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o,

AE WA BA PP EAEH TR PH CN 1037725044 F 45
BAO3, H¥E&FH AR ERPIE PRSI, ERESHLSGFFILT:

FTHRTEELAEH N

QVQLOESGPGLYVKPSETLSLTCTVSGFSLSNYDVHWVRQAPGKG
LEWLGVIWSGGNTIDYNTPFTSRLTISVDTSKNQFSLKLSSVTAADTAY
YYCARALDYYDYEFAYWGQGTLVTVSS (SEQIDNO: 1) .

P FRILHES 456 CORL (SEQ ID NO: 5) . CDR2 ( SEQ ID NO:
6) . CDR3 {(SEQIDNO: 7} ;

AT RLKHS545% FR1I (SEQID NO: 8) . FR2 (SEQID NO: 9) .
FR3 (SEQIDNO: 10) . FR4 (SEQIDNO: 11) .

BETEEIRFFIN:

EIVLTQSPDFQSVTPKEKVTITCRASOQSIGTNIHWYQOQKPDQSPKL
LIKYASESISGIPSRFSGSGSGTDFTLTINSLEAEDAATYYCQONNEWPT
SFGQGTELEIK (SEQIDNG: 2) .

R FRILESSHS CDRI(SEQ ID NO: 12) . CDR2 (SEQ ID NO:
13) . CDR3 (SEQID NQO: 14) ;

AT REESSHH FR1I{SEQ ID NO: 15) . FR2(SEQ ID NO: 16) .
FR3 (SEQIDNO: 17) . FR4 (SEQID NO: 18) . .

FHEETRAER S

ASTEGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLOSSGLYSLASVVTVPSSSLGTOTYICNVNHKPSNTKVD
KRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRE
EMTEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSF
FLYSKLTVDEKSRWOQOGNVFSCSVMHEALHNHYTQKSLSLSPGK ( SEQ
IDNG: 3.

BHBEEREA A

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDN
ALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQG
LSSPVTKSFNRGEC (SEQIDNO: 4) .
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R 1 A SRS SG S EFE

BO10 £ 4565 BAO3 Hidk, 128 15mL # 30KD RELFFRITLES
A (25mM B4, pHE.0, 25mM NaCL SmM EDTAYP, HEH =0k, &
AR A ImL 3B L2548 Eppendorf B.SF (RE) +, I HF4ABES
BRE,VEEALE. AFRE T LS FERES DT, THEE 2 b,
HEEES; A 15ml 8 30KD BEZ T IBRIEBEAE (50mM Tris,
pH7.2, 150mM NaCl, 5 mM EDTA) ¥, HZE# =k, BORSEE, 2L A280
MEERGRE, FHE, #TEEHEE; B 10ul #55, ¥4 Ellman’s F &R
X8 w3

HFd FRlaXt AL o bR EGEREE.

- 3 %a‘% b
= : Y
Lee= g ()

b: EMERKE GEF lom) .
REAIREGERREFRECEGERERIT T IR EERE.
GEREGRET N 11 E T GHREFREY veeMMAE (M L&
SAALFREF RS, |5 HY-15575) (T DMSO) , RAEEERA
B2 nt, EERG., GRAKE Pl 20 24 FHEAZ ve-MMAE B &
ot N-TBRF R TEER P, R, #E S5 o%. %A 15ml & 30KD &8
REEESRIERADHESR (20mM B Na-citrate ), 0.3% NaCl, 5%
#3848 (Trehalose) , 0.05% TWeen-80, pH6.0) ¥, EFM =k, FPRAIRK
RE ISR MYK-3; B&TF 4CHRAE.

2 A/ AR P R R

BTG FAAE S RBE Y MYK-3 £ HIC-HPLC 4% (Jun Ouyang,
Drug-To-Antibodv(DAR) Ratie and Drug Bistributionby Hydrophobic
Interaction Chromatography and Reverse Phase High Performance
Chromategraphy, Laurent Ducry{ed.}), Antibody Drug Conjugates, Chapter
17, Methods in Melecular Biology, Vel 1045, p275-283 ) A R & H /b k4]

(drug antibody ratie, DAR) , LB 1, BREB$EERITEHEI P HE

B DAR H 4.1,

FHB] 2 AR B BB MY K-3 MRt g RaiE b oY M
S fEL7E A R A ik
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1.1 A XEdmibhsd 34 RapER2 8, 28535344, 5 sSmL
DPBS Hzk—i&, B ImL REGE N Lmil, $3ARFELEEE, B
A, Fridk, BARALBARAER, b 0.5mL A seie i3l
£ 96 Lbapbit S L3 AT44 (DIF 482804 10000 A~8308/3L, HT-29 &4
FLL 5000 A~8850/30, AS49 gmiEh 2000 A-2850/3L, UST-MG @il 3000
AfmBe/3lL, LoVo SALVAL 4000 A~&mf0/3L) . 37 24 B E, AR F)
MR 838 5 FAR BAOS VAR TR B IBEY MYK-3, &RiB 72 48,
ZEE A 2001 CCKS &M, £ K 450-650nm 5 Sdr L4
OD450-650, AT B ins,

A tmpR M R R

VAR &-fmicdha o F B SR LS ek SR AT.

EEGFR S2ZH4 DiFiwE (ALABE®MB) v8FHE: MYK-3
WER BAO H RSN ML KSR, ECS0 BRT A 104

{ BAG3 % EC50 & 51.9 ng/ml, MYK-3 & EC502 5.1 ng/mi), B2
B,

A EGFR VEE BB LRGN ECFBaR b eiEE: MYK-3 48
SHFRERATAH EGFR PEARPRAEZAZYESR (ALBRE R
HT29. AR ML AS49. ABEBRBRA SRS mE US7T-MG) LB FT
BEEemt keER (B 3. 8B4 B3HF) £PF HT-29 ¢ EC50
& 611 ng/ml, A549 & EC50 5% 28.3 ug/ml, U87-MG # EC50 £ 5.3 pg/ml.

F, BMAERKTE EGFR PE AR KRAS BTEALEHE MR
LoVYe (Dunn EF, Iida M, Myers RA, Hintz KA, Campbell DA, Armstrong
EA, Li C and Wheeler BL. Dasatinib sensitizes KRAS mutant colerectal
tumors to cetruximab. Oncogene 2011; 36:561-570)F &5, £ MYK-3
A KRAS REALZHAREI Love 27 THEMMHEL RIFHER(FE 6
Fra, BECS0 & 32pg/ml), & BAO3 F2i4d A ot atif dm Bebh JUL-F A 4
e

S 3 b BAABERE R

B R B KRR

HT-29 & & E EGFRARE R HHH BRAVF R &mpbdk, B E
A EHENEHFELHEY EGFR B8 L5 £ 546 (Erbitux) & HT-29
WP AR AR HEE.
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HT-29 e BHER . KENKE RO BEE, THEEET
IXPBS, BE B ERAAEESE 3x10"/ml. A 1ml 2HE (4 543 ) ARE
ZMFEATENZRSEIE, 31070.1mV B, SBAFESR 150-200mm’
ERMAESESE, S48 R, RiESEEFEERPp S EAETH—,
S BB ES R RR BB ARG GEEFTBEL10%. A
ke, FwRL—4hHE (F1. 5.9, 13KR), —&%2H 4k, Hn
B AR BAE. B8 HasE 8 A DAL

R B R R

SR HT-29 BB BB R, RBko i, @8 FESE (20 mM
AR, 0.3%F404, 5%EEA, 0.05%=LE 80, pHe) , BAG3 FHK
# (Smg/kg) » MYK-3 48 (Img/kg) « MYK-3 ¢8 (Smg/kg ) #edf &4 ADC
42 (Smg/kg) (AR IgG-veMMAE 1884, R+ IgG R B EA G F s
# 1gG, EEBESEHE TS5 MYKIHE ) . MYK-3 2848888
RGN RAHBIFER, RFTHESRNBERME (B 7). £F
18 £, MYK-3 & Smg/Kg 8928 Fa 58 Fikmbirgi k¥pal ik
3] 54%, HHR BAO KR FHN TR BERTHEAS 46%, Bk
246 ADCHLFBERIFH R LD 42%.

S EAE: MYK3ILBGI A TS RmatiZa T (LES8) .,
B MYK-3 A1 SRS HER.

EAB 4 MYK-3. 3% BAOI e BAOSHF BRI veMMAE 214  H %
e DiFi &£ K HliEl

BRBERM 2 FEHRAT MYK-3. £ BAG3 = BAGI+FERE
veMMAE #7745 5858 @m0 DiFi A BLIrdiEs, SREXRLE 9, A48
EC50 {85515 8.4 ng/mL, 65.8 ng/mL % 68.2 ng/mL.

MBPTUA S, L3 BAOI A EGFR SR AMLE I HESWIE DiFi ¥
BFT G2 EIFEEN; HE BAOS M LEEF MYK-3 8358 R4
#HE veMMAE 53345 BAO3 FMHILEEGTHREEMN; KW, BAMK 5
veMMAE B3 8,48 MYK- 345 ADC 4 Fa DiFi & B st s L K
HEHA LS TLRBAGASUZE BA I LEEF MYK-3EEE s
#HH veMMAE 65730, ECSO0RGFT A4 8148,

LB 5 MYK-3 XA P KRAS REAEHE I LoVo 98 HE 4
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KirdlEp

B a3 AR (L 21050 1 mV B IFE mN) FHF
B MYK-3 M3 R ¥ KRAS REARLEHE W LoV 588 4 Kir 4l
M, FRESHE, GBS RS (20 mM ARBH, 0.3% R,
5%, 0.05% ki 80, pH6), BLEBEFM (3mgkg) . MYK-3
48 ( 8.3mg/kg. Img/kg. 3mg/kg ZNH & ) fedfsE &2 ADC 42 (3mg/kg ),
H PSR ADC RAREESNEFRE T4 ADC B (non-binding
ADC control, ¥ anti-CD20 mAb-veMMAE ) , BERBHEF HSH MYK-3
AE, FHERILAE 10.

MBE P TUAE R,  MYK-3 & 3mg/Kg #ETAILES LoVo SafedrE 4
K& e e, FHE MYK-3 A1 myKeg LR FHI EFH & Erbitux £ 3
mg/Kg M ETFTLERMGEH.

EH#HH 6 MYK-3 5 BAO3-MC-MMAE. BAO3-MCC-MMAE #5345 4n
JiE R s

MC-MMAE #= MCC-MMAE #9244 F AT 7+

MC-MMAE:

MCC-MMAE:

o O H O BN
C\/O/U\N N\/lL\N
N g O =
P
O

MO-MMAE # MCC-MMAE 858 &F &2 0 34 1,
By /AR R EH HIC-HPLC §-4 5 02 B d/dik e,
BAESIL A1, BAFG MYK-3 BEP 5 BADI-veMMAE ), BAO3-MC-MMAE
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#F= BAO3-MCC-MMAE & 35 d/3k e #3435 3.9, £0H 11.

A mEE R ER TSN TR 2 BRTx, R—2HF4 DiFi
Bk, B8T 96 LR T, #FHh 24 PHEANTE RESEHEG
BAO3-MC-MMAE, BAO3-MCC-MMAE, MYK-3 A8, H&H 96 )
B, el CCK-8 4R &, AP EER 96 LB FEA 36 OD 4,
AR AERER SN ST, FEE S DIFi R HI R E,
SR XA 12, P BAG-MC-MMAE. BAG3-MCC-MMAE # MYK-3
& EC50 454 %1 34 72.6 ng/mL, 71.6 ng/mEL #= 9.8 ng/mL.

B, MYK-3 #&eddirdl#HE 25T BAO3-MC-MMAE
Fo BAO3-MCC-MMAE & & #; F £ L, BA-MC-MMAE #o
BAG3-MCC-MMAE & 4ie3g sidvdiE i 5 24 BAGS A F 4@ ddmp,. &
WHAEA RS LR E 5T, 2488 FE HEEETAEAR ADC
HEBREREER.

REAEVHEATR SN CEFH MR, FABEALAARH
SER. BELELOTF O RS, TR Lo #A385mffa,
BERETHELAEVSHRPEEZA. AR VS EE S ERAAELR
BRETER LS,
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kB

1. BB ERY. RHEFETERSGE. ENGHRATER BN
Sd, RS E5mRENENERN AL RE T RERMK,

2. MABR 1 RS EHERY. EA8FETESHE. BHSBER
P i BN o, P MAMNREAERBF ARG EAPEAE,
AEdF4TE¥H CDR1. CDR2. CDR3 431 &.44% SEQ ID NO: 5~7 8B
FHAFRERER, B4TF R CDR1. CDR2. CDR3 % &4 40 SEQ
IDNO: 12~ 14 P78 ARBETE4A,

3. BABR 2GR AGSHERS. LHF ETHESOE,. BN LB E
A SMGENGY AP RELERBFCAREERATER FRI.
FR2. FR3. FRA E 45 M E4 4 SEQ ID NO: 8~ 11 Fi+HAFREEE
A&,

4. BA BRI RBBBERY. LEFETESHE. BHSHH
B ey e, AP EAMNREEAA KRBT 2ARARETE X FRI.
FR2. FR3. FRAE 53 €40 SEQIDNO: 15~ 1878 AREEET
.

5. BRABL 14 E—RGFEHHERY. REFLITHSHE. B
HedRAAELEGENGY, EFPHRORZALERBTRIERAANES
ek Bik § AR IgG. IgM. IgA. IgD. IgA BREER LR EBEEZRHE

6. BABERSHRAABBEHERY. LHFLTELSHE. EHNSBHH
PR e m M Sdh, ¥R 1gG R g 1eGl. 1gG2. 1gG3 ¥ IgG4.

7. BANER s ARG ERY. RBEF ETHETHE. BHSHH
P eEN e, AP MERAEEZARETEARATHRET KSR
EBAF 644 SEQ ID NO: 3HF6AF, AFH 45 SEQ ID NO: 3
T 6B — M X T 70%, FldeXF 75%. 80%. 85%. 90%. 95%.

25
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99% 5 7).

8 BABR 17—\ 4 D ERY. EFLITESHE. B
MemB AL ENSY, PSR ALLARBFSERESES
g X AR lambda BE K., kappa BER . LB BEXSETH.,

9 BMAERLSHAAGHERY. RHFETELHE, BEHEHE
PR EMEN MW, APHMEANRERE LB FZARABHEEERGA
EBF R 844 SEQ ID NO: 4 -FHAF, $H 845 SEQ ID NO: 4
Bra R B — AT 70%, Blde AT 75%. 80%. 85%. 90%. 95%.
99% & 4 5.

10. AALER 19 E—RNRAREHBEY . XBFLTEXHE,
BREHRAELEGENSGY, EEFX]AATHEH,

Ab-(L-D},
E |
HF:
Ab REFRE R A KB FTHRIALE,;
L Rk,
DR E@mBER;

p RE 1-9, #ld=2-6, #d= 3-5,

1. B BRI IME—F N RAEEBERY. T HEF ETHESHE. &
Mo BmAEENsd, R¥midmpaiNt gy, .
AAHEEEE. WPBEF. RAF. B, HAFEREHEEK,

12. BAZRNGASEHERS. RS L TESYGE. BH &Y

B AEEGENLSY, HPAriEemitaNit § Monomethyl auristatin E

{ MMAE ) . DMonomethyl auristatin F { MMAF) . £84K L4858 (¥
4o Maytansine DM1. Maytansine DM4 ) . F ¥ & ¥ (calicheamicin) .
duccarmycin MGBA. ME ¥ (doxorubicin). BASF. G REFTF £,
131, N4, FEXAET. S4B TRAATESE, HEHMMAE.
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13. BAIRR 10 HR G SHBBY . XEFETHEHE. BHEY
B REMENEGY, BTN EL S THHGR T,

14. AR 138G EHEBY. RHF L THESSE. BNeY
RAAREGEN S, EPAEAELEE 6-BRABEALIBIEMO).
LEABLEEEABLEMP). #HE8-AE8(valcit), AAB-XHEL 8
(ala-phe}. M BEFAEIE(PAR). N-HHBRERE 4-C-bu AR BB
(SPP). N-RHMBERE 4 (N-ZRBRERRAFE)-IR OB 1-HBEBEMCO).
N-FEH B L RN G- Z BRI\ A X FTRESIAB),. P 6-LAEBRERETH
A-SE 8- AR HEAFTEEAMCVe-PAB), b 6-LEABTBERAT
BLA -8 R E-F A 82T B F BB MC-ve-PAB).

15. BAER 1-14 F—HORAEBHEES. LHEF L THESHE.
BRAEBEFEAEGENSY, 4

A3 __/( G \(; " %} %\E_,.f\‘. -~ | ‘ O
?\' 9o N A PR \* P N N ‘\ } ? H i
‘s\g_.N\_ﬁf“\\.a"'\\.,-""\_\éeagmcE,EM;ﬁ"\\.s?“) ) PR o, O S G ¥ o

G
EFAapAFREALLE KRB FSERAE, pHi1-8, Hde2-6, #d=3-5,

16. 4%, A4 HERAMELEI-ISE—FGFEABHBRY, LHF L
WHERE. BENASHATREGBENSY, ik, Z2HFE Yy —FH
FETEZHEA., BEAMIBREH.

17. BAER1-I5E—HGHAEHBEY. 22X F LTSNS, B
HeBRRAENEHN B EHNET /A ST 5AAL (BT LA
(EGFR) B A G HE B HH P AR,

18. A BRI66AE, R PAE AL EKE T4 (EGFR) M
AR HBEGFRABAMIE, B EGFRITEAZMEGIFE, Plieik
QB BB, FHRE. WE. WEE. THE. BRE. £F 5.
FUBRFE. B . WTFIERE. H8. MRSEFEBE.
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19. BARRIIME—AGRAEAHHERY. EEHFLTRETHE. &
MEHBAMRRGBENCHENSIFHMBLE AR, LEMNGHRE.
BB EL. WHPBEBEBANES T AR,

20, BMARRIONAE, HPHAESHBLEHE. LBER. kH
. MR, PRE. THE. BRA. TR, LIRS, BE. WAIRE.
R RRERBBRA.

21. BAELISH2060HE, R PHEMGHBAIKRASABETSGNE,
Flim A KRASEAE BT 4 mE. LS. WREAIEERE,

22. BMAERI8R2065 M i%, PR IBABRAVERE RESMNE,
Blhoik ABRAFE B R TMERE. HHERHE.

23. FiBA/RAEFESREEAE KB T4 (EGFR) BAMNERBGS &,
PR F ik QL THESRNG S EFHE /B LR TR ESRAER1-15F
—IRE ARG ERS. RHF ETESME. BAHSWHR AR SEN

.

24. BAER23GF %, RV EASSEAAA KRBT E4 (EGFR) M
E£EERABEGIRMMAMITE, il S5EGFRITAZXMAAHIFE, #liik
Bemd. %, LIS, WA, PES. THE. BUE. 2% 5.
FLARSE. B, WIS, FA. BRSAEREE.

25. WHRIMB T AR, EERBHE. WEHNBER, WG S
BB Ak, AT R OELETHERNG R AL/ EETHEEGR
HBRI-ISE—RG RSB EHHERY . RHF LTELGE. BENGHEH
R GENeH.

26. BABEISEFE, EFPHMENMBLgEBE. IBE. L3

k. M. PERE. THE. BRE. £FE. LIRE. BE. WRRE.
. MR Ao BT B .
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27. BABR24B2669F %, R PAENMHBAKRASEE RESHE,
Blie A KRASE B R T4 ME. AHE. MESBRE,

28. BRAEL24B 268 F %k, B PESMNBYBRATEE EEITE,
Bl ABRAFVEBRENERE. EBERIFSE.

29, BAERI-IME—RASRAESHERY. 5SS L TESHE. &
MeBAMELNENEGY, RATHAGFMREFSEAELAKBFISHR
(EGFR) A X ¥ &%,

30. BABR20GFSHHES Y. EHF LTETHE. BHSHH
R ENEMNSY, RPN ERAEKET%4E (EGFR) HAMHER
S EEGFRABEHIFE, HliB5EGFRIEFEMAGIE, Hlih G4ME.
HimE. HaR. WE. PRE. THE. BUE. £F 8. LA, ¥
#. WFRE. 5. BREBRBRAA.

3. BAERI-SE-FHSRASSERY. E8F ETESHE. &
HEeHBRAERGENSY, EATHENELTESR. BEFBHE.
IR AER. WHIPEmBIE,

32. BAERIGRAEGHERY . LHFETRELGE. BEHowH
BFRBEGENEGY, RV RANBLGERE. LHR. LFHE,
Bk, PR, THRE. BME. RER. URE. R, WRRE. FE.
FR AR Ao B AR B

33. BAERIINGAAEBERY. £HF L TEBSWNE. EHe
BB RESENSY, EPHESFBAIKRASEE REWNIFE, dldh
KRASEBE R T WEME. ABE. WESEBE.

34. BABEKIORNHF[ALHBREY . EHESF LTESHGE. BHA

BA AR EGENSY, RPN EBABRAFAB R MNAE, Plivik
BBRAFABE BT MEHE. LB E,
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and certifications. i more than one appiicant, use multiple forms.

Total of one{t) forms are sibhmitted.

This colfection of infonmation is required oy 37 GFR 11311 ISZ; and 1.33. The information 5 required to ablain or retain a beneiit by the public which is to file- fand by the
USPTO o pracessy an application. Confidentialily is governed by 38 U.S.CL 122 and 37 GFR 1.11 and 1.714. This oollection is estimatad totake 3 minutes to complele,
including gd!h&ﬂhg prepaving, and subimiting the completed application form to-fhe BEPTO. Time will vary depending upon the individual case. Any comments on the amoum
of fime yois require to complete s foem and/or suggestions for reducing this burden, shiotld be sent b the Chiet Infarmation Officer, .S, Patent and Trademark Office, .S
Departmant of Commerte, P.O. Box 1450, Alexandnia, VA 22815-1460, DONOQT SEND FEES OR COMPLETED FORMS TG THIS ADDRESS. 88N TO: C’ummzsﬁ;mner
for Patents, PO, Rox 1456, Alexandria, VA 22313~1450.

i you nesd assistance in completing the form, calt 1-800-PTO-8198 and select oplion 2.
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NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

Date Mailed: 11/01/2017

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
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+ Copy of the International Application filed on 08/14/2017
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+ Copy of the International Search Report filed on 08/14/2017
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» Sequence Listing txt file (EFS or physical medium) filed on 08/14/2017
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+ Authorize Access to Search Results filed on 08/14/2017

+ Priority Documents filed on 08/14/2017

« Power of Attorney filed on 10/03/2017

+ Authorization to Permit Access filed on 08/14/2017

+ Application Data Sheet (37 CFR 1.76) filed on 08/14/2017
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
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Telephone: (571) 272-9085
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Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/550,995 08/14/2017 860 CCPIT-002 23 1
CONFIRMATION NO. 1813
93726 FILING RECEIPT

Soricons Foc 8 Framsis o 0 L
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Date Mailed: 11/01/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Chaohong Hu, SHANGHAI, CHINA;
Applicant(s)
SHANGHAI MIRACOGEN INC, SHANGHAI, CHINA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/CN2016/073844 02/16/2016

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201510085038.8 02/17/2015

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 10/28/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/550,995

Projected Publication Date: 02/08/2018

Non-Publication Request: No
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Early Publication Request: No
** SMALL ENTITY **
Title

Antibody-Drug Conjugate

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/550,995
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A 140 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 240 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 23 minus 20= 3 40 = 120 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 860 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = ~ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.




To: docket@bozpat.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 93726

Nov 01, 2017 03:48:13 AM
Dear PAIR Customer:

EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis

201 REDWOOD SHORES PARKWAY
SUITE 200

REDWOOD CITY, CA 94065

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 93726 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15550995 M903 11/01/2017 CCPIT-002
APP.FILE.REC  11/01/2017 CCPIT-002

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



From the

INTERNATIONAL SEARCHING AUTHORITY

PATENT COOPERATION TREATY

7
®ang

To:

PCT <47’Io "

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/month/year) 18 / 0 5/2 016

Applicant's or agent's file reference

FOR FURTHER ACTION

IEC150092PCT See paragraph 2 below
International application No. International filing date (day/month/year) Priority date (day/month/vear)
PCT/CN2016/073844 16.02.2016 17.02.2015

A61K47/48(2006.

International Patent Classification (IPC) or both national classification and TPC

01)i;A61K45/00(2006.01)i;A61P35/00(2006.01) :

Applicant

SHANGHAI MIRACOGEN INC

Box No. I

Box No. II

Box No. III

Box No. IV

Box No. V

Box No. VI

Box No. VII

XX XOXOX

Box No. VIII

2. FURTHER ACTION

International Preliminary

1. This opinion contains indications relating to the following items:

Basis of the opinion
Priority
Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Lack of unity of invention

Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Certain documents cited
Certain defects in the international application

Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
Examining Authority (“IPEA”™) except that this does not apply where the applicant chooses an Authority other
than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that written opinions of
this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA. the applicant is invited to submit to the IPEA a
written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Facsimile No.

Name and mailing address of the ISA/CN Date of completion of this opinion | Authorized officer

Telephone No.

Form PCT/ISA/237 (cover sheet) (July 2011)




WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844

Box No.1 Basis of this opinion

1. With regard to the langunage, this opinion has been established on the basis of:

& the international application in the language in which it was filed

l:l a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

=

This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91 (Rule 435is.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been established on
the basis of a sequence listing filed or furnished:

a. (means)
l:l on paper
g in electronic form
b.  (time)
g in the international application as filed
EI together with the international application in electronic form

D subsequently to this Authority for the purposes of search

4. I:I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required statements
that the information in the subsequent or additional copies is identical to that in the application as filed or does not go beyond the
application as filed, as appropriate, were furnished.

5.  Additional comments:

Form PCT/ISA/237 (Box No.I) (July 2011)



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844

Box No. IIT Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

I:I the entire international application

& claims Nos. See the following claims

because:
& the said international application, or the said claims Nos. 23-38 relate to the following
subject matter which does not require an international search (specify):
[1] PCT Rule 39.1(iv) —— methods for treatment of

the human or animal body by surgery or therapy,

as well as diagnostic methods.

D the description. claims or drawings (indicate particular elements below) or said claims Nos.
are so unclear that no meaningful opinion could be formed (specify):

I:I the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

& no international search report has been established for said claims Nos. 23-38

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative Instructions,
and such listing was not available to the International Searching Authority in a form and manner acceptable to it.

l:l furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Instructions, and such listing was not available to the International Searching Authority in a form and manner acceptable to it.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule 13zer.1(a) or
(b).
I:I See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. IIT) (July 2011)



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844
BoxNo. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims <2—4, 21, 22, 33 and 34 YES
Claims 1, 5—20 aﬂd 29_32 NO
Inventive step (IS) Claims None YES
Claims 1—22 and 29-34 NO
Industrial applicability (TIA) Claims 1-22 and 29-34 YES
Clims None NO
2. Citations and explanations:
[11 The written opinion by the International Search
Authority with regard to novelty, inventive step
or industrial applicability is established on the
basis of the subject matter that could be
reasonably expected to be claimed. See Box No.
VIII for details.
[2] The following reference documents are cited:
[3] D1: WO 2014152199 Al, 25 September 2014
(25.09.2014)
[4] D2: CN 103772504 A, 07 May 2014
(07.05.2014)
[5] Novelty and Inventive Step (PCT Article 33 (2) and
PCT Article 33(3))
[6] D1 (see abstract, claims 1-50, description, line 1

on page 25 to line 3 on page 36, and Fig. 1)

discloses an antibody-drug conjugate, wherein the

Form PCT/ISA/237 (Box No. V) (July 2011)




WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844

Box No. V

Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

(7]

[8]

[9]

[10]

antibody is an anti-EGFR antibody and the drug can
be NMAE, and also discloses a composition
comprising the antibody—-drug conjugate and a use

of the antibody-drug conjugate.

D2 (see claims 1-13, and Examples 1-10) discloses
an anti-EGFR antibody BA03, wherein the amino acid
sequences of the variable region and the constant
region thereof are the same as the antibody of the

present application.

The drug in the conjugate disclosed in D1 is a
cytotoxic agent, and the drug is covalently
connected to the anti-EGFR antibody wvia a linker.
Therefore, claim 1 of the present application

lacks novelty.

D2 discloses an anti—-EGFR antibody, wherein the
sequence of the variable region thereof is the
same as the sequence defined in claims 2-4 of the
present application. Hence, it would be obvious
for a person skilled in the art to arrive at the
technical solutions of claims 2-4 by combining D1
and D2. Therefore, claims 2-4 do not involve an

inventive step.

The heavy chain constant region of the anti-EGFR
antibody disclosed in D1 differs from SEQ ID NO: 3
in respect of three amino acids, and the light
chain constant region of the anti-EGFR antibody
disclosed in D1 differs from SEQ ID NO: 4 in

respect of one amino acid. Therefore, given that

Form PCT/ISA/237 (Box No. V) (July 2011)
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[12]

[13]

[14]

the claims to which claims 5-9 refer lack
novelty/do not inveolve an inventive step, claims
5-9 lack novelty/do not involve an inventive step

either.

The structure of the antibody-drug conjugate
disclosed in D1 falls within the scope of formula
I of claim 10 of the present application.
Therefore, given that the claims to which claim 10
refers lack novelty/do not involve an inventive
step, claim 10 lacks novelty/does not involve an

inventive step either.

D1 discloses that the drug can be NMAE, MMAF and
the like. Therefore, given that the claims to
which claims 11 and 12 of the present application
refer lack novelty/do not involve an inventive
step, claims 11 and 12 lack novelty/do not involve

an inventive step either.

D1 discloses that the linker can be a cleavable
linker and can be MC, PAB, SMCC, SPP, valine-—
citrulline and the like. Therefore, given that the
claims to which claims 13 and 14 of the present
application refer lack novelty/do not involve an
inventive step, claims 13 and 14 lack novelty/do

not involve an inventive step either.

D1 discloses a specific manner in which MMAE is
connected to the antibody. The corresponding
structure is the same as that defined in claim 15

of the present application, and the number of the

Form PCT/ISA/237 (Box No. V) (July 2011)
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citations and explanations supporting such statement

drug can be 2 or 4. Therefore, given that the
claims to which claim 15 refers lack novelty/do
not involve an inventive step, claim 15 lacks

novelty/does not involve an inventive step either.

[15] D1 discloses a composition comprising the
antibody—-drug conjugate, and discloses that the
antibody—-drug conjugate can be used for diagnosing
and treating an EGFR-related disease, and can be
used for diagnosing and treating a cancer, such as
lung cancer, colon cancer, head and neck cancer,
breast cancer, and the like. Therefore, given that
the claims to which claims 16-20 and 29-32 of the
present application refer lack novelty/do not
involve an inventive step, claims 16-20 and 295-32
lack novelty/do not inveolve an inventive step

either.

[16] In light of D1, a person skilled in the art could
expect that the anti-EGFR antibody-drug conjugate
can be used for treating a tumour associated with
KRAS gene mutation and a tumour associated with
BRAF gene mutation. Therefore, claims 21, 22, 33
and 34 of the present application do not involve

an inventive step.

[17] Industrial Applicability (PCT Article 33(4))

[18] The invention according to claims 1-22 and 29-34
of the present application can be made and used in
the technical field of biopharmaceuticals and is

therefore industrially applicable.

Form PCT/ISA/237 (Box No. V) (July 2011)
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Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:
[11] Multiple dependent claims 8, 10, 11, 15, 29 and 31
refer to preceding multiple dependent claims.
Therefore, these claims do not comply with PCT

Rule 6.4 (a).
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully supported by
the description, are made:

[1] The expression “mutant” is used in claims 2-5 and
8. A person skilled in the art could not ascertain
the scope of the expression. Therefore, these
claims are unclear and do not comply with PCT

Article o.

[2] For convenience in conducting the search and
establishing the written opinion, the technical
solutions of claims 2-5 and 8 are contemplated to
be technical sclutions with the expression

“mutant” having been deleted.

[31] The expression “and the like” is used in claim 12.
This results in claims 12 being unclear and not

complying with PCT Article 6.

[41] For convenience in conducting the search and
establishing the written opinion, the technical
solution of claim 12 is contemplated to be a
technical solution with the expression “and the

like” having been deleted.

Form PCT/ISA/237 (Box VIII) (July 2011)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844

Box No.1 Basis of this opinion

1. With regard to the langunage, this opinion has been established on the basis of:

& the international application in the language in which it was filed

l:l a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

=

This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91 (Rule 435is.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been established on
the basis of a sequence listing filed or furnished:

a. (means)
l:l on paper
g in electronic form
b.  (time)
g in the international application as filed
EI together with the international application in electronic form

D subsequently to this Authority for the purposes of search

4. I:I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required statements
that the information in the subsequent or additional copies is identical to that in the application as filed or does not go beyond the
application as filed, as appropriate, were furnished.

5.  Additional comments:

Form PCT/ISA/237 (Box No.I) (July 2011)
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INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844

Box No. IIT Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

I:I the entire international application

& claims Nos. See the following claims

because:
& the said international application, or the said claims Nos. 23-38 relate to the following
subject matter which does not require an international search (specify):
[1] PCT Rule 39.1(iv) —— methods for treatment of

the human or animal body by surgery or therapy,

as well as diagnostic methods.

D the description. claims or drawings (indicate particular elements below) or said claims Nos.
are so unclear that no meaningful opinion could be formed (specify):

I:I the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

& no international search report has been established for said claims Nos. 23-38

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative Instructions,
and such listing was not available to the International Searching Authority in a form and manner acceptable to it.

l:l furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative
Instructions, and such listing was not available to the International Searching Authority in a form and manner acceptable to it.

D pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule 13zer.1(a) or
(b).
I:I See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. IIT) (July 2011)



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/CN2016/073844
BoxNo. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims <2—4, 21, 22, 33 and 34 YES
Claims 1, 5—20 aﬂd 29_32 NO
Inventive step (IS) Claims None YES
Claims 1—22 and 29-34 NO
Industrial applicability (TIA) Claims 1-22 and 29-34 YES
Clims None NO
2. Citations and explanations:
[11 The written opinion by the International Search
Authority with regard to novelty, inventive step
or industrial applicability is established on the
basis of the subject matter that could be
reasonably expected to be claimed. See Box No.
VIII for details.
[2] The following reference documents are cited:
[3] D1: WO 2014152199 Al, 25 September 2014
(25.09.2014)
[4] D2: CN 103772504 A, 07 May 2014
(07.05.2014)
[5] Novelty and Inventive Step (PCT Article 33 (2) and
PCT Article 33(3))
[6] D1 (see abstract, claims 1-50, description, line 1

on page 25 to line 3 on page 36, and Fig. 1)

discloses an antibody-drug conjugate, wherein the

Form PCT/ISA/237 (Box No. V) (July 2011)
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(7]

[8]

[9]

[10]

antibody is an anti-EGFR antibody and the drug can
be NMAE, and also discloses a composition
comprising the antibody—-drug conjugate and a use

of the antibody-drug conjugate.

D2 (see claims 1-13, and Examples 1-10) discloses
an anti-EGFR antibody BA03, wherein the amino acid
sequences of the variable region and the constant
region thereof are the same as the antibody of the

present application.

The drug in the conjugate disclosed in D1 is a
cytotoxic agent, and the drug is covalently
connected to the anti-EGFR antibody wvia a linker.
Therefore, claim 1 of the present application

lacks novelty.

D2 discloses an anti—-EGFR antibody, wherein the
sequence of the variable region thereof is the
same as the sequence defined in claims 2-4 of the
present application. Hence, it would be obvious
for a person skilled in the art to arrive at the
technical solutions of claims 2-4 by combining D1
and D2. Therefore, claims 2-4 do not involve an

inventive step.

The heavy chain constant region of the anti-EGFR
antibody disclosed in D1 differs from SEQ ID NO: 3
in respect of three amino acids, and the light
chain constant region of the anti-EGFR antibody
disclosed in D1 differs from SEQ ID NO: 4 in

respect of one amino acid. Therefore, given that

Form PCT/ISA/237 (Box No. V) (July 2011)
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[12]

[13]

[14]

the claims to which claims 5-9 refer lack
novelty/do not inveolve an inventive step, claims
5-9 lack novelty/do not involve an inventive step

either.

The structure of the antibody-drug conjugate
disclosed in D1 falls within the scope of formula
I of claim 10 of the present application.
Therefore, given that the claims to which claim 10
refers lack novelty/do not involve an inventive
step, claim 10 lacks novelty/does not involve an

inventive step either.

D1 discloses that the drug can be NMAE, MMAF and
the like. Therefore, given that the claims to
which claims 11 and 12 of the present application
refer lack novelty/do not involve an inventive
step, claims 11 and 12 lack novelty/do not involve

an inventive step either.

D1 discloses that the linker can be a cleavable
linker and can be MC, PAB, SMCC, SPP, valine-—
citrulline and the like. Therefore, given that the
claims to which claims 13 and 14 of the present
application refer lack novelty/do not involve an
inventive step, claims 13 and 14 lack novelty/do

not involve an inventive step either.

D1 discloses a specific manner in which MMAE is
connected to the antibody. The corresponding
structure is the same as that defined in claim 15

of the present application, and the number of the

Form PCT/ISA/237 (Box No. V) (July 2011)
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BoxNo. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

drug can be 2 or 4. Therefore, given that the
claims to which claim 15 refers lack novelty/do
not involve an inventive step, claim 15 lacks

novelty/does not involve an inventive step either.

[15] D1 discloses a composition comprising the
antibody—-drug conjugate, and discloses that the
antibody—-drug conjugate can be used for diagnosing
and treating an EGFR-related disease, and can be
used for diagnosing and treating a cancer, such as
lung cancer, colon cancer, head and neck cancer,
breast cancer, and the like. Therefore, given that
the claims to which claims 16-20 and 29-32 of the
present application refer lack novelty/do not
involve an inventive step, claims 16-20 and 295-32
lack novelty/do not inveolve an inventive step

either.

[16] In light of D1, a person skilled in the art could
expect that the anti-EGFR antibody-drug conjugate
can be used for treating a tumour associated with
KRAS gene mutation and a tumour associated with
BRAF gene mutation. Therefore, claims 21, 22, 33
and 34 of the present application do not involve

an inventive step.

[17] Industrial Applicability (PCT Article 33(4))

[18] The invention according to claims 1-22 and 29-34
of the present application can be made and used in
the technical field of biopharmaceuticals and is

therefore industrially applicable.

Form PCT/ISA/237 (Box No. V) (July 2011)
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Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:
[11] Multiple dependent claims 8, 10, 11, 15, 29 and 31
refer to preceding multiple dependent claims.
Therefore, these claims do not comply with PCT

Rule 6.4 (a).
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully supported by
the description, are made:

[1] The expression “mutant” is used in claims 2-5 and
8. A person skilled in the art could not ascertain
the scope of the expression. Therefore, these
claims are unclear and do not comply with PCT

Article o.

[2] For convenience in conducting the search and
establishing the written opinion, the technical
solutions of claims 2-5 and 8 are contemplated to
be technical sclutions with the expression

“mutant” having been deleted.

[31] The expression “and the like” is used in claim 12.
This results in claims 12 being unclear and not

complying with PCT Article 6.

[41] For convenience in conducting the search and
establishing the written opinion, the technical
solution of claim 12 is contemplated to be a
technical solution with the expression “and the

like” having been deleted.
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference
IEC150092PCT

FOR FURTHER ACTION

See item 4 below

International application No.
PCT/CN2016/073844

International filing date (day/month/year)
16 February 2016 (16.02.2016)

Priority date (day/month/year)
17 February 2015 (17.02.2015)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
SHANGHAI MIRACOGEN INC

2. This REPORT consists of a total of 7 sheets, including this cover sheet.

1.  This international preliminary report on patentability (Chapter I} is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

% Box No. I
l:l Box No. II
Box No. III
[] Box No. IV
}I{ Box No. V
[:' Box No. VI
g Box No. VII
=y Box No. VIII

3. This report contains indications relating to the following items:

Basis of the report

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial

applicability

Lack of unity of invention

Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

Certain documents cited

Certain defects in the international application

Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
22 August 2017 (22.08.2017)

Facsimile No. +41 22 338 82 70

The International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer

Lingfei Bai

e-mail: pct.team2@wipo.int

Form PCT/IB/373 (January 2004)




M & %Y
RAEA: Rk R A
LTEIN PCT

100037
B BT P X R R TSR 2 S T TE R I S
sz

E prfe 2 i B
T EERHSREERS TR RS
(PCTHH M43 — . 1)

RCH
GE/H/H) 20164 54 18H
FiEASREBANRES KT EETH
TEC150092PCT RNE Pl
E frHiES EFFHiEH e H
PCT/CN2016,/073844 GE/B/R) 20164 2H 16H ¢E/7/8) 20154 2 17H

EFrE 42 (IPC) BREFR S RIPC
AB1K 47/48(2006.01)1i; A61K 45/00(2006.01)i; A61P 35/00(2006.01)1

A T A A AR A PR T4

L AR AR TR B TURRER (0 P 25
BTe EY e
HEES P
HTTTR AW T3 U B R ST A7 R
[ srves T i P

sV BRAMIA3Y. —. 1 (a) (i) 6 TR . Qs T ks F vk (O I P P B . S iR 75 1 0 3 [ A
R

[ ] sviee K] S p

VTR [ F 3 o ) B B

SEVITDR: o [ e i S L

2. JEEATH

MR H YL EE TR, AREBILEH N EER w25 8 & A7 (IPEA) f1— - BHEAE R, BRIERFEAEFNEBRYIE
B AT IEARNLA, T EETIEE IS BT SRR ANI66. 12 — (b) iBANE b EE A B E S R BRI
B8 o1 o

WA AR LB A E v S B B, NE FiE AR BPCT/ISA/ 2203 R L H R34~ A gt s Hilg22
NAW (LU EFEE A mERYE S ERMEAZ-PmEE R B GmERD .

B RIEFE S BLPCT/ISA/ 22038,

TSA/CNAIAA FRFOER 25 Mkt SERASE LT H ZRE 7
rhAE A RILAIE E S AR AR e
e [ 5 X BT I 7 - 6% 20165 51 13H .
100088

fEHE (86— 10) 62019451 HiFSHS (86-10)62411106

F PCT/ISA/237 (BRIL) (20114E7 A)



R Foroky 2R A7 5 T e L [ bR HE 5

PCT/CN2016/073844
EA IR
. RTHEE, ARULHHEREET
[ o B R A O
(] mEmsdism  mEes, b7 EEERREE KR OHERE = 0% 12, 3 ) F123. 1(h) .

2. ] Ao tosse o re T Ao for Ve v o 38 40 AR 40 U9 L BT A5 1 P BB R B IE. CAI) 432221 () )
3. KT Ebr 8E T AT UL A SRR A L ZRE B R/ SRR T 7, AR LT T FIEEA L2 1.

a  (RiRf
[ st
HE T,

lm(% i 6D

& HIER AN [ E R B iE T
LU 7 E b g — 2 s
kR Z B R JRA A A

DDI

4. [ 52ob, tesmsc /AR08 T A MRA BRI A (PR FUSR AL T, 248 T BAJS SR A cR 1015 B 5 B IR0 i
T HE SAE R ECR A FE I RAS i A T E BB (iE D R A .

5. FhFERI:

R PCT/ISA/237 (ETFE) (2011#E7H)



B iy 2% B 15 TR AL [ b £ i 5
PCT/CN2016/073844

TR A LT H R BUE R Tl SR PR E R

2T
L] s mmmeig
ORISR % 0L FAGRIE R

BHEEIREBIIRPERE T RSO, QM AEEM S M) . 20 Tl SEAPERT R,
ESpsR
ZEPRIE, BEEARER_23-28 W RABKERRERN TS BAARED

(1] PCTAHIN39. 1 Civ) ——AbE NRE IR RINESGGYT Ik, ULURISW %,

L] semmts, bOmIEesk a1 CF s B3R 0 B3040 S8 I U RIEER ANER, UAEUREE
TR B B SR (RARBLER) -

L] somi sk fstpm kORI 2k HEBRFRHBMIES R, UERRERIETER
XH R CRAEWRBD -

REFTARURIZE R 23-28 Vg i [E FRA AR

U] warmess, Tmbgs Xomi. S ARa o R .
L] smaim i et sommn tor BT s R O AE PP R F P12, 9 ELIEIBRE SR 8 5 R 3R A 7 s AT b

PRI,
[ wotrim g &7 BOMAR B b o BRI BOARIE (00 o TSR0, I EL AR 22 20t ok B s Ry s AT
B IR,

U] mesmmamniss = 1) 5 (b) MBAIRARFFIRNT, S Fis ki s e,
[ ] vety ko

& PCT/ISA/237 (EBTITIEY) (20114E7F)



B iy 2% B 15 TR AL [ b £ i 5
PCT/CN2016/073844

HEVE:

FEANA3Z =1 (ad G RTHAE. GUEME T ST A AHERITE A8, SORFIZXRIFS B0 HEFI R RE

1. 7HHH

ot (V) EIEES 2-4, 21, 22, 33fA34

BERE (TIS) MAZER X

TolbsAfE IV EEIIE= SN 1-22#129-34

BRE K 1. 5-20f129-32

BUFE sk 1-22F129-34

o o fm o Ao

BOFZESR &

[1]

[2]
[3]
[4]
[5]
[6]
(71
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

2. GIIEFIfERE:

EH B Bl ZR A A H 0 DG TR AP . Gulist P R T o S P P 5 T R R 1 T DA A BT oK
PRAPEER, PR AT IRV .

FIUHLLUR B%f b s

D1: WO 201415219941 25.9H2014 (25.09.2014)
D2: CN 103772504A 07.5 52014 (07.05.2014)
FRERI QI PE (PCTARLYEB3 4B 2330

D1 (ZILEEE, BRESR1-50, #HHPREE25MIT 2365317, B AF T —MPha s
EY, BT PUACATIEGRRIUE, Bk 2549 m] LICAMMAE, FHATT T E-S AR ER SR S WA s
WRET R PLE YR SR A &,

D2 (ZWAFEK1-13, FLHFI1-10> AFF T —FHEGFRITIABAOZ, Ho w28 [X FI{E & X 1= IR
5 24 i PR AR .

DIATFHIG Y P I2iWE T4 mEER, 25 SHEGFRETAE L Bk g . Ik, BURIESRL
NEZ L.

D2ATF T —FPREGFRITUAR, H AR X5 SR Bk 2- 4P R E M A Hit, 7ZED1Ag3a -
EED2EBIRFIER AN AR BT R, WRFEFE AN GREZED NS L. SREReAARNE&
Btk .

D1 FT BIFEGFRPUVA R EHEE E X 5SEQ ID NO:3E3NEEBAF, Bi¥EEX 5SEQ ID No:4F
—ANREBANFE .. H[HEHSIHRARRE R ARSIt/ Gl N, SORERS- 9t A B & FitE/ 8
.

DIATF TR SR S HE AN T VSE AN . 2955 ABOR 22 5k R B &30 St/ Bl M
, WRESRI10t AN B4 it/ elig vtk .

DIAFFETIR 254 7] LUAMMAE . MMAFSE . JHSIHAOBFIESRA R &5 Frt/ Al e, BORIZEK11
12 A B & Bt/ GlE -

DIATTBTIREE L] Sy Al 3]3Sk, AJUMC. PAB. SMCC. SPP. #ZiE M- MEIREE. Y4H 5| FHAGHAH)
FURA B & F i/ g Ve, ARRIE R34t AN 2 & Hrantt/ Al Pk .

DIAF T —Fp BARFIMMAEIE 22 2P TR i a0, HS5RRIER IR e IS AER, 25 1%0A]
PLA2E4. BHHE SRR E SR A B8 g/ Gl e, AUREE SR I5 AN B 43 it/ elig vk .
DIATF TR AT R EWRILE &Y, FEATT TEidm A el H i Waa sy
EGFRAHICE , I T2 fig i, wlialdie. e, L. AEsE. HH5 31
AFE SR AR B & Frmirk/ GlE RN, ORISR 16-20. 29-32t AN B & B it/ G 1k .

FEDIRIB R T, RS A A R B8 T BT IR PIEGFRILA - 25445 &4 7] LU T 3597 KRASH: A 585
Y R J8d FIBRAFRE R S AR i iuidd o« TR, AR EE k21, 220 33, 34 E &Gk,

bz Y (PCTAZAI 334 B4

BREER1-22, 29-34F R A W AT A8 A B 24 BORBUEHIE FOE ], P& Tl SE I PEATHELRE -

& PCT/ISA/237 (ZBEVEE) (2011FE7H)




B iy 2% B 15 TR AL [ b £ i 5
PCT/CN2016/073844

VIR I B R I TR AR B

Bl b FiE B R A A -

(1] BTE2TAERRERKS, 10, 11, 15, 29. 313 H THER IS TN B RIESR, PFrdSRFE KA
WEPCTAING. 4 (a) HHIRE.

& PCT/ISA/237 (EBVIIEY) (20114E7F)




B iy 2% B 15 TR AL [ b £ i 5
PCT/CN2016/073844

ZEVITIAE ot [ By P A SR A 2 I

USRI ZESR L 15 B BT V] 09 28 1k s sl BOR 2252 A 19 2R B BRI 7E 0 SCRFiR U L

(1] BORIZEESR2-5. 8 fiifl] T 57k ” , AVUBARN ik 2 . ik, PridBORESRA
HRE, ARFEPCTRLEERMIHE .

(2] %T@?%?%Dfﬂﬂ%ﬁg s RRURIZE SR 25 SRR R P MER “ 5848k JEHIEoR Ty

[3] BCMZERI2HPM T “57 , XFERRIZERIZAER, AT EPCTERLF6 &L IIFE .
(4] 4 TETHRZEAMEEBEEL, BARRMERI2EEOR T Z UMM <% JErREART .

& PCT/ISA/237 (BBEVIITHZ) (20114E7H)




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/550,995 08/14/2017 Chaohong Hu CCPIT-002

CONFIRMATION NO. 1813

93726 PUBLICATION NOTICE

EPA - Bozicevic Field & Francis LLP

Bozicevic, Field & Francis IR AT

201 REDWOOD SHORES PARKWAY

SUITE 200

REDWOOD CITY, CA 94065

Title:Antibody-Drug Conjugate

Publication No.US-2018-0036423-A1
Publication Date:02/08/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1



To: docket@bozpat.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 93726

Feb 09, 2018 03:30:52 AM
Dear PAIR Customer:

EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis

201 REDWOOD SHORES PARKWAY
SUITE 200

REDWOOD CITY, CA 94065

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 93726 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15550995 NTC.PUB 02/08/2018 CCPIT-002

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
15/550,995 08/14/2017 CCPIT-002 1813
93726 7590 04/04/2019 | EXAMINER

EPA - Bozicevic Field & Francis LLP
Bozicevic, Field & Francis

201 REDWOOD SHORES PARKWAY

SUITE 200
REDWOOD CITY, CA 94065

CANELLA, KAREN A

| ART UNIT | PAPER NUMBER
1643
| NOTIFICATION DATE | DELIVERY MODE
04/04/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

docket@bozpat.com

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)

15/550,995 Hu, Chaohong
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
KAREN A CANELLA 1643 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)(J Responsive to communication(s) fledon
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[] This action is FINAL. 2b) l¥] This action is non-final.

3)O An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 2-16,23-28 and 35-36 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.

6) [J Claim(s) ____ is/are allowed.

7) Claim(s) 2-16,23-28 and 35-36 is/are rejected.

8) [ Claim(s) __ is/are objected to.

9) [J Claim{s) ___are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(0J The specification is objected to by the Examiner.
11)(J The drawing(s) filedon ___is/are: a)( ] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)¥] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
4) [J Other: _

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190320



Application/Control Number: 15/550,995 Page 2
Art Unit: 1643

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.
Claims 1, 17-22 and 29-34 have been canceled. Claims 2, 5, 7,-12, 15, 16, 23-25, 27 and
28 have been amended. Claims 35 and 36 have been added. Claims 2-16, 23-28, 35 and 36 are

pending and examined on the merits.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(d):

(d) REFERENCE IN DEPENDENT FORMS.—Subject to subsection (e), a claim in dependent form
shall contain a reference to a claim previously set forth and then specify a further limitation of the
subject matter claimed. A claim in dependent form shall be construed to incorporate by reference all the
limitations of the claim to which it refers.

The following is a quotation of pre-AIA 35 U.S.C. 112, fourth paragraph:

Subject to the following paragraph [i.e., the fifth paragraph of pre-AIA 35 U.S.C. 112], a claim in
dependent form shall contain a reference to a claim previously set forth and then specify a further
limitation of the subject matter claimed. A claim in dependent form shall be construed to incorporate by
reference all the limitations of the claim to which it refers.

Claims 11 and 12 are rejected under 35 U.S.C. 112(d) or pre-AIA 35 U.S.C. 112, 4th
paragraph, as being of improper dependent form for failing to further limit the subject matter of
the claim upon which it depends, or for failing to include all the limitations of the claim upon
which it depends.

Claim 11 requires, in part, that the cytotoxic agent is selected from a group including
“toxins”. Claim 12 requires, in part, that the cytotoxic agent is selected from a group including
“other toxins”. The reciting of a “toxin” or “other toxins” fails to further limit the scope of the
cytotoxic agent required in Formula I of claim 10 because all toxins are cytotoxins when
delivered by antibody conjugate. Applicant may cancel the claims, amend the claims to place
the claims in proper dependent form, rewrite the claims in independent form, or present a

sufficient showing that the dependent claims comply with the statutory requirements.

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.
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The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 11, 12 and 14 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA),
second paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.

Claim 11 is vague and indefinite in the inclusion of “cytokines” and “nanoparticles” in a
group attributed to be cytotoxic agents. Cytokines are known in the art as proteins secreted by
inflammatory leukocytes and some non-leukocytic cells that act as intercellular mediators. As
such a cytokine is not a cytotoxic agent. A nanoparticle is refers to the size of a particle. “As
such a generic nanoparticle is not a cytotoxic agent. Thus the scope of claim 11 is unclear.

Claim 12 is vague and indefinite in the inclusion of interleukins, chemokines and
nanoparticles in a group attributed to be cytotoxic agents. Interleukins are soluble proteins
which stimulate growth-related activities of leukocytes as well as other cell types. Chemokines
are known in the art as pro-inflammatory cytokines that have the ability to attract and activate
leukocytes. As such, an interleukin or a chemokine is not a cytotoxic agent. A nanoparticle is
refers to the size of a particle. As such a generic nanoparticle is not a cytotoxic agent. Thus the
scope of claim 12 is unclear.

Regarding claim 12, the phrase "and other toxins" renders the claim(s) indefinite because
the claim(s) include(s) elements not actually disclosed (those encompassed by "and other
toxins"), thereby rendering the scope of the claim(s) unascertainable. See MPEP § 2173.05(d).

Claim 14 is vague and indefinite in the recitation of “preferably 6-maleimidocaproyl....”.

It is unclear how this preference modulates the scope of the claim.

The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.
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The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

Claims 2-16, 23-28, 35 and 36 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-
ATA), first paragraph, as failing to comply with the enablement requirement. The claim(s)
contains subject matter which was not described in the specification in such a way as to enable
one skilled in the art to which it pertains, or with which it is most nearly connected, to make
and/or use the invention.

The factors considered when determining if the disclosure satisfies the enablement
requirement and whether any necessary experimentation is undue include, but are not limited to:
1) nature of the invention, 2) state of the prior art, 3) relative skill of those in the art, 4) level of
predictability in the art, 5) existence of working examples, 6) breadth of claims, 7) amount of
direction or guidance by the inventor, and 8) quantity of experimentation needed to make or use
the invention. In re wands, 858 F.2d 731, 737.8 USPQ2d 1400, 1404 (Fed. Cir. 1988).

(A) Claims 11 and 12 require, in part, cytotoxic agents which are nanoparticles. When
given the broadest reasonable interpretation, nanoparticles encompass inert sub-micron particles.
The art recognizes that such particles can accumulate in the tumor vasculature through the
enhanced permeability and retention effect and can serve as platforms for drug delivery to the
tumor vasculature (Prabhakar et al, Cancer Research, 2013, Vol. 73, pp. 2412-2417). However,
said particles alone have no cytotoxic property. The specification fails to provide any objective
evidence that “nanoparticles” without an attached cytotoxic moiety would have any toxic effect
when internalized by the EGFR conjugate of the claims.

(B) Claims 11 and 12 require in part cytotoxic agent which are cytokines, interleukins
and chemokines. Cytokines are known in the art as proteins secreted by inflammatory
leukocytes and some non-leukocytic cells that act as intercellular mediators. Interleukins are
soluble proteins which stimulate growth-related activities of leukocytes as well as other cell
types. Chemokines are known in the art as pro-inflammatory cytokines that have the ability to
attract and activate leukocytes. Neither the specification nor the prior art teaches toxic effect of

cytokines, interleukins or chemokines on cells expressing EGFR. The specification lacks any
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objective evidence that cytokines, chemokines or interleukins, when internalized by the
conjugate bind to EGFR on a target cell would exert a toxic effect on the target cell.

(C) The instant claims 2-16, 23-28, 35 and 36 require in part, a solvate of the antibody
conjugates. The specification fails to provide any teachings for how to make the solvate of the
instant antibody conjugates. Matheus et al (U.S. 7,960,516) teach that the term solvates is taken
to mean adductions of inert solvent molecules onto a solid form which adductions form due to
their mutual attractive force, and that solvates include hydrates such as monohydrates or
dihydrates or alcoholates (column 10, lines 37-43). Matheus et al teach the unexpected result
that stable pharmaceuticals can be prepared with solid forms of anti-EGFR antibodies such as
cetuximab (column 4, lines 56-59) and that the antibodies are biologically active after re-
dissolution (column 10, lines 51-59). Matheus et al teach that the difficulties in crystallizing
intact glycosylated antibodies is extremely difficult due to the size of the protein, the different
glycosylation patterns of the individual molecules and associated micro-heterogeneities as well
as the structural flexibility of the immunoglobulin make an ordered incorporation into a crystal
lattice more difficult or even impossible (column 2, lines 50-56) and that there is a risk of
denaturing antibodies during the crystallization process (column 2, lines 63-66). The instant
claims require a solvate of an anti-EGFR cytotoxin conjugate. The various cytotoxins and linker
required in the conjugate would vastly increase the size of the molecule, the flexibility and the
micro-heterogeneity, especially since the number of linkers attached to a single antibody are
variable. Further some of the cytotoxins only moderately soluble in water, such as doxorubicin,
and the influence of a group that is less hydrophilic than an antibody on the ability of the
antibody to go into a crystal lattice is unknown. The specification has not provided the
conditions for the formation of a single solvate of the large genus of EGFR-conjugates
encompassed by the claims. It would not be expected that the conditions disclosed for the
formation of hydrates of unconjugated cetuximab would be the same conditions for the
formation of hydrates or solvates for the instant genus of anti-EGFR-conjugates claimed. Thus
one of skill in the art would be subject to undue experimentation in order to make the solvates of
the large genus of anti-EGFR conjugates claimed.

(D) Claims 23, 24, 27 and 28, require in part, a method for prophylaxis of disease
associated with EGFR comprising administering a prophylactically effective amount of the

antibody-drug conjugate. Claims 25, 26, 35 and 36 require in part a method for inhibiting tumor
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angiogenesis, delaying tumor progression, inhibiting tumor growth or inhibiting tumor cell
proliferation comprising administering a prophylactically effective amount of the antibody-drug
conjugate. When given the broadest reasonable interpretation, “a subject” includes a human or a
non-experimental animal. In order to provide prophylaxis, it is necessary to administer the
conjugate before the disease occurs. Administration of an antibody-conjugate would have a
finite lifetime in the blood and would not be expected to invoke any immunological memory.
Thus the antibody must be in the circulating blood prior to the time of emergence of the disease
cell. The specification fails to teach how to predict when a disease cell expressing EGFR will
occur in a human or a non-experimental animal such that the antibody conjugate can be injected
prior to disease occurrence. Further, the specification fails to teach how a “prophylactically
effective amount” of the antibody conjugate differs from a “therapeutically effective amount.
Given the lack of teachings or guidance regarding these issues, one of skill in the art would be

subject to undue experimentation in order to carry out the broadly claimed methods

Claims 2-16, 23-28, 35 and 36 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-
ATA), first paragraph, as failing to comply with the written description requirement. The
claim(s) contains subject matter which was not described in the specification in such a way as to
reasonably convey to one skilled in the relevant art that the inventor or a joint inventor, or for
pre-AIA the inventor(s), at the time the application was filed, had possession of the claimed
invention.

(A) Claims 2-6, 8 encompass “mutants thereof” in regard to the EGFR antibody required
by the claims. Claims 7 and 9 encompass sequences having greater than 70% or greater than
75%, 80%, 85%, 90%, 95% or 99% identity to SEQ ID NO:3 or 4. The disclsoure of a single
antibody heavy chain variable region, light chain variable region and constant regions does not
provide an adequate written description of the genus of antibodies encompassed in the claimed
antibody conjugates. The Court in in Amgen v. Sanofi of October 5, 2017 determined that a
description of an antibody must be in terms of the total structure of the antibody, or structure of
the antibody paratope region responsible for binding to the antigen. In the instant claims, the

“mutants thereof” or the alteration in sequence that contributes to less than 100% sequence
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identity can be alterations in the CDR regions of the antibody. Thus, the genus of antibodies
encompassed by the claims would be made up of antibodies having highly variable paratopes,
The description of the instant CDR regions of the heavy chain of SEQ ID NO:5-7 and CDR
region of the light chain of SEQ ID NO:12-14 fail to describe the claimed genus because the
genus is no longer limited by antibody paratope of the disclosed SEQ ID NO:5-7 and SEQ ID
NO:12-14. One of skill in the art would not be able to envisage the claimed genus as one can do
with a well described genus. One of skill in the art would reasonably conclude that applicant
was not in possession of the claimed genus at the time of filing.

(B) The instant claims all require in part, a solvate of the ANTIBODY CONJUGATE.
The specification fails to provide any teachings for how to make the solvate of the instant
ANTIBODY CONJUGATEs. Matheus et al (U.S. 7,960,516) teach that the term solvates is
taken to mean adductions of inert solvent molecules onto a solid form which adductions form
owning to their mutual attractive force, and that solvates include hydrates such as monohydrates
or dihydrates or alcoholates (column 10, lines 37-43). Matheus et al teach the unexpected result
that stable pharmaceuticals can be prepared with solid forms of anti-EGFR antibodies such as
cetuximab (column 4, lines 56-59) and that the antibodies are biologically active after re-
dissolution (column 10, lines 51-59). Matheus et al teach that the difficulties in crystallizing
intact glycosylated antibodies is extremely difficult due to the size of the protein, the different
glycosylation patterns of the individual molecules and associated micro-heterogeneities as well
as the structural flexibility of the immunoglobulin make an ordered incorporation into a crystal
lattice more difficult or even impossible (column 2, lines 50-56) and that there is a risk of
denaturing antibodies during the crystallization process (column 2, lines 63-66). The instant
claims require a solvate of an anti-EGFR cytotoxin conjugate. The various cytotoxins and linker
required in the conjugate would vastly increase the size of the molecule, the flexibility and the
micro-heterogeneity, especially since the number of linkers attached to a single antibody are
variable. Further some of the cytotoxins only moderately soluble in water, such as doxorubicin
(Yoo and Park, Journal of Controlled Release, 2001, Vol. 70, pp. 63-70, see page 67, second
column, line 30), and the influence of a group that is less hydrophilic than an antibody on the
ability of the antibody to go into a crystal lattice is unknown. The specification has not provided
the conditions for the formation of a single solvate of the large genus of EGFR-conjugates

encompassed by the claims. It would not be expected that the conditions disclosed for the
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formation of hydrates of unconjugated cetuximab would be the same conditions for the
formation of hydrates or solvates for the instant genus of anti-EGFR-conjugates claimed. One of
skill in the art would reasonably conclude that applicant was not in possession of the claimed

invention at the time of filing.

Claim Rejections - 35 USC § 103

In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art
relied upon, and the rationale supporting the rejection, would be the same under either status.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.
102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

Claims 2-14, 16, 23-26 are rejected under 35 U.S.C. 103 as being unpatentable over
Tikhomirov (W0O2015/000062) in view of Liu (CN103772504 reference of the IDS filed
8/14/2017), Brand et al (Cancer Biology & Therapy, 2011, Vol. 11, pp. 777-792) and Chung et al
(New England Journal of Medicine, 2008, Vol. 358, pp. 1109-1117).

Claim 2 is drawn in part to an antibody-drug conjugate comprising an anti-EGFR
antibody covalently linked to a cytotoxic agent, wherein the anti-EGFR antibody comprises the a
heavy chain and a light chain, wherein the heavy chain variable region comprises SEQ ID
NO:5-7 as the heavy chain CDR1-3, and the light chain variable region comprises SEQ ID
NO:12-14 as the light chain CDR1-3, Claim 3 embodies the ANTIBODY CONJUGATE of
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claim 1 wherein the FR1-4 of the variable regions of the heavy chain comprises SEQ ID NO:8-
11, respectively. Claim 4 embodies the antibody conjugate of claim 1 wherein the FR1-4 of the
variable regions of the light chain comprises SEQ ID NO:15-18, respectively. Claim 5 requires
that the antibody conjugate of claim 2has a constant region selected from a group including the
constant region of human IgG. Claim 6 specifies that the IgG constant region of claim 5 is
selected from a group including IgG1. Claim 7 requires, in part, that the antibody conjugate of
claim 5 has a constant region comprising SEQ ID NO:3. Claim 8 requires in part that the light
chain of claim 2 has a constant region selected from a group including human kappa constant
region. Claim 9 requires in part that the light chain constant region of claim 7 comprises SEQ ID
NO:4. Claim 10 specifies that the antibody conjugate of claim 2 has the structure of Formula I
wherein Ab is the antibody, L is the linker, D is the cytotoxic agent and p is 1-9. Claim 11
requires that the antibody conjugate of claim 10 comprises a toxin or a biological active peptide
as the cytotoxin; claim 12 requires, in part, that the cytotoxic agent of claim 11 is MMAE.
Claim 13 embodies the antibody conjugate of claim 10 wherein the linker is non-cleavable.
Claim 14 requires that the linker of claim 13 is selected from a group including 6-
maleimidocaproyl (MC).

Claim 16 is drawn to a composition comprising the antibody conjugate of claim 2
optionally comprising at least one pharmaceutically acceptable carrier, diluent or excipient.

Claim 23 is drawn in part to a method for the treatment of a disease associated with
EGFR comprising administering to a subject in need thereof, a therapeutically effective amount
of the antibody conjugate of claim 2. Claim 24 requires that the disease associated with EGFR 1is
a tumor with overexpression of EGFR.

Claim 25 is drawn to a method for inhibiting tumor angiogenesis, delaying tumor
progression, inhibiting tumor growth or inhibiting tumor cell proliferation comprising
administering to a subject in need thereof a therapeutically effective amount of the antibody
conjugate of claim 2. Claim 26 embodies the method of claim 25 wherein the tumor is selected
from colon cancer, rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical
cancer, bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric
cancer, pancreatic cancer and brain glioma.

Tikhomirov et al teach method for treating a subject presenting with a tumor that

responds to treatment with a full antagonist EGFR antibody, wherein treatment therewith elicits
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an EGFR antibody-mediated adverse response by keratinocytes, the improvement comprising
treating said subject with the full antagonist EGFR antibody in a form conjugated with an anti-
microtubule toxin, whereby the tumor response to treatment with conjugated antibody is
enhanced essentially without enhancing the adverse keratinocyte response to treatment, relative
to treatment with naked antibody alone (claim 19 of ‘062) thus teaching the embodiments of
instant clams23 and 25. Tikhomirov et al teach that a preferred embodiment of the full
antagonist EGFR antibody is cetuximab, but that the invention includes other antibodies which
are not cetuximab; the preferred anti-microtubulin toxin is preferably an auristatin (page 15, lines
14-16) and the linker is preferably a non-cleavable linker and preferably non—cleavable
malimidocaproyl linkers for linking auristatins as the anti-microtubule toxin (page 14, lines 5-7)
and that conjugation of cetuximab to MMAE anti-microtubule payload by a cleavable linker
potentiates its toxicity against both normal cells and MDA-MB-468 cancer cells, whereas
conjugation via non-cleavable linker only potentiates anti-cancer activity, thus demonstrating a
favorable therapeutic selectivity (page 9, line 24 to page 10, line 3) thus teaching the
embodiments of claims 10-12 wherein the cytotoxin is MMAE, the linker linking the MMAE to
the antibody is non-cleavable and maleimidocaproyl (MC). Tikhomirov et al teach
pharmaceutical compositions comprising the EGFR immunoconjugates in a pharmaceutically
acceptable carrier, thus teaching the limitation of claim 16.

Tikhomirov et al also teach a less preferred embodiment of a cleavable linker (page 6,
lines 3-5) such as a linker incorporating valine-citrulline such as cetux-2C9-MMAE in Figure 13,
which meets the specific embodiment of cleavable linker in instant claim 13.

Tikhomirov et al teach the that the subject presenting with EGFR+ cancer cells are
particularly EGFR+ cells having on their surface an abnormally high density of EGFR molecules
(page 18, lines 1-2) which meets the limitation of instant claim 24 requiring EGFR
overexpression. Tikhomirov et al teach the that cancers treatable by the invention include
EGFR+ colo-rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical cancer,
bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric cancer,
pancreatic cancer and glioblastoma (page 18, lines 10-25) which meets the limitation of claim

26.
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As noted above, Tikhomirov et al teach the preferred embodiment of cetuximab as the
anti-EGFR antibody of the invention. Tikhomirov et al do not teach an anti-EGFR having the
required CDRs, variable regions, and constant regions set forth in claims 2-8.

Brand et al teach that cetuximab, also known as C225, is the chimeric version of the
murine antibody M225 (page 781, Figure 2).

Chung et al (NEJM, 2008, Vol. 358, pp. 1109-1117) teach that among 76 cetuximab
treated subjects, 25 had hypersensitivity reactions to the drug, and that most of the subjects
having hypersensitivity reactions had pre-existing IgE antibodies to galactose-a-1,3-galactose
which is present on the Fab portion of the cetuximab heavy chain (page 1109, under the heading
of “Results”). Chung et al teach that such IgE antibodies are prevalent in the population in areas
where anaphylactic reactions to cetuximab occur (page 1110, first column, last sentence before
“Methods”). Chung et al teach that the Fab portion of the cetuximab heavy chain is glycosylated
at residue N88 with a range of sugars including galactose-a-1,3-galactose (page 1114, second
column, lines 11-15).

Liu et al teach four humanized versions of the murine M225 antibody (Translation,
pagel0, line 20 to the end of page 11) comprising a human IgG1 Fc fragment and a kappa light
chain, wherein the antibodies are termed BA03, BB03, BC03 and BDO3 (translation, page 12,
lines 1-6). Liu et al teach the sequence of the heavy chain variable region, wherein the N88
residue is in the FR3 domain of SEQ ID NO:17 (Translation, page 15, last paragraph,
CN103772504, page 11, paragraph [0083], the “N” in QSNDT) Liu et al teach the heavy chain
variable regions of BA0O3, BB03, BC03 and BD03, wherein SEQ ID NO:5 of the BAO3 heavy
chain(translation page 16, SEQ ID NO:5) comprises SEQ ID NO: 5-7 of the instant heavy chain
CDRs in addition to the framework domains FR1, FR2, FR3 and FR4 comprising SEQ ID NO:8-
11; SEQ ID NO: 13 of the light chain of BAO3 (page 19 of the translation, SEQ ID NO:13)
comprises the instant CDRs of SEQ ID NO:12-14 and the light chain framework sequences of
the instant SEQ ID NO: 15-18.

The kappa light chain of the constant region (Translation, page 21, SEQ ID NO:43) is
identical to the instant SEQ ID NO:4:

unnamed protein product

Sequence ID: Query_215689Length: 107Number of Matches: 1
Query 1 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQD 60
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQD
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Sbject 1 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQD €0
Query 61 SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC 107

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC
Sbjct el SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC 107

The IgG1 Fc fragment (Translation, page 21, SEQ ID NO: 42) is identical to the instant
SEQ ID NO:3

unnamed protein product
Sequence ID: Query_227965Length: 330Number of Matches: 1

Query 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSS 60
ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSS
Sbject 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSS 60

Query 61 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120
GLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
Sbjct el GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120

Query 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN 180
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYN
Sbjct 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN 180

Query 181 STYRVVSVITVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 240
STYRVVSV+TVLHODWLNGKEYKCKVSNKALPAPTIEKTISKAKGOPREPQVYTLPPSREE
Sbjct 181 STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSREE 240

Query 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRW 300
MTKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRW
Sbjct 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 300

Query 301 QOQOGNVFSCSVMHEALHNHYTQKSLSLSPGK 330
QOGNVESCSVMHEALHNHYTQKSLSLSPGK
Sbjct 301 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 330

Liu teaches that the BAO3 an BDO3 antibodies have higher binding affinity, stronger
ligand blocking ability and stronger inhibitory activity against surface EGFR than
Erbitux/cetuximab, and that BBO3 and BCO3 have binding affinity and ligand blocking abilities
that are similar to that of Erbitux.

It would have been prima facie obvious as of the effective filing date to use the BAO3
antibody in place of cetuximab in the conjugates and methods of using the conjugates of
Tikhomirov et al. One of skill in the art would have been motivated to do so because the BAO3
antibody is a full length antibody that is an antagonist of EGFR as demonstrated by Liu and has
higher binding affinity and ligand blocking abilities than cetuximab. One of skill in the art



Application/Control Number: 15/550,995 Page 13
Art Unit: 1643

would also be motivated to use the humanized BAO3 antibody in place of cetuximab because the
BAO3 has humanized framework regions, and because the N88 amino acid in the chimeric 225
antibody is no longer present. Thus, one of skill in the art would know that the humanized 225
antibody of Liu BAO3 would not carry galactose-a-1,3-galactose on N88 within FR3, and the
antibody would not cause hypersensitivity reactions in subjects having pre-existing IgE

antibodies to galactose-a-1,3-galactose.

Claims 2-16, 23-26 are rejected under 35 U.S.C. 103 as being unpatentable over
Tikhomirov et al , Liu and Chung et al as applied to claims 2-14, 16, 23-26 above, and further in
view of Chari et al (Angewandte Chemie, 2014, Vol. 53, pp. 3796-3827, see page 3811).

Claim 15 requires the antibody linked by means of a sulfonyl group to 6-
malimidocaprolyl-valine-citrulline-p-aminobenzyloxycarbonyl to MMAE, wherein p is 1-8.

Tikhomirov et al teach the linkage of MMAE to auristatins by means of
maleimidocaprolyl linkers (page 14, lines 5-7) and cleavable linkers comprising valine- citrulline
as less preferred embodiments (page 6, lines 3-5). Tikhomirov et al do not specifically teach the
structure of claim 15.

Chari et al teach a Mal-caproyl-val-cit-PAB-MMAE linkable derivate of MMAE (middle
of page 3811), and the linkage to a mAb, wherein cleavage at the cittrulene induces the self-
immolation of the p-amino benzoate to release free MMAE (page 3812, top of page). Chari et al
teach that the interchain disulfides can be fully or partially reduced by a mild reducing agent to
give a distribution of antibody species with two to eight free thiol groups which react with a
maleimide comprising auristatin derivative to give conjugates with an average of four auristatins
linked per antibody (page 3811, second column, line 3 to page 3812, first column, line 7). Chari
et al teach that with the auristatin MMAF, the val-cit linked MMAF can be up to 10 times more
potent on some cell types versus the MMAF with a non-cleavable linker (page 3812, first
column, lines 14-17).

It would have been prima facie obvious at the time of the effective filing date to make
the antibody maleimidocarpoly-val-cit-PAB-MMAE of Chari et al. One of skill in the art would
have been motivated to do so because Tikhomirov et al teach the linkage of MMAE to auristatins

by means of maleimidocaprolyl linkers (page 14, lines 5-7) and cleavable linkers comprising
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valine-citrulline and because Chari et al teach in some cases, a val-cit linked carrying an

auristatin is more potent than a auristatin antibody conjugate with a non-cleavable linker.

Claims 2-14, 16, 23-27 and 35 are rejected under 35 U.S.C. 103 as being unpatentable
over Tikhomirov et al, Liu and Chung et al as applied to claims 2-14, 16, 23-26 above, and
further in view of Lievre et al (Cancer Research, 2006, Vol. 66, pp. 3992-3995).

Claims 27 and 35 embody the methods of claims 24 and 26, respectively, wherein the
tumor is a tumor with a KRAS mutation.

The combination of Tikhomirov et al, Liu and Chung et al render obvious claims 2-14,
16, 23-26 for the reasons set forth above. None of Tikhomirov et al, Liu or Chung et al teach the
treatment of subject having an EGFR positive tumor with a KRAS gene mutation.

Lievre et al teach that patients with KRAS tumors are resistant to cetuximb (abstract,
penultimate sentence). Lievre et al teach that the whatever the expression level of EGFR is, the
presence of the KRAS mutation is associated with a downstream activation of the RassMAPK
pathway leading to cell proliferation that cannot be significantly inhibited by cetuximab, because
cetuximab acts upstream of the K-ras protein (page 3995, second column, lines 10-14).

It would have been prima facie obvious at the time of the effective filing date to treat
patients with EGFR expressing tumors and KRAS mutations with the antibody conjugate
rendered obvious by the combination of Tikhomirov et al, Liu and Chung et al. One of skill in
the art would have been motivated to do so because one of skill in the art would know that the
conjugate would have a mechanism of action that differed from the administration of the
unconjugated cetuximab. One of skill in the art would understand that the conjugate would be
internalized and the cytotoxic moiety would escape from the lysosomal compartment to deliver
the cytotoxin intracellularly and that this cytotoxin would be toxic to cells harboring the KRAS
mutation even in the event that the Ras/s/MAPK pathway would be potentially activated by
binding of the conjugated BA03 antibody.

Claims 2-14, 16, 23-26, 28 and 36 are rejected under 35 U.S.C. 103 as being unpatentable
over Tikhomirov et al , Liu and Chung et al as applied to claims 2-14, 16, 23-26 above, and
further in view of DiNicolantonio et al (Journal of Clinical Oncology, 2008, Vol. 26, pp. 5705-
5712).
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Claims 28 and 36 embody the methods of claims 24 and 26, respectively, wherein the
tumor is a tumor with a BRAF mutation.

The combination of Tikhomirov et al, Liu and Chung et al render obvious claims 2-14,
16, 23-26 for the reasons set forth above. None of Tikhomirov et al, Liu or Chung et al teach the
treatment of subject having an EGFR positive tumor with a BRAF mutation.

DiNicolantonio et al teach that patients with BRAF mutated EGFR expressing tumors
did not respond to cetuximab (page 5705 under “Results” and page 5706, second column, lines
6-8). DiNicolantonio et al teach that the therapeutic effect of cetuximab could be restored if
administered with a BRAF inhibitor such as sorafenib or other compounds targeting BRAF or its
downstream effectors.

It would have been prima facie obvious at the time of the effective filing date to treat
patients with EGFR expressing tumors and BRAF mutations with the antibody conjugate
rendered obvious by the combination of Tikhomirov et al, Liu and Chung et al. One of skill in
the art would have been motivated to do so because one of skill in the art would know that the
conjugate would have a mechanism of action that differed from the administering of the
unconjugated cetuximab. One of skill in the art would understand that the conjugate would be
internalized and the cytotoxic moiety would escape from the lysosomal compartment to deliver
the cytotoxin intracellularly and that this cytotoxin would be toxic to cells harboring the BRAF

mutation even in the event that the downstream effectors of BRAF would be activated.

All claims are rejected.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAREN A CANELLA whose telephone number is (571)272-
0828. The examiner can normally be reached on M-F 10-6:30.

Examiner interviews are available via telephone, in-person, and video conferencing using

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
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encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on 571-272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

KAREN A. CANELLA
Examiner
Art Unit 1643

/Karen A. Canella/
Primary Examiner, Art Unit 1643
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DESCRIPTION CN 103772504

AbstractT he presentinvention rehtesto ahum anized antiepidem algrow th factorreceptorantbody. The
hventon alo relates to nuckic acid m oleculesencoding the antibodies vectors hostcellsand com positons
com prising the nucleic acid m olecules, and detection reagentsand kits The mvention alo rehtest theuse of
the antbody forthe preparation ofam edicam entfHrthe prevention /treatm entofepidemm algrowth factoror
epidem algrow th factor receptor-asociated discasesand orthe preparation ofa detection reagentorkit The
antbodym olecuk ofthe mvention has bw er in m unogenicity and highertargetbinding activity, thereby having
strongerbio bgical activity and anti-tum oractivity n vitro and in vivo, and can be expected t have bwerside
effectsand better curative effectin clinicalapp lication.

H um anized antitepiderm algrow th ficorreceptorantbody and use thereof

T echnical field

The presentinvention rehtesto ahum anized antibody, i particu br © ahum anized antiepiderm al grow th
factorreceptorantbody, and © the use ofthe antbody for the preparation ofam edicam entforpreventing or
treating a discase associated w ith high activity orhigh expression ofepidemm algrow th factor. C om pared w ith
hum an and m ouse chim eric antibodies the hum anized antiepidem al grow th factorantbody ofthe present
hventon furtherreducesthe in m unogenicity of'the antbody, and enhances itsantigen recognition activity and
anti-tum orfinction In vitro and 1 vivo, and hasbetter clnical perfom ance. A pplication propects

Background technique
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Epidem alG row th FactorR eceptor (EG FR, alo known asH ER 1, cEtbB1) isa cell surface receptorofthe
epidem algrow th factor fam ily, which iscom posed 01186 am ino acid residuesand hasam oleculbrweightof
170kD . G Iycoprotein (Jorissen RN, W akerF, PouliotN, etal Epidem algrow th factor receptor:m echanism sof
activation and signaling. Exp C ellR es, 2003;284:31-53).EG FR bebngsto the type I tyrosine kinase receptor
E1hB subfam ily EbB 1+4) and hastyrosine kinase activity. EG FR isstably expressed in m any epithelial tissues
hcluding kin and hair o llicks A bnomm alexpression of the epidemm al grow th factor receptroractivation by
receptorm utationscan lead o cancer. Therearem any ©1id tum orsfound t© expresshigh expression of

epidem algrow th factor receptors such ascolorectal cancer, head and neck cancer, ung cancet, ovarian cancer,
cervicalcancer; bladdercancerand esophagealcancer (O layioyeM A,N eveRM ,LaneH A, etal TheEerbB
Signaling netw otk receptorheterodim erzation in developm entand cancer. The EM BO J, 2000;19:3159-3167).

G row th factors such astransfom g grow th factoralpha and epidem al grow th factorare endogenous ligandsfor
the epidem al grow th factorreceptor. These ligandsbind o the epiderm algrow th factorreceptor, activate the
activity of'the receptor ntracellular tyroshe protein kinase, nitate m ultiple downstream sighal trtansduction
pathways thereby reguhting the grow th and differentiation ofnom alcells ncreasing the invasivenessand

prom otion oftum orcells A ngiogenesis, inhibition oftum orcellapoptosis (€ iardielb F, Tortoh G A novel
approach in the treatm entofcancer: targeting the epiderm algrow th faictorreceptor. C Iin C ancerRes 2001;7:
2958-2970). The high expression ofepidem algrow th factor receptorin tum orsand itsim portantrole in tum or
cellgrow th and differen tiation m ake epidem al grow th factorreceptoraprom ising tum ortherapeutic target

The therapeutic antbody againstthe epidem al grow th ficorreceptorwasorighally derived firom them urine
antbody M 225 obtained by in m unizingm ice w ith epidemm algrow th factor receptorhigh expression epidem al
carcihom aA 431. M 225 gecifically bindsto the epidem algrow th factorreceptorand bbcksitsbinding to the
ligand, thereby inhibiting the activity ofthe epidem al grow th factorreceptor tyrosine protein kinase G oldstein
etal 1995, C lin. C ancer. Res1:1311-1318). A sa foreign protein, them urine antbody repeatedly stin ulatesthe
hum an body and can cause ahypersen sitivity reaction, which iscalled ahum an antim ouse antbody reaction.
Them urhe antbody m ay be neutralized by anttantibodiesn the body, which israpidly cleared and even causes
a severe allergic reaction to death. In addition, m urine m onocbnalantbodies lack the in m unobgical effector
functionsofhum an antibodies such asantbody—dependentceltm ediated cywtoxicity AD CC) and

com plem entdependentcytotoxicity (CD C ), and thusare noteffective. Thus the hum an m urine chin eric
antbody C 225 antibody Etbitux, Erhitux orC etuxim ab, Im C bne (how EliLilly)) usesthe variable regionsof
hum an IgG 1 kappaand m urine anttM 225 © reduce the in m unogenicity ofm urinem A bs retaining Specific
affinity w ith epidem algrow th factorreceptorcan bbck thebinding ofligandssuch asEGF and TG Fat®
epidem algrow th factorreceptor, nhibititsphosphoryhtion and downstream sighaling, thereby inhibiting

tum orcellgrow th and hducing apoptosis R educe the production ofm atrix m etaloproteinasesand vascu br
epithelial grow th factors 2004The U SFD A approved Etbitux Hrcobrectalcancer, and 2006 approved Hrthe
treatm entofhead and neck cancer. There arem ore clinical trials Hrother cancer indications C om pared w ith
otherchem otherapeutic drugs antibody drugshave sttong pecificity and an all side effects and have achieved
good clinicalresults H ow ever, hum an and m ouse chin eric Exbituxin ab are stillin m unogenic, clinically
reported o have an iIn m unogenicity of5% , which isprone o hum an anttantibody reaction leading © im m une
com plexm ediated antbody clearance, and skin and m ucosalside effects (An Z, etal, 2009, T herapeutic
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M onoclnalA ntbody, p313).

Panitum um ab A m gen) isa filly hum anized m onoclonalantbody prepared using transgenic m ouse technolbgy.
Tthasno m urine protein sequence and targetsthe epidem algrow th factor receptor EG FR). Ttw asapproved by
theFD A in Septem ber2006. A pproved Hrm arketing, in com bination w ith fluoropyrin idine, oxalip latin and
irnotecan orafter chem otherapy for the treatm entofEG FR—positive m etastatic co brectal cancer. 2006T he FD A
approved itsm onotherapy forchem otherapy—resistantm etastatic co orectal cancer (mn CRC ). H ow ever;

panitum um ab isan IgG 2 subtype antbody. C om pared w ith IgG 1, theCD C activity of1gG 2 and the biological
activity ofAD CC are significantly reduced. In addition, the stability of1gG 2 subtype antbody ispoot, which

m ay be aclnicaleffecton fully hum an antibody. Them ain reason why nin itam e hasno sign ifican tadvan tage
com pared to the chin eric antbody Etbitux.

Therefore, there isaneed In the artHrhum anized antiepiderm algrow th factor receptorantbodiesw ith bwer
in m unogenicity and higherbiolbgicalactivity o further in prove efficacy and reduce side effects

Sum m ary ofthe nvention

The presentinventorshave surprisingly obtained ahum anized antiepidem al grow th factorreceptorantbody
having owerim m unogenicity and higherbiolbgicalactivity by ushg antbody hum anization technobgy on the
basisofam ouse antbody. The presentinvention hasbeen com pleted based on the above findings Specifically, it
hclidesthe Hlbw hgaspects:

A firstagpectofthe hvention rehtesto an antiepidem algrow th factor receptorantbody orantigen-binding
portion thereof, wheren the sequence ofthe heavy chain CD R1 isselected fiom the sequences setHrth h SEQ
ID NO :1and SEQ ID NO :39 oraderivative thereof, and the sequence ofC D R3 isselected a sequence setrth
inSEQ D NO :2,SEQ ID NO :3and SEQ ID N O :40 ora sequence derived therefiom ;and/or

The sequence ofits lightchain CD R3 issekected fiom the sequencessetforth n SEQ ID NO :9,SEQ ID NO :10
and SEQ ID N O :41 orderivatives thereof:.

Theantbody orantigen-binding portion thereofaccording to the firstagpectofthe mvention, the sequence of
theheavy chain CD R2 and the lightcham CDR1,CDR2m ay bea corresponding portion ofam urine orhum an

orhum an m urine chin eric antiepidem al grow th factor receptorantbody.
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Theantbody orantigen-binding portion thereofaccording to any one ofthe firstagpectsofthe nvention, the
sequence ofthe heavy and lightchain FR thereofm ay be a corresponding portion ofam urine orhum an or

hum an m urine chin eric antiepiderm algrow th factorreceptorantbody.

In an em bodim entofthe nvention, the sequence of the heavy chain variable region CD R ofthe antibody or
antigen binding portion thereofis selected firom the sequencesshown in the Hlowing (1) to (4) oraderivative
thereof:

)

The sequence of CD R 1 isthe sequence shown n SEQ ID N O :1, the sequence of CD R 2 isthe sequence shown in
SEQ ID N O :4, and the sequence of CD R 3 isthe sequence hown n SEQ ID N O :2.

@

The sequence of CD R 1 isthe sequence shown n SEQ ID N O :1, the sequence of CD R 2 isthe sequence shown in
SEQ ID NO :4, and the sequence of CD R 3 isthe sequence shown 1n SEQ ID N 0 :40;

@)

The sequence of CD R1 isthe sequence shown n SEQ ID N O 39, the sequence of CD R2 isthe sequence shown
n SEQ ID NO 4, and the sequence ofCD R3 isthe sequence shown n SEQ ID NO :3;

@)
The sequence of CDR1 isthe sequence of SEQ ID N O 39, the sequence ofCD R2 isthe sequence of SEQ 1D
N O 4, the sequence ofC D R3 isthe sequence of SEQ ID NO 40;and/or

The sequence ofthe lightchain variable region CD R isselected fiom the sequencesshown in the ©low ing G) ©

(8) oraderivative thereof*

®)

The sequence of CD R 1 isthe sequence shown n SEQ ID N O :11, the sequence ofCD R2 isthe sequence shown
N SEQ ID NO :12, and the sequence of C D R 3 isthe sequence shown in SEQ ID N O :9.

©)
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The sequence of CD R 1 isthe sequence shown n SEQ ID N O :11, the sequence ofCD R2 isthe sequence shown
N SEQ ID NO :12, and the sequence of C D R 3 isthe sequence shown n SEQ ID N O :41;

)

The sequence of CD R 1 isthe sequence shown n SEQ ID N O :11, the sequence ofCD R2 isthe sequence shown
N SEQ ID NO :12, and the sequence of C D R 3 isthe sequence shown n SEQ ID N O :41;

@®)

The sequence of CD R 1 isthe sequence shown n SEQ ID N O :11, the sequence ofCD R2 isthe sequence shown
n SEQ ID NO :12, and the sequence of C D R 3 isthe sequence shown in SEQ ID N O :10.

The antbody orantigen-binding portion thereofaccording to any one ofthe firstagpectsofthe nvention,

w herein the sequence ofthe heavy chain FR1 issekected from the sequence setforth in SEQ ID N O :19 1 SEQ

ID NO :22 oraderivative thereod, and the sequence ofFR 2 isselected fiom the group consisting of SEQ ID N O
231 SEQ ID NO :25 orasequence derived therefiom , the sequence ofFR 3 isselected fiom the sequence shown
nSEQ ID NO :26 o SEQ ID N 0 :29 oraderivative thereof, and the sequence of FR4 isSEQ ID N O :a sequence

o030 ora sequence derived thereffom ;and/or

The sequence ofthe lightchain FR1 isselected from the sequence hown n SEQ ID NO :31 o SEQ ID N O :32
ora sequence derived thereffom , and the sequence of FR 2 issekected from the sequence shown in SEQ ID N O
331 SEQ ID NO :34 oraderivative thereof. The sequence ofFR 3 isselected flom the sequence setHrth in SEQ
ID NO :351 SEQ ID N O :36 ora sequence derived therefiom , and the sequence ofFR 4 issekected ffom the
sequence setforth n SEQ ID N O :37 0 SEQ ID N O :38 oraderivative thereof

In an em bodim entofthe nvention, the sequence of the heavy chain variable region FR ofthe antbody or
antigen-binding portion thereofis selected flom the sequencesshown in the Hlowing ©) o (12) ora derivative
thereof:

©)

The sequence ofFR 1 isthe sequence hown i SEQ ID N O :19, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :23, the sequence of FR 3 isthe sequence shown n SEQ ID N O :26, and the sequence ofFR 4 isSEQ
ID NO :30. The sequence shown ;

(10)
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The sequence ofFR 1 isthe sequence hown n SEQ 1D N O :20, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :24, the sequence of FR 3 isthe sequence shown n SEQ ID N O :27, and the sequence ofFR 4 isSEQ
ID NO :30. The sequence shown ;

1D

The sequence ofFR 1 isthe sequence hown n SEQ 1D N O :21, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :23, the sequence of FR 3 isthe sequence shown n SEQ ID N O :28, and the sequence ofFR 4 isSEQ
ID NO :30. The sequence shown ;

12)

The sequence ofFR 1 isthe sequence hown n SEQ ID N 0O :22, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :25, the sequence of FR 3 isthe sequence shown n SEQ ID N O :29, and the sequence ofFR 4 isSEQ
D N O :30. The sequence shown ;and/or

The sequence ofthe lightchain variable region FR isselected fiom the sequencesshown in the ©Towing (13) ©
(16) oraderivative thereof:

(13)

The sequence ofFR 1 isthe sequence hown n SEQ ID N O :31, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :33, the sequence of FR 3 isthe sequence shown n SEQ ID N O :35, and the sequence ofFR 4 isSEQ
ID NO :37. The sequence shown ;

(14)

The sequence ofFR 1 isthe sequence hown n SEQ ID N O :31, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :33, the sequence of FR 3 isthe sequence shown n SEQ ID N O :35, and the sequence ofFR 4 isSEQ
ID NO :38. The sequence shown ;

(15)

The sequence ofFR 1 isthe sequence hown n SEQ ID N O :32, the sequence ofFR 2 isthe sequence shown in
SEQ ID N O :34, the sequence of FR 3 isthe sequence shown n SEQ ID N O :36, and the sequence ofFR 4 isSEQ
ID NO :38. The sequence shown ;

(16)
The sequence ofFR 1 isthe sequence hown n SEQ ID N O :31, the sequence ofFR 2 isthe sequence shown in
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SEQ ID N O :33, the sequence of FR 3 isthe sequence shown n SEQ ID N O :35, and the sequence ofFR 4 isSEQ
ID NO :37. The sequence shown.

In aparticularem bodim entofthe nvention, the heavy chain variabk region sequence ofthe antibody orantigen
binding portion thereofisthe sequence setforth in SEQ 1D N O :5, and the lightchain variable region sequence is
represented by SEQ ID N O :sequence.

In another specific em bodin entofthe nvention, the heavy chain variab le region sequence ofthe antibody or
antigen binding portion thereofisthe sequence setforth in SEQ ID N O :6, and the lightcham variabk region
sequence issetorth n SEQ ID N O :The sequence shown.

In another specific em bodin entofthe nvention, the heavy chain variab le region sequence ofthe antibody or
antigen binding portion thereofisthe sequence setforth in SEQ ID N O :7, and the lightcham variabk region
sequence issetorth n SEQ ID N O :The sequence shown.

In another specific em bodin entofthe nvention, the heavy chain variab le region sequence ofthe antibody or
antigen binding portion thereofisthe sequence setforth in SEQ ID N O :8, and the lightcham variabk region
sequence issetorth n SEQ ID N O :The sequence shown.

Theantbody orantigen binding portion thereofaccording to any ofthe firstaspectsofthe invention, which
furthercom prisesahum an 1gG 1 heavy chain constantregion and ahum an kappa lightchain constantregion.

Tn the presentinvention, the IgG 1 heavy chain constantregion includesvariousallotypessiuch asG 1m (1),
Glm (2),G1m (z &) orG Im (z a, x).

Tn an em bodim entofthe invention, the IgG lheavy chain constantregion isoftheG Im (z) fom .

In the presentinvention, the kappa lightchan constntregion com prises variousallotypes suchasKkm 1,Km 1, 2
orKm 3, and In an em bodim entofthe mvention, the kappa lightchain constantregion isofthe Km 3 type.

Theantbody orantigen-binding porton thereofaccording © any ofthe firstapectsofthe nvention, wherein
the antigen binding portion com prisesa single chain antbody (scFv), a chim eric antbody, a diabody, a scFvTc
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bivalentm olecule, adA b and a com plem entarity detem ining region €D R) fragm ents Fab fragm ents Fd
fragm ents Fab’ fiagm ents Fvand F @bh’) 2 fragm ents

A second aspectofthe nvention reltes o an iso hited nuclkic acid m olecule encoding an antibody orantigen

binding portion thereofaccording o any ofthe firstagpectsofthe inventon.

A thid aspectofthe mvention rehtes o a vector com prishg the nucleic acid m olecuk ofany of the second

aspectofthe mventon.

In the presentinvention, the vectorm ay beachbning vectororan expression vector.

The expression vector is orexam pl, aprokaryotic expression vector, a eukaryotic expression vectot, a phage

vectorora viralvector, allofwhich are com m only used 1 the art

W herein the prokaryotic expression vectoris forexam ple, PET 28a, pG EM Ex1, pGEM 7ZF +) orpBAD 24, and
the eukaryotic expression vectoris forexam ple, pPBudCE4.1, pcDN A 3.1, pCM V -Tag2B orpG L3 basic, etc., n
the practice ofthe presentinvention In the em bodim ent, the eukaryotic expression vectorispcD N A 3.1, and the

viralvectoris forexam ple, arettovirus a kntivitus an adenovirus and an adeno—associated virus

In an em bodim entofthe nvention, the viralvectorisan adenoviralvector.

A Burth aspectofthe nvention reltesto ahostcellcom prisig the nucleic acid m olecule ofthe second aspectof
the nvention orthe vectorofthe third agpect

In the presentinvention, the hostcellm ay be a prokaryotic cellora eukaryotic cell

The eukaryotic cellis forexam ple, am am m alian cell

Thehostcellcan be obtained by introducing/tran sfecting the above nucleic acid m olecule orvecoorinto a
prokaryotic cellora eukaryotic cell
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In the presentinvention, the prokaryotic cellm ay be, orexam pl, Escherichia coli and the eukaryotic cellm ay
be, forexam ple, ayeastcell an insectcell (such asS21), oram am m alian cell and them am m alm ay be, o1
exan ple, an N SO celloraCH O cell

In one em bodim entofthe nventon, the hostcell isa eukaryotic cell

In one em bodim entofthe nventon, the eukaryotic cellisaCH O -S cell

In the presentinvention, hostcells transfected w ith a particularnucleic acid orvectorcan be obtained ushg any
ofavariety of transfection m ethodsknown in the art

Forexam ple, nuckic acidscan be ntroduced nto cellsby electtoporation orm icroin geton.

A lematively, lipofection reagentssuch asFuG EN E6, X —trem ¢G EN E and LipoféectA m ine can be used.

A ltematively, the nuckic acid can be mtroduced nto the cellby a suitab ke viral vectorbased on retrovirus

lentivitug adenovirug and adeno-associated virus

A fifth aspectofthe mvention rehtesto a com positon com prising an antbody orantigen-binding portion
thercofaccording o any one ofthe firstaspectsofthe mvention, and optionally one orm ore phamm aceutically
acceptable excipients; preferably, the excipientis selected from the group consisting ofProteolytic enzym e
hhibitors pham aceutically acceptable carriers diluentsand ad jivants

A sixth aspectofthe mvention rehtes o the anttbody orantigen-binding portion thereofaccording to any one of
the firstagpectsofthe nventon, orthe nuclkic acid m olecuk ofthe second aspect, orthe vectorofthe third
aspect, orthe hostcellofthe ourth aspect, in the preparation ofaprophyhctic/therapeutic epidem isU s in
grow th facorsordrugsforepidem al grow th factor receptor-asocited diseases

In the presentinvention, the epiderm algrow th factoror epidem algrow th factor receptor-associated discase
refers o a disease caused by high expression ofepidem algrow th factororhigh expression ofepidemm algrow th
factorreceptor.
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In an em bodim entofthe presentinvention, the epidem algrow th faictororepidem al grow th facorreceptor-
asociated discase refersto am alighanttum or, which m ainly refersto am alighanttum orwhich occursin
epithelial issues ncluding butnotlin ited © colon cancer, liver cancer, and head. N eck cancer, lung cancer,
ovarian cancet, cervical cancer, vaginal cancer, bladder cancer, esophageal cancer, oral cancer, skin cancet,

breastcancet, prostate cancerand pancreatic cancer.

A seventh apectofthe mvention relates to a detection reagentorkitcom prising the antbody orantigen-binding
portion thereofaccording o any one ofthe firstagpectsofthe nvention;

Preferably, the antibody orantigen binding portion thereofm ay further com prise a detectable label; or

Preferably, the detection reagentorkitm ay further com prise a second antbody thatspecifically recognizes the
antbody orantigen-binding porton thereof:

Preferably, the sccond antibody m ay further com prise a detectabk hbel

An eighth apectofthe mvention reltes o the use ofan antibody orantigen-binding portion thercofaccording
10 any ofthe firstagpectsof the invention for the preparation ofa detection reagentorkit, wherein the detection
reagentorkitisfordetecting epidem algrow th factororepidem algrow th factorR eceptors orused © diaghose
epidem algrow th factororepidem algrow th factor receptorrelated discases

The invention isfurtherdescribed bebw.

The ob gctofthe presentinvention is® m odify the CD R regionsand/orfram ew ork regionsofantbodiesby
using de—in m unogenic antbody hum anization techniquesagainstexisting antt£G F receptorantbodiesto

obtain bw erin m unogenicity and higherA biolbgically active antiepidem al grow th factorreceptorantbody.

In one em bodim entofthe nventon, the sequence ofthe heavy chain variable region ofm urine anti-M 225 isfirst
analyzed, and the hum an antbody gene sequence library is com pared according to itsheavy chain variable
region FR1, FR 2, FR 3 and FR 4 sequencesto find outThem urine anttM 225 heavy chamn variabk region FR 1,
FR2, FR 3 and FR 4 sequencesare sin ikrt© the hum an gem line antbody (owerin m unogenicity than the
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m ature antbody) variable region corresponding sequence.

Then, the hdium m ethod wasused o analyze the affinity ofthe sin ibr sequence © theH LA-D R m olecule, and
the kastaffinity fram ew otk sequencew as selected © finally establish the hum anized sequence ofFR1, FR2, FR3
and FR 4 ofthe heavy chain variable region. .

Based on thisftam ew otk structure, the spatialregion ofthe variabk region ofm urineM 225 antbody was
analyzed by com puterm oleculirm odel and the corresponding am 1o acid resduesofthem urneM 225

antbody required © supportthe CD R confom ation w ere analyzed.

D e=in m unization of CD R1 and CD R 3w ith high affinity orH LA-D R binding, m olecubrdocking, analysisof
epidem algrow th factorreceptorantigen m ouseM 225 antibody targetand its surrounding am tho acid residues
and hum anized w eightT he stereoscopic spatialbinding of the variab le region of'the chain, by cakuhting
ekctrostatic forces o lution m ediation (salvation), van derW aalsgravitation and entropy values selecting am ino
acidsthatcan be optin ized n theCD R1 and CD R 3 sequencesto reduce the affnity ofH LA-D R m okcules And
in prove thebinding ofthe CD R 3 regibn ofthe antbody t© the epiope ofthe epidem algrow th factor recepor.

In anotherem bodin entofthe inventon, the sequence ofthe lightchain variable region ofam urine antiM 225
antbody isanalyzed, based on its lightchain variable region FR1, FR 2, FR 3 and FR 4 sequencesagainstahum an
antbody gene sequence library N CBIIg BLA ST) Forcom parison, w e found the corresponding sequence of the
hum an gemm line antbbody variable region sin ihrto them urhe antiM 225 lightchamn variable region FR 1, FR 2,
FR 3 and FR4 sequences and then analyzed the sin ilarsequenceand H LA D R m olecuk by 1n silicon. Based on
the affinity of'the binding, the fram ew otk sequence w ith the bow estaflinity w as selected, thereby finally
establihing the hum anized sequencesofFR 1, FR 2, FR 3 and FR 4 ofthe lightchain variab le region.

Based on thisftam ew otk structure, the spatialregion of'the variabk region ofm urine 225 antbody wasanalyzed
by com puterm olecularm odel, and the corresponding am ino acid residuesofthem urine M 225 antbody
required t© supportthe CD R confom ation w ere analyzed. D e=in m unization of CD R1 and CD R 3 with high
affinity ©HrH LA-D R binding, m oleculbrdocking, analysisofepidem algrow th factor receptorantigen m ouse

M 225 antbody targetand its surrounding am iho acid residuesand hum anized weightThe stereoscopic spatial
binding ofthe variable region ofthe chain, by calculating electrostatic ©rces o lition m ediation (salvation), van
derW aalsgravitation and entropy values, selecting am ino acidsthatcan be optim ized n theCDR1and CDR3
sequences o reduce the affinity ofH LA-D R m olecules And im prove thebinding ofthe CD R 3 region of'the
antbody o the epitope of'the epidem al grow th factorreceptor.
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In an em bodim entofthe presentinvention, ahum an IgG 1 heavy chain constantregion Fc fragm entand a light
chain constantregion k fragm entare respectively obtained from nomm alhum an B cells and are ligated 1o the
above—described heavy chain variable region and lightchain variable region, respectively, to constructA ntbody
heavy and lightchaih expression vectors The expression vectorwas co—transfected nto m am m alian cellsfor
expression and purification t obtain hum anized antiepiderm algrow th factor receptorantibodiesBA 03, BBO3,
BC 03 and BD 03.

In an em bodim entofthe nventon, the antbody hasaffinity fora cell surface epidem algrow th factor receptor,
blocksEG F ligand binding t a cell surface epidem al grow th factor receptor, and mhibits cell surface epiderm al
grow th factor receptor. Phosphorylation activity and A D C C action are both m ore active than Erbitux and have

low erin m unogenicity.

In an em bodim entofthe nvention, the antbody hasan nhbiory eflecton the grow th ofvaribustum orcells
such asepidem alcancer, ing cancet, cobn cancet, pancreatic cancerand breastcancer, and hasa significant
eflectofnhbiting tum or grow th atthe anim allevel, .

In the presentinvention, the scientific and technical term sused herein have them eaningscom m only understood
by those skilled In the art, unlessotherw ise stated. A 1o, the protein and nucleic acid chem istry, m olecular
biobgy, celland tissue culture, m icrobiology, in m unobgicalrelated tem § and boratwry proceduresused
herein are temm sand routine stepsthatare widely used in the corresponding art A Io, Hrabetierunderstanding
ofthe presentinvention, definitbonsand explanationsofrehted term sare provided bebw.

Tn the presentinvention, the term “antibody” refersto an im m unogbbulin m olecule usually com posed oftwo
identicalpairsofpolypeptide chainseach having one “light” (L) chain and one "heavy” H ) chain. A ntbody light
chainscan be classified askappa and lam bda lightchains H eavy chainscan be chssified asn, &, v, a,or ¢,
and the isotypesofantbodiesare defined asIgM , IgD , 1gG, IgA, and IgE, repectively. W ithin the lightand
heavy chains, the variab e and constantregionsare pined by a”J region ofabout12 orm ore am ino acids and
the heavy chain furthercom prisesa”D ” region ofabout3 orm ore am ino acids Each heavy chain consistsofa
heavy chain variable region (VH ) and a heavy chain constantregion (CH ). The heavy chain constantregion
consistsofthree dom ains (CH 1, CH 2 and CH 3). Each lightchain consistsofa lightchain variable region (VL)
and a lightchain constantregion (CL). The lightchain constantregion consistsofonedom ainC L. The
constantregion ofthe antbody m ediatesbinding ofthe im m unoghbbuln ® hosttissuesorfactors ncluding
varibuscellsofthe in m une system (eg, effectorcells) and the firstcom ponent € 1q) ofthe classical com plem ent
system . The VH and V L regionscan alo be subdivided into regionsw ith high denaturation (referred to as

com plem entarity determ ining regions (CD R 8)) w ith am ore conserved region called the fram ew otk region (FR).
Each VH and VL consistsofthree CD R sand ourFR sarranged i the ©Hlbwing order:FR1,CDR1,FR2,CDR2,
FR3,CDR3,FR4 fiom theam ino tem inust the carboxy tem inus The variable regions (VH and VL) ofeach
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heavy/lightchain pairform an antibody binding site, respectively. T he assignm entofam ino acids® regionsor
dom ainsfolow sthe K abatSequencesofProteinsofIm m unobgical Interest (N ational InstitutesofH ealth,
Bethesda, M d. (1987 and 1991)), orChothia& Lesk (1987) LM ol Bl 196901-917;Chothiaetal (1989)

N ature 342:878-883. The term “antibody” isnotlim ited by any particularm ethod ofproducing antibodies For
exan ple, itincludes, in particular, recom binantantbodies m onocbnalantbodies and polyclonalantbodies
Theantbodiesm ay be antbodiesofdifferentintypes forexam pl, IgG (eg, IgG 1 IgG 2, ToG 3 or IgG 4 subtype),

TIgA 1, IgA 2, IgD , IgE orIgM antbodies

Tn the presentinvention, the term “antigen-binding portion” ofan antbody reférsto one orm ore portonsofa
fulFHength antibody thatretain the ability © bind to the sam e antigen (eg, ERCC 1) o which the antbody binds
com peting w ith the ntactantbody forthe antigen Specific binding. See generally, Fundam ental In m unology,
Ch.7 PaulW ., ed., 2nd Ed., Raven Press N . Y. (1989), which isincorporated herein by reference in itsentirety
forallputposes The antigen binding portion can be produced by recom binantD N A techniquesorby

enzym atic orchem ical cleavage of ntactantibodies In som e cases the antigen binding portion includesFab,
Fab’, F (@b’)2, Fd, Fv, dA b and com plem entarity determ ining region (CD R) fragm ents single chain antibodies
(eg, scFv), chim eric antbodies diabody D iabody and apolypeptide com prising atleasta portion ofan antibody
sufficientto confér specific antigen binding ability to the polypeptde.

Tn the presentinvention, the term “Fd fragm ent’ m eansan antibody fiagm entconsistingofaVH and CH 1

dom ain;the term "Fv fragm ent’m eansan antibody fiagm entconsisting ofthe VL and VH dom ainsofa single
am ofan antbody;the term “dAb” "Fragm ent’m eansan antbody fragm entconsistngofaVH dom ain W ard
etal N ature 341:544-546 (1989)) ; the term "Fab fragm ent’m eansan antbody fiagm entconsistingofVL, VH,
CLand CH 1 dom ains;Theterm “F (ab’)2 fragm ent’ m eansan antbody fragm entcom prising tw o Fab fragm ents
pied by adisulfide bridge on the hinge region.

Tn ©om e cases the antigen binding portion ofan antbody isa single chain antbody (eg, scFv), wherein the V L
and VH dom ainsfm am onovalentm olecule by pairing a Iinker thatenables itto produce a single po lypeptide
chain (see, eg, Bird etal , Science 242:423-426 (1988) and H uston etal,, Proc. N atl A cad. Sci U SA 85:5879-
5883 (1988)). Such scFvm oleculescan have the general stucture:N H 2-V L-linkerVH COOH orNH 2-VH -
IinkerV L-CO OH . Suitable privrart Iinkers consistofa repeating G G G G S am tho acid sequence orvariants
thereof. Forexam plk, a linkerhaving the am ino acid sequence (GG G G S) 4 can be used, butvariants thereofcan
alo beused H olligeretal (1993), Proc. N atl A cad. Sci. U SA 90 6444-6448). 0 ther linkersusefiilin the present
invention are by A Hthan etal (1995), Protein Eng. 8:725-731, C hoietal (2001), Eur. J. In m unol 31:94-106,
Hu etal (1996), C ancerR es 56:3055-3061, K ipriyanov etal (1999), I M ol Biol 293:41-56 and R ooversetal
(2001), C ancerIm m unol description.

In ©om e cases the antibody isadiabody, i, abivalkntantbody, wherein the VH and VL dom ainsare expressed
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on a single polypeptide chai, buttwo dhorta Inkerisused o albw pairihg betw een the two dom ainsofthe sam e
chain , thereby reing the dom ain to pairw ith the com plem entary dom ain ofanother strand and creating wo
antigen-binding sites (see, Hrexam ple, H olligerP. Etc.,, Proc. N atl. A cad. Sci. U SA 906444-6448 (1993), and
Polik R.J. Etal, Structure 2:1121-1123 (1994)).

Tn the presentinvention, the term “derived sequence” m eansthatthe sequence ofthe corresponding fragm entof
the antthody orantigen-binding portion ofthe presentinvention ishighly hom olbgousand stillretainssin ilar
EGFR bindihg activity and in m unity © the corregponding fragm entofthe antbody orantigen-binding portion

ofthe presentinvention. The orighal sequence.

The antigen-binding portion ofthe antibody (eg, the antbody fragm entdescribed above) can be obtained from
agiven antibody (eg, m onoclonalantbody 2E12) using conventionaltechniguesknown o those of'sillin the
art (eg, recom binantD N A techniquesorenzym atic orchenm icalcleavage m ethods). A nd ecifically screening
the antigen-binding porton ofthe antbody in the sam em annerasforntactantbodies

In the presentinvention, 20 conventivonalam ino acidsand theirabbreviatonslbw conventionalusage. See
Im m unolgy-A Synthesis @nd Edition, E.S.G olub and D .R. G ren, Eds, SinauerA sociates, Sunderknd, M ass
(1991)), which is incorporated herein by reference.

In the presentinvention, thenucleic acid includesDN A and RN A.

A dvantageouseflectsof the nvention

The presentinvention isdirected o the hum an m ouse chin eric Etbituxin ab which hasbeen m arketed, and uses
the de—in m unized antbody hum anization technobgy t© change the fram ew o1k region ofthe antbody and a
partofthe in m unogenicCD R region to fom anovelsequence ofhum anized resistance. Epidemm algrow th
factorreceptorlghG 1 subtype antbody m olecule, the obtained antbody has owerim m unogenicity and higher
targetbinding activity than erbituxin ab, thereby having sttongerbiobgicalactivity and antitum oractvity
vitto and i vivo. Itcan be expected thatthe side effectsofclinicalapp lication are ow erand the curative eflectis
better.

DRAW INGS
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Figure 1 show sa com parison ofthe affinity ofantibodies to cell surface epidemm algrow th factor receptors

Figure 2 show sa com parison ofantbody blocking EG F ligand binding © cell surface epidem algrow th factor
receptot, where the ordhate isthe O D 450 value.

Figure 3 show sa com parison ofantbodiesinhibitihg epidem al grow th fictorreceptorphosphoryhtion on the
surface ofA 431 cells

Figure 4 show santbody—dependentceltm ediated cytotoxicity AD CC ) activity assays

Figure 5 show sdendritic cell cellactivation assay to determ ine antbody in m unogenicity in vitro.

Figure 6 how sthe grow th nhbitory effectofantbodieson hum an epidem alcarcinom aA 431 m ouse tum or

m odel

D etailed ways

The em bodim entsofthe presentinvention w illbe described in detailbebw w ith reference o the accom panying
draw ings, how ever, the olbw Ing exam p ksare intended to illustrate the nvention and arenotintended to lim it
the scope ofthe nvention. Thosewho do notspecily the specific conditons i the exam plesare carried out
according to the conventional conditonsorthe conditonsrecom m ended by them anufacturer. The reagentsor
hstrum entsused are notindicated by the m anufacturer, and are conventionalproductsthatcan be obtained

com m ercially.

Exam ple 1. D esign ofheavy chain variable region sequence ofhum anized m onocbnalantbody againstsurface
epidem algrow th factorreceptor

The folbw Ing is the sequence ofthe heavy chain variabk region ofm urihe antiM 225, the underlined portions
areFR1,FR2, FR 3 and FR 4 fram ew otk sequences:Q VQ LKQ SGPGLVQPSQ SLSITCTVSGFSLT NYG VH

W VRQSPGKGLEW LG VIW SGGNTDYNTPFTSRLSINKDN SKSQ VFFKM NSLQSNDTATYYCAR
ALTYYDYEFAY W GQGTLVTVSA (SEQ ID NO :17).

16-03-2019 15



Thehum an antbody gene sequence library was com pared based on itsheavy chain variable region FR1, FR2,
FR 3 and FR4 sequencesto find ahum an gem line sim flarto them urine antM 225 heavy chain variable region
FR1,FR 2, FR3 and FR4 sequences (gem line) The antbody variabk region correspondsto the sequence. Then,
using N et H C llpan sofiw are or selfprogram m ing sofiw are, the affinity of'the sin ibr sequence © theHLA-DR
m olecuk wasanalyzed by the 1 silicon m ethod, and the firam e sequence w ith the bw estaffinity was selected,
thereby finally establihing the hum anized heavy chain variabk region. Sequence ofFR 1, FR2, FR 3 and FR4.
Based on thisfram ew otk, the spatial region of'the variab ke region ofthem urine 225 antbody wasanalyzed using
acom puterm okcularm odel and them urine 225 antbodiesrequired t© supporttheCD R conform ation were
analyzed forthe fram ew otk am ino acid residuesL29, .48 and L67. Forthe de—im m unizaton ofCDR1 and
CDR3with higheraffinity orH LA D R bindihg, m okculardocking wasused o analyze the targetofhum an
epidem algrow th factorreceptorM 225 antlbody and its surrounding am o acid residuesand hum anized

w eight The three-dim ensional spatial com bination ofthe variable regibnsofthe chain, by calculating
ekctrostatic forces solution m ediation (salvation), van derW aalsgravity and entropy values Sircaretal,

SnugD ock :paratope structuraloptin ization during antbody-antigen docking com pensatesorerrorsin
antbody hom olgy m odels PLoS Com putBi012010 Jan 22;6), selectthe am ino acidsthatcan be optim ized in
theCDR1and CD R3 sequences optin ize the 33position GLy mn CD R1 t© am tho acd A o, and optin ze the
100positon Thrin CD R3 t© am tno acid A o t© reduce A ffinity binding © theH LA-D R m olecule and

in proved binding of'the antbody C D R 3 region 1o the epidem al grow th factorreceptorepitope. Thenew ly
designed heavy chain CDR1is:N YD VH (SEQ ID NO :1);thenew Iy designed heavy chain CD R 3 sequence is
ALDYYDYEFAY SGEQ DNO:2andALTYYD YD FAY SEQ ID NO :3), due to the bw affinity of
CDR2rHLA-DR molecule binding, retainsthe CD R 2 sequence ofthe originalm ouse antiM 225 (the
sequenceisVIW SGGNTDYNTPFTS, SEQ D NO :4). Therefore, by integrating the optim ized fram ew otk
sequencesand CD R sequences the fournovelanttEG F receptorhum anized m onocbnalantbody heavy chain

variable region sequencesare:

QVQLQESGPGLVKPSETLSLTCTVSGFSLSNYDVHW VRQAPGKGLEW LGV IW SGGNTD YN TPFTSRLTL
SVD TSKNQFSLKLSSV TAADTAVYYCARALDYYDYEFAYW GQGTLVTVSS GEQ D NO :5);

QVQLQESGPGLVKPSETLSLTCTVSGFSLTNYD VHW IRQPPGKGLEW IGVIW SGGNTDYNTPETSRVTI
SVD TSKNQ FSLKLSSV TAADTAVYYCARALTYYD YEFAYW GQGTLVTVSS (SEQ ID NO :6);

EVQLVESGGGLVQPGGSLRLSCAASGFSLTNYGVHW VRQAPGKGLEW LGV IW SGGNTD YNTPFTSRL
TISKDNSKNTLYLQM NSLRAED TAVYYCARALTYYDYDFAYW GQGTLVTVSS (SEQ ID NO :7);

QVQLKESGPGLVAPSQSLSITCTVSGEFSLTNYGVHW VRQPPGKGLEW LGVIW SGGNTD YNTPFTSRLSI
SKDNSKSQ VFLRM YSLQ TDD TARYYCARALTYYD YEFAYW GQGTLVTVSS (SEQ ID NO :8).
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The sequence num bersofthe sub—segm entsin the above sequencesare asfo Iow s:

QVQLQESGPGLVKPSETLSLTCTVSGFSLS SEQ ID NO :19)

QVQLQESGPGLVKPSETLSLTCTVSGFSLT (SEQ D NO :20)

EVQLVESGGGLVQPGGSLRLSCAASGFSLT (SEQ ID NO :21)

QVQLKESGPGLVAPSQSLSITCTVSGFSLT (SEQ ID NO :22)

W VRQAPGKGLEW LG (SEQ ID NO :23)

W IRQPPGKGLEW IG (SEQ ID NO :24)

W VRQPPGKGLEW LG SEQ ID NO :25)

RLTISVD TSKNQ FSLKLSSVTAAD TAVYYCAR (SEQ ID NO :26)

RVTISVD TSKNQ FSLKLSSVTAAD TAVYYCAR (SEQ ID NO :27)

RLTISKDNSKNTLYLQM NSLRAED TAVYYCAR (SEQ ID NO :28)

RLSISKD N SKSQ VFLRM YSLQ TDD TARYYCAR (SEQ ID NO :29)

WGQGTLVTVSS SEQ ID NO :30)
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NYGVH SEQ ID NO :39)

ALTYYDYEFAY (SEQ ID NO :40).

Exam ple 2. D esign oflightchain variabk region sequence ofhum anized m onocbnalantibody againstepiderm al
grow th facorreceptor

The folbw Ing isthe sequence ofthe m urine antiM 225 lightchain variable region, the underlined portionsare
theFR1, FR 2, FR 3 and FR 4 fiam ew otk sequences:

D ILLTQ SPV ILSV SPGERVSFSC RASQSIGTN H W YQ QRTN G SPRLLIK YA SESIS
G IPSRFSG SG SG TD FTLSINSVESED ADYYC Q QNNNW PTT FGAG TKLELK (SEQ ID NO :18).

The sequence ofthe lightchamn variable region ofthem urine anti-225 antbody w asalso analyzed, and the

hum an antibody gene sequence lbrary wascom pared according to its lightchain variable region FR1, FR 2, FR 3
and FR 4 sequences, and them urine antiM 225 lightchain variable region wasfound. FR1, FR2, FR 3 and FR4
sequencesare sin ilarto hum an gem line antbody variabk region corresponding sequences and then analyzed
by 1 silicon usingN et! H C Ilpan software or selfprogram m inhg sofiw are Hraffnity of'selected sin ibr sequences
tHLA-DR molecules The fram ew otk sequence w ith the bw estaffinity was selected t© finally establish the

hum anized sequencesofFR 1, FR2, FR 3 and FR 4 of'the lightchain variable region. Based on thisfram ew otk, the
spatial region ofthe variab le region ofthem urine 225 antbody wasanalyzed usinhg a com puterm olecularm odel
and the corresponding am ino acid residue 158 ofthem urine antibody required 1 supportthe CD R

confom ation wasanalyzed. Forthe deim m unization ofC D R 3w ith high affinity forH LA-DR m okcuke binding,
m olecubrdocking isapp lied o analyze the epidem al grow th facorreceptorm ouse M 225 antbody targetand
itssurrounding am ino acid residuesand hum anized heavy chain. The threedin ensional spatialcom bination of
the variab le regions by calculating electrostatic rees, 0 lution m ediation (salvation), van derW aalsgravity and
entropy values (Sircaretal SnugD ock : paratope structuraloptim ization during antbody—antigen docking

com pensates fhrerrors in antbody hom olgy m odels PLoS C om putBi012010 Jan 226), selectthe am ino acids
thatcan be optim ized in the CD R 3 sequence, optin ize the A sn atpositon 93 n the CD R3 o the am o acid

G Iu, and optin ize the Thratthe 97 position to the am ino acid Sertw reduce thebinding oftheH LA-D R

m olecuke. The affinity and in prove thebinding ofthe antibody CD R 3 region © the positively charged am ho
acid ad pcentto the epidem al grow th factorreceptorepitope. Thenew Iy designed lightchamn CDR3is:Q Q N
NEW PTSGEQ DNO:9andQ Q NNDW PTT SEQ ID NO :10). D ue to the bw affinity ofthe light
chainCDR1and CDR2©rHLA-DR m oleculebinding, the CD R1 ofthe originalm ouse antiM 225 (the
sequence ofwhich isSRASQ SIG TN IH,SEQ ID NO :11) and theCD R2 sequence (the sequence ofwhich is
YASESIS, SEQ ID NO) :12). Therefore, by integrating the optim ized fram ew otk sequencesand CD R sequences,
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thenovelantisurfice epidem algrow th factor receptorhum anized m onoclbnalantbody lightchain variabke

region sequencesare:

EIVLTQSPD FQ SVTPKEKVTITCRASQSIGTN HW YQ Q KPDQ SPKLLIKYA SESISG IPSRFSG SG SG TD FTL
TINSLEAEDAATYYCQQNNEW PTSFGQG TKLEIK (SEQ ID NO :13);

EIVLTQSPD FQ SVTPKEKVTITCRASQSIGTN HW YQ Q KPDQ SPKLLIKYA SESISG IPSRFSG SG SG TD FTL
TINSLEAEDAATYYCQQNNNW PTTFGAGTKLEIK (SEQ ID NO :14)

D IVLTQ SPATLSVTPGESVSFSCRASQ SIG TN IHW YQ Q KSH ESPRLLIKY A SESISG IPSRFSG SG SG TD FTLSI
NSVETEDFGM YYCQQNNNW PTTFGAG TKLETK SEQ I NO :15)

EIVLTQSPD FQ SVTPKEKVTITCRASQSIGTN HW YQ Q KPDQ SPKLLIKYA SESISG IPSRFSG SG SG TD FTL
TINSLEAEDAATYYCQQNNDW PTTFGQGTKLEIK (SEQ ID NO :16).

The sequence num bersofthe sub—segm entsin the above sequencesare asfo Iow s:

EIVLTQ SPD FQ SVTPKEKVTITC (SEQ ID NO :31)

D IVLTQSPATLSVTPGESVSFSC (SEQ D NO :32)

W YQQKPDQSPKLLIK SEQ ID NO :33)

W YQQKSHESPRLLIK (SEQ ID NO :34)

G IPSRFSG SG SGTD FTLT INSLEAEDAATYYC (SEQ 1D NO :35)

G IPSRFSG SG SGTD FTLSINSVETEDFGM YYC (SEQ ID N O :36)
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FGQGTKLEK (SEQ ID NO :37)

FGAGTKLEIK (SEQ ID NO :38)

QQNNNW PTT (SEQ ID NO :41).

Thehum anized antbodiesobtained according to the above exam p leshave the © Ibw ing com bihations:

Table1.H um anized antt£EG FR antlbody com bihation

[in age]

Exam ple 3 Preparation ofH um anized M onocbnalA ntbody A gamstEpidem alG row th FactorR eceptor

(1) A ccording o the antbody heavy chain variab le region sequence and the lightchain variab ke region sequence
determ ned nh Exam ples1 and 2, PCR prin eroligonucleotide fragm entsencoding heavy chain and lightchain
variable region sequencesw ere designed and synthesized, respectively, and introduced during synthesis The
enzym e cleavage site. PC R prin eroligonucleotide fragm entsare typically about54 basesin kngth and about18
basesoverhp in ad pcentoligonucleotide fragm ents The sam e am ountofeach PCR prin erfragm entwasm ixed
1o carry outan overlap extension PC R reaction.

PCR reaction system :dNTPs0.2 pM (finalconcentration);1 1 lofeach PCR prim erfiagm ent; 10 p buffer3
1 I;cned pfu (Invittogen) 1 u waterwasadded © 30 1 1

PCR reaction conditions:94° C 3min— 94° C30s—5° C30s—72° Clmin) X 30—72° C 10

m in

ThePCR productw as separated by 1% agarose gelekectrophoresis and the purified fragm entw asrecovered.
A flerEcoR 1digestion, the antbody heavy chain variable region sequence and the lightchain variable region
sequencew ere cbned into pCR-Bunt-TO PO (Invitrogen) vector. A fter transhm ation into E. coliTO P10
(Invitrogen), screening wasperform ed on LB/K anam ycin plates and 10 w hite plaquesw ere inoculated in LB
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Tiquid m edium containing K anam ycin, and Q Iquick PCR purification kitw asused. P lasn idsw ere extracted and
sequenced o determ the the heavy and lightchain variable region sequences

(2)C onstruction ofexpression vector

RN A wasisolted ffom nom alhum an B cells and the hum an IgG 1 heavy chain constantregion IgG 1 Fe

fiagm entand the lightchain constantregion x fragm entw ere obtained by RTPCR, and the desired cleavage
site was introduced atRT-PC R, and pre—constructed into pcD N A 3. In the expression vectorof.l (Invitrogen),
pcDNA3.1Fcand pcD N A 3.1-k expression vectorsw ere obtained, and positive clonesw ere identified by DH 5
bacterial tran sform ation, p han id extraction and sequencing.

The sequence ofthe hum an IgG 1 heavy chain constantregion IgG 1 Fe firagm entis:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKD YFPEPVTVSW NSGALTSGVH TFPAVLQ SSGLYSLSSVVTV
PSSSLGTQTYICNVNHKPSNTKVD KRVEPKSCD KTH TCPPCPAPELLG G PSV FLFPPKPKD TLM ISRTPEV
TCVVVDVSHEDPEVKFNW YVDGVEVHNAKTKPREEQ YNSTYRVVSVITVLHQDW LNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQ VYTLPPSREEM TKNQ VSLTCLVKGFYPSD IAVEW ESNGQPENNYKTT
PPV LD SD G SFFLYSKLTVD KSRW QQGNVFSCSVM HEALHNH YTQ KSLSLSPGK (SEQ ID NO :42)

The sequence ofthe lightchain constantregion kappa fragm entis:

RTVAAPSVFIFPPSD EQ LKSG TASVVCLLNNFYPREAKVQW KVDNALQ SGN SQ ESVTEQ D SKD STYSLSS
TLTLSKAD YEKHKVYACEV THQGLSSPVTKSFNRGEC SEQ ID NO :43)

Theheavy chain variable region ofthe antbbody wasexcised from the positive cone ofpC R-Buntl=T 0 PO by
Ecod7IIN hel, and the cone was ligated into the pcD N A 3.1F ¢ expression vector, and the heavy chain variable
region w as ligated 1o the constantregion. The lightchain variable region ofthe antbody wasexcised ffom the
positive clone of pC RBluntl-TO PO by A scI/BsiW 1, and the clonewas ligated into thepcD N A 3.1-x
expression vectorto link the variable region ofthe lightchain 1 the constantregion R eference can be ound in
M orrison). SL.C bningexpression, and m odification ofantbody V regions C urrProtoc Im m uno1l2002M ay;
C hapter2:U nit2.12.). Positive clonesw ere again detem ined by D H 5 bacterial transform ation, plasn id
extraction and sequencing. The sequencing resultsw ere identical o the encoded sequencesofthe recorded

antbodies ie., expression vectorsforthe heavy and lightchainsofthe antbody, respectively.
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(3)Transfection of CH O cellsand expression of pecific antibodies

C elllinesand culture conditions:CH O S cells (purchased from Invitrogen) w ere cultured under conditonsof
IXCD-CHO (purchased from G IBCO ), 1 XHT (purchased fiom G IBCO ),8mM glitam ine (purchased fiom
G IBCO ), and cultured in 37 ° C,8% CO 2 incubator. The antbody heavy chain expression vectorobtained by
the step (2) and the lightchain expression vectorw ere co—transfected into CH O S cells and DM RIE-C
transfection kit (purchased flrom Invitrogen) wasused, and the instructionsw ere operated according © the kit
hstructions O n the thid day after tran sfection, cellsw ere cultured in the above culturem edium and sub feted ©
pressure screening by adding 500 u g/m 1ofG 418 (purchased from G IBCO ) and 12.5 1 g/m lofpurom ycin
(purchased flom Sigm a). A fierabout14 daysofpressurization, the selected positive polycbnalwasculiured in a
six-w ellp late, and the specific antbody expression am ountw asdetected by adirectELISA m ethod (coated w ith
EG FR—Fc flom the expressed 293T cells). The positive polyclonalw ith the highestexpression rate was selected.

A fler 7 daysofrge—scale culture, the culture supematan tw as collected by centrifligation, purified by affinity
chrom atography colum n (purchased fiom GE) ofprotein A, dialyzed t© PBS, and filtered through a0.22 um

m em brane. The purified antbodiesBA 03, BBO3, BC 03 and BD 03 were obtained separately forthe Hlow ing

exam ples

Exam ple4 Fbw cytom etty wasused to detectthe affinity ofantbodies o cellsurface epidem al grow th factor

receptor

The specific affinity of'the expressed antibody rthe epidem algrow th factorreceptorwasdetected by A 431
cells ATCC). A431 cellswere com bined w ith differentconcentrationsofproductantbodiesat4 © C forl
hout. The cellsw ere w ashed three tin esw ith PBS, and 100-01d diluted FIT C —labeled anti-hum an Fcy —specific
secondary antbody (purchased fiom The Jakson Laboratory) wasadded at4 © C foronehour. The com bined
fluorescen tsignalw asdetected by fow cytom etry afterw ashing three tim esw ith PBS Fig. 1). The EC 50 (half
effective concen tration) value w ascalculated using the Prism  sofiw are based on the average fluorescence
htensity, and the resultsare shown in Table 2. The resultsshow ed thatthe hum anized antbodiesBA 03 and

BD 03 ofthe presentinvention have higherbinding activity than Erbitux (purchased from Baitai

Biopham aceuticalC o., Ltd.), and BBO3 and BC 03 are sim ilkr to Etbitux. The binding activity ofall four
antbodieswasstronger than thatofN in otuzum ab (purchased flom M erck K gad ).

Table 2EC 50 valuesofantbody—EG FR bindihg activity

Exam ple 5 Antbody BlocksEG F Binding to C ellSurface Epiderm alG row th FactorR eceptor
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Thebbcking ability ofthe expressed antbody ©© bind EG F 1o the cell surface epidemm al grow th factor receptor
wasexam ined usingthe A 431 cell ATCC) C elFELISA m ethod (see Bioo Scientific M axD iscovery in C ell ELISA
kitinstructions). D ifferentconcentrationsofantibodiesw ere incubated w ith A 431 cellsfor1 hourat4 °© C, and
biotinylated recom binanthum an epidem algrow th factorEG F (purchased from R& D ) wasadded and washed
three tim esw ith PBS. Biotin—labeled recom binanthum an epidemm algrow th factorbinding to the cell surface
epidem algrow th factor receptorwasthen detected w ith H RP-labeled avidin Fig. 2). The IC 50 halfinhibitory
concentration) valuie wascalulted using Prisn softw are based on the m easured O D 450 value, and the results
are shown in Tabk 3. The resultsindicate thatthe hum anized antbodiesBA 03 and BD 03 ofthe present
inventon have sttongerblocking activity ofligand—cell surface epiderm algrow th factorreceptorbinding than
etbitux, and BBO3 and BC 03 are sim ilrt Erbitux. The blocking activity ofthe fourantbodiesw as sttonger than
thatofTaixinsheng.

Table 3 IC 50 valuesofantibodiesbbcking the binding activity of EG F 1 EG FR

Exam ple 6 A ntthody mhibits surface epidem al grow th factorreceptorphosphoryhtion ofA 431 cells

5X10< 5> cellsfwellA 431 cellsw ere seeded w ith 6-w ellp latesand culttured ovemightw ith com plete m edjum
DM EM + 10% FBS). The cellswere cultured in 2m 1D M EM o m ake the cells lack nutrients or 16-18 hours
Then, 1 m lofprewam ed freshm edium O M EM , without10% FBS) wasused for1-2 hours Five ug/m lofanti-
epiderm algrow th factor recepmrantbody wasadded t A 431 cells60m in befbre stin uktion w ith 50 ng/m 1
recom binantEG F (epidem al grow th factor; purchased firom R&D system ). W ash 3 tim esw ith pre—cooled

1 X PBS, add 250 u lofcell ysate (cell ysisbuffer; purchased from C ellSignalling), lyse, centrifiige, 14000 1pm , 4
° (C,15m hutes collectthe Iysate, quantify w ith BC A kitprotem. . Epidem al grow th factorreceptor
phosphoryltion wasdetem ined by w estern bbtusing antipEG FR (pY 1068) antibody (purchased firom
Abnova), and totalepidem al grow th factorreceptor contentwasdeterm ined by anti-totalepidem al grow th
factorreceptorantbody (purchased from A bnova).. The resultsindicate thatthe hum anized antbody BA 03 of
the presentinvention hasa sttonger nhibitory activity again stsurface epidem al grow th factorreceptor
phosphorylation ofA 431 cellsthan Etbitux. Both are stronger than TaiX insheng (Figure 3).

Exam ple 7 In vitro antbody—dependentceltm ediated cytotoxicity AD CC) assay

Theblbod obtained from nom alvolunteerswasinhaled into a heparinized syringe and m ixed w ith H BSS (Life
Technologies) in the sam e volum ew ithoutC a< 2+ > M g< 2+ > and placed on a lym phocyte gradient

separating agent (Life Technobgies). The layersw ere stratified and centrifiged at800 g ©Hr30 m inutes PBM C s
collected on the hterface were washed n H EPES buffered saline and resuspended in assaym edium containing
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1% heatinactivated FBS (H yC one Laboratories Logan, U T), 2nM L—glutam ine, 10m M H EPES, A nd 50

m g/m L gentam icin in RPM 11640 m edium (Life T echnolbgies). Ram oscells ATCC) (10< 4> cells/well) and
various concentrationsofantbodies (disposed in 50 m L ofassay buffer) placed in 50 m L ofassay bufferw ere
added o round-botiom 96-wellphtes Thism xture waspreincubated ©r30m nutesat3?7 ° C.50 uLof5X 10
< 5> effectorcellswere then dispensed into each welland mcubated Hr4 h at37 ° C.Experim entsw ere
perform ed usinga40:1 effectorcell PBM C ) targetcell Ram oscell) ratio. The plate wascentrifiged at250 g or
10m utes and then the supematantw ascollected. T he Jactic acid dehydrogenase activity in the supematantw as
detem ined usinga cytotoxicity testkit BoehringerM annhein , Indianapolis IN ) and them anufacturer's
hstructions and the percentage of oxicity was calculated from the average absorbance ofthe sam ple. Specific
lysisrate= (average experin ental release —average pontaneousrelease) / (averagem axim um relase —average
gpontaneousrelease). A sa result, asshown in Fig. 4, the hum anized antbodiesBA 03 and BD 03 ofthe present
invention have higherAD CC activity than cetuxim ab, and are higherthan Erbitux at0.1 ug/m land 1 ug/m 1 (p<
0.05, Studentsttest), BBO3 and BC 03 are sim ilar© Etbitux.

Exam ple 8 D endritic cellT cellactivation assay © determ ine antbody in m unogenicity in vitto

Blbod obtained fiom nom alvolunteers (n=12) wasinhakd into aheparinized syringe and m ixed w ith H BSS
(Life T echnologies) containingno Ca2<+> M g2<+> in the sam e volum e, placed in a Iym phocyte gradient
separating agent. (Life T echnolgies) layered and centrifiiged at800g fHr30 m inutes Peripheralblbod

m ononuckarcellscollected on the nterface w ere washed n H EPES buffered saline and resuspended in assay

m edium RPM 11640m edium (Life Technobgies). The resulting peripheralblbod m ononuclearcellsw ere
conthuously cultured Hr2 hoursinh 50m lofa1:100 dilution ofbeta—m ercaptoethanolscrum —freeAIM V

m edium (G ibco) © harvestm onocytes 800 units/m 1ofGM -C SF Endogen) and 500 units/m lof1.—4
(Endogen) w ere added ; incubation wascontinued for5 days Then, 0.2 unitsm lofTNF ¢ (Endogen) and IL—-
1« (Endogen) ata final concentration of50 units/m 1w ere furtheradded for2 days O n day 7, 50m g/m lof

M itom yein C wasadded for1 hourto stop the continued differentiation ofdendritic cells and then the
differen tiated m ature dendritic cellsw ere collected by centrifigation at600G . Inoculate around botiom 96-well
culture plateat2 x 10< 4 > cellswell 100 u)). N egative selection ofCD 4 < + > C ellectK it Biotex) wasused o
colecthuman CD4< + > T cellsihAM V m edium containing 2% hum an serum . In a 96w ellculture p late
containing 100 1 lofdendritic cells (1 X 10< 4> cellym D, 10 1 lofa5mM testantibody (controlgroup
added with DM SO ) wasadded, and then 100 p 1ofCD 4< + > wasadded to eachwell T cells (1 X 10< 5>
cells/m D). Thenum berofactivated T cellproliferation w asdeterm ined using the alam arb lue reagent (orthe
assay m ethod, refer to Invitrogen’salam ara Blue A ssay kitkit instructions). The resultswere converted to T cell
activation index (calculated asT cellactivation index= T cellpro liferation num berofantbody group /T cell
proliftration num berofD M SO group, reference can bem ade to SticklerM M etal A hum an dendritic cell
based m ethod to identify CD 4+ T —cellepitopes n potental protein allrgens

Environ H ealth Perspect 2003 February; 111 (2) :251-254.). A sa result, asshown in FIG . 5, the fourhum an ized
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antbodiesofthe presentinvention have bwerin m unogenicity than thehum an and m ouse chin eric antbodies
erbitux, and BA 03 and BBO3 are significantly ow erthan those ofipituto (p<0.05). , Studentsttest.

Exam ple 9 In vitro antitum oractivity ofBA 03 against lung cancer, colon cancer, pancreatic cancerand breast

cancertum orcells

The in vitro anti-tum oractivity of BA 03 on lung cancer, colon cancer, pancreatic cancerand breastcancertum or
cellswas nvestigated orAD CC activity and grow th inhibition i vitro. The AD CC activity m easurem ent

m ethod wasthe ssm easin Exam ple 7. In vitro grow th inhibition wasdeterm ined as o Tow s: 3002000 cellsfw ell
ofdifferenttum orcellsw ere seeded in 96-w ellp lates (the celldensity wasdetemn ined according to the
characteristicsofd ifferenttum orcells), and BA 03 and IgG 1 were added to the com pletem edium ata final
concentration of10 1 g/m 1 A fler5-10 daysofculture ofthe controlantbody (purchased fiom R& D system ),
cell viability wasm easured by adding A Jam ablue (the assay m ethod isdescribed in the Invitrogen alm araB lue

A ssay kitkit). R elative cell pecific activity % AD CC) and cellgrow th inhibition rate w ere calculated in

com parioon with IgG 1. Each tum orcellline grow th inhibition testw as repeated at leasttw ice (three rep licate
wells). A fleradding the antbody o the tum orcells PE fluorescent-labeled secondary antibody (PE-labled anti-
hum an IgG 1, Southem biotechnolbgy) wasadded, and the expression levelofEG FR wasdeterm ined by FACS.
Asaresult, asshown in Table 4, the hum anized antbody BA 03 ofthe presentinvention significantly nhibited the

grow th of'various lung cancer, coon cancer, pancreatic cancerand breastcancertum orcells Table 4).

Table4:In vitto activity of BA 03 on differen ttum orcells

[in age]

[in age]

Inhibiton rate: +/5-10% , + 10-20% , ++20-40%

Exam ple 10 A nim alPham acodynam icsExperin ent

Bab/cnudem icew ere in gcted subcutaneously on day O w ith hum an skin basalcell carcinom aA 431 cells G x 10
< 6> cells/0.1 m lperm ouse). T he size ofthe tum orwasm easured w ith a caliper, and the size of'the tum orw as
calculated using the fom ula (Jength x width < 2> )/2. W hen the tum orsize averaged 100mm < 3> 61-158m m
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< 3> ), tum orbearingm ice were random ly assigned to 3 groupsaccording to tum or size. Each M onday and
Thursday in each w eek wasadm inistered at5 m g/kg in the peritoneal cavity fora totalof5 doses Saline (asa
negative contro]). The volum e ofthe tum orisshown in Fig. 6. In the saline controlgroup, the tum orrapidly
hcreased © >1500mm < 3> 1 threeweeks The grow th and controlofthem ouse tum orafterthe hum anized
antbody BA 03 and the etbitux treatm entofthe presentinvention were com pared. The group was significan tly
inhbited (p < 0.001, Studentsttest), butthe hum anized BA 03 antibody had betterantitum oractivity than
Etbitux (p < 0.05, Student sttest).

A lthough specific em bodim entsofthe invention have been described I detail those dkilled in the artw ill
understand. V aribusm odificationsand alerationsofthe detailsare possbk in lightofthe teachingsofthe
nventon. The fullscope ofthe nvention isgiven by the appended chin sand any equivalentsthereof

<im gclass"EM Ref” id="215299146-d 0001” />

<im gclass"EM Ref” id="215299146-d 0002" />

<im gclass"EM Ref” id="215299146-id 0003" />

<im gclass"EM Ref” id="215299146-id 0004” />

<im gclass"EM Ref” id="215299146-id 0005" />

<im gclass"EM Ref” id="215299146-id f0006" />

<im gclass"EM Ref” id="215299146-d 0007" />

<im gclass"EM Ref” id="215299146-id f0008" />

<im gclass"EM Ref” id="215299146-id 0009” />
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Abstract

Biodegradable polymeric micelles containing doxorubicin in the core region were prepared from a di-block copolymer
composed of doxorubicin-conjugated poly(pr-lactic-co-glycolic acid) (PLGA) and polyethyleneglycol (PEG). The di-block
copolymer of PLGA-PEG was first synthesized and the primary amino group of doxorubicin was then conjugated to the
terminal hydroxyl group of PLGA, which had been pre-activated using p-nitrophenyl chloroformate. The resulting polymeric
micelles in aqueous solution were characterized by measurement of size, drug loading, and critical micelle concentration.
The micelles containing chemically-conjugated doxorubicin exhibited a more sustained release profile than PEG-PLGA
micelles containing physically-entrapped doxorubicin. The cytotoxic activity of the micelles against HepG2 cells was greater
than free doxorubicin, suggesting that the micelles containing conjugated doxorubicin were more effectively taken up
cellularly, by an endocytosis mechanism rather than by passive diffusion. Confocal microscopic observation and flow
cytomelry analysis supported the enhanced cellular uptake of the micelles. © 2001 Elsevier Science BV. All rights
reserved.

Kevwords: Doxorubicin; Biodegradable; Micelles; PLGA; Endocytosis

1. Introduction ideal drug delivery carriers for escaping from renal

exclusion and the reticulo-endothelial system, but

Amphiphatic block copolymers self-assemble into
polymeric micelles in aqueous solution, and poten-
tially can be used as parenteral drug delivery systems
[1-5]. Various polymeric micelles have been used for
the solubilization of water insoluble drugs within the
interior region of micelles. The size of polymeric
micelles, approximately 50 nm, not only makes them

*Corresponding author. Tel.: +82-42-869-2621; fax: +82-42-
869-2610.
E-meail address: tgpark@mail.kaist.ackr (T.G. Park).

also enhances their vascular permeability [2]. A few
studies of polymeric micelles containing anti-cancer
drugs have proposed the possibility of passively
targeting solid tumors, compared to the extensive
research on drug—polymer conjugates and liposomes
[6.7]. For instance, di-block copolymers composed
of poly(aspartic acid)—poly(ethyleneglycol) have
been used to physically entrap or chemically conju-
gate doxorubicin within the polyanionic core of
micelles, and have resulted in an effective suppres-
sion of tumor growth when injected in vivo. In-
travenously-injected micelles diffused through loose-

0168-3659/01/% — see front matter © 2001 Elsevier Science BV. All rights reserved.
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ly packed endothelial cell junctions of blood capil-
laries in the vicinity of tumor tissue and then
accumulated in the solid tumor by ‘enhanced per-
meation and retention” (EPR) effect [2]. Moreover,
enhanced uptake of polymeric drugs within tumor
cells was believed to occur by increased endocytotic
transport and by circumventing the multi drug resist-
ance (MDR) effect [7.8].

Most polymeric micelles are composed of hydro-
phobic segments as the internal core and hydrophilic
segments as a surrounding corona [9]. The hydro-
phobic core serves as a reservoir for hydrophobic
drugs, whereas the hydrophilic shell affects their
pharmacokinetic behavior. In particular, biodegra-
dable polymeric micelles have received much atten-
tion. Various aliphatic polyesters such as poly(1-lactic
acid) (PLA), poly(pL-lactic-co-glycolic  acid)
(PLGA), and poly(e-caprolactone) (PCL) have been
combined with a hydrophilic PEG segment to
produce an A—B type di-block copolymer structure.
For example, di-block copolymers of PLA—PEG and
PCL-PEG have been synthesized by ring opening
polymerization of i-lactide and e-caprolactone, re-
spectively, in the presence of methoxy-terminated
PEG [10,11]. These polymeric micelles, however,
have a relatively low loading of moderately water-
soluble drugs due to a limited partitioning of more
hydrophilic drugs into the hydrophobic polymer
phase. This can be regarded as one of the major
limitations of polymeric micelle systems.

In this paper, we describe a doxorubicin delivery
system using a di-block copolymer composed of
doxorubicin conjugated PLGA and PEG. It was
expected that a greater amount of doxorubicin could
be loaded into the inner PLGA core of these
polymeric micelles, relative to the physical entrap-
ment of free doxorubicin. A mixture of pi-lactide
and glycolide, molar ratic of 350/50, was ring
opening polymerized in the presence of mono-
methoxy PEG 2000. The terminal hydroxyl group of
the PLGA chain end was utilized to conjugate
doxorubicin after activation with p-nitrophenyl chlo-
roformate. The polymeric micelles were character-
ized and their cytotoxicity against HepG2 cells was
mnvestigated. Confocal microscopy and flow cytom-
etry studies were also carried out to elucidate the
transport of these micelles within cells.

2. Experimental methods
2.1. Mazerials

pi-lactide and glycolide, purchased from Purac
(Gorinchem, The Netherlands), were re-crystallized
from ethyl acetate before use. Monomethoxy poly-
(ethyleneglycol) (mPEG), M, 2000, stannous oc-
toate, doxorubicin, p-nitrophenyl chloroformate, and
3-(4, 5-dimethylthiaol - 2 - y1}-2, 5-diphenyltetrazolium
bromide (MTT) were obtained from Sigma (St.
Louis, MO). Human hepatoblastoma cell line
(HepG2) was obtained from Korean Cell Line Bank
(KCLB). Al other chemicals were of analytical
grade.

2.2, Preparation of doxorubicin conjugated
PLGA-PEG block copolymer

pr-lactide (14.4 g), glycolide (11.6 g), and mPEG
(8 g) in a bottle-neck flask were heated to 140°C
under nitrogen atmosphere for complete melting. The
molar ratio of pi-lactide and glycolide was 1:1.
Then, 0.05% (w/w) stannous octoate was added, and
the temperature of the reaction mixture was raised to
180°C and maintained for 3 h. The polymerization
was carried out under vacuum. The polymer was
recovered by dissolution in methylene chloride fol-
lowed by precipitation in ice-cold diethyl ether [10].
The precipitate was filtered and dried under reduced
pressure. To PLGA-PEG di-block copolymer {3 g)
dissolved in methylene chioride (30 ml), dropwise
p-nitrophenyl chloroformate (80 mg) and pyridine
(63 mg) were added; (PLGA—PEG-p-nitrophenyl
chloroformate—pyridine, stoichiometric molar ratio:
1/2/4y at 0°C. After 3 h at room temperature under
nitrogen, the activated PLGA-PEG di-block copoly-
mer was recovered by precipitation in ice-cold
diethyl ether. The precipitate was filtered and dried
under reduced pressure. The activated PLGA-PEG
(0.25 g) in dimethylformamide (7.5 ml) was reacted
with doxorubicin (10 mg) in the presence of tri-
ethylamine (6.75 mg) for 24 h at room temperature
under nitrogen (stoichiometric molar ratio of acti-
vated PLGA—-PEG—doxorubicin—triethylamine: 1/1/
4). The doxorubicin—PLGA-b—PEG (DOX-PLGA-
PEG) was purified as polymeric micelles by adding
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the organic phase to deionized water, followed by
dialyzing three times against deionized water for 4 h
(Spectra/Por 7, MWCGO 10 000). After the dialysis,
DOX-PLGA-PEG was freeze dried and stored at
—20°C. The doxorubicin content was determined to
be 36.5 mol% by measuring the UV absorbance of a
DMSO solution at 480 nm. A calibration curve was
constructed using different concentrations of free
doxorubicin in DMSO.

2.3. Preparation of doxorubicin loaded micelles

DOX-PLGA-PEG (100 mg) in acetone (10 ml)
was added to PBS buffer (100 ml, pH 7.4). Sponta-
neous formation of micelles was confirmed by the
observation of a transparent reddish solution. For the
preparation of PLGA-PEG micelles containing
physically entrapped doxorubicin, PLGA—-PEG (97.8
mg) and doxorubicin (2.2 mg) co-dissolved in
acetone (10 ml) were added to PBS buffer (100 ml).
The resulting micelles contained a large fraction of
unentrapped doxorubicin, detected by reversed phase
HPLC. The doxorubicin-loaded micelles were exten-
sively dialyzed to remove unentrapped doxorubicin
before further use.

2.4. Size distribution and doxorubicin loading
amount and efficiency

To confirm the formation of micelles, size dis-
tribution was measured using a laser light scattering
technique (ZetaPlus, Brookhaven Instrument Corp.,
USA). The loading amount and loading efficiency
were calculated based on the weight ratio of the
loaded amount of doxorubicin to the amount of
micelles, and the percent ratic of the amount of
doxorubicin incorporated into the micelles to an
initial amount used, respectively [12]. The doxorubi-
cin-loaded micelles were freeze-dried, dissolved in
DMSO, and then used for the determination of
doxorubicin in the micelles as described above.

2.5. Determination of critical micelle concentration
(CMC) of DOX—PLGA-PEG

The CMCs of the doxorubicin conjugated di-block
copolvmer and unconjugated di-block copolymer

were determined using pyrene as an extrinsic probe
[13]. Briefly, pyrene (4 ng) pre-dissolved in methyl-
ene chloride (10 ml), was added to a test tube and
the solvent was evaporated. Deionized water (5 ml)
was added to the test tube and different amounts of
doxorubicin-conjugated and unconjugated di-block
copolymers dissolved in acetone was added to the
aqueous phase. The solution was incubated at room
temperature with mild stirring for complete evapora-
tion of the organic solvent to induce the formation of
micelles. The fluorescence intensity of the solution
was measured at room temperature using a spec-
trofluorometer (Shimadzu RF5301PC, Japan). The
concentration of pyrene was fixed at 0.2 pM and the
final concentration of DOX-PLGA-PEG was varied
from 10 to 1000 puM. Emission spectra were ob-
tained at 377, 383 and 392 am, which were de-
termined from the scanning emission spectrum of
each sample from 300 to 600 nm, fixing the excita-
tion wavelength at 339 nm. The CMC was de-
termined by taking a mid-point of the copolymer
concentration at which the relative emission fluores-
cence intensity ratio measured at 383 nm to 377 nm
was varied. Since the emission wavelength of doxo-
rubicin appearing around 530 nm was far from those
of pyrene, the CMC values could be determined
without interference from the presence of the conju-
gated doxorubicin within the micelles.

2.6. Drug release experiment

Twenty mg of micelles in PBS buifer (20 ml)
were sealed in a dialysis bag (M, cutoff: 10 000,
Spectra/por), and incubated in PBS buffer (30 ml) at
37°C. The doxorubicin released into the incubation
medium was collected at pre-determined time inter-
vals and stored frozen for quantitative analysis. The
release amount was determined from the absorbance
at 480 nm.

2.7. Derermination of DOX—PLGA micelles
transported into HepG2