15 still not capable of preventing recurrence in
all patients.® Therefore there is numerous ongoing
research for alternative compounds to be used as
adjuvant therapy. Monoclonal antibodies and other
biologicals, targeting tumor-associated proteins
and blocking essential processes of the tumor, are
extensively studied. A crucial step in this process
is the identification of tumor specific proteins that
can be targeted by these compounds. One of these
targets is HER2, which is primarily associated with
breast cancer. This review provides an overview of
all accessible studies that reported on HER2 over-
expression in colorectal cancer, focusing especially
on the differences between these studies.

HERZ

Over the last two decades, the transmembrane
tyrosine kinase receptor Human Epidermal Growth
Factor Receptor 2 (HER2, also known as HER2/
new, ErbB2 or pl185) has been shown to be an
effective target for adjuvant therapy for especially
breast cancer. HERZ is found to be upregulated in
20%—-30% of all breast cancers. The 40-100 fold pro-
tein upregulation is due to a genetic amplification to
2550 copies.* Slamon et al showed that tumors with
overexpression of HERZ are more aggressive and,
consequently, these patients have a worse prognosis
compared to patients with HERZ-negative tumors.>®
Trastuzumab (Herceptin®), a monoclonal antibody
against the extraceliular domain of HER2, showed a
dramatic improvement in survival as well as recur-
rence rate when used as adjuvant therapy after breast
cancer surgery. The recurrence risk dropped by 40%
and the mortality rate by 30%.7® This novel HER2-
targeted therapy required a standardized scoring of
mmmunohistochemical HERZ2 tumor staining 1o select

trastuzumab. The scoring of HERZ2-status comprises
four different outcomes: O (no staiming or staining
in <<10% of the tumor cells), 1+ (a faint or incom-
plete membrane staining in > 10% of the tumor cells},
2+ {a weak to moderate complete membrane stain-
ing in >10% of the tumor cells) and 3+ (an intense
and complete membrane staining in >30% of the
tumor cells).® There are multiple immunohistochemi-
cal kits available for HER2-staining, but the poly-
clonal antibody-based Herceptest {Dako, Glostrup,
Denmark), which has been approved by the FDA
(UUS Food and Drug Administration), is mostly used.
Remarkably, it is reported that monoclonal antibody-
based kits have a better agreement with HERZ gene
aroplification, as determined by FISH (fluorescence
in situ hybrdization}. ' Generally, the 3+ cases
have an excellent concordance with FISH, while the
2+ results are more equivocal.”? Current guidelines
demand a FISH-analysis to determine the gene ampli-
fication in 2+ caseg. ™

Colorectal HERZ expression
After the breakthrough in breast cancer, HERZ has
been evaluated as a target in other tumor types. After
a 37% improvement in overall survival, this recently
led to FDA-approval for the use of trasturumab in
HERZ2-positive metastatic gastric cancer™

Several studies evaluating HER2 in colorectal

cancer resulted in a large debate at the end of the
last century because overexpression rates varied

etween zero and 84%.% Also the clinical signifi-
cance of HER2 in these publications was not con-
sistent, with some publications associating HER2
overexpression to survival, '®7% while others failed
to find such a correlation.”?' Most researchers
agreed that the differences in expression were likely
due to differences in technical approaches, anti-
bodies, and scoring protocols, but conclusive data
were never presented. Since then a large number of
immunohistochemical studies have emerged about
HER2 in colorectal cancer. The majority showed
membranous overexpression rates between zero
and 13%.2°! Remarkably, some studies reported
both membranous and cytoplasmic overexpres-
sion with much higher rates ap to 60%.%% Up to
now, there is no consistency about the proportion of
HER2-overexpression in colorectal tumors.
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immunochistochemical
detection of HER2

The magor difficulty in comparing immunohistochem-
ical studies is the variety in aniibodies. Additionally,
differences m technical procedures such as tissue fixa-
tion, slide storage procedures, antigen retrieval, and
incubation time could influence the staining outcome.
The type of HERZ-antibody used varied widely in the
27 analyzed studies in this review. In total, 15 differ-
ent types of antibodies were reported, eight monoclo-
nals and seven polycionals (Table 1). The claim of
Arnaout et al in an early study that polyvclonal anti-
bodies mainly stain cvioplasmic HERZ, in countrast to
monoclonal antibodies staining primarily membranous
HERZ, was not confirmed in more recent publications. ¥
For example, Half et al observed a cytoplasmic stain-
g 1 64% of the cases using monoclonal antibod-
ies CB11 and 3BS.% Furthermore, there is evidence

that some antibodies might not be completely spe-
cific for HER2, which could result in aberrant stain-
g pattemns. Schrohl et al showed that monoclonal
antibody clones 4B5 and CB11 (respectively from
PATHWAY®; Ventana Medical Systems Inc, Tucson,
AZ, USA and Oracle®; Leica Microsystems GmbH,
Wetzar, Germany) cross-reacted with HER4. The
antibodies used in the much used Herceptest, did not
cross-react with any other HER-receptors.”’

Although differences in antigen specificity are pre-
sumably the main cause for the differences between
various reports, some studies using the same antibody
still obtained varying results. For exaraple, antibody
NCL-CB11 {(Novecastra Laboratories, Newcas-
tle Upon Tyne, UK} is used in 5 different studies
with a reported overexpression rate between 22%
and 82%. Therefore, procedural variations mught
also substantially contribute to the variations found

Tabile 1. An overview of the antibodies used in the 27 studies analyzing HER2 overexpression in colorectal cancer. The
antibodies are organized based on the scoring calegories of their publications: studies that split into membranous overex-
pression and cyloplasmic overexprassion (A), and studies without distinclion between the overexpressing regions (B).

{A} Membrane and cytoplasm HERZ2 expression evaluated indspendently

Antibody Company Monocional/ Patients % %
polycional {n} membrane cytoplasmic
4054 Genentech Maonocional 70 0.00 0.00
HER14% Genentech Polyclonal 70 0.00 34,29
2ZiNM#2 Polyclonal 93 1.08 5.38
NCL-CB11182228 Novocastra Monocional 310 2.58 30.87
No name'®?® Nichirei Polyclonal 390 2.82 24 87
e2-4001% Neormarkers Monocional 28 5.24 63.54
357 Oncogene Monocional 96 5.21 63.54
science
Herceplest®.27.28.30.3 Dako Polyclonal 857 7.47
41352 Ventana Monocional 106 10.38
CB1¥ Biogenax Monocional 86 13.85
24881% Zymed Polyclonal 137 47.45
AD4BE™ Dako Polyclonal 74 51.35
{B} Membrane and cytoplasm evaluated together
Antibody Company Monocional/ Patients % positive staining
polycional {n}
e2-4001% Neomarkers Monoclonal 85 38.47
Linknown? Triton Polycional 32 37.50
AD48EHH Dako Polyclonal 310 47.42
NCL-CB1t## Novocastra Monocional 541 49.91
300G-8Y Digiesi et al Maonocional 22 58.09
CBi1248 Bioganex Monaocional 300 63.33
3Bs* Oncogene Maonoclonal 178 82.39
science
NCL-CBE1% Oncogene Maonocional 35 82.86
science
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in immunohistochemical HERZ studies. Incubation
times of the antibodies in the various studies ranged
from 60 minutes to overnight, and the antibody
difutions were between 1.20 and 1:250.152122264
However, these variations do not entirely explain the
differences in HERZ staining as no consistent cor-
relation is observed between incubation time and
overexpression. Both Kountourakis et al and Sun et al
report an overexpression of approximately 22%
{cytoplasmic and membranous); Kountourakis et al
used 1:250 dilution and 60 minutes incubation, while
Sun et al used 1:40 with an overnight incubation >+%
The two studies reported a highest overexpression of
approximately 82%, incubation times of respectively
45 minutes and overnight respectively were used. In
these studies, however, the comparability is ham-
pered by the use of different antibodies. ¥* We per-
formed a comparison of incubation times in our own
laboratory, incubating paraffin-embedded colorectal
tumor tissue using A0485, an anti-HERZ polyclonal
antibody (DAKO Glostrup, Denmark) after antigen
retrieval. As shown in Figure 1. an incubation time
longer than the 30 minutes indicated in the manufac-
turer’s protocol for breast cancer tissues gives rise
io a stronger c¢yioplasmic staining patlern, allow-
ing better comparison between different colorectal
tumors. Because the absolute amount of stainable
HERZ2 in colorectal cancers seems low when com-
pared to breast cancer, it seems advisable for immu-
nohistochemical analysis of HERZ2-overexpression

Figure 1. Paraffin-embedided colorectal cancer tissus was incubated
with A0485 anti-HER2 antibody with increasing incubation times of
30 minutes, 1 hour, 2 hours and overnight.

Note: With longer incubation times, an increase in cytoplasmic staining
(brown) can be observed.

to adapt the protocols for breast cancer for use in col-
orectal cancer.

Mirtacher et al showed a dramatic decrease in stain-
ing intensity for HERZ in tissue microarrays (TMAs)
between freshly cut and stored slides. ¥ We confirmed
these results recently using our own TMA consisting of
500 colorectal cancer tissue samples obtained between
1991 and 2001, This TMA was produced using the
same technigues as described earhier by our group for
breast cancer® Shides were incubated with A0485.
The operation date, and therefore the length of storage
time, had a great impact particularly on cyioplasmic
HER2 expression. n the group of patients operated on
before 1996, 8.4% showed overexpression of cytoplas-
mic HERZ, while in the group of patients operated on
i or after 1996, 42.7% expressed cvioplasmic over-
expression. Tamors from patients operated on in 1998
or later showed the highest percentage of cytoplasmic
staining {52%. manuscript in preparation). Therefore,
itis hikely that in studies having a long period of tissue
collection the HER2 overexpression rate is underes-
timated especially in the older samples, which could
partly explain the variation between studies.

These data emphasize the importance of standard-
ized staining procedures, as relatively insignificant
procedure variations mught lead to completely dif-
ferent staining patterns and thereby different overex-
pression raies.

Scoring Procedure
A wvumber of publications analyzed HER2-
overexpression in colorectal tumors with genomic
techniques like FISH, RT-PCR, Southern blotting, and
Northern blotting. Kavanagh et al performed FISH
on two 3+ cases and on mine 2+ cases. Both 3+ cases
were confirmed o have gene amplification, but only
one 2+ case was confirmed.™ Nathanson et al found
approximately the same results, confirming three out
of three 3+ cases and one oul of two 2+ cases with
both FISH and PCR.® ot et al confirmed all 3+ and
2+ cases with FISH.” Together these results confirmed
that for colorectal cancers, the observations are sinilar
for those found in breast cancer, ie, that 3+ overexpres-
sion 15 conclusive for gene amplification, whereas 2+
statning is equivocal for gene amplification, and likely
has other mechanisms of genetic overexpression,
When analyzing all accessible papers about
HER2-overexpression on colon cancer tissue for their
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scoring methods, 1t was observed that most publica-
tions follow the breast cancer protocol by examining
only membranous overexpression, 2GS op
split their scoring in membranous and cytoplasmic
overexpression, 6182223264 n general, the mem-
branous overexpression rates varied between 0%
and 15%. Only Kngsel et al and Park et al reported
membranous overexpression of over 40%%
However, Park et al only confirmed two ouwt of 27
3+ cases with FISH, which puts their results in a dif-
ferent perspective. Without these two outliers, the
weighted average overexpression of membranous

HERZ was 5%. For cytoplasmic overexpression
however, the rates varied between 0% and 66%, with
a weighted average of 30% (Table 2.

A number of publications did not split their
scores into membranous and cytoplasmic over-
expression, but took them together to determine
positivity *0-2192383537.38333 The ghserved overexpression
rates varied between 22% and 83%, with a weighted
average of 50% (Table 2). Unfortunatelv, no conclu-
sions can be drawn about this percentage regarding the
fraction of membranous or cytoplasmic overexpression.
Based on the publications that used split results, it is

Table 2. An overview of all papers reporting about HER2 overexpression in colorectal cancer. The papers are organized
based on the scoring categories: split into membranous overexprassion and cytoplasmic overexprassion (A), or papers with-
out distinguishing betwaen the overexpressing regions (B). The weighted average was calculated with and without outliers.
When one paper used more than one antibody, all antibodies were examined separaiely for the weighied average.

{A} Membraneous and cytoplasmic HERZ2 overexpression evaluated separately

Authors Year Antibody Patients (i} % membrane % cytoplasm
Kay et al'® 1994 NCL-CB11 164 0 34
Arnaout et al” 1802 405, 21N, HER14 70 0 734
Kim et al® 2004 Herceptest 185 1

Osako st ai® 1968 Nichirel 1486 2 66
Nathanson e ai® 2003 Herceptest 169 3

Coi et al*® 2004 Nichirei 244 3

Schuell et al 20086 Herceptast 77 4

McCann et al*? 19920 21N 23 4

Half et al*® 2004 e2-4001 and 3B5 95 5 54
Ochs et al¥ 2004 Herceptest 10@ 6

Kountourakis et ai®® 2006 NCL-CB11 106 8 17
Gill et al® 2011 NCL-CB11 40 8 58
Kavanagh et al* 2008 4B5 1086 10

Dursun et ai®® 2001 CBH as 14

Liet al” 2011 Herceptest 317 15

Park et al*® 2007 24881 137 47*

Knosel et al* 2002 AD4BS 74 51*

Total % positive membrane 9.22

Total % positive membrane without cutliers (%) 5.38

Total % posilive cyloplasm 30.58

{B) Membrane and cytoplasm evaluated together

Authors Year Antibody Patients (n} % positive staining
Sun el ai® 1985 NCL-CB11 283 23
Demirbas et al*® 2005 CB11 124 36
Uner et al*® 2005 e2-4001 85 36
Kiluftinger e ai® 1992 Triton 32 38
Kruszewski et aPs 2010 AD4BS 202 47
Jesus et alf® 2005 AD485 108 48
Porcelli et al 2001 300G-8 22 59
McKay et al* 2002 NCL-CB11 248 82
Kapitanovic et al* 1997 385 and CB11 178 82
Maurer et al*® 1968 NCL-CBEt 35 33
Total % positive staining 55.76

Ciinical Medicine Insights: Cncology 2013:7

45



5130 of 14295

Biok et al

OnCusp
Ex. 1002

N

expected that the majority of overexpression in these
publications is located in the cytoplasm, and only a
munor fraction is overexpressed in the membrane.

Overall, it can be concluded that about 5% of col-
orectal tumors have membranous overexpression of
HER2, while the cytoplasmic overexpression varies
strongly with an average around 30%. However, it
is likely that this value is an underestimation due to
the loss of HERZ antigen in older tissue samples as
described earlier.

Cytoplasmic HER2
The FDA-approved scoring svstem for breast canceris
based entirely on membranous HER-Z overexpression.
Cytoplasmic overexpression in breast cancer occurs,
but there are strict gudelines to ignore this.®¥
These guidelines are very specific as irastuzamab
is only capable of binding the extracellular domain
of membranous HERZ. In other words, cytoplasmic
HER2 would not have anv consequence for clinical
decisions about therapy. For vears cytoplasmic
overexpression of HER2 has been regarded as not
relevant for breast cancer. Intracellular HERZ cannot
be targeted by trastuzumab, it does not correlate with
HER2 mRNA levels® it does not correlate to any
clinical outcome,” and it mav even be a different
protein than membranous HER2.

in contrast to breasi cancer, there is evidence that
in colorectal cancer cvtoplasmic HERZ could in fact
be associated with survival prognosis. Of 15 publi-
cations that analyzed clinical prognostic parameters,
six showed a worse patient survival with cytoplasmic
tumor overexpression of HERZ 1918223234485 Seyen
studies showed no correlation with any chnical
parameter, 202LI03333448 Toog other papers described
a positive correlation between cytoplasmic overex-
pression and well-differentiated tumors.®*® Both
publications hypothesize that enhanced cvioplasmic
HER?Z is an early marker in colorectal cancer, bwt
decreases with progressing tumor stage and tumor
dedifferentiation. This seems contradictory to the
findings that patients with a HERZ-cytoplasmic over-
expressing tumor have a decreased survival rate as
patients with progressed tumor (higher stage, dedif-
ferentiation} would have less HERZ expression, but
poorer prognosis. Moreover, one pablication showed
a worse differentiation and more lymph node metas-
tases n cyioplasmic HER2-overexpressing tumors,*?

‘When combining the distinction in scoring methods
within those studies that report a clirucal correlation,
a remarkable pattern becomes clear. Of all seven
studies that report a lack of clinical correlation, six of
them do not split their scoring into membranous and
cytoplasmic staining 254533544 I contrast, out of
the six studies that report a clinical correlation, four
of them do split their resulis in membranous and cyto-
plasmic stainang %823 Although this has never been
confirmed in a large multi-center trial, these studies
strongly suggest a clinical relevance of cytoplasmic
HERZ overexpression in colorectal cancer.

Assuming that cytoplasmic HERZ has a prognostic
role in colorectal cancer, it might also be involved in
tumor pathogenesis like membranous HERZ in breast
cancer. A plausible explanation would be that cyto-
plasmic HER2 is forming homodimers, leading to an
intraceliular activation of the tyrosine kinase domain.
Administration of trastuzumab will therefore not
have any effect, as this antibody targets the extracel-
tolar domain only. Lapatinib, an intracellalar tyrosine
kinase inhibitor, has recently been approved for
treatment of HERZ2-positive breast cancer patients.®
If cytoplasmic HER2 15 indeed actively involved
in colorectal carcinogenesis the administration of
lapatinib, or other intracellular HER2-targeting com-
pounds, could be a breakthrough in the treatment of
espectally this type of cancer.

Biology of cyloplasmic HER2

In breast cancer, i was suggested that cytoplasmic
HER?Z is a truncated or different protein, based on the
fact that a 155 kD peptide was found, in contrast 1o
the 185 kD HER?Z found on the membrane. However,
for colorectal cancer there have been ambiguous
ohservations. Osako et al performed a western blot
analysis on one membranous overexpressing speci-
men, five membranous cyvtoplasnmic specimens, and
one negative sample. They observed 185 kD and
155 kD peptides in the membranous overexpressing
specimen, but only 155 kD peptides in the cytoplas-
mic overexpressing specimens.’® On the other hand,
Kapitanovic et al performed a study in which they
were able to split the cell lvsate into a cytoplasmic
and membranous fraction. and performed a western
blot analysis with a different anti-HER?2 antibody than
Osako et al. They observed a 185 kD peptide in both
fractions, and reported no 153 kD peptide. A western
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blot using a P-Tyr antibody, detecting phosphorviated
{activaied) tyrosine kinase domains showed a 185 kD
peptide in the intracellular fraction, indicating an
mtracetiular activated HERZ2-receptor.® This would
suggest that the activated HER2 was internalized
upon activation, or that HER2 was activated intracel-
{ularly eg, via homodimerization. Half et al analyzed
the localization of cytoplasmic HER2 in colorectal
cancer by electron microscopy after labeling with an
anti-HERZ2 antibody and a secondary colloidal gold-
labeled antibodv. HERZ was located in the rough
endoplasmatic reticulum (rER), consistent with newly
synthesized peptides. It was also detected in cytosolic
vacuoles, at the plasma membrane, and at desmosomes
in the intercellhular junctions. Particularly because of
the localization at the rER, it 1s hikely that this HER2
is derived from original peptide synthesis, and thus
would be of genomic origin. Most likely, however,
HER2 intemalization and synthesis are occurring at
the same time. Until these experiments are repeated
using an antibody which has been validated 1o be
solely specific for HERZ, the origin of cytoplasmic
HERZ will not be clanified.

Based on the hypothesis that cytoplasmic HER2 in
colorectal cancer is actually newly synthesized rather
than internalized, three different studies analyzed
genomic amplification to deternune the genomic
background of HER2-overexpression. Half et al
discovered membranous overexpression in only
five out of 96 colorectal tumors (5%), while they
determined cytoplasmic overexpression in 61 tumors
{63%). Fowr ouwt of five membranous HER2-
overexpressing tumors showed amplification with
FISH. while no cytoplasmic HERZ2-overexpressing
tumors were confirmed with this technmque. Moreover,
RT-PCR was performed and showed a 12-fold higher
mRNA expression in membranous overexpressing
tumors compared to cytoplasmic overexpressing
tumors.” Paviakis et al performed FiSH-analysis
on all cases described by Kountourakis et al. All 3+
cases of membranous overexpression were confirmed
as being amplified, while only one of three 2+ cases
was confirmed. No single cytoplasmic overexpressing
tumor was confirmed. 2> These results clearly indicate
that membranous overexpression is associated with
gene amplification, while cytoplasmic overexpression
is due 1o other mechanisms. Maurer et al performead
a northern blot and a Southemn blot on the 29 cases

overexpressing HERZ, without a distinction between
membranous and cvioplasmic  overexpression.
Presumably this concerns cvioplasome HERZ
based on the high percentage of positive tumors
{82%). They observed a 1.5 fold increase in mRNA
vig northern blot in tumors compared {0 healthy
tissue, bui the Southern blot did not show any gene
amplification.* Again, this indicates that cvtoplasmic
HERZ overexpression is based on mechanisms other
than gene amplification.

For other types of cancer, it has been shown
that overexpression of HER2 can also occur via
mechanisms other than gene amplification, eg, via
increased levels of promoter-binding proteins as
was cbserved by Kameda et al in gastric cancer
He observed elevated levels of binding proteins {o
the TATA-box iocated in the promoter-region of the
HER2-gene, which led to overexpression of HER2.%®
Theoretically, mutations in downstream targets of
HER2, for example KRAS, might also influence the
expression of HER? via affected feedback processes.
These mechanisms could play a role in the observed
cvtoplasmaic HER2 overexpression without any gene
amplification. However, it is still unknown why
HERZ does not migrate to the cell membrane, as it
should being a fransmembrane receptor. Whether itis
a simple matter of quantities, and whether this tran-
scriptional upregulation resull in not enough HER2
to migrate to the cell membrane is unknown. Itis con-
troversial as the western blois from Kapitanovic et al
and Osako et al exiubit a much denser signal when
analyzing the cytoplasmic overexpressing cells,
when compared to the membranous overexpress-
g cells. ® However, the 12-fold higher mRNA
expression in membranous HER2 overexpressing
tumors compared to cytoplasmic overexpression as
discovered by Half et al would support this theory.
Perhaps there is an unknown HER2-transporter pro-
tein which is also regulated by the promoter-binding
protein. Or perhaps the protein is in some way trun-
cated when being overexpressed at a transcriptional
fevel. Other possibilities include there being an
actual 135 k¥ cleavage product incapable of migrat-
ing to the membrane or an immume-evasive strategy
by the tumor. One theory is based on the influence
of the unfolded protein response (UPR). Upon cel-
lular stress, this response inttially stimulates multi-
ple chaperone protens in the endoplasmic reticulum
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in order to increase the glvcosylation and folding
capacity of the endoplasmic reticulum, and induces
apoptosts when this initial response is insufficient.
UPR activation in breast cancer cells has been
demonstrated.® In normal, non-malignant cells there
is a baseline expression of HER2, which leads o a
HERZ on a cell membrane that cannot be detected
bv regular immunohistochemistry (Fig. 2A). A pos-
sible theory is that in the case of overexpression of
the HER2-gene, there is a surplus of HER2 mRNA
which, after being translated info protein, cannot be
handied properly in the ER and thus leads to aberrant
glveosvlation or nusfolding of the immature protein
(Fig. 2C}. In this case, either the Golgi apparatus is
not capable of maturing the protein or the protein

A Normal cell

Her2

prrzze
s
-

\

Iz

Nuc!etgfs

N S VAN

cannot be transporied to the Golgi apparatus, both of
which lead to accumulation of aberrant HER2 within
the cytoplasm. This accumulation would trigger the
UPR. The presence of an activated UPR will lead
to an increase in properly glycosylated and folded
protein, and the overexpression of HERZ by the cell
at the membrane. However, for an unknown reason,
gene amplification of HERZ2 in breast cancer leads
to a more efficient UPR than HERZ-overexpression
in colorectal cancer (Fig. 2B). This difference in
UPR could be influenced by other processes which
affect cellular stress such as hypoxia, nutrient avail-
ability, treatment, or other genetic instabilities. This
may lead to the situation that UPR in breast cancer is
efficient enough to process the surplus of immature

Breast cancer

NER S @ 3
S8 Y NI
SN R Y
NN I

GA

C Colorectal cancer

Figure 2. A schematic representation of the difference in HERZ expression between mutiple o
gene is transcribed to low levels of mMRNA, which is then transiated to HER2 which enters the en
undergoss final processing before being transporied to the membrane. In breast
5 process is basically identical except that gene amplification ieads to higher mRNA and HER2 ievels. The pro i
improved, most likely due to the unfolded protein response (UPR). In colorectal cancer however (C}, thers is no gene amplific

{eg, givcosyiated), and iransported to the Golgi apparatus (GA). There i
cancer (B

is upregulated during transcription.

I types. In a normat cell (&), a single copy of the HER2-
asmatic reticutum (ER). In the ER, HER2 is processed

ing capacity of the ER is
ion, but gene expression

Notes: The ER cannet keep up with the high amount of protein, therefore immature HER2 cannot to be completely processed in the ER, and can-
net be transported to the GA and the cell membrane; instead incompistely foided HERZ2 might be extracted from the ER via the ER associated deg-
radation pathway, degiycosylated into a 155160 kDDa protein prior to it accumuiation and ultimately proteascmal degradation in the cytopiasm.®
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HERZ, while in colorectal cancer the UPR fails to
do so which leads to accurnulation of nusfolded and
aberrantly glycosylated HER2. This unglvcosylated
form of HERZ might be identical to the p135 variant
mentioned before.

Conclusions
it 1s clear that most of the debate around HER2-
overexpression in colorectal cancer is due to differ-
ences in staining/scoring fechnigues. When sphitting
the results in membranous and cyioplasmic overex-
pression, a clear pattern appears with approximately
5% of all patients having membranous overexpres-
sion, and about 30% of all patients having cytoplasmic
overexpression. There is a strong correlation between
genomic amplification and membranous overexpres-
sion, whereas no genonue amplification is observed
in cases with cvtoplasmic HERZ2 expression 6
With around 5% of all colorectal cancers overex-
pressing HER2 ontheir membrane, this would createa
new treatment strategy with trastuzumab for approxi-
mately 60,000 patients worldwide per vear. Unfortu-
nately, aclinical trial was ended dueto alack of patient
accrual.’” A large, multicenter trial would be needed
to include enough patients for sufficient analysis.
in contrast to membranous HER2 overexpres-
sion, a significant proportion of colorectal tumors
(30%-50%) show cvtoplasmic HERZ overexpres-
sion in most studies. The identity of cytoplasmic
HERZ remains unclear, although there 1s some indi-
rect evidence that it 1s derived from the upregulation
of promoter-binding proteins leading o an increase
in HER2 production. Additionally, the prognostic
value of cytoplasmic HERZ 15 still unclear. An exten-
sive study wsing standardized techniques on a large
number of tumors is needed to elucidate this matier.
if cytoplasmic HERZ has a pathophysiological role
i colorectal cancer, mtracellular HER2-targeting
compounds, for example lapatinib, might be a new
treatment option for the 30% of patients having cyto-
plasnuc HER2 overexpression. This would umpact
about 360,000 patients per vear; a clear breakthrough
in the treaiment of coloractal cancer.
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Design, Synthesis, and Biclogical Evaluation of Antibody—Drug Conjugates
Comprised of Potent Camptothecin Analogues

Patrick J. Burke,*' Peter D. Senter,” David W. Meyer,” Jamie B. Miyamoto,” Martha Anderson,” Brian E. Toki,’
Govindarajan Manikumar,’ Mansukh C. Wani,* David J. Kroll,® and Scott C. Jeffrey’
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Antibody—drug conjugates (ADCs) were prepared with potent camptothecin analogues attached to monoclonal
antibodies {mAbs) via dipeptide or glucuronide-based linkers. Aniline-containing camptothecin analogues were

employed to provide a site of linker

attachment via carb
camptothecin analogues, 7-butyl-10-amino-camptothecin and 7-butyi-9-amino-10,11-methylenedic

ate bonds that would be stable in circulation. The
y-camptothecin,

are generally 10—1000 times more potent than camptothecin. Dipeptide and ghucuronide drug linkers were employed

containing self-
into ar

1molative spacers that release drug following tysosomal degradation upon ADC internalizal
igen-positive cell lines. The camptothecin drug linkers were conjugated to three antibodies: chimeric

on

BR96, chimeric AC10, and bumanized 1F6, which bind to the Lewis-Y antigen on carcinomas, CD30 on

hematologic malignancies, and CD70 present on hematologic malignancies and renal cell carcinom

a, respectively.

ADCs bearing the potent camptothecin analogue, 7-butyl-9-amino- 10, | 1-methylenedioxy-camptothecin, were highly

potent and immunolo
doses in a renal celi carcinoma xenograft model.

gically specific on a panel of cancer cell lines in vitro, and efficacious at well-tolerated

INTRODUCTION

In an attempt to enhance activity and mitigate toxicity of
cancer chemotherapy, there has been a great deal of interest in
the use of monoclonal antibodies (mAbs) for the targeted
delivery of cytotoxic agents to cancer cells (/—3). The principie
behind this approach is that, by covalent attachment of a
cyiotoxic drug to a mAb that binds selectively to a tumor-
specific antigen, the activity of the drug could be enhanced
through high intratumoral concentrations while sparing normal,
nontarget tissue from indiscriminant damage. Early-generation
ADCs' have demonstrated that several parameters are important
for efficient targeted cell kill, such as drug potency, drug linker
stability, efficient on-target dmg release, mAb immunogenicity,
and normai tissue expression of the tumor antigen (7 —3). More
recently, significant progress in ADC design has led to the
clinical advancement of two new immunoconjugates: SGN-35
for CD30-positive hematologic malignancies (3—5) and tras-
mzumab-DM]1 for HER2-positive metastatic breast cancer (6, 7).
In phase I clinical trials both ADCs induced tumor regressions
at well-tolerated doses (6, §—10), providing further validation
of the use of ADCs as an emerging treatment modality.

We are interested 1n all classes of drugs that may be suitable
for empowering mAbs. Early immunoconjugates used clinically

* To whom correspondence shouid be addressed. Phone: 425-527-
4766; Fax: 425-527-4109; ematil: pburke@seagen.com.

" Seattle Genetics, Inc.

* Research Triangle Institute.
$ North Carolina Central Uni ity.

! Abbreviations: ADC, antibody-drug conjugate; AUC, area under
the curve; CPT, camptothecin: DIPEA, N N-diisopropylethylamine;
DM, dimethylformamide; DMSO, dimethyl sulfoxide; DOX, doxo-
rubicin; BES, electrospray; 1Cse. concentration that inhibits 50% cell
growth; mAb, monoclonal antibody; me-val-cit, maleimidocaproyl-
valine-citrulline; NHS, N-hydroxysuccinimide; PABA, para-aminoben-
vl alcohol; PBS, phosphate-buifered saline; SCID, severe combined
immunodeficient; THF, tetzahydrofuran.

10.1021/bc8001097 CCC: $40.75

approved cytotoxic agents due to their availability and known
toxicological properties. This approach is exernplified by BR96-
doxorubicin ADC targeted to the Lewis-Y antigen present on
human carcinomas. Doxorubicin was aftached to the mAb via
an acid-sensitive hydrazone linker, and free drug was released
upon ADC internalization into acidic lysosomes (/7). In vivo
efficacy was observed in tumor-bearing mice, albeit at elevated
(>100 mg ADC/kg) dose levels. Clinical trials revealed low
levels of activity in patients with Lewis-Y positive carcinomas
(11—13). The limitations associated with this ADC included
drag linker instability, antigen expression on normal tissues,
and low drug potency. It has been proposed that o
ADCs must address these issues to achieve maximal therapeutic

efficacy (I, 2).

As part of our search for new chemotypes suitable for use in
ADCs, we sought to evaluate conjugates consisting of potent
camptothecin (CPT) analogues. Camptothecin (1) is a natural
product that exerts cytotoxic activity through the inhibition of
topoisomerase I, leading to cell death (/4). As a consequence
of its broad-spectrum antitumor activity and cytotoxic mecha-
nism, there has been a substantial effort toward the development
of clinical camptothecin analogues. To date, two water-soluble
analogues have received FDA approval: topotecan and irino-
tecan. Topotecan is used primarily in the treatment of advanced
ovarian cancer and nop-small cell lung cancer and was recently
approved for cervical cancer (/5). Irnotecan is a prodrug that
1s converted into SN-38, a more potent CPT analogue, under
the action of carboxylesterases (/6) and is used primarily in
the treatment of colorectal cancer (15). Clinical studies with

: tothecin analogues in
¢y is achieved with
dosing regimens that provide for prolonged exposure to low
levels of camptothecin (/7). This suggests that camptothecin,
or potent CPT analogues, may be ideally suited for mAb
targeting, as antibodies often have extended circulation half-

lives, ranging from many days to weeks (Z, 3).

© 2009 American Chemical Society
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An ADC of CPT has already been described (I8). It was
found that BRO6-CPT had a similar level of potency as
BRO6-DOX (I8, 79). In addition, the CPT-containing ADC was
relatively unstable, due to the use of a labile carbonate linker
(18y. Other camptothecin ADCs bearing SN-38 were more
potent, but were also composed of labile linkers (20). On the
basis of our previous work with optimized auristatin-containing
ADCs (4), we felt that it was necessary to use camptothecin
analogues with much higher potency than CPT, and to incor-
porate linkers that provide high serum stability.

Camnptothecins have been subjected to extensive structure—
activity relationship studies (27), which indicate that 7-position
alkyi substituents and a methylenedioxy group spanning the 10
and 11 positions confer enhanced biochemical and cellular
potency (22, 23). The selected camptothecin analogues, 7-butyi-
10-amino-CPT (2) and the des-amino precursor (12) to 7-butyi-
9-amino-10,1 I-methylenedioxy-CPT (3), are substantially more
potent (1—3 logs) than camptothecin (22, 24. 25). These
molecules are ideally suited for ADC application, not only
because of their potencies, but alsc because they (2 and 3)
contain functional groups that allow for stable mAb attachment.
We now report the design, synthesis, and biological evaluation
of ADCs cornprising highly potent camptothecin analogues. This
investigation resulted in CPT ADCs that were well-defined,
potent, and immunologically specific in vitro and displayed good
in vivo efficacy at well-tolerated doses.

EXPERIMENTAL PROCEDURES

General Methods and Materials. All commercially ¢
anhydrous solvents were used without further purification and
were stored under a nitrogen atmosphere. NMR spectral data
were collected on a Varian Mercury 400 Mz spectrometer.
Cherical shifts (8) were reported in ppm and referenced off

and log

HoN

camptothecin (CPT)

7-n-butyl-10-amino-CPT

B. Val-Cit based drug linker

oYqu

H

N
H Q H |
mAb N\)LN N lysosoma
m\rr N \@\/o H proteases
o _AL [o] T N
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H
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the deuterium solvent signal. Coupling constants {J) are reporte
in hertz. Mass spectral data were obtained on a ZMD Micromass
mass spectrometer interfaced to an HP Agilent 1100 HPLC
instrument configured for LC-MS analysis. 7-Butyl-10-amino-
camptothecin (2) and 7-butyl-10,11-methylenedioxy-camptoth-
ecin (12) were prepared via Friedlander condensation as
previously described (23).

Analytical HPLC was performed on two different HPLC
systems. Data collected by “‘gradient A” were obtained on an
HP Agilent 1100 HPLC equipped with a C12 Phenomenex
Synergi 2.0 x 150 mm, 4 o, 80 A reverse-phase column. The
acidic eluent cousisted of a linear gradient of acetonitile from
5% to 95% in 0.1% aqueous formic acid over 10 min, followed
by isocratic 95% acetonitrile for 5 min (flow rate = 0.4 ml/
min). Data collected by “gradient B™ were obtained on a Waters
2690 HPLC interfaced with 2 Waters 996 PDA and Millenium®?
software. Samples were eluted over a C12 Phenomenex Synergi
2.0 x 150 mum, 4 #m, 80 A reverse-phase column. The neutral
cluent consisted of a linear gradient of acetonitrile from 10%
o 90% in 5 mM ammonium phosphate pH 7 over 10 min,
followed by isocratic 90% acetonitrile for 5 min (flow rate =
1.0 mi/min).

Preparative HPLC was carried out on a Va
solvent delivery system configured with a Varian ProStar 330
PDA detector. Products were purified over a C12 Phenomenex
Synergi 10.0 x 250 mm, 4 gm, 80 A reverse-phase column
eluting with 0.05% TFA in water (solvent A) and 0.05% TFA
in acetonitrile (solvent B). Purification Method A consisted of
the following gradient of solvent A to solvent B: 90:1C from 0
to 5 min; 90:10 to 40:60 from 5 to 45 min; 40:60 to 10:90 from
45 to 50 min; followed by isocratic 10:90 for 5 min. The flow
rate was 4.6 ml/min with monitoring at 254 nm. Purification
Method B consisted of the following gradient of solvent A to

7-n-butyl-9-aminc-10,11-MDO-CPT

[1, 6]-fragmentation

Q free drug
o
CO,
LmAb
HN™ ™0
HON [1, 6)-fragmentation free drug
H
\[ j\ O.__N,
e \_,\g/\’Drug co,

Figure 1. Structures and mechanism of release of active CPT drugs; (A) camptothecin and potent analogues prepared via Friedlander condensation;

(B) val-cit dipeptide based drug linker; (C) glucuronide based drug linker.
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solvent B: isocratic 90:10 from € to 5 min; 90:10 to 60:40 from
5 to 45 min; 60:40 to 106:90 from 45 to 50 min; followed by
isocratic 10:90 for 5 min. The flow rate was 4.6 mi./min with
monitoring at 254 nn.

Analytical thin layer chromatography was performed on silica
el 60 Fosq aluminum sheets (EMD Chemicals, Gibbstown, NJ).
Whatman 60 A 230—400 mesh silica gel was used for flash
chromatographic purification. Radial chromatography was per-
formed on a Chromatotron instrument (Harris Research, Palo
Alto, CA).

7-Butyl-S-aminoe-10,1 l-methylenedioxy-camptothedin (3). To
a stirred solution of 7-butyl-10,11-methylenedioxy-camptothecin
(12, 50 mg, 112 umol) was added 2 mL. of concentrated sulfuric
acid. The reaction was cooled to 0 °C and sodium nitrate (14
mg, 166 umol) was added. The reaction was warmed to room
temperature and stirred for 30 min, at which time LC/MS
revealed complete conversion o product. The reaction was then
poured into ice-water and extracted with methylene chloride.
The combined extracts were washed with water and concentrated
under reduced pressure to provide the nitrated material (54 mg,
0R%). UV Apac 225, 305, and 385 nm. LC-MS: m/z (ES™) found
49414 (MDY, m/z (ES7) found 492.10 (M—H) . The material
was carried forward without further characterization. A stirred
solution of the nitrated material (54 mg, 110 wmol) in ethanol
was warmed to facilitate dissolhution, and then the reaction vessel
was purged with nitrogen. At room temperature, 10% palladivm
on carbon {100 mg) was added, and the reaction mixture was
exposed to a hydrogen atmosphere. After 30 min, LC-MS
indicated conversion to product. The reaction was filtered
through a plug of Celite that was subsequently washed with
300 mL methanol. The filtrate was concentrated under reduced
pressure and purified by radial chromatography ona 1 mm plate
eluted with a CH,Cly/MeOH muxture (97:3 to 95:5 CHLClLy/
MeOH) to provide 3 (29 mg, 57%). 'H NMR (CDCL) & (ppm):
1.02 (m, 6H), 1.57 (m, 3H, under HOD), 1.82 (m, 2H), 1.87
(m, 3H), 3.35 (m, 3H), 3.73 (m, 1H), 5.21 (s, 1H), 5.22 (5, 1H),
5.51 (AB, J = 16.4 Hz, 2H), 6.17 (d, J = 2.0 Hz, 2I). UV Ao
229, 280, 335, and 381 mm. Analytical HPLC: gradient A, frg =
12.56 min, AUC,ss = 97.9%; gradient B, g = 8.35 min, AUC s
= 07.5%. LC-MS: m/z (ES™) found 464.00 (MA+H)", m/z (ES™)
found 461.97 (M—H) ™.

4~{(5)-2-({8)~2~(6-(2,5-Dioxo-2H-pyrrol-1(5H)-yl)hexana-
mido)-3-methylbutanamido)-S-ureidopentanamido)benzyl-
{7-butyl-10-aminocampiothecin)carbamate (4). An oven-dried
flask was charged with a solution of 2 (10 mg, 23.8 umol) in
0.5 mL anhydrous CH,Cl,. The solution was stirred at room
temperature under nitrogen, and 0.4 mL of a 20% phosgene
solution in toluene was added. The resultant brown suspension
was stirred for 18 h at room temperature. The solution was then
evaporated to dryness with a stream of nitrogen gas and further
concentrated by rotary evaporation. To the residue obtained was
added maleimidocaproyl-valine-citrulline-para-aminobenzyl al-
cohol (13, 20.5 mg, 35.7 umol) (henceforth called meVal-Cit-
PABA (26)) dissolved 1n .5 mb. anhydrous DMFE. The solution
was then heated to 45 °C under mtrogen. LC/MS revealed the
formation of a product corresponding to the desired molecular
weight. The reaction was diluted with 1.5 ml. of DMSO and
desired product isolated by preparative HPLC (Method A) o
give 4 (3.6 mg, 15%). 'H NMR (DMSO-dg) § (ppm): 0.87 {m,
9H), .97 (t, J = 7.6 Hz, 3H), 1.19 (m, 2H), 1.48 (m, 8H), 1.7
(m, 4H), 1.85 (m, 4H), 2.15 (m, 4H), 3.10 (m, 5H), 4.19 (m,
1HD), 4.38 (m, 1H), 5.17 (s, 2H), 5.29 (s, 2H), 5.43 (s, 2H),
5.98 (m, 1H), 7.00 (s, 2H), 7.28 (s, 1H), 7.41 (d, F = 8.6 Hz,
2H), 7.65 (d, 7 = 8.0 Hz, 2FD), 7.81 (4, J = 9.2 Fg, 1F), 7.90
(m, tH), 8.10 (4, 7 = 9.0 Hz, 2H), 8.43 (s, 2H), 10.03 (s, 1H),
10.27 (s, 1H). UV Aga 225, 267, and 385 nm. Analytical HPL.C:
gradient A, fp = 12.38 min, AUC,ss = 98.5%; gradient B, fr =
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7.81 min, AUC,55 = 93.9%. LC-MS: m/z (EST) found 1018.33
(M), m/z (BST) found 1017.06 (M—H) ™.

4-{(8)-2-{(8)~2~(6-(2,5-Dioxo-2H-pyrrol-1 (§H)-vi}hexana-
mido)-3-methyibutanamido)-S-urcidopentanamido)benzyl-
(7-butyl-%-aminoe-10,11~-methylendioxycamptothecin)car-
bamate (5). Drug linker 8 was prepared from CPT 3 (24 mg,
51.8 umol) in an analogous reaction to that described for 4.
The crude reaction material was purified by flash chromatog-
raphy on silica gel eluted with MeOH in CH,CL; (98:2 to 95:5
to 90:10 CH,ClL/MeOH) to yield § (11.2 mg, 20%). '"H NMR
(DMF-d) 8 (ppmy: 0.96 (m, 9H), 1.28 (m, 3H), 1.56 (m, 8H),
2.00 (m, 3H), 2.16 (m, 1H), 2.29 (m, 2H), 3.08 (g, /s = 6.2 Hz,
1H), 3.26 (m, 3 H), 3.46 (1, / = 6.8 Hz, 2H), 436 (t, J = 7.6
Hz, 1H), 4.63 (bt, 1H), 5.20 (s, 2H), 5.31 (s, 2H), 5.51 (s, 2H),
5.66 (m, 1H), 6.27 (bt, 1), 6.37 (s, 1H), 6.49 (s, 1H), 7.02 (s,
2H), 7.37 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.55 (s, 1H), 7.84
(d, F=8.0Hz, 1H), 7.90(d, J =84 Hz, 1H),8.16(d, J=7.6
Hz, 1), 9.37 (s, 16D, 10.11 (s, 1HD). UV Ay 227, 253, and
383 nm. Analytical HPLC: gradient A, g = 12.11 miin, AUC,ss
= 96.2%; gradient B, fg == 7.41 min, AUC,s
MS: miz (EST) found 106245 M--HT, mi/z
1060.29 (M—H)™.

(28,38,48,5R 68)-Methyl 6-(2-3-(((SH -flucren-9-yhmethoxy)-
carbonylamino)propanamide)-4-(({(7-butyl-18-aminocamp-
tothecin)carbamoyloxy)methyl)phenoxy)-3,4,5-triacetoxy-
tetrahydro-2H-pyran-2-carboxyiate (6). A flame-dried flask
was charged with the known (27) protected glucuronide linker
fragment (14, 285 mg, 38.1 umol) dissclved in 1.5 mi
anhydrous CH-Cl,. Anhydrous pyridine (37 1., 457 umol) was
added. and the solution was cooled to —78 °C under a nitrogen
atmosphere. Diphosgene (5.5 ul, 46 umol) was added; the light
vellow, limpid solution was stirred for 3 h at —78 °C. A solution
of 2 (16.0 mg, 38.1 gumol) in 1.5 mL anhydrous THF was then
added, and the reaction was warmed to O °C over 1 h. Analytical
HPLC at 1 h revealed the formation of product. The reaction
was poured into 50 mL EtOAc, and the organic phase was
washed with 20 mL water, then 20 mL brine. The organic layer
was dried over Na,SQy, filtered, and concentrated. The residue
so obtained was purified by flash chromatography on silica gel
eluted with a CHCL/MeOH mixture (98:2 to 97:3 CHLCL/
MeOID) to vide 6 {28.8 mg, 64%). 'L NMR (CDCl3) § (ppm)
0.95 (1, J == 7.6 Hz, 3tD, 0.99 (t, J = 7.2 Hz, 3H), 1.46 (m,
3H), 1.66 (m, 3H), 1.86 (m, 3H), 2.03 (s, 3H), 2.05 (s, 6H),
273 (m, 2H), 3.05 (q, J == 8.0 Hz, 1H), 3.57 (m, 2H), 3.72 (s,
3H), 4.12(t, J == 7.2 Hz, 1H), 4.31 (m, 4H), 5.15 (m, 7TH), 5.42
(m, 1HD, 5.59 {m, 1FD), 5.76 (bt, 1H), 6.95 (d, J = 8.4 Hy, 1H),
7.04 (8, J=8.0Hz, 1H), 721 (m, 1H), 7.22 (s, 1H), 7.32 (1, J
= 7.2 Hz, 2iD, 7.52 (d, J = 7.2 Hz, 2H), 7.59 (d, 7 = 8.4 Hz,
1H), 7.68 (m, 3H), 8.06 (m, 2H), 8.29 (s, 1), 8.41 (s, 1H).
UV Ana 267 and 385 nm. LC-MS: m/z (ES™) found 1194.84
(M-+H)™, miz (BS™) found 1192.57 (M—H) .

(25,35,45,5R 68)-Methyl 6-(2-3~(((9H fluoren-9-ylmethoxy)-
carbonylamine)propanamide)~4-(((7-butyl-9-amine-10,11-
methylendioxycamptothecin)carbamoyloxy)methyl)phenoxy)-
3,4, 5-triacetoxy-tetrahydro-2H-pyran-2-carbexylate (7). A
flame-dried flask was charged with 3 (10 mg, 21 mol) dissolved
in 0.5 mL anhydrous CH.Cl,. The sclution was stirred at room
terperature under nitrogen, and 0.4 mi. of a 20% phosgene
solution in toluene was added. The reaction was stirred for 18 b
at room temperature; a small aliquot of the reaction was
quenched with methanol, and the methyl carbamate (indicating
formation of the isocyanate) was detected by LC-MS. The
solution was then evaporated to dryness with a stream of
nitrogen gas and further concentrated by rotary evaporation. To
the residue obtained was added the known (27) protected
glucuronide linker fragment (14, 30 mg, 40 zamol) dissolved in
0.2 ml anhyvdrous DMF. The reaction was stirred at room
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temperature for 2 h, after which time LC-MS revealed conver-
sion to product. The reaction was then concentrated, redissolved
in yuinimal CH.Cly, and purified by radial chromatography
eluting CHoCl,/MeOH (97:3 to 95:5 CHyCly/MeOH) to give 7
(10 mg, 38%). '"H NMR (CDClL) 6 (ppm): 0.88 (m, 3H), 1.00
(t, 7 = 7.6 Hz, 3H), 1.26 (s, 2H), 1.42 (m, 3H), 1.87 (m, 2H),
2.06 (s, 9H), 2.74 (m, 2H), 2.99 (bs, 1H), 3.18 (bs, 1H), 3.61
(m, 2H), 3.74 (s, 3H), 4.19 (g, F = 6.8 Hz, 2H), 439 (q, / =
10 Hz, 2H), 5.16 (m, 9H), 543 (g, J = 8.8 Hz, 1H), 5.65 (d, J
= 16.4 Hz, 1H), 5.85 (s, 1H), 6.17 (s, 3H), 6.96 {(m, 3H), 7.22
(s, 1D, 7.32 (t, J = 6.8 Hz, 2H), 7.45 (s, 1), 7.59 (3, 3H),
7.67 (4, J = 7.2 Hz, 2H), 8.14 (s, 1H), 847 (s, TH). UV Ay
229, 263, and 383 am. LC-MS: m/z (ES™) found 1237.95
(M+H)", m/z (BS7) found 1236.85 (M—H) ™.

(25,35 ,48,5R 65)-6-(2-(3-Aminopropanamido )-4-(((7-butyl-
1¢-aminccampicthecin)carbamoyioxy methylhiphenoxy)-3,4,5~
trihydroxy-tetrahydro-2H-pyran-2-carboxylic Acid (8). A
flask charged with 6 (24.0 mg, 20.1 ymol) dissclved in a solvent
mixture of 2.5 mi. MeOH, 3.0 ml THF, and 2.5 ml water,
was cooled to O °C. To the stirred solution was added LiOH
monohydrate (8.6 mg, 212 ymol) and the reaction was warmed
to room temperature. After 3 h, LC-MS revealed complete
conversion to product. Glacial acetic acid (12.7 ul, 222 gmol)
was added, and the reaction was evaporated to dryness.
Purification of residue by preparative HPLC using Method B
gave 8 (12.7 mg, 67%). '"H NMR (CI30D) 6 {(ppm) 0.96 (¢, J
= 7.6 Hz, 3H), .99 (t, J = 7.2 Hz, 3H), 1.49 (g, J = 7.2 Hz,
2i), 1.65 (m, 21D, 1.89 (m, 2H), 2.62 (s, 1H), 2.86 {, 7 = 6.0
Hz, 2H), 2.95 (bt, 2H), 3.53 (m, 3H), 3.93 (m, 1H), 484 (d, J
= 7.6 Hz, 1I), 4.91 (s, 2H), 5.11 (s, 2HD), 5.34 (AB, J = 16.0
Hz, 2H), 7.20 (m, 2H), 7.40 (s, 1H), 7.60 (m, 1H), 7.82 (d, J =
8.8 Hz, 1H), 8.12 (s, 1H), 8.22 (s, 1H), 9.63 (s, 1H). UV Anu
227, 267, 385 nmm. LC-MS: m/z (ES™) found 832.20 (M+ID™,
miz (ES7) found 830.27 (M—H)".

(28,35,45,5R 65)-6-(2-(3-Aminopropanamide )-4-(((7-bu-
tyi-S-amine-10,1 L-methylendioxycamptothecin)carbamoyloxy)-
methyl)phenoxy)-3.4,5-tribydroxy-tetrahydro-2H-pyran-2-car-
boxylic Acid (9). Drug linker 9 was prepared from 7 (25.0 mg,
25.2 umol) in the same manner as that described for 8. The
reaction gave 9 (17.6 mg, 92%). UV Ay 223 and 383 nm.
LC-MS: m/z (ES) found 875.94 (M+EHD', m/z (ES™) found
873.95 (M—H)™. The maternial was carned forward without
farther characterization.

(25,35,45,5R,68)-6-(2-(3-(6-(2,5-Dioxo-2H-pyrrol-1-(5f)-
yhhexanamido)propanamido)-4-(((7-butyl-i$-aminocamp-
tothecin)carbamoyloxy)methyliphenoxy)-3,4,5-trihydroxy-
tetrahydro-2H-pyran-2-~carboxylic Acid (18). To a solution
of 8 (23.0 mg, 27.6 umol) dissolved in 1.5 mi anhydrous DMF
was added maleimidocaproy]l NHS ester (12.8 mg, 41.4 umol),
followed by DIPEA (144 ul., 82.8 umol). The reaction was
stirred at room ternperature under nitrogen for 4 h, at which
time LO-MS revealed conversion (o product. The crude reaction
was diluted in DMSO and purified by preparative HPLC
(Method A) to give 10 (20.5 mg, 72%). 'H NMR (DMF-dy) o
(ppm): 0.99 (m, 6H), 1.26 (p, J = 84 Hz, 2H), 1.57 (m, 6H),
1.81 (p, J = 7.2 Hz, 2H), 2.01 (m, 2H), 2.16 (t, J = 7.2 Hz,
2H), 2.68 (t, F = 6.8 Hz, 2H), 3.21 {t, / = 8.0 Hz, 2H), 3.57
(m, 10H), 4.10 (d, 7 = 9.6 Hz, 2H), 5.03 (m, 1H), 5.23 (s, 2H),
5.36 (s, 2H), 5.52 (d, J = 2.4 Hz, 2H), 6.52 (bs, 1H), 7.01 (s,
2H), 7.19 (dd, J = 8.4, 2.0 Hz, 11D, 7.27 (4, 7 = 8.4 Hz, 1H),
7.43 (s, 1D, 7.94 (1, /= 5.6 Hz, 11, 8.09 (dd, J = 9.2, 2.0
Hz, 1H), 8.18 (d, J = 9.2 Hz, 1H), 8.48 (5, 1H), 8.57 (s, 1H),
9.36 (s, 1H), 10.37 (s, 1H). UV A 267 and 385 nm. Analytical
HPLC: gradient A, g = 11.93 min, AUCy55 = 94.7%; gradient
B, fp = 5.76 min, AUCs5 = 97.1%. LC-MS: m/z (ES™) found
1025.40 (M), m/z (ES™) found 1023.29 (M—H) .

OnCusp
Ex. 1002

Bioconjugate Chem., Vol. 20, No. 8, 2008 1245

(28,35,45,5R,65)-6-(2-(3-{6-(2,5-Dioxo-2H -pyrrol-1-(§H)-
yhhexanamido)propanamido)-4-(((7-butyl-9-amino-16,11-
methylendioxycamptothecinjcarbamoyloxy methyljphenoxy)-
3.4, 5-trihydroxy-tetrahydro-2H-pyran-2-carboxylic Acid (11).
Drug linker 11 was prepared from 9 (16.3 mg, 18.6 gmol) in
the same manner as that described for 8. The reaction gave 11
(12.9 mg, 65%). 'H NMR (DMF-d;) J (ppm): 0.93 (t, J = 7.2
Hz, 3H), 0.99 (t, / = 8.0 Hz, 3H), 1.27 (m, 2H), 1.56 (m, 8H),
1.70 (m, 2HD), 1.98 (m, 2H), 2.17 (t, J = 7.6 Hz, 2FH), 2.69 (m,
2H), 3.52 (m, 10H), 4.10{(d, /= 9.2 Hz, 2H), 5.03 (d, /=64
Hz, 2H), 5.19 (s, 2H), 5.30 (s, 2H), 5.51 (d, J = 2.8 Hz, 2H),
6.37 (m, 3H), 7.02 (d, J = 3.6 Hz, 2t), 7.18 (d, J = 8.4 Iz,
1HD), 7.28 (d, # = 8.4 Hz, 1H), 7.37 (s, 1), 7.55 (s, 1H), 8.50
(s, 1D, 9.36 (s, 110}, 9.43 (s, 1ID). UV 2y 223 and 383 nm.
Analytical HPLC: gradient A, ¢ 11.70 min, AUCass == 97.2%;
gradient B, fg = 5.47 min, AUC,s5 = 97.7%. LOC-MS: m/z (ES™)
found 1069.44 (M-+H)", m/z (ES™) found 1067.37 (M—H)™.

Antibody—Drug Conjugate Preparation. The immunocon-
jugates were prepared as previously described (4, 28). Briefly,
the mAbs (45 mg/mb) in PBS containing 50 mM sodiam
borate at pH 7.4 were reduced with tris(carboxyethylyphosphine
hydrochloride at 37 °C. The progress of the reaction, which
reduces interchain disuliides, was monitored by reaction with
5,5’-dithiobis(2-nitrobenzoic acid) and allowed to proceed until
the desired level of thiols/mAb was achieved. The reduced
antibody was then cooled to 0 °C and alkylated with 1.5 equiv
of maleimide drug linker per antibody thiol. After | h, the
reaction was quenched by the addition of 5 equiv of N-acetyl
cysteine (NAC). Quenched drug linker was removed by gel
filtration over a PD-10 column. The ADC was then sterile-
filtered through a 0.22 gum syringe filter. Protein concentration
and drug loading were determined by spectral analysis at 280
and 375 nm, respectively, with correction for the contribution
of drug absorbance at 280 nm. Size-exclusion chromatography
was used to determine the extent of antibody aggregation, and
RP-HPLC confirmed the absence of remaining NAC-quenched
drug linker.

ADC Binding Assay. Karpas 299 cells were treated with
serial dilutions of cACI0 or cAC10-1¢ in PBS. cBR96-18 was
also included as a nonbinding control. After 30 min on ice, the
cells were washed and resuspended in 4 °C PBS. Secondary
goat antibody-FITC was added to detect bound mAb or ADC,
The cells were then washed, fixed with paraformaldehyde, and
analyzed by flow cytometry.

Stabifity Assay. The stability of cBR96-18 was assessed by
incubation in citrated CD-1 mouse plasma. cBR96-1¢ was
incubated at 37 °C in plasma over the course of two weeks.
Aliquots were withdrawn as a function of time and protein
precipitated through the addition of 5 volumes ice-cold methanol
containing 0.1% formic acid and spiked with a camptothecin
reference standard. The protein was then removed by centrifu-
gation for 5 min at 16 100 g; the supernatant was collected and
ized by LO-MS (BST mode) using gradient A for the
detection of counts at m/z 420.2 (M-+FD7 at a retention time of
11.78 nun, corresponding to free drug 2. A standard calibration
curve spanning the range 1—100% dirug release was employed
to convert the m/z 420.2 AUC at 11.78 min to a concentration
value.

In Vitre Growth Inbibition. The cytotoxic activity of the
immunoconjugates was assessed using a resazurin (Sigma, St.
Louis, MO, USA) reduction assay (4). Karpas 299 (2000 cells/
well), H3396 (2000 cells/well), 1.540cy (7000 cells/well), and
Caki-1 (1000 cells/well) cells cuitared in log-phase growth were
seeded for 24 h in 96-well plates containing 150 «f. RPMI 1640
supplemented with 20% FBS. Serial dilutions of ADC in cell
calture media were prepared at 4x working concentration; 50
uL of each dilution was added to the 96-well plates. Following
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Scheme 1

1) NaNOg, H,SO, (98%)
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12 3%

7-n-butyl-10,11-MDO-CPT

addition of ADC, the cells were incubated with test articles for
4 or 8 d at 37 °C. Resazurin was then added to each well to
achieve a 50 uM final concentration, and the plates were
incubated for an additional 4 h at 37 °C. The plates were then
read for the extent of dye reduction on a Fusion HT plate reader
(Packard Instruments, Meridien, CT, USA) with excitation and
emission wavelengths of 530 and 590 nm, respectively. The
ICs value, determined in ftriplicate, is defined here as the
concentration that results in a 50% reduction in cell growth
relative to untreated controls.

in Vive Therapy Experiments. All experiments were con-
ducted in concordance with the Animal Care and Use Commit-
tee 1n a facility fully accredited by the Association for
Assessment and Accreditation of Laboratory Animal Care. In
vivo tolerability was first assessed to ensure that the conjugates
were tolerated at clinically relevant doses. BALB/c mice were
treated with escalating doses of ADC formulated in PBS with
0.01% Tween 20. Mice were monitored for weight Joss
following drug treatment; those that experienced 20% weight
loss or other signs of morbidity were euthanized.

The efficacy experiment was conducted in a renal cell
carcinoma xenograft model. Caki-1 tumor fragments were
implanted into the right flank of Nude mice. Mice were
randomized to study groups (# = 5) on day nine with each group
averaging around 100 mm® tumor volume. The ADC or controls
were dosed ip according to a g4dx4 schedule. Tumor volume
as a function of time was determined using the fornula (I x
W2)/2. Animals were euthanized when tumor volumes reached
1000 mm®. Mice showing durable regressions were terminated
on day 96 post-implant.

-t

RESULTS

Drug Linker Design. There are two significant challenges
associated with designing an immunocconjugate with camptoth-
ecin: lack of a suitable functional group for conjugation, and
hydrophobicity, which can cause antibody aggregation. The first
obstacle requires designing a drug linker that combines a high
level of stability in circulation with rapid drug release upon
internalization into targeted cells. The only readily accessible
functional group in camptothecin is the C20 tertiary hydroxyl.
The use of ester or carbonate linkages to assemble conjugates
with aliphatic aicohoils is common ({8, 20, 29—31). However,
as cited earlier, this can be a liability, as mouse plasma contains
high levels of esterase activity and readily cleaves ester and
carbonate functional groups (32).

Scheme 2

1) phosgene

_—

2) mcVal-Cit-PABA (13) o

2, Ry=H,Ry=-NHz, R3=H
3. Ry = :NHp, Ry = Ry = -0-CH3-O-

2) Hp, Pd/C (57%)

To address drug linker stability, we envisioned employing a
carbamate bond to an amine-containning camptothecin such as
7-butyl- 10-amino-CPT (2) shown in Figure 1. Carbamate bonds
typically provide superior stability relative to ester and carbonate
bonds with respect to hydrolysis (33). Alternatively, we installed
an amine into the known (23, 24) analogue 7-butyl-10,i1-
methyienedioxy-CPT (12, Scheme 1). In both cases, the presence
of the amine provided for the use of a cathepsin B-cleav-
able valine-citrulline-PABA dipeptide linker (val-cit) system
(Figure 1B). The val-cit dipeptide linker system is designed to
achieve circulation stability and rapid lysosomal dmg release
upon internalization into the targeted cancer cells (4, 34).

A second obstacie associated with this class is manifest in
the hydrophobic nature of these compounds. Camptothecins
possess a rigid, extended aromatic ring system that confers
limited aqueous solubility and can induce significant antibody
aggregation. To address this issue, hydrophilic glucuronide-
based CPT drug linkers (Figure 1C) were pursued in addition
to dipeptide drug linkers. The glucuronide linker system is
haracterized by its ability to provide menomeric ADCs with a
high degree of circulation stability and rapid drug release in
the presence of endogenous F-glucuronidase at the target site
27).

Drug Linker Synthesis. The syntheses of CPT analogues 2
and 12 were achieved by the well-precedented Friedlander
condensation route (23, 25). Regioselective nitration and
subsequent hydrogenation of 12 provided the 9-amino analogue
3 in 56% overall yield, as shown in Scheme 1. The protease-
cleavable dipeptide drug linkers were prepared in two synthetic
steps (Scheme 2). Camptothecins 2 and 3 were treated with
phosgene to convert their respective anxines to isocyanates in
situ. The isocyanates were subsequently trapped by benzyl
alcohol Hoker 13 (26) (mceVal-Cit-PABA), forming the car-
bamate linkages in drug linkers 4 and 5, respectively.

The ghicuronide drug linkers were prepared according to the
synthetic sequence in Scheme 3. The synthesis commenced by
converting the protected glucuronide benzyl alcobol 14 (27) to
the chloroformate with diphosgene, which was then trapped in
situ with camptothecin 2 to provide intermediate 6. The more
sterically hindered amine in 3 was converted to the isocyanate
with phosgene and trapped with glucuronide benzyl alcohol 14.
Exhaustive saponification and simultaneous Finoc-deprotection
of & and 7 yielded free amines 8 and 9, respectively. The
synthetic sequence was then completed via the coupling of
amines 8 and 9 with the NHS ester of maleimidocaproic acid

o o
Y] o) u ©° /©/\O/LLN,drug
H
N\/\/\)'J\N N\.)LN
o H o : H

hl

NH

4,drug=218% O HN

5, drug = 3, 20%
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Scheme 3

MeO,C._ O

AcO™ o

OAc 2,Ry=H,Ry=-NHp, R3=H
14 3, Ry = -NHy, Ry = R3 = -O-CH,-O-

NH,
HN Yo
HOC_0._O
—_—
Ho" “OH
OH

8, drug = 2,67%
9, drug=3,92%

(MC-08Su), providing drug Bokers 10 and 11, respectively, in
moderate overall yield.

Preparation of Antibody—Drug Conjugates. Conjugates
comprising antibodies ¢cBR9%6, ¢AC10, and hil6 and dmg
linkers 4, 5, 18, and 11 were prepared following standacd
protocols {4, 28). Reduced interchain disulfides were alkylated
with drug linker, forming Michael adducts between the mAb
cysteines and drug linker maleimide. Upon completion of the
conjugation reaction, excess drug linker was gquenched with
N-acetylcysteine and removed by gel filtration, which was
confirmed by HPLC. Drug loading was assessed by chromato-
graphic analysis and UV absorption of the ADCs with correction
for the contribution of the camptothecin chromophore at 280
nm.

The extent of ADC aggregation was determined by size-
exclusion chromatography. Glucuronide drug linkers 10 and 11
provided ADCs with 4 drugs or 8 drugs per antibody with
minimal (<5%) aggregation (Tables 1 and 2). The dipeptide drog
linkers 4 and 5 led o antibody aggregation to a greater extent
than the more hydrophilic ghicuronide drug linkers. ADCs
loaded with 4 drugs per antibody contained 4—16% aggregate.
ADCs comprising 4 or § loaded with 8 drugs/mAb gave much
higher levels of aggregation. For example, cAC10 loaded with
drug linker 4 was >80% aggregated (Tabie 1). Highly aggregated
(>20%) ADCs were excluded from the bioclogical evaluation.

ADC Binding. As previously shown (4), alkylation of
interchain disulfides typically has negligible effect on ADC

Table 1. Cytotoxic Activities of ADCs Containing 2
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HN,chc
HN o
for 2, diphosgene, pyridine MeOC O °\©\/
for 3, phosgene o H
- Aco‘j:'IOAc o\n/N ~drug
OAc o]

6, drug = 2, 64%
7, drug= 3, 38%

o

e

HN™ ~O

" MC-OSu, DIPEA HOL O~ °
—_—
o.__N._ . .. o_ N
\"/ drug HO' ‘OH \[( ~drug
o OH o

10, drug = 2, 72%
11, drug= 3, 65%

antigen binding activity. To ensure that this was the case with
the camptothecins, cACI0-18 (7 drug/mAb) was assayed for
binding affinity relative to unconjugated mAb with CD30+
Karpas 299 cells. The results, shown in Figure 2, indicate that
conjugation did not significantly impact the antigen binding.
Antigen-negative ¢cBR96 displayed no appreciable binding.

Drug Linker Stability. Val-Cit-PAB and ghucuronide car-
bamate drug linkers have been previcusly shown to be highly
stable toward hydrolysisin various matrices, including plasma (4,25).
To corroborate these observations with the camptothecin series,
cBRO6-16 (7 drug/mAb) was incubated in mouse plasma, and
the appearance of free drug was assessed by a calibrated LC/
MS assay. After 14 d at 37 °C, the free drug (2) signal was
below the limit of detection of the assay, which is <1% of the
theoretical maximum drug release. This suggests that the
carbamate linkage is stable to hydrolysis in mouse plasma.
Countrol experiments established efficient recovery of free drug
from the matrix.

In Vitro Biological Evaluation. The activities of ADCs
aining 7-butyl-16-amino-CPT (2) incorporated via dipeptide
(4) or glucuronide (18) drug linker were assessed on Karpas
299 (CD30+) ALCT, and H3396 (LeY+) breast carcinoma cell
iines following 4 or 8 d reatment (Table 1). ADCs comprising
dipeptide drug linker 4 displayed negligible activity following
a 4 d treatment (data not shown), When the treatment time was
extended to 8 d, modest imnmnologically specific activity was
observed. ADCs bearing glucuronide drug linker 16 were weakly

@

ICs, values (nM)

percent Karpas 2997 H33967
cytotoxic agent treatment time (d) antigen drug/mAb ratio aggregate (CD30+, LeY—) (CD30—, LeY+)

cAC10—4 P30 8 >80 nt nt
cBR96—4 LeY 8 >80 nt nt
cACIO—4 8 CD30 3.7 9 26 no effect
<BR96—4 8 LeY 4.2 16 110 13
cACI0—18 4 P30 7 <5 160 >500°
cBRS6—18 4 LeY 7 <5 >300% 22
cACI0—10 g CD30 7 <5 1.8 460
¢BR96—-10 8 ieY 7 <5 170 21
1 4 - - - 9.7 7.4
2 4 - - - 1.0 0.9

“Cells were treated with test articles for 4 or 8 d, and cell viability was determined by resszurin conversion. The ICs) values vepresent the

concentrations (nM) of the drug component of the ADC. ° 1

‘so values are greater than the highest concentration tested.
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Table 2. Cytotoxic Activities of ADCs Containing 3 Feliowing 4 d Treatment

1Cs (nM)

L.540c¢cy”
(CD30+, CD70-)

Caki-1
(CD 30-, CD70+)

Karpas 2997
(CD30+, CD70—)

cytotoxic agent antigen drug/mAb ratic percent aggregate

cAC10-5 D30 3.8 8
hiF6-5 CD70 4.2
cAC10—11 CD30 4.4 3
hiF6--11 CD70 4.3 1
cACI0—11 CP30 8 2
hiF6—-11 CD706 8 1
1 _ _ _
3

4.4 Q.32

>190% no effect

0.91 ) 0.23

>220° 190

0.89 0.41

650 280 .
a7 7.4 7.0
0.066 0.03 0.05

“ Cells were treated with test articles for 4 d, and cell viability was determined by resazurin conversion. The ICs, values represent the concentrations
(uM) of the drug component of the ADC. ® ICs, values are greater than the highest concentration tested.
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Figure 2. FACS analysis of antigen binding of glucurenide drug linker

cAC10-1¢ relative to ¢cACIO mAb and nonbinding cBR96-16 on
CI»30+ Karpas 299 cells.

active, albeit more potent than mAb—4 conjugates, over the
course of a 4 d drug treatment with ICs, values of 160 nM and
22 nM on Karpas 299 and H3396, respectively. When dmg
treatment was extended to 8 d, ¢cACI0—-1¢ displayed a
substantial increase in potency on Karpas 299. An analogous
increase in potency on H3396 cells was not observed. The
activities of conjugates comprising hilé or cAC10 and 5 and
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11 were tested on Karpas 299, 1.540cy (Hodgkin lymphoma),
and Caki-1 (renal cell carcinoma) following a 4 d treatment
(Table 2). The conjngates were immunologically specific and
highly potent on the three cell , with ICsg values ranging
from 0.23 to 4.4 nM across the panel.

In Vive Biological Evaluation. In light of the superior in
vitro potency of ADCs armed with camptothecin analogue 3
relative to 2, in vivo evaluation focused on ADCs bearing drug
linkers 5 and 11. ADCs were initially evaluated for mouse
tolerability prior to efficacy experiments. BALB/c mice were
injected once ip with cACI0—5 (4 drug/mAb) or cACIO—1%
(4 drug/mADb) and evaluated for weight loss and morbidity. Both
the glucuronide (cACI0—11) and the wval-cit dipeptide
(cAC10—35) conjugates were well-tolerated at 50 mg/kg. At 100
mg/kg, cACI0—35 resulted in moderate weight loss (5—10%
and ¢cAC10—11 was toxic. From these results, the maximum
tolerated doses (MTD) for cACI0—5 and cACI0—11 we
approxirnately 100 mg/kg and 50 mg/kg, respectively.

An efficacy experiment with immunoconjugates h1F6—35 and
h1F6—1% was carried out in the Caki-1 renal cell carcinoma model.
Nude mice bearing Caki-1 tumors were treated four times every
4 d (gd4d x 4) with ADCs once the average tumor size was
approximately 100 ram® (Figure 3). At 3 mg/kg, the val-cit
inmnunoconjugate h1¥6--5) had no effect on tumor growth. In
contrast, the glucuronide conjugate (h1¥6--11) induced substantial
tuor growth delay. At 10 mg/kg, the glucuronide conjugate again

“N¥~Untreated

~m~h1F8-11, 3 mg/kg

«h1F6-11, 10 mg/kg

~o-h1F6-5, 3 my/kg

~o-R1F6-5, 10 mgrkg

Scheduie: qddx4 iP, n=5

215 cures

45 50

Figure 3. In vivo efficacy of camptothecin ADCs in a Caki-1 renal cell carcinoma xenograft model; all ADCs contain 4 dr/mAb.
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outperformed the val-cit conjugate. Mice treated with hiF6—5
achieved 5/5 partial regressions, while mice treated with h1F6—1%
had 5/5 complete regressions with 2/5 mice cured.

DISCUSSION

Early work on ADCs established drug potency as an
important parameter contributing to the conjugate activity.
The camptothecin analogues employed here are substantially
more potent than CPT or related clinical analogues, irinotecan
and topotecan. Among the two CPT analogues evaluated, the
more potent analogue (3) provided significantly more potent
ADCs (Tables 1 and 2). ADCs bearing 3 provided in vitro
potencies 20- to 400-fold greater than CPT ADCs (/8). More
recently, ADCs bearing SN-38 were reported to be active at
the single-digit M level (20). Specificity controls were not
included, however, and it is possible that nonspecific drug
release from the carbonate or ester drug linker significantly
contributed to the observed conjugate potency. The ADCs
bearing 3 led to high levels of immunologically specific cell
kiil at subsaturating doses {Table 2). Immunclogical specific-
ity implies that the linker is stable since the cells were
continuously exposed to the ADCs for 96 h. The binding
ADCs were less potent than the respective free drugs (Tables
1 and 2). It is possible that free drug accumuliation via passive
cellular uptake over the course of the 96 h treatment exceeds
the intracellular drug concentration achieved through antigen-
mediated delivery. This has been previously observed with
other ADCs (5, 35, 36).

Camptothecins are an especially compelling drug class for
ADCs because they can be produced synthetically, modified
to give analogues with high potency, and have been shown
to possess pronounced clinical activity. However, aqueous
insolubility presents a significant challenge in utilizing the
CPT drug class. Clinical camptothecins, irinotecan and
topotecan, were designed to overcome this by inclusion of
solubilizing amine groups (Z/5). From the standpoint of ADC
development, upon conjugation, CPT hydrophobicity can lead
to significant mAb aggregation. The glucuronide linker
system is ideal in addressing this issue. The glucuronide drug
linkers consistently provided monomeric ADCs when loaded
at 4 and 8 drug/mAb, whereas the dipeptide drug linkers
tended to provide ADCs with a greater degree of aggregation
(Tables 1 and 2). This is consistent with our previous work
with hydrophobic minor groove binders (37).

We have described the preparation and biclogical evalnation
of ADCs empowered with camptothecin analogues that were
selected on the basis of the presence of an amine functional
group and enhanced celiular potency. The amine functional
group was deemed important because it [acilitated the use of
carbamate-based linkers such as the val-cit dipeptide and the
o

glucuronide linker systems. On the basis of these results,
immunoconjugates comprising the more potent analogue (3)
linked via val-cit dipeptide or glucuronide drug linker systems
are weil-suited for further development.
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Assignment' of TACSTD1 (alias TROP1, M4S1) to
human chromosome 2p21 and refinement of
mapping of TACSTD2 (alias TROP2, M181) to human
chromosome 1p32 by in situ hybridization
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Rationale and significance
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CIPOmail@smart-biggar.ca

Application No. : 2,885,800

PCT No. : JP2013006069

Owner : DAHCHI SANKYO COMPANY, LIMITED
Title : ANTIBODY-DRUG CONJUGATE
Classification : CO7K 5/103 (2006.01)

Your File No. : 51481-31

Examiner : Colleen MacFarlane

THIS LETTER IS NOT A REQUISITION. NO RESPONSE IS REQUIRED.

This letter acknowledges the phone conversation of 24 March 2017 (24-03-2017). We confirm
that the report dated 17 March 2017 (17-03-2017) requires clarification.

As discussed with the Examiner’s Section Head on 24 March 2017 (24-03-2017), the
Applicant’'s Agent would like clarification of the defect related to claim 15 as being cited for
anticipation using common general knowledge without pointing to a source. The compound of
claim 15 is the compound exatecan which is commonly known in the art as Applicant
acknowledges throughout the description {p. 2, for example). The only difference between the
known exatecan compound and the compound of claim 15 is the addition of the —-COCOH-
functional group to the nitrogen in position 1 (to allow conjugation with the linker), a strategy
which would be welt known to a skilled person. Applicant also cites references to known
derivatives of exatecan (DE-310, for example), which comprise peptide linkers attached to the
amino group (p.3-4, for example). The synthesis of exatecan as described in U.S. Patent
5,834,476 (Terasawa et al.,1998) (and reproduced in Wikipedia) discloses the structure of
exatecan comprising -NHCOCF;- in position 1, the F; in the place of the -OH group in the
instant application. For these reasons, it is contended that the structure of exatecan is
considered as common general knowledge, as is the functional group, COCOH, and thus the
compound of claim 15 is anticipated by the common general knowledge in the art.
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As agreed during the conversation, to accelerate the prosecution of the application, we will not
withdraw the report. Therefore, the deadline to respond to the examiner’s requisition on this
application remains the one indicated in said report.

Colleen MacFarlane
Patent Examiner (B1)
819-639-1402

As per CIPO Client Service Standards, a response to a telephone enquiry or voice mail should
be provided by the end of the next business day. In the event that attempts to reach the
examiner are unsuccessful, the examiner's Section Head, Nicholas Ohan, can be reached at
819-639-5250.
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SMART & BIGGAR 13 April 2018 (13-04-2018)
CIPOmail@smart-biggar.ca

Application No. : 2,939,802

PCT No. : JP2015002020

Owner : DAIICHI SANKYO COMPANY, LIMITED; DAIICHI SANKYO
EUROPE GMBH

Title : ANTI-HER3 ANTIBODY-DRUG CONJUGATE

Classification : CO7K 16/28 (2006.01)

Your File No. : 51481-38

Examiner : Jacinth Abraham

YOU ARE HEREBY NOTIFIED OF A REQUISITION BY THE EXAMINER IN ACCORDANCE
WITH SUBSECTION 30(2) OF THE PATENT RULES. IN ORDER TO AVOID ABANDONMENT
UNDER PARAGRAPH 73(1)(a) OF THE PATENT ACT, AWRITTEN REPLY MUST BE
RECEIVED WITHIN THE SIX (6) MONTH PERIOD AFTER THE ABOVE DATE.

This application has been examined taking into account the:

Description, pages 1 - 226, as originally filed;

Claims, 1 - 38, as received on 15 August 2016 (15-08-2016) during the national
phase; and
Drawings, pages 1 - 26, as originally filed.

The number of claims in this application is 38.

As the application is apparently directed to a plurality of inventions, as detailed below, the
examiner has proceeded on the presumption that the applicant will elect the claims of Group A.
This presumption does not affect the applicant's right to elect, one time, a different invention for
prosecution. The scope of the search and examination of the claims was therefore restricted to
the subject-matter of the claims of Group A (directed to an Her3-binding antibody known by its
arbitrary designation as U1-59, has full-length heavy and light chains represented by SEQ ID NOs
583 and 584, has VH and VL represented by SEQ ID NOs 70 and 72, and CDRs in the VH
represented by SEQ ID NOs 562 to 564, and CDRs in the VL represented by SEQ ID NOs 565 to
567).

Documents Applied

D1 CA2815154 Hettmann, T. et al. 9 February 2012 (09-02-2012)
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D2 CA2859255 Lerchen, H-G., et al. 20 June 2013 (20-06-2013)
D3 CA2927832 Eliasof, S.D. 14 November 2011 (24-11-2011)

D4 Ochi, Y. et al., Cancer Chemother & Pharmacol., Vol. 55, Pages 323-332, April 2005
(04-2005)

D1 discloses the use of U1-59, an Her3 antibody, in treating disease (paragraph 4). The
antibody may be attached to a drug by means of a linker/spacer: “Various methods of attaching
effector groups to polypeptides or glycopeptides (such as antibodies) are known in the art, and
may be used in making and carrying out the compositions and methods described herein. In some
embodiments, it may be useful to have effector groups attached to a binding protein by spacer
arms of various lengths to, for example, reduce potential steric hindrance” (paragraph 65).
Maytansine, T-DM1, is provided as an example of an antibody-drug conjugate (paragraph 104).
Examples of other drugs are in paragraph 121. Please see also paragraphs 123 and 124.

D2 discloses an antibody-drug conjugate wherein the antibody binds FGFR2, the drug is
exactecan (page 151, line 30), and wherein the antibody is linked to exatecan via a linker (page
9).

D3 discloses the conjugate of exatecan to a cyclodextrin-containing polymer (CDP), wherein the
former is attached to the latter via a linker.

D4 discloses a GGFG tetrapeptide linker to link exatecan to a biomolecule carrier. A protease in
vivo cleaves and releases exatecan from the carrier.

The examiner has identified the following defects in the application.

Claims 1 - 38 do not comply with section 28.3 of the Patent Act. These claims are directed to
subject-matter that would have been obvious at the claim date to a person skilled in the art or
science to which it pertains having regard to D1 in view of D2 — D4. The subject matter of these
claims is the combination of the following three entities to form an antibody-drug conjugate (ADC;
please see the present description, paragraphs 12 and 13):

1. an Her3 antibody,

2. exatecan (a cytotoxic drug), and

3. a linker that links the Her3 antibody to exatecan.

With regard to the above, Her2 antibodies are old and known. In fact, a simple search finds
numerous disclosures in the Canadian Patent Database of treatment of disease with the U1-59
antibody. Please see D1.

Likewise, exatecan is and old and known drug, which is conjugated to an antibody via linker to
treat disease. Please see D2. Exatecan is also conjugated to other molecules to treat disease.
Please see D3 and D4.

Linkers that link an antibody to a drug are old and known. For example, please see the Written
Opinion of the PCT for WO2015098099, and prosecution before the EPO for corresponding
EP3088419, and before the USPTO for 15/187179, for examples of disclosures of linkers prior to
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the claim date of the present application. For example, disclosures in the above, for e.g., D4 —
D6 before the EPO, wherein EPO’s D6 is D4 cited herein, disclose a GGFG tetrapeptide linker to
link exatecan to a biomolecule carrier. A protease in vivo cleaves and releases exatecan from
the carrier. Moreover, a linker is a simple molecule that is devised to hold a drug onto an
antibody (please see description for D1 under “Documents Applied”. Linkers are well known,
and the chemistry for generating and testing these are also common general knowledge; hence,
in the realm of linking a known antibody to a known drug, a linker is a trivial feature. Hence,
Applicant cannot lay claim to every Her3 antibody (known, and yet to be developed) and the
known exatecan as an antibody-drug conjugate by specifying a trivial feature — a linker.
Moreover, GGFG tetrapeptide on its own suffices to link exatecan to a carrier; hence, there is no
further invention in adding other molecules in addition to GGFG to arrive at a different linker; i.e.,
there is no inventive advantage to such a linker with added-on molecules.

Therefore, it would be obvious to one skilled in the art to link an Her3 antibody (disclosed in D1) to
exactecan (disclosed in D2 — D4) via any linker that will hold the antibody to exatecan as
disclosed in D1 including a linker comprising GGFG disclosed in D4 (see also the previous
paragraph for further disclosures of linkers) to arrive at the subject matter of these claims.
Therefore, the subject matter of each of claims 1 — 38 is obvious, and fails to comply with section
28.3 of the Patent Act.

The application does not comply with subsection 36(1) of the Patent Act as the claims are directed
to more than one invention. The phrase “one invention only” in section 36 of the Patent Act, when
understood in its full context and in view of section 36 of the Patent Rules, has a meaning
equivalent to “one invention only or to a group of inventions so linked as to form a single general
inventive concept” in Rule 13.1 of the Regulations Under the PCT.

Identifying a defect arising from non-compliance with the requirements of section 36 of the Patent
Act does not contravene PCT article 27(1).

Following an evaluation of the claims, the examiner has identified that the claims are directed to
the following groups of inventions:

Group A - Claims 1 - 34 and 36 - 38 (all partial), and claim 35 (whole), directed to an
Her3-binding antibody known by its arbitrary designation as U1-59, has full-length heavy
and light chains represented by SEQ ID NOs 583 and 584, has VH and VL represented by
SEQ ID NOs 70 and 72, and CDRs in the VH represented by SEQ ID NOs 562 to 564, and
CDRs in the VL represented by SEQ ID NOs 565 to 567; and

Groups Undetermined - Claims 1 - 34 and 36 - 38 (all partial), directed to an
undetermined number of Her3-binding antibodies.

The following are all old and known: (1) anti-Her3 antibody U1-59 (see, for example, D1); (2)
conjugates of exatecan and its derivatives linked to an antibody or biomolecule to form a
conjugate, which conjugate treats disease (D2 — D4); and (3) organic molecule and peptide
linkers that link an antibody to a drug (D1, D2 and D4). Applicant is referred to the indication
above for lack of an inventive step. Hence, there is no inventive special technical feature that will
link the subject matter in the claims into a single invention. Please note that linkers are well
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known, and the chemistry for generating and testing these are also common general knowledge;
hence, in the realm of linking a known antibody to a known drug, a linker is a trivial feature that
cannot serve as an inventive special technical feature.

According to subsection 36(2) of the Patent Act, after limiting the claims of the present application
to one invention only, the applicant may make any other invention disclosed the subject of a
divisional application. The applicant is advised that once an election has been made, further
prosecution of the present application will be limited to the invention so elected.

Claims 1, 10, 11, 14 and 16 are indefinite and do not comply with subsection 27(4) of the Patent
Act. The language used to indicate the positions on the molecules on which they are found, and
the attachment sites on the linker, antibody and exatecan, are so unclear that it is not possible to
clearly discern where exactly the linker is attached to the antibody, and where exactly the linker is
attached to exatecan (claims 1, 14 and 16). Please see page 227, lines 6, 7, 11 and 12; page
228, last two lines; page 232, lines 8 — 11; page 234, lines 5, 6, 10 and 11; and page 235, lines 11
and 12.

Also, in claims 10 and 11, the following phrases cause a lack of clarity, respectively: “partial
structure having a chain length of 4 to 7 atoms” (claim 10) and “partial structure having a chain
length of 5 or 6 atoms” (claim 11).

Claims 1 — 4, 14 and 16 are indefinite and do not comply with subsection 27(4) of the Patent Act.
The term “residue” does not serve to correctly and clearly define a peptide, and causes a lack of
clarity to each of claims 1 — 4, 14 and 16. In the art, this term is used to refer to a single amino

acid. On the contrary, a peptide is made of a plurality of amino acids.

Claims 1, 3, 12 — 16 and 20 are indefinite and do not comply with subsection 27(4) of the Patent
Act. Absence of an appropriate conjunction at the following locations causes a lack of clarity to
each of claims 1, 3, 12— 16 and 20: page 228, between lines 8 and 9; page 229, between lines 16
and 17; page 230, between lines 17 and 18, and between lines 22 and 23; page 232, between
lines 3 and 4; page 233, before line 3, and between lines 11 and 12; page 235, between lines 7
and 8; and page 236, between lines 9 and 10.

In view of the above, the groups in claims 3, 14 and 15 are not defined correctly (see section
11.11 of the Manual of Patent Office Practice).

Claims 1, 14, 16, and 21 — 23 are indefinite and do not comply with subsection 27(4) of the Patent
Act. The following lack clear antecedence, and cause a lack of clarity to the corresponding
claims:

“the linker structure” (claims 1, 14 and 16);
“the drug-linker structure moiety” (claim 14); and
“the selected one drug-linker structure” (claims 21 — 23).

Claims 11 and 13 are indefinite and do not comply with subsection 27(4) of the Patent Act. The
term “followings” causes a lack of clarity to each of claims 11 and 13.
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Claims 14 and 16 are indefinite and do not comply with subsection 27(4) of the Patent Act.
Stating a different number for the same formula causes a lack of clarity to claims 14 and 16, as it
gives the impression that Formulae 3, 5 and 6 are different from the corresponding ones in claim
1.

Claims 14, 15 and 21 — 23 are indefinite and do not comply with subsection 27(4) of the Patent
Act. The expression “one drug-linker structure” is not correctly and fully defined, and causes a
lack of clarity to each of claims 14, 15 and 21 — 23; it is unclear what exactly it signifies in the
antibody-drug conjugate. In this regard, the relationship of “the drug-linker structure moiety” and
“one drug-linker structure” within the antibody-drug conjugate should be defined at first instance in
every set of claims that depend from an independent claim.

Claims 24 - 26, 30, 31, 37 and 38 are indefinite and do not comply with subsection 27(4) of the
Patent Act. The term “medicine” is vague and imprecise, and does not serve to correctly and
clearly define the intended subject matter. Please note that the term “drug” is already present in
the expression “antibody-drug conjugate”, and will cause a lack of clarity if used to replace the
term “medicine”.

Claims 26, 28, 30 and 38 are indefinite and do not comply with subsection 27(4) of the Patent Act.
The expression “is applied” is an active step in a method of medical treatment, and causes a lack
of clarity to each of claims 26, 28 and 38. For a similar reason, the phrase “is used” in claim 30
(line 3), can be taken to cause a similar lack of clarity.

It follows that claims 26, 28, 29, 30 and 38 encompass subject-matter that lies outside the
definition of “invention” and do not comply with section 2 of the Patent Act. The defined method
is a method of medical treatment and is consequently not a statutory “art” or “process” (see
section 17.02.03a of the Manual of Patent Office Practice).

Claims 27, 31 and 36 are indefinite and do not comply with subsection 27(4) of the Patent Act.
The article “an” in “an active ingredient” implies, but does not clearly specify, the presence of other
active ingredients.

Claim 31 is indefinite and does not comply with subsection 27(4) of the Patent Act. The phrase
“even an additional medicine as an active ingredient” lacks clarity (claim 31).

Claim 33 is indefinite and does not comply with subsection 27(4) of the Pafent Act. The
preposition “on” in the phrase “on the heavy and light chains” causes a lack of clarity. Please see
claim 32.

Claim 34 is not fully supported by the description and does not comply with section 84 of the
Patent Rules. There is no SEQ ID NO: 33 in the sequence listings of amino acid sequences.

Claim 35 unnecessarily refers to the drawings and does not comply with subsection 86(1) of the
Patent Rules. Features of the invention should not, unless required, rely on references to the
description or drawings. The technical features being defined can be defined in terms of the
stated SEQ ID NOs; hence, reference to the drawings is not required. In particular, references
such as “(Figure 1)” and “(Figure 2)” should be removed.

10
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The description contains statements that incorporate by reference other documents and does not
comply with subsection 81(1) of the Patent Rules. Several such statements are found in the 19
description, and should be removed.

The description does not comply with section 76 of the Patent Rules, which requires that

trade-marks mentioned in the application be identified as such. If “Sephadex” in paragraph 123, 20
“Triton” in paragraph 268, “Celite” in paragraph 241 and “Tween-20” in paragraph 268 are

trade-marks, they must be so identified.

In view of the foregoing defects, the applicant is requisitioned, under subsection 30(2) of the
Patent Rules, to amend the application in order to comply with the Patent Act and the Patent
Rules or to provide arguments as to why the application does comply.

Under section 34 of the Patent Rules, any amendment made in response to this requisition must
be accompanied by a statement explaining the nature thereof, and how it corrects each of the
above identified defects.

Jacinth Abraham
Patent Examiner (Section B2)
819-639-7687

As per CIPO Client Service Standards, a response to a telephone enquiry or voice mail should be
provided by the end of the next business day. In the event that attempts to reach the examiner are
unsuccessful, the examiner's Section Head, Dr. Robert Rymerson, can be reached at
819-743-2713.

For general inquiries: 1-866-997-1936 or for more options see
hitnAwwwe. e go.ca/aig/site/cipointernet-internaiopic. nst/eng/ wrGG008 . himi.

CIPO values your feedback and invites you to complete a short and anonymous ongoing survey
on patent examination products and services. You can access the survey at the following link:
hilpic.sondages-suveys.cas/SCR-ORSlangeng.

2939802A_jab.docm
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Examination Search Report

Application No. 2,939,802 Search Report Date | 2017-08-24
Title ANTI-HER3 ANTIBODY-DRUG CONJUGATE
Examiner Jacinth Abraham Search Conducted? | Yes

File Wrapper Reviewed Status of Prosecution
2017-08-24

2017-08-24

Family Member
US2017021031A1
EP3129063A1

In Progress

In Progress

Claims Searched 1-38

Type of Search Conducted (select all that apply):

2017-08-24

Date of Search

Canadian first to file search Supplemental/top up search

Inventor/applicant search Non laid open search

Comprehensive search In-house searcher

Search History from Databases Consulted:

##### CANADIAN PATENT DATABASE/INTELLECT H###H#H#HH
"Ul-59" <AND> publication-date <= 2014-04-10

("U1l-59" <AND> exatecan) <AND> publication-date <= 2014-04-10
(antibody <AND> exatecan <AND> conjugate) <AND> publication-date <= 2014-04-10

(antibody <AND> exatecan <AND> GGFG <AND> linker <AND> conjugate)
<= 2014-04-10

<AND> publication-date

(GGFG <AND> linker <AND> antibody <AND> conjugate) <AND> publication-date <= 2014-04-10

(GGFG <AND> linker <AND> conjugate) <AND> publication-date <= 2014-04-10

((Daiichi <OR> U3) <IN> interested-party) <AND> linker <AND> conjugate <AND> GGFG
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##### STN CAplus, Medline, DWPI, EMBASE, Biosis, CANPATFULL, USFULL, EPFULL and
PCTFULLHH##H#HHEHEH

pd<20140410 AND (antibody AND exatecan AND GGFG AND linker AND conjugate)

pd<20140410 AND (exatecan AND GGFG AND linker AND conjugate)

pd<20140410 AND (antibody AND exatecan AND linker AND conjugate)

pd<20140410 AND (antibody AND exatecan AND linker AND conjugate AND Her3)

pd<20140410 AND (antibody AND exatecan AND linker AND conjugate AND succinimid*)

pd<20140410 AND (antibody AND exatecan AND linker AND conjugate AND succinimid* AND GGFG)

##### GOOGLE HH##HH#####

(succinimid-3-yl-N)-Ch2Ch2Ch2-C (=0) -GGFG-NH-CH2CH2-C (=0) - (NH-DX)

##### GENOMEQUEST ##########

Audit trail

Report generated on the 24 Aug 2017 : 18:24 (EDT)
Queries: download queries

Title CA2939802 U1l-59 Ab CDRs, VH, VL, HC and LC
Description

Owner and Launch Date This run is launched by Jacinth Abraham at 2017-08-24 14:30:54,
and its status is FINISHED, at 2017-08-24 14:36:27.

Location It is located at [My Datal.

Workflow IP. Total Nb. of Results: 5000. Storage size: 215.54 MB. (Id: 3414007, See
Log)

Query Database

Protein Databases (10 sequences):

Database Version Release Date Database Status

.query database 20170824 2017-08-24 14:30:54 Most Recent
Subject Database

No nucleotide database selected.

Protein Databases (117,707,210 sequences):
Sequences with length less than 6 or more than 100,000 are not searched.
Database Version Release Date Database Status

GQO-Pat GoldPlus Protein - Patent sequences 20170821 2017-08-21 10:22:53 M
GO-Pat Platinum protein - Patent sequences 20170821 2017-08-21 10:20:36 M
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Thomson—-Reuters Geneseq - Protein sequences 201716 2017-08-12 02:54:1¢6 M
Protein Data Bank - protein segs 20170822 2017-08-22 14:00:14 Most Recent
Genpept - Translated Genbank 220 2017-08-15 12:16:59 Most Recent

Search Strategy

The search strategy was GenePAST.

This strategy fits the shorter sequence (query or subject) into the longer one, keeping
the number of mismatches and gaps to a minimum.

Alignments with less than 80% identity over query are discarded.

Keep Best Alignments Best 500 alignments are kept.

Version 9



OnCusp
5158 of 14295 Ex. 1002

*:‘P The State Intellectual Property Office of People’s Republic of China

100020 Issuing Date:
JE R HIRH X AR =P B 1 SIRBR R LI AR 20 B bR
7 Sk AR I 5 55
(R DS

Application No. or Pubilcation No.:201380053256.2 Issue No.:

Applicant or Patentee: DAIICHI SANKYO COMPANY, LTD.

Title of Invention: Antibody-drug conjugate

The First Office Action
(PCT Application Entering the National Phase)

1. XlUpon the request of substantive examination of the applicant, in accordance with Article
35.1 of the Patent Law, the State Intellectual Property Office performs the substantive
examination for the aforesaid application for a patent for invention.

[OIn accordance with Article 35.2 of the Patent Law, the State Intellectual Property Office
proceeds to examine the aforesaid application for a patent for invention as to its substance
on its own initiative.

2. XIThe applicant requests on the basis of:

JP BRI HER 2012 45 10 F 11 BAises .
3. OUpon examination, the amendment submitted by the applicant on , shall not be
accepted for not in conformity with Rule 51.1 of the Implementing Regulations of the Patent
Law.
4. OJExamination is proceeded on the basis of Chinese document or the Chinese translation of
the original filing international application.

XExamination is proceeded on the basis of the following applicant documents:

RIEL R EVESRLIE 28 KB E S 41 KRS LA ER S 1-49 I;

2015 45 4 H 10 HAZAZ R U P 28 1-22 iR DOEA P42, BIEHEEE 1-7, 22-2581 EX. UiBlFkxE

M AN EL PR ST 5138 5

2015 4 9 H 6 HIZZZ A5 8-21 B,
5. XIThe following reference documents are cited in this Office Action(the serial number(s) of

which will be used in follow—on examination)
publication date
No. Document number or Document title (or application date of the
conflicting application)
20090722
1 CN 101490087A

6. Conclusive opinions of the examination:
About the description:

210402
2010.2
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OThe application falls into the scope of subject matter which is nonpatentable
according to Article 5 of the Patent Law.

[OThe description fails to comply with the provisions of Article 26.3 of the Patent Law.

[OThe description fails to comply with the provisions of Article 33 of the Patent Law.

[OThe drafting of the description fails to comply with Rule 17 of the Implementing

Regulations of the Patent Law.

o
About the claims:
[OThe claim(s) fail(s) to comply with the provisions of Article 2.2 of the
Patent Law.
OThe claim(s) fail(s) to comply with the provisions of Article 9.1 of the
Patent Law.
OThe claim(s) fail(s) to comply with the novelty requested by Article 22.2 of

the Patent Law.

XThe claim(s) 1-33fail(s) to comply with the inventive steps requested by Article 22.3
of the Patent Law.

OThe claim(s) fail(s) to comply with the applicability requested by Article
22.4 of the Patent Law.

XIThe claim(s) 34 fall(s) into the scope of subject matter which is nonpatentable
according to Article 25 of the Patent Law.

OThe claim(s) fail(s) to comply with the provisions of Article 26.4 of the
Patent Law.

XThe claim(s) 1-49 (BEARZS WiEEIFHIE) fail(s) to comply with the provisions of
Article 31.1 of the Patent Law.

[OThe claim(s) fail(s) to comply with the provisions of Article 33 of the
Patent Law.

OThe claim(s) fail(s) to comply with the provisions of Rule 19 of the
Implementing Regulations of the Patent Law.

[OThe claim(s) fail(s) to comply with the provisions of Rule 20 of the
Implementing Regulations of the Patent Law.

OThe claim(s) fail(s) to comply with the provisions of Rule 21 of the
Implementing Regulations of the Patent Law.

[OThe claim(s) fail(s) to comply with the provisions of Rule 22 of the
Implementing Regulations of the Patent Law.

|

[OThe application fails to comply with the provisions of Article 26.5 of the Patent Law or
Rule 26 of its Implementing Regulations.

[OThe application fails to comply with the provisions of Article 20.1 of the Patent Law.

[OThe divisional application fails to comply with the provisions of Rule 43.1 of the
Implementing Regulations of the Patent Law.

The detailed analyvses of the above conclusive opinions refer to the text of this Office
Action.

7. On the basis of the conclusive opinions, the examiner suggests:

[OThe applicant should amend the application documents according to the text of this Office
Action.

XIThe applicant should state the reasons why the patent application should be granted in the
observation, and amend the part which fails to comply with the provisions according to this
Office Action; otherwise the patent application should not be granted.

[OThe substantive content that might be granted can not be found in the application, if the
applicant does not state the reasons or the stated reasons are not sufficient, the application
shall be rejected.

O
8. The applicant should pay attention to the followings statements:

(1) In accordance with Article 37 of the Patent Law, the applicant should submit the
written opinion within four months from the date of receipt of this Office Action. If, without
any justified reason, the time limit for reply is not met, the application shall be deemed to
have been withdrawn.

(2) The amendment of the application document by the applicant should be in conformity with

210402
2010.2
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Article 33 of the Patent Law, and it should not exceed the scope specified in the initial
description and claims. Meanwhile, the amendment of the application document by applicant
should be in conformity with Rule 51.3 of the Implementing Regulations of the Patent Law, and
in accordance with this Office Action.

(3) The written opinion and/or amendment document of the applicant should be sent by mail
or submitted directly to the Receiving Division of the Patent Office of the State Intellectual
Property Office, otherwise it will be considered to have no legal effect

(4) Without appointment, the applicant and/or the agent should not come to the Patent
Office of the State Intellectual Property Office to have an interview with the examiner.

9. The text of this Office Action has _7 pages, and the attachments are as follows:

[OThe total number of copies of the reference documents cited is copies and
pages.
(4
Name of the Examiner: 2= 32 7% Tel:020- Examination Department: % Fl| 8§ £ B E 4R A0
28950489 R H ) R B A
210402

2010.2
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First Office Action

(PCT Appication of Entering the National Phase)

Application Number:2013800532562

This application relates to antibody - medicine conjugate. Through the examination. Draw following
examination reports at present.,

—. The unicity.

This application relates to following 3 and compiles and publishes the Ming Dynasty.

(1 ) claim 1-34. Relate to antibody - medicine conjugate., Relevant medicine., Anticancer drugs.,
Pharmaceutical composition and treatment method., Medicine wherein is antitumor nature compound., Shown
antitumor nature compound and antibody via following formula., The articulate of the shown structure of - L1-L2-
LP-NH- (CH2) nl-La-Lb-Lc¢- forms., Wherein., Antibody is connected in Llchar(39)s end., The amino nitrogen-
atoms that antitumor nature compound used 1 is for connecting the position., Connect in Lcechar(39)s end wherein L1
express - (succinimide - 3- base - N) (CH2) n2-C (O)., -CH2-C(=0)-NH-(CH2)n3-C(=0)- -C(=0)-cyc.Hex(1 4)-
CH2-(N-ly-3-diminiccuS)- Or - C (O) (CH2) n4-C (O)., Wherein., N2 expresses 2-8char(39)s integer., N3 expresses
1-8char(39)s integer., N4 expresses 1-8char(39)s integer.

(2 ) claim 35-48. Relate to medicine - joint midbody compound Q- (CH2) nQ-C (O) L2a-LP-NH- (CH2) nl-
La-.Lb-Lc-(NH-DX) Q wherein expresses (maleimide - N- base)., HS- X-CH2-C(=0)-NH- Or (pyrrolidine - 2., 5-
diketone - N- base), O-C (O)., X expresses bromine atom or iodine atom., NQ expresses 2-8char(39)s integer.

(3) claim 49 relates to - shown the connecing of L1-L2-LP-NH- (CH2) nl-La-Lb-Lc-.The head. It is used for
obtaining via connecting antibody - the medicine conjugate that is formed by connecting medicine and antibody.,
Wherein L1 expresses - (succinimide - 3- base - N) (CH2) n2-C (O)., -CH2-C(=0)-NH-(CH2)n3-C(=0)- -C(=0)-
cyc.Hex(1 4)-CH2-(N-ly-3-diminiccuS)- Or - C (O) (CH2) n4-C (O)., Wherein., N2 expresses 2-8char(39)s integer.,
N3 expresses 1-8char(39)s integer., N4 expresses 1-8char(39)s integer.

Above-mentioned 3 compile and publish only have the same or corresponding technical characterictic between
the bright technical scheme char(39) be used for be connected medicine and antibody joint design char(39). Yet. 1
(CN101490087 A of contrast file., 2009.07.22) disclose a joint design., char(39) connect char(39) (L) antibody -
medicine conjugate for can be used to connect one or more medicine modules (D) and antibody unit (Ab) formation
general formula I.(ADC), difunctional or multi-functional module (seeing the Ist section the 148th page of
reciprocal in contrast 1 description of file). ., It is thus clear that above-mentioned the same or corresponding

technical characterictic char(39) be used for be connected medicine and antibody joint design char(39) not the

210402
2010.2
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technical characterictic of making contributions to the prior art., Not specific technical characterictic promptly.
Consequently, Relate to char(39) be used for be connected medicine and antibody joint design char(39) the technical
scheme between do not have a the same or corresponding specific technical characterictic., Do not belong to a total
inventive concept., It is unrelated in the technique., Consequently, does not possess the unicity., Be not conform to

the regulation of the 31st the 1st section of patent law.

. Compile and publish bright examination reports as follows to first.

1, claim 34 belongs to the diagnosis and the treatment method of the said disease of the 25th the 1st section (3)
item of patent law. Can not be granted patent.

The ask for protection treatment method of tumour and / or cancer of claim 34. This method is for making the
human body or the animal body that have life recover or obtain healthily or reduce painfully., Block., The process of
the cause of disease or focus is alleviated or eliminated., The diagnosis and the treatment method that belong to the

said disease of the 25th the 1st section (3 ) item of sharp method., Therefore can not be granted patent.

2. Claim 1 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 1 antibody - the medicine conjugate of asking for protection. Be 1 as nl. L1 is - (succinimide - 3- base -
N) (CH2) n2-C (0)., N2 is 5., L2 and La and Lb are the single bond., Lc is - during C (O)., Contrast file 1 discloses
following structure., Wherein R17 is - (CH2) 5-., Ab is the antibody unit., D is the medicine module., Ww is the
amino acid unit., Yy is that the space group unit (sees the lst section the 148th page of reciprocal in contrast 1
description of file., The 149th page of reciprocal 3-11 1s capable., The 151st page of reciprocal is the 3rd section to
the 152nd page the 1st section). The technical scheme that claim 1 was asked for protection is compared with 1
disclosed technological content of contrast file. The difference lies in that (1) claim 1 has prescribed a limit to the
concrete type of medicine. The mode of medicine with the articulate has been prescribed a limit to to (2 ) claim 1.
Lp and Lcchar(39)s concrete structure has still been prescribed a limit to to (2 ) claim 1. The actual technical
matters of solving of claim 1 provides another kind of antibody - medicine conjugate.

To distinguishing characteristics (1 ) . Contrast file 1 discloses the invention provides immune conjugate or
antibody - the medicine conjugate that contains the coupling and have the antibody of cell toxic agent., Said cell toxic
agent includes the chemotherapeutic agent. And multiple chemotherapeutic agent has been enumerated. Analog
including the camptothecin asks the pool for the well-being., Y1 Li (sees the 2nd section the 22nd page of reciprocal

in contrast 1 description of file for the well-being., The 72nd page the 3rd section). Though the said antitumor nature

210402
2010.2



OnCusp
5163 of 14295 Ex. 1002

*'f IP The State Intellectual Property Office of People’s Republic of China

compound of contrast 1 unexposed claim 1 of file. Nevertheless the antitumor nature compound of claim 1 also is the
common camptothecin derivant in this field., Those skilled in the art expect the type according to the cancer easily.,
Concrete therapeutic schedule., Be used for preparing said antibody - medicine conjugate through the suitable
antitumor nature compound of limited experimental selection., The technological effect of its reinforcing medicine
curative effect can be expected.

To distinguishing characteristics (2 ) - (3 ) . It is dipeptide - seven peptide unit that contrast file 1 discloses
Ww., And the sept unit can select - Gly-Gly- or - Gly- (sees the 8th line contrast the 153rd page of reciprocal in 1
description of file., The 155th page the 3rd section). It is thus clear that. Yy in contrast file 1 formula II is - Gly-Gly-
or - during Gly-., Be equivalent to that the Lc in the claim 1 is - C (O)., And make the antitumor nature compound to
connect in Lc terminally with 1 amino nitrogen-atoms. It is thus clear that. Those skilled in the art select Lp and
Lechar(39)s concrete structure easily in 1 disclosed technological content of contrast file., Its technological effect of
connecting antibody and medicine can be expected.

In sum. The known general knowledge that combines this field on the basis of contrast file 1 technical scheme in
order to obtain claim 1 and ask for protection., Conspicuous as far as those skilled in the art., Claim 1 does not
possess outstanding substantive characteristics and remarkable progress., Be not conform to the regulation of the

22nd the 3rd section of patent law.

3. Claim 2-14 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 1 1s quoted to claim 2. Further prescribe a limit to Lpchar(39)s peptide residue. Yet. Contrast file 1 still
discloses the amino acid unit and has included the dipeptide, kyrine, tetrapeptide, or pentapeptide. The dipeptide of
illustration nature includes. Valine - citrulline (vc or val-cit). Alanine - phenylalanine (af or ala-phe). The kyrine of
illustration nature includes. Glycine - valine - citrulline (gly-val-cit) and glycine - glycine - glycine (gly-gly-gly). The
amino acid residue that constitutes amino acid joint member can be including the amino acid residue of natural
existence. And there are the amino acid analog in less important amino acid and non-natural., Such as citrulline
(seeing the 3rd section the 154th page of reciprocal in contrast 1 description of file). . It is thus clear that. The peptide
that contrast file 1 disclosed the amino acid unit can be sclected from the phenylalanine., The glycine., The valine.,
The citrulline., And the amino acid of other types also is the conventional selection of amino acid joint design.

Claim 1 is quoted to claim 3. The further structure that connects of prescribing a limit to. Yet. Contrast file 1
discloses La and Lb is the single bond., Lc 1s - C (O)., And Lp can be for tetrapeptide (seeing the examination

reports of claim 2). .
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Claim 1 is quoted to claim 4. The further structure that connects of prescribing a limit to. Yet. Contrast file 1
discloses La and Lb is the single bond., Lc 1s - C (O)., And Lp can be for tetrapeptide (seeing the examination
reports of claim 2). ., Though 1 unexposed GGFGchar(39)s of contrast file tetrapeptide residue., Nevertheless it
discloses said amino acid unit and can be sclected from G and F., Those skilled in the art are easily through the
limited experimental shown amino acid unit of GGFG that obtains., It is connected the effect and can expect.

Claim 1 is quoted to claim 5. Further prescribe a limit to L1char(39)s structure. Yet. Be at 5 ochar(39)clock as
n2., Contrast file 1 discloses structure - (succinimide - 3- base - N) (CH2) n2-C (O)., Contrast file 1 still discloses the
structure., Wherein R17 (sees the 2nd line the 152nd page of reciprocal in contrast 1 description of file for - (CH2) 5-
., The 153rd page of reciprocal is the 8th line)., Structure - CH2-C (O) NH- (CH2) n3-C (O) is disclosed promptly.

Claim 1 is quoted to claim 6. Further prescribe a limit to Llchar(39)s structure. Please see the examination
reports of claim 5.

Claim 1 is quoted to claim 7. Further prescribe a limit to Llchar(39)s structure. Yet. 1 selection of having
instructed multiple extension unit of contrast file., Including - (CH2CH2O) r- (seeing the 150th page the 1st section
in 1 description of contrast file). ., As r > 1 ochar(39)clock., Contained promptly - C (O) (CH2) n4-Cchar(39)s (O)
structure.

Claim 1-6 is quoted to claim 8. Further prescribe a limit to the integer that n2 is 2-5., L2 is the single bond. Yet.
Contrast file 1 discloses n2 and has been 5., L2 is single bond (secing preceding examination reports). .

Claim 1-6 is quoted to claim 9. Further prescribe a limit to n2 and L2. Yet. Contrast file 1 discloses as 5 (seeing
preceding examination reports). . 1 selection of still having instructed multiple extension unit of contrast file.
Including - (CH2) rC (O) NRb (CH2CH2O) r- (seeing the 150th page the 1st section in 1 description of contrast file).
., When r=3., Contained promptly - NH- (CH2CH20) n5-CH2-CH2-Cchar(39)s (O) structure.

Claim 10-11 quotes claim 1-7 respectively. Further prescribing a limit to - NH- (CH2) nl-La-Lb-Lc-char(39)s
atom number. Yet. The Lc excellent choice (seeing the 155th page of 2-3 section in contrast 1 description of file).
that contrast file 1 disclosed., Those skilled in the art obtain the partial structure of the said number of the atoms
purpose chain length of claim 10-11 easily through limited experiment., Its technological effect can be expected.

Claim 1-7 is quoted to claim 12. Further prescribing a limit to - NH- (CH2) nl-La-Lb-Lc-char(39)s structure.
Yet. 1 selection of still having instructed multiple extension unit of contrast file., Including - (CH2) rC (O) NRb
(CH2CH20) r- (seeing the 150th page the 1st section in 1 description of contrast file). ., It is thus clear that wherein
contained - NH-., -(CH2)rC(O)- - CH2CH2O-char(39)s structure., Those skilled in the art carry out conventional the

transformation in order to obtain this claim several kinds of said structures to above-mentioned structure easily., Its
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technological effect can be expected.

Claim 13-14 all further prescribes a limit to specific joint design. Yet. The extension unit has been instructed to
contrast file 1., The selection of amino acid unit., And DXchar(39)s enlightenment has been given to select., Those
skilled in the art obtain the said antibody of claim 13-14 - medicine conjugate through limited experiment easily.,
Antibody - medicine conjugate that contrast file 1 provided has the technological effect of dwindling internal tumour
volume equally., The said conjugate of claim 13-14 does not possess unexpected technological effect (seeing 1
embodiment part of contrast file). .

In sum. When its claim of quoting does not possess creativeness., It does not possess outstanding substantive
characteristics and remarkable progress to subordinate to claim 2-14 yet., Be not conform to the regulation of the

22nd the 3rd section of patent law.

4. Claim 15 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 15 antibody - the medicine conjugate of asking for protection. Be 1 as nl. N2 is 5., When L2 and La and
Lb are the single bond., Contrast file 1 discloses following structure., Wherein R17 is - (CH2) 5-., Ab is the antibody
unit., D is the medicine module., Ww is the amino acid unit., Yy is that the space group unit (sees the 1st section the
148th page of reciprocal in contrast 1 description of file., The 149th page of reciprocal 3-11 is capable., The 151st
page of reciprocal is the 3rd section to the 152nd page the 1st section)., It is thus clear that contrast file 1 open -
(succinimide - 3- base - N) (CH2) 5-C (O) is connected to antibody via the thioether bond., And - (succinimide - 3-
base - N) 3 are connected with antibody., On 1 nitrogen-atoms with the joint design that contains this structure in the
methene be connected. The technical scheme that claim 15 was asked for protection is compared with 1 disclosed
technological content of contrast file. The difference lies in that (1) claim 15 has prescribed a limit to the concrete
type of medicine. (2 ) claim 15 still prescribes a limit to - and (succinimide - 3- base - N) (CH2) n2-C (O) is via
being present in.The thioether bond that forms in the disulfide bond of the hinge portion of the antibody part and be
connected to antibody. And Lp and Lcchar(39)s concrete structure. The actual technical matters of solving of claim
15 provides another kind of antibody - medicine conjugate.

To distinguishing characteristics (1 ) . Contrast file 1 discloses the invention provides immune conjugate or
antibody - the medicine conjugate that contains the coupling and have the antibody of cell toxic agent., Said cell toxic
agent includes the chemotherapeutic agent. And multiple chemotherapeutic agent has been enumerated. Analog
including the washing room asks the pool for the well-being., Y1 Li (sees the 2nd section the 22nd page of reciprocal

in contrast 1 description of file for the well-being., The 72nd page the 3rd section). Though the said antitumor nature
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compound of contrast 1 unexposed claim 15 of file. Nevertheless the antitumor nature compound of claim 15 also is
the common camptothecin derivant in this field., Those skilled in the art expect the type according to the cancer
easily., Concrete therapeutic schedule., Be used for preparing said antibody - medicine conjugate through the suitable
antitumor nature compound of limited experimental selection., The technological effect of its reinforcing medicine
curative effect can be expected.

To distinguishing characteristics (2 ) . Structure that contrast file 1 disclosed L1 with and antibody is connected
to through the thioether bond., Those skilled in the art influence Fab and regional its function of performance of Fc of
antibody in order to avoid sterically hindered., Expect casily being connected the disulfide bond part that connects
with the hinge area., Its technological effect can be expected. It is dipeptide - seven peptide unit that contrast file 1
still discloses Ww. And the sept unit can select - Gly-Gly- or - Gly- (sees the 8th line contrast the 153rd page of
reciprocal in 1 description of file., The 155th page the 3rd section). It 1s thus clear that. Yy in contrast file 1 formula
II is - Gly-Gly- or - during Gly-., Be equivalent to that the Lc in the claim 1 is - C (O)., And make the antitumor
nature compound to connect in Lc terminally with 1 amino nitrogen-atoms. It is thus clear that. Those skilled in the
art select Lp and Lcchar(39)s concrete structure easily in 1 disclosed technological content of contrast file., Its
technological effect of connecting antibody and medicine can be expected.

In sum. The known general knowledge that combines this field on the basis of contrast file 1 technical scheme in
order to obtain claim 15 and ask for protection., Conspicuous as far as those skilled in the art., Claim 15 does not
possess outstanding substantive characteristics and remarkable progress., Be not conform to the regulation of the

22nd the 3rd section of patent law.

5. Claim 16-21 is not conform to the regulation of the 22nd the 3rd section of patent law.

Claim 15 is quoted to claim 16. Further prescribe a limit to n2, L2, La, Lbchar(39)s structure. Yet. Contrast file
1 discloses n2 and has been 5., L2 is single bond (seeing preceding examination reports). . 1 selection that still
discloses multiple extension unit of contrast file. Including - (CH2) rC (O) NRb (CH2CH20) r-CH2- (seeing the
150th page the 1st section in 1 description of contrast file). ., Be at 1 ochar(39)clock as r., It has included the second
kind structure that this claim was prescribed a limit to.

Claim 15 is quoted to claim 17. Further prescribe a limit to n2, L2char(39)s structure. Yet. Contrast file 1
discloses n2 and has been 5., L2 is single bond (seeing preceding examination reports). .

Claim 15 is quoted to claim 18. Further prescribe a limit to n2, L2char(39)s structure. Contrast file 1 discloses

n2 and has been 5. (seeing preceding examination reports). Yet. 1 selection of still having instructed multiple
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