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m- Ii) -iJL aA 
lj) 1 ~l~_J;t{f.~4-h~l~Aha<J ~4h/,¾;t{f.1;t1J~ a<J HIC-HPLC 00., 
00 2 Jfltfi:,lil_,¾;t,f;f.~4#}~*4h{1!J{f.t~~Jjg~,t4:~~5t:, Jt. tf o{\~ BA03 Jfl 

Jt~ti[.1f,., .&.~~ lvlYK-3 t/[.1f..~4h~*4h" 

00 3 lVIYK-3 ~~)J;i;iMJJB H'I'-29 {rtJ.1:,.*-iff-$1* 11:t, Jt.tf o,i\~ BA03 

if.Jtff:-:it*, �A�~�~� l\'IYK-3 :it*~4h1~*4h., 
00 4 lvlYK-3 ~~~1'11.iM£ U87-1VIG ~~*~-$ijw,t:i,, Jt.lfo,{\~ 

BA 03 if- Ji..~ J;t#,., A{\~ lVIYK-3 J;t{f. �~� 4h-0\*4#)" 

lj) 5 ]\ifYK-3 ~Jtrli;iMJJB A549 ~!!. *~-$Jj5-6,fi., Jt. tf 01-\:Al BA03 Jfl.Jt. 

~t/[.1f.., A1.lt~ lvIYK-3 t/[.1f..~4h~*4h., 

00 6 l'VIYK-3 �~� KRAS �~� �~� 1f..~ Mi~-~ Lo Vo �~� .1:.. *~-$1 *'l:t, Jt. tf 
1\~~~~lf-Ji..~J;t*, �A�~�~� lvlYK-3 J;t*~~~-4h .. 

llJ 7 .if?-,Jitll.~{$.~4h,m*4h~1J, jt HT-29 ~)Ji;~~U.~1$.;f,R~Jj~,, 

00 tf ... �f�t�]�-�f�,�~�{�t�±�*�~ '��-�~�~�~� -if.:; �~� ~)T>fl.~~$1l.,fi.=Ht, *~# P < 0.05, ** 

~-if.: p < 0.01, ***~-if.: p < 0.0010 

oo s J;.tithltit#.~~1~~4JJ~,J, a nT-29 ~MJ~~;tt~;tl~ {rtJ*-j:~ 
fl~ .. 

00 9 I\1YK-3, -,t:J.;t BA03 �~� BA03+4flf ~ft vcl\1I\1AE ;tf~.JiMi1.i•JJB 

DiFi {1!J!l1k..;Jtr~j~,J-4:, Jt.tf, %¡�{�\�~� l\!IYK-3 ~if-~it$1l:¼ BA03, �A�~�~� ... 

,¾;till:¼ BA03 ;bn.J:_fi];f,:- JV1YK-3 A~Jf ~ft~ vcJVINIAE, &f� �~�~� lVlYK-3., 

00 10 IVlYK-3 �~�~�a� 't' KRAS ~~~~S,,lj~,Jfe LoVo {rtJ#U.,i!!.*-# 

-$ij *'l:t .. 
Ii) 11 BA03-lv1CC-lv1I\1AE,. BA03-l\1C-I\1I\1AE �~� lvIYK-3 {rtJ HIC-HPLC 

¼~00-it" 
00 12 I\lYK-3 �~� BA03-NIC-I\1I\1AE .. BA03-1VICC-I\11VIAE ~1$.tr~Jte* 

1fi.J;t~, Jt. tf, %¡�1�t�~� BA03-JVIC-JV[lVIAE, A1\~ BA03-l\!lCC-lvlJVIAE, &f� 

1t~ JV'IYK-3 .. 

J!-1$.~~:;t~ 
�r�~�~�M�½�~�~�~�~�~�~�~�~�~�~�~�-�~�~�*�~�~�~�,�~�~�~�~�~�~� 

~A~~*••, �r�~�~�~�~�~�m�~�«�~�~�L�~�,� �~�~�s�~�~�~�;�t�~�L�~� 

�~�~�~�G� �~�~�~�~�~�~�~�~�*�*�*�*�'�~�~�~�~�*�*�~�~�~�~�~�R�~�*�*� 
~ff .. fflm~MA~•~~~!!.?r•¼, �~�~�~�~ "�~�*�~�a�~�~ "�a� 
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r~., 
~~ aJl tf a<J .ht#. BA03 lip tf Tlj ~ aJl 1t 5f1J V it CN 103772504A Yf a<J 

BA 03, Jt:. ~J .. if* ~~it~ 5f1] ~ it 1f a{] ~ ~1fy 3, l.i :fit#.~~ ~i¥J If Jij ~ r: 
-j:'-~~[[;fJ1JJJ: 

QVQLQESGPGLVKPSE'I'LSL'l'C'I'VSGFSLSNYDVHWVRQAPGKG 

LEWLGv1,vsGGNTDYNTPFTSRL TISVDTSKNQFSLKLSSVTAADTA V 

YYCARALDYYDYEFAYWGQGTLVTVSS ( SEQ ID NO: 1) ., 

Jt:. ,:pr ~J ~~¼~JJtl ;tJ CDRl ( SEQ ID NO: 5) ,, CDR2 ( SEQ ID NO: 

6 ) ~ CDR3 ( SJIQ JD N 0: 7 ) ; 

~ r~J~~?)--?)·JJtljJ F'Rl ( SEQ HJ NO: 8) " F'R2 ( SEQ ID NO: 9) " 

J?RJ ( SEQ ID NO: 10) -. _FR4 ( SEQ ID NO: 11) ., 

~~ 1if ~ ra.;f 91J 1iJ: 
EIVLTQSPDFQSVTPKEKVTITCRA.BOSIGTNIHVVYQQKPDQSPKL 

LIKYASESISGIPSRFSGSGSGTDFTLTINSLEAEDAATYYCOONNEW'PT 

SFGQGTKLEIK ( SEQ HJ NO: 2) " 

~tr~J~~?)--~Jtlj; CDRl ( SEQ ID NO: 12),. CDR2 ( SEQ ID NO: 

13) ,. CDR3 ( SEQ ID NO: 14) ; 

~ r~J~~~¼JJU~ FRl ( SEQ ID NO: 15)-. FR2 ( SEQ ID NO: 16),. 

FR3 ( SEQ ID NO: 17) ,, FR4 ( SEQ ID NO: 18) ., " 

-j:'*•t:ii;t.JR;f J1j Yi): 

ASTKGPSVF'PLAPSSKSTSGGTAALGCLVKDYF'PEPV'I'VSWNSGAL 

TSGVH'I'f'PAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVD 

KRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLlvUSRTPEVTC 

VVVDVSHEDPEVKFN\VYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV 

LHQDWLNGKEYI-CCI-CVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRE 

El\tlTKNQVSI_,TCLVKGF'YPSDIAVF:VVESNGQPENNYK'I'TPPVLDSilGSF 

F'LYSKI:rVDKSR\VQQGNVFSCSVI\,1HEAl,HNHYTQKSLSLSPGK ( s:EQ 

ID NO: 3) .. 

~* i(!i_,t: I&. ;f Jtj j{,: 
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQ\VKVDN 

ALQSGNSQF:SV]'EQDSKDS]'YSLSSTLTt,SKADYEKHKVYACF:VTHQG 

LSSPVTKSJ?NRGEC ( SEQ lD NO: 4 ) .. 
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~~~l~~~~~*~~M¼~* 
~ 10 ~Jt~ BA03 ~~, 1J!.Jfl 15mL triJ 301<-D ~it~I.I4l.ftl:i£~~ 

)T>tl. (25m1\i[ ,ffl.ffi, pH8.0, 25m1\f NaCl, 5 n1lvl EDTA)lf, * I.4l..=--;k.; * 
*~$9 ;lJ lmL,#jfj ~-i}j-~ Eppendorf ~ ,~If ( ~it' ) '47, .Jr#~;~~~¼~ 
1Rfl., it~~t:,,~~ .. $J~*°tf;bPA 2.5 {¾**•~ Ul'T, ~i_&~5jl 2 ,J,,rt-j-, 

i!.~ilb$J; 1~}ij 15ml {riJ 30KD ,\[~~I_j[~JU1~*ti)T~ ( 50ml\1I Tris, 

pI-17.2, 1501nl\'I NaCl, 5 ml\'I EDTA) tf, ~ I.fl~;k_,, ~~~>tl., v:l. A280 

~N ~ ¼~ *l.t., ¾#it, it X¼~ i~ -I:-; ~ 10µ1 #..P~, YA Ellman's ~*~~ 

Jt.ro tb~~-.; * VA r 11J 4}-J\-it #-Jt. ro tb ~~ a1.i * * *lt.= 

b: ~t ~Jm.1G4*lt. (ii.'$" 1cm) ,, 

~• ro i!l~~***lt.~.~*~~>ll~~itX ro tb!l.£-Jt~• .. 
$Ji£.}j/5~~-if..tf krA l.l -i¼f" ro tb~~J.f*Jlt.~ vc-1\/IJVI_AE ( ~J:.~ 

~it1~~#.R;ff nl.~a], it½ HY-15575) ( ~T D1"1S0) , ilb$J }&-£5jl}t 

;li.. 2 ,j .. ff;j-, fiQffi!f~$J., ~lt.;li..*~ + hA 20 .;¼f-fo)f«_A.:t,. vc-lVUVIAE )t~ 

.lri; N-wi$t4Yli\. T li..;li..~ lf, iff:.1:J, it j[ 51)--~ .. 1~M 15nll ~ 30KD ~ 

~~II&Jtl~1Pt4h1if..ff>tl. ( 20m1"I .# •• ffi( Na-citrate), 0.3% NaCl, 5% 

~~~ ( Trehalose) , 0.05% TWeen-80, pH6.0) tf, * I~..=--;k., Jpff-Jtl;;t;t 

*~4';{~~4b lVIYK-3; #..fpf- 4"C~~ .. 

~4hj~1$,-t~1f1J~~ljjt_: 

~~j-f..-jf~~~~~~*~ J\,IYK-3 ~it HIC-HPLC ¼#- ( Jun Ouyang, 

Drug-To-Antibody(DAR) Ratio and Drug Distributionby Hydrophobic 

Interaction Chromatography and Reverse Phase High Performance 

Chromatography, Laurent Ducry(ed.), Antibody Drug Conjugates, Chapter 

17, lVIethods in l\'lolecula:r Biology, Vol 1045, p275-283 ) J.-;.{ ~~jt_~ 4hiit-if..fti1f~ 
( drug antibody ratio, DAR) , ~~ l, ;fit.~~if,Jf-urrf,Rit ~ff-Jtl~~~ 

~4t. DAR JE; 4.1.. 

~~~2~~-4'J•-~MY~3•~~~*~~-~ 

~~*;Ji_~~~~*: 
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1.1 jtJ$:J€; ~M~~it 3-41~~~#,ftzJf!;, ic1JiJ¾;Jg-~_£., Jtl 5mL 

DPBS ~jjt-~, ¼Jtl 3mL M:§-a~~1-t~Ae, ¼JJtl}ij;};g-~-~---t:~, ~I~ 

;flt.~ ,~ , .Jf J:jf, ..j1j.. frl J¾ ~~¼;k.1(" ~ , Jf}t th O .5mL frl tm ~ it -13{_ it-_., 
~ 96 lLMJJBJ:¾~;f&.J:.i-lt-ff4i~ ( DiFi MJJBv::.t 10000 -t-Mm!.i:fL, H'l'-29 M 
JJBl-A 5000 +troJM1/.:JL, A549 M~v::.t 2000 +iwJM1/.:JL, U87-1VIG MJJBv::.t 3000 

-1'--M~/lL, Lo Vo M~v::.t 4000 +~JM1/.:JL) , ~~ 24 ,J, ff.t If!;, ~A~ J1j 

~:ff:-*At~ .... Jt~~1$. BA03 1r::.tll.Jit{$.~4h~lJk~ 1"1YK-3, ~i&. 72 ,J,flt, 
zJ&-lj-lLhPA 20 µ l CCK8 £ ~-iJ.:,lij, ~jJt* 450-650nm Jij-;f:~{x.~~J 

OD450-650, 1f-i-lt;ftt?!I~~J.½., 
1$-7~ tmm!.)1;1~ ~*~ ~: 
~r~~JM1~~ro+~#~~J:.~~~~4h~~~~o 

~ EGFR #j~:i!,~ DiFi ~~ ( A~JI.Jlh:ili~~) +~~111.: MYK-3 

t:t. ... :ht BA03 4f' lat;f:if $j~M~.i.*~•J~11"1., EC50 ~1it 7 k~ 10 {g-

( BA03 ~ EC50 J!. 51.9 nglml, lVlYK-3 ~ EC50 ~ 5.l ng/ml ), ~ ll) 2 
r;i::;. -,/f ~o 

.fI_ EGFR + Jl.~i!.~1~Jt.4liis,_~Jt.tg Jr~ M~ + ~)1;1
~: !VIYK-3 ,j:ij 

~~·~~~~E~R+lt.~iis..~~L~iis..~·-~(AMJih•M~ 
HT29~ Altrfi·M~ A549~ A.JJffi£7fJJBlJt-itM~MM~ U87-1"1G) ~Jlffe7 
~£~~~!t_*4tp~J~,~ ( ~00 3~ 00 4-. 00 5 fo)f-ffe ), ~if HT-29 ~ EC50 

}t.. 611 ng/ml, A549 ~ EC50 .,t. 28.3 µglml, lJ87-J\IIG ~ EC50 .,t. 5.3 Jtg!Int, 

Ji tr, ~1n~~ui:A: 7 ~ EGJ_?R lf J.l4liis..~ KRAS ,t:A:_ ~itJli. MJM1 
LoVo (Dunn E~\ Ilda lVl, 1"1yers RA, Hintz KA, Can1pbeH DA, Armstrong 

EA, Li C and Wheeler DL. Dasatinib sensitizes KRAS mutant colorectal 

tun1ors to cetruximab. Oncogene 2011; 30:561-574)+ ~*'!-1., £~ l\ilYK-3 

~ KRAS ,t:A:_~itJli~~~ LoVo jl1F1" aJ.JJi,¥J}lf~!t_*-¥f•J*e~( ~11:j 6 

fo)fffe, EC50 J!. 3.2J1g/ml ), i1ri BA03 Jti~1#!.)f.J ft-f~ii::taf~~JL~5Jt4f';Jtf~j 
)f;s~., 

~~A113 ,J,a#.~~tt~~~ 
1J, a*~ ~itt~ ~~::;t*= 

HT-29 ~Jlh~M~}t.. EGl~R 1~.tliis..*•;ff BRA_F ~~~~JJB~, ~ lt t:J 
.fI_ 1'f J;h..l:.~~ ~~~ tkJ:.JJh?/i~ EGJ?R ~(r;J·t,,t~~~(l:rbitux) ~ HT-29 

ilf1 ~~it.:f[ !i. *-¥r-$iJ ~ ,J-i. <> 
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HT-29 tm~;f_j;lt~~: ~#t~tt.~ *JWa(J Jlf M ~~, -if tt_~ ~ ~ f­
lxPBS, il]~~M1~~*1t.§. 3x107/mL, Jfl 1ml ii:.¾J-~ ( 4 ½#:¼-) ,/f.~Jit 
;i;1J!lj ~i~Jt. 'F ~:ff J.lf ili ~~' 3x 106/0.lmli .it, ~ »f M#-~i!.Jtl 150-200n1m3 

J€; }fl f!!t~ra:.i.R.*j)--!ff., *ill 8 J{ ,J-. ;it, iJiiE.½ilfiJ J.lfiJi*~~,J, S,.* YMJ- .. 
-3--ill}Jf ~~~ ~ Mj{ji ~ fo)f;ff ~1lt-#J4h Jlf 1'i*~ ~ ;t&J{t.£ Jf,-.:f:~it±10 % " ~ 
it}J,j:.tg..~, *V1l JtJ:¼-;k.~ ( ~ L 5,. 9,. 13 3t) , -.Jt..t.¼~ 4 ;k., ;t.JW~1 
-f: Jlf ii#-.~~' J'· ~#-. ~ ~ •-+ t¼-ittll j} »tl ;ff 8 J{ ,J, S,.., 

,J, a~ttm ~~tt * 
,J, S,. HT-29 ~M;~~;lt_1ffl ~1lt-: ~~*¼Ji.fill, ~~~~~ill ( 20 ml\1 

#~J~.~' 0.3%1\A~~, 5%*~~' 0.05%,.,±il. 80, pH6) , BA031F-.tit 

ill ( 5mg/kg) ,. lVlYK-3 ili ( hng/kg) , I\,fYK-3 ill ( 5mg/kg) ~~ftt°½ ADC 

ill ( 5mg/kg) ( A~ IgG-vcM1\IAE ~*4h, Jl:. 'f IgG )l.l;,,:fffJ~~~:,k~1t. 

a(J IgG, ii{~*:'{h~J¼~* ~ lVlYK-3 ;f:ro Iii} ) " lvIYK-3 $¼~ ~ lj, _it~tt_}ff,i 

*~~~Mil~~~·~~,~~7~£~~J.lfili~*~~(~7)o~~ 
18 A, 1\!IYK-3 ,tf. 5mg/Kg ~ $¼ ~ Jr1J :f:ili ~ ~ iT >flili~ ~t}]f iii~ *~1M * i!. 
Jtl 54°/4, ~•.tt BA03 a{JfiiJ~Jr1¼ill*l=Ht}Jfm~*~1M ... Ui.Jtl 46o/o, ~::1F 
~¼ADC*~ vb}ff/i.1.. *:M1~J4t.i!,Jtl 42%. 

,J,S,.*1(": lvIYK-3t¼-~~,J,S,.~-_ft~~JK{ffl~t«Bt;ffi:.1-t (~~ 8), 

-iJtaJl l\IYK-3 ~i.~1J!.,J, S,.~-_ft~{Jt~-4-11'1:,W}f]" 

~~ifd 4 lVlYK-3" ... .fit BA03 ~ BA03+~JJ$~ vclVllvlAE ~tt°Ji.Jlh~ 
~~ ur.Fi ~ .1.. *~~1 ~,a 

-l½J&~~if~ 2 ~*~~17 lvIYK-3,. i¥--ht BA03 ~ BA03+~JJ~a 

vclVllvLL\E ~n j[M,~ ~Jfe DiFi ~ !:l *-=M1~J *11':t, ~~tt° *~~ 9, Jt. tf a(J 

EC50 ~j)--Jtl 7iJ 8.4 ng/mL, 65.8 ng/mL ~ 68.2 ng/mL., 

M..00 tf~1,-A;i m, 1F-4>t BA03 -tf_ EGJ1-,R #j~Ui,~~j[M;~~M1 DiFi tp 

I~T-~~!i..*~~~~; *ABM3•i~•~MY~3-·#$a~ 

~~ vclvil\1AE ~.ifltka(J BA03 * 1t4:.J:t~j~;ffttJL~f&'.JJ1J; ~'7r,,, BA03 ~ 

vclvilvIAE ~ll~:1f3A~ l\IYK-3 ft;}] ADC ¼.:J-~ DiFi ttif..Jlh~~M!..~!i.. *-¥r1 
~J~11':t.:k.k~f-... ~BA03 ~:t i,;J.2tBA03•i~•T lVIYK-3 -~JJ~-~ 
~~ vcl\U\1AE ~~11'4:., i:cso ~~ T k~ 81¼., 
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-it-¥F~J ~ ;J:t 
~Jffl.~~1JU 3 MJ~~:-+J;JJ.t ( J.-1. 2x106/0.lml/~,ii-#Jlt1ti~lfe) ~~~:;t 

$k,+k~J 1VIYK-3 )t.j-~!\lf KRAS ~j\:1'-~JJh~M.He. l.,oVo ~~ti,i~*:J'P-$ij 

~,tt, ~*~~-;;\'-!fl, ~,t-1;-~~~,t~m ( 20 m]VI # •• ffl, 0.3o/oft1~ffi, 

5%~~*' 0.05%r1.±il. 80, pH6) , ~*~ .. ;btjJl ( 3n1g/kg) " T\1'\''K-3 

ill ( 0.3:mg/kg~ 1mg/kg-. 3mg/kg E...+-1'ftl-f:) ~qf1t¼~ffll ADC ili ( 3:mg/kg), 

J¾. l.f ~f~¼~AA ADC ft ... -:1f~½~ fiil-f-~~:f'~ ADC }t.j-ffl( ( non-binding 

ADC control,~ anti-CD20 mAb-vcJ\'1MAE) , i:i:1~*4h-$1J4}-;;t* ~ l\tlYK-3 

;fij ~" ~*~ *Yi 00 10., 
~00 tf~v:J.A;--~ ,l\tlYK-3 ,ff- 3 mg/Kg JliJ~r~~~,tj- LoVo M.He.}fF,i4:. 

it~ 7L¼-itf*U, )t .JL NIYK-3 ,f£. l mg/Kg ~~ ifqt.n=t.J:. if.f ~ Jh Erbitux ,f£. 3 

mg/Kg *1]:l'r:iaii!..Jl~~'l:t .. 

~~-Wd 6 T\'IYK-3 ~ BA03-1\'1C-lVIlVIAlI.. BA03-l\tlCC-l\tll\tlAE ~1'-?r~ 

JJB~41:J;t« 

l\1C-M1VIAE ~ ]V[CC-l\tfi\1AE ~tt~~r r}fffe: 

l\tl C-Nll\'IAE: 

1rf° 0 y O 'I' n l H OH 

YN~~~~y3CN~;N~N~! 
o i o = I i n o o I .o= 

~ .,..,..,o O / 

l\tlC-J\11MAE ~ J\tlCC-T\1:J\'IAE ~~j4}-;;t$k~Jil~~'Wd 1., 

~ ~ l:iit.1'-M.·::1 -fftl ~it~~: 1~)fj HI C-HPLC ~~Jt;t $k $i!U ~,S ~ J.:tkA~-i:t 'ifd, 

~1'-~Jil~~1f11, iil~ff~ IVIYK-3( llp jJ BA03-vclVIlVIAE ), HA03-l\1C-NINIAE 
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~ BA03-lvICC-l\/Il\/lAE MJ~4b/,;f';t*f~'ffd:J$J}iJ 3.9, ~~~ lL, 

*~~-)"6~~-*~•~~~~2; -~~~,~-~••~nmm 
-~, #:#f- 96 JL~~' ~~ 24 1J~fJ1'$IPA~!iiJ*Jl.~Jt.#f;ff:~ 
HA03-1VlC-l\1JVlAE, BA03-IVICC-l\11VIAE, l\1YK-3 3=.+.~Jh .. ..jlf-;ig-~ 96 ,J, 
ft-j-, iPA. CCK-8 ~jji~~JNjl@.i, ;ff;.i$*~1x.J:.-i't~ 96 .;JLii..fj-,t-;JLMJ OD {A, 

~~u~fiil*~*f~i:r~~maa:1-, J1J$r-:ff~)l.j- niFi ~~~~Jt!t.;Jtp~J3ttJrt .. 
~*it*~OO 12, ~ \f BA03-1\fC-l\1:lvIAE~ BA03-l\1CC-l\11VIAE ~ TVIYK-3 

a{] EC501A~.»tl ,;lJ 72.6 ng/mL, 71.6 ng/mL ~ 9.8 ng/mL., 

th 00 tf 'iif Ji, l\1YK-3 ~ffiJJt!Jf'ft-¥P-$iJ~1t:iffJl~~-t- HA03-l\'lC-lVll\tlAE 

~ HA03-l\tlCC-l\tilvlAE ~ ~ 11':i ; :f ~ J:. , BA03-l\1C-MNIAE ~ 

BA03-MCC-MMAE ~m~;lf!t,4'-$iJ* 11':i ~Jt.-i;t BA03 ~¾~nr;r.!.;;f;fl1~ .. :i!. 
-i.J!.a}J1~Jfl Fl :ff~Jt..½;t~m~_.,J,¼.:Y-, ,f!!.1~Jfl ~ ~ ~--~~ Tif v)tit.~ ADC 

~)"6,r.t;.t Jl:i=-Al¾ .. 

~f *ilff}J ~*~~~;t ~ t:.i~4f-.itlif~~~~' ~,4Jf~;ft.~Aj14t­

~~~o ~-~~¾~~~~~~, ~~~~~~~~~~#*~~·~, 

z!. ~ ~ 3t. J$J :/f-;.f...~ tt~ MJ ~-tr le: ffll ~ JkJ " ;f...~ aJl MJ ¼-iJS le: ffll tlI fl)f ffl-;f:;t~1J ~~ 
.l(.Jt:.1:£-~ ~ Iii} ~ ~ ~ " 
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1.~•-~--~--~-~i~~~~§,.*M¼~~~~§~*~ 
¼~, ~~¼~-~.M~~~~~~~£~*~~~•~*" 

2.~~~*1~~•-~•a4h .. ~••i1.tf3~~A,*M¼4hA 
M~A~*M¼4h,~tffl~~~~£~*•~~•~•~~t•~•*' 
~ 1f Jtft. 1if ~ t[ CDRL. CDR2,. CDR3 ¼»tl @.¼~ SEQ ID NO: 5 - 7 P)f 

1F~}fJ1JAJt:.tlj:_*, ·-~~IK CDRl,. CDR2,. CDR3 ¾»tl &¼~ SEQ 

lD NO: 12 ~ 14 ft)f"ff;"~;f J1j ~~~j\: • ., 

3.~~~*2~~~--••-,~••i~•~~A-*M¼~A 
Ji}f~§~*1l1¼~, Jt.t P)f~~~~£~*fiil~~#.~* ... *~i:.1&: FRl,. 

FR2,. FR3 ... FR4 l&.~ltl ~¼~ SEQ ID NO: 8- 11 ?}f1F~}f J1JAJt:.tlj:_ 

*" 

4.~~~*2~~•-~•a4h .. ~••i1.tf3~~A,*M¼4hA 
PJf~A ~*1l1¼4h, Jt:. 'f PJt~~ ~·Ji:!!.* !!l ,f-~·~·~-1.tf $: IB". FRI. 

FR2,. FR3 .. FR4 L[~Jtl ~¼~ SEQ ID NO: 15 ~ 18 fo)f-;f,;~Jf J1AJt.~$: 
... 

5.~~~*14*-•~~·-4h•--·~••i~-~~-·* 
M¼~AM~A~*M¼~, ~tM~~~.Jt.~*!!l-f""~*~•~t• 
l~~fK:i& tJ A~,~ IgG .. Igl\1:. IgA,. IgD .. IgA 1tii}t.IKAi~-l:fi5t.lK ~ ~ 
.t:.• .. 

6.~~~*s~~~-~•a4h,~••i1.tf3~~A,*M¼4hA 
fo}f~A~*1l1¼4h, Jt.t P)f~ IgG :i& tJ IgGl .. lgG2 .. lgG3 ~ IgG4" 

7.~~~~s~~•--••-·*••i~-~~A,.*M♦-~ 
M~A~*M¼~, ~tM~~~·~!!.*•-f-~•~•t••}t.IK~~ 
,£.MJfJij @;,¼~ SEQ ID NO: 3 fo)f"ff;-~;f J1J, ~¼~¼ ~ SEQ lD NO: 3 

foJrffe!ft1J~Pl-1r.ik-r 70%, 1J1J~k-r 75%. 80% .. 85%. 90%. 95% .. 
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8. ~~1~✓-J<. 1-7 f-f'-lJi ~ tit~• 4h~*4h.. Jt • ?f J:. ~ 4i--.t. ~A.. * 
M½~AM~•~-~¼~, ~~M~~~~~~*•~~•:ht#.ft<J•* 
~tit~ I&". Jtr A~ th£ lambda ,j:jijt_ QI.. kappa ~tit~ I&".,. ~J:.~•1:iiit g MJ ~~ #.., 

9.~~~*s~~••-•a4h,Jt.-·J:.~3~~A .. *M¼~A 
~~A~*M♦-, ~~~~~:ht.~£!:l*•~~~~•-•-~g~~ 
~~J1J ~¼~ SEQ ID NO: 4 .r}f-ffefl?JfJ1J, A¼&½~ SEQ ID NO: 4 

.r}f-ffe;ft1J~Jiil-;h£:k.T 70%, if~111:k.T 75% .. 80% .. 85% .. 90% .. 95o/o .. 

99%{f<J;f;J1J" 

10. ~;flj~* 1-9 1£-Jji~~·•~1~--,. Jt.•·J:. ~-~fl?t,. 
*~♦-Affl~A~*M¼~, Jt.•~~I~ffeh?M~, 

Ab-(L-D)p 

s\ I 
Jl:.it': 
Ab f{.~~~£!:l *~ -r~~~A~; 
L 1t~&*; 

D 1\~~Jie.1'iJ; 
p 1\~ 1-9, 11~~ 2-6, ,{J~~ 3-5., 

11. ~;ftl~>!tt-101£-Jji ~ :tit~-erb~-~ .. Jt~ .J:. rif~1t ~ jt,, * 
M½~~~~A~*~♦-,Jt.tf~~~~~.M~~~n•~ ... ~ .. 
.aM- ,f1. ~id:~ " ~ Jie f!l ~" :ht!!. j;.. • .. ~ *•ti.~ !:l 4'J ~ ,ti.Jll .. 

12. ;fX_;flj~* 11 a<J :ht#.~ ~,f;tj*~,. Jt.. ~ .l:. Pf 4!-l: ~it.. ~1'1 ¼~ 
A fo}f iJf..$k {r<J *Jllj ¼~, ~ tf PJr~ ~ t¥I ~·1'1 ~ ~ IVIonomethyl auristatin E 

( 1VI1\fAE) ,, lVIonomethyl auristatin F ( 1\11\'IAF) .. ~*~ -;t !:l4°h~ ( 1J1J 
~ IVIaytansine DM1 .. JVIaytansine DIVI4 ) ,. -t * ~ j; ( calicheamicin) .. 

duocarmycin l\'1GBA .. M'.-t'{doxorubicin) .. 1t~*-:,l .. ~~•-:.t••~ .. 

113:l .. ~-ft'--!-~ .. ,&f/i~~fl;l.:r .. ;lt1~1l;l.:r~Mjjt•t~~, 1/l~JtrIVIlVIAE .. 

26 



WO 2016/131409 PCT/CN2016/073844 

13. ;j:,x.>11J~~ 10 ir{J;tjtA~-•4h~ll~Ah,. Jt.• ~J:-_ ~.&~~Jt,. *1l1J ♦4h 

~M~A~•M♦4h,Jt.t~~~&*~iif~-~A~~~-~o 

14. }f)l;f1J*;jt 13 ~ ~~ ~ 4h ~I~Ah,. ~ ~ !f J:_ 1if .:ti-11: irlJ A,. .jflj ♦4h 

~rJr~AfrlJ•1lu♦4h, Jit:.t foJr~frlJ.&:¼-:i& tJ 6-~3'li!.1E~G--~(NIC),. 

~ *iitlE~.£ ~ iit~(l\'lP) .. ~.t..---~~-(val-cit).. ~ .t..---~ ~ .t..• 

(ala-phe) .. ~ ~ ~ -fl•.£(PAB),. N-~sff ftilk.ft..£ 4-(2-~tt~!.~)A.ii 

(SPP) .. N-~~i!it.£~ 4-(N- ~-m:.ilk.it~ lf1 ~)-~ e..~-1----ilif(SlVCCC),. 

N-$tJtl i!.J[.ft~(4-~- t:.it~)~jjt lf1 •tij(SIAB).. ~ 6- ~ *i!it.£~ e..i!it 

~-~.ft--~~---.xt ~ =f .fl--~(MC-vc-P AB) 1 {tit,~ 6- ~ 3'li!.3E..ft~ CJ 
ft.£-~~--~.t..--Jtt ~ -=f .fl~(1\il C-vc-P AB) .. 

16. !H.½4h, Jit:.¼~~;if1J*;}tl-151:£--~ ir!].fftAf.~4h~~4#) .. ~~ ~J:. 

1if3~frlJA .. *M♦4hAM~A~*M¼4h,~-~,~¼~~~-#­
~J:_1if~~ir{J~~ .. #~MA~~M@ 

17. ;f)l:f1J*;lt1-151::E--~ ir!J J,t-1f.~4h~*4h .. Jt:. ~ ~ _r_ ii[~~~ it .. ~ 
j1J ¼4h~ ft)f ~it~ ~?f!J ½4h~-$1J4t--ffi~~/~ff;ff ~ ~;£4:. * r!i -f-~-if. 
( EGF'R) ;tm*~~~ir!J 1Ji4htf ~m it:" 

18. ,t)t;f1J~~16~ }fl~' Jt:. lf P}f~~ ~ ~Lt.!!. *11s1-f-~~ ( EGFR) 'fl1 
*ir{J~~~ ~EGFR,f~*frlJ»f~, 1ftl:iu ~EGFRit~~~*frlJ»f~, 1ftl:iu:i& 

~-••,.~•• .. ~~~• .. ••,. ~•• .. ~~•--•Ka,*fa .. 
tLMta .. 

1f-a.. 1t 111 ~• .. w a .. ~• ~ ~ ~Jt 1i .. 
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19. ~;flj~;Jll-151:r-~ ~~*~eth~*4h" Jt:.~ !.f J:. ~4i-1t: ~it,. ~ 
*1J½4h~foJr~llM1~*1J½4h,/£.~J~~~J»t1i.ira.!f' !!.~ .. J!.ti.»r1ii!.Al, ~ 
~»t•~*'~~wr•~•~•~-~~~m•@ 

20. ;f)t;f1J~Jjt19~}f]it:, ~tf fo}fit~)ff;ii& ~ ~--" A»., :!k-M 

~-,--,.~--,~M-,8•a--*f• .. ~•-- ~----~--, 
w•, •••~Rii>Ji.ht;t .. 

21. ~:f1J~;t<.1sA2o~Jflit:, *lf foJri!.~»t1iJEJKRAS~llij tt.~~»r•, 

fJd~}t,KRAS~fl;l~~~ftJli ... 1i.Jli., JJ$"•A-•• .. 

22. ;f)t,l:1J~*18~20a-f]Jfl 1t, Jl:. 1f fok,~a(J}Jf,i /aBRAF~~ ~]l~~,i, 

fJd~:t&. ~ BRAF~Jlil ~3t a(J#;M,:}i;, if..Jlh·~~-" 

23. -ffiF},;~/~itff ~ ~Jt.4..-f;.f!i T~{.f.. ( EGPR) *t=J * ~ ~~ ~ ;J,r}¼, 

i,-~;J,r * ~~~-r *• *~ ~~¼"fiFJ,;~i~it ff~ 3N: ~~ ~f1J~JJt1-1sf.f­

-~ ~ ~*~4h~*~-- Jt:.~ ~ J:. ~ ~~ ~ ~-- ~~ ½eth~fflit~ ~ ~~ 
½~" 

24. ~;f1J~;t<.23~7,f*, *~ ?)f~a(J ~~Jt.4-*~-r~if.. ( EGFR) ;fij 

*~~~jJ ~i:GFR,}:l'J*~»f;i, ffd~ ~EGJ?Ri:t~Ui,J:m*~»f;i, ffd~~ 

•Maa,.t.a•,~M~•,••, ~••,~M• .. •••"*f•, 
tL •• ,. 1f-., .,,J •• , W., ~-~~JBl/t1i., 

25. ~~J»t,i.ira.f 4:.~ .. ~~»f;fflMt}il, ~-1~•4..* .. -¥f~J»t•~ 
~~-~7,f*,~~**~~·~*•~~~~*ff~~~~~·-~a!J~ 

f 1J*Jftl-151£-3Ji ~Jit1'-~~frJ;*eth .. *~ !.f ..1:. 1if 4l-1t: ~it .. ~~J ¼~AfoJt 
it~~~~J¼~ .. 

26. ~;flJ~;t<.25~7,f*, *lf fo}fit~»t•~ ~ ~Rh., Jl!h ... *M 

~- .. --,~-- .. ~•• .. ••• .. *f:A,~--' ~-,·~-• .. 
w• .. -••~~JliJtm .. 
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27. ~:ftl~*24~26~7T*, Jt Tf r}fi£.t¥j,&F~ ~KRAS~ml ~i:~Jlf1lij, 
1fd ~~KRAS~ f1iJ ~ ~ ir!J M Ml ;i ,. .i.Jlh. ,. JJ$' ;i ~--· " 

28. ~;f1J-:l-jJt24~26al.J:i,f$¼, ~ 1f P)fktM}Jfr!ffi j;J BRAF'J!.~ tl~alJJJt*, 

1f1~i& ro BRAF'~-~~ MJttiJJh,i,. i[M!.;ifl"-tiF,'&" 

29. ~:f1J~*l-l51£->ja(J~*~4t~*~" Jt~'!f:J:.rif#:~t¥jj;_,. * 
JtU ½4:h ~ rJr ~it~ ~Jl!J ½4h, Jt Jfl T iJi !W;ifl"-t I~ ~t; :Ii ~ .tllt!i * ml -1-~ 1$. 
( EGFR) .:+f11 * alJ ~~" 

30. ~:ftJ~*29AfJ4Jt#-~4h1"3*::th .. Jt-~~.J:'iif~~MJ.tk. .. *1'iJ¼~~ 
~~Ai¥i*M½~, Jt~~~~~~lt~*-~~*(E~R)~*~-~ 
~ ~ EGFR.:+l§J ~ ~ JJt,w, 11u~ ~ EGFR~J!.,l:t:1 * ~ Jlf 1i, 11tl~:i& tl tkMl;i,. 

~--,.~~~-,.-• .. ~·-,.~~---K• .. *f•,.~-- .. ~ 
• .. 1u ;:1J ... .. w. .. ~-· ;frz )Jjj ~ 1ffl " 

31. ~:fiJ~* 1-151£->Jli a(J,tk*~4h~*4h .. Jt~ '!!f J:. rif #:~ t¥i it,. * 
~½4t~~~j;_alJ~M½~, ~m'f"#~Jlf1-~f~~~~~JJt1-~~ .. 
.:W tu JJt 1-!i *,. #♦u JJt ~~He.if J1i .. 

32. ~:f1J~4t31a(J.tk#-iti4h1"1*4h .. Jt~ ~J:. 'iif4i-~ MJjt .. ~l1½4h 
~~~A~~M½4h, ~~~~~Jlf~~ro~Jlh,i,.AJJh,i .. ~~~•-­
$d .. #a• .. ~••,.aK• .. *fd .. ~-•,.~• .. •~•• .. f;i .. 
--·~~&Jt,w .. 

33. ~:ftl~4t30~32 alJ ~-1$.~ 4h~*4:h,. Jt j1j ~ J:. iif 4i~ a1.J it.. ~j,J ¼ 
::fh~f)fkt1£~~,l1J¼4h, Jt t1 f)f:i21:.~Jlt,i:h KRAS£.Jl;l ~~al.JJJt*, 1ft-!<~;h 

KRAS~ml ~i:a{JttiJJh ... iLMld .. )trp·~~·" 

34. 'f)t;flj~;J<.30~32 ~ ;}Jt~~ 4h~Jl}i4t, Jt:. ~ !f j:_ rif ~1': alJ iii." ~JTU ½ 
4h ~ f}f alt alJ ~,lij ½4h , X. tf fo/ra a'-3 JJt ti :h BRA.F ~ ~ ~ j}: ~ »f ,i , 11~ ~i& 
ti BRA~FJ!. ~ ~~ a(J tt Mi.,. KJln 1& ;ip}tiff #i ., 
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A. ±ff2 Ef<J'.n'--~ 

A61K 47/ 48 (2006. 01) i; A61K 45/00(2006. 01) i; A61P 35/00 (2006. 01) i 

~-E!R 00~?F1ttiJ'.n'--~ (IPC) ~~ f"J Bt~JW.00 ~'.n'--~;fQIPCWj;frft'.n'--~ 

B. M*@i±~ 

M* a<J-1[£~~&::st!TIJ{ <1ffsllJ]?t~~~1Etri'.n'--~-%) 

A61K, A61P 

§*frfil-~~cp~~-~~N'::st!TIJ{~*~fil-::st!TIJ{ 

ft00~?FM.Btlt00 Ef<J~ ~~:Jm.~ (~:Jm~Ef<J~;f$, ;j<Q {t ffl Ef{J t.&:* icIT CPri{fJ§) ) 

CPRSABS; CNKI; CNTXT;fQ@.i,ij: :tz&:±.tf:131~~1*, m f*, iHI filif~JfU ~tPJ, m i*~tPJ~ir~, ~Jij!Ji3l, Jllj!Ji3l~ 
DWPI; SIPOABS; EPTXT; USTXT; WOTXT; JPTXT; ELSEVIER; CA;fQ@.iP): epidermal growth factor receptor, 
EGFR, HER, antibody, cytotoxic drug, M~L.\E, antibody-drug-conjugate, ADC, valine, ci trulline~ cp001tlrJ 
±tPJff3i°Ll@*~~: Genbank; EMBL; STNfQ@.Ef<JJ~3'U: SEQ ID NOs: 1-18 

C. i'§~::stftJ: 

* = ~* '71 ffl ::st 1 tJ: , ~,~at. =JlllJ];t§~~m i'Elfr a<JtxH~ * 
X WO 2014152199 Al (ABBVIE INC) 2014~ 9)=1 258 (2014 - 09 - 25) 1, 5-22;tQ29-34 

~Pi!J!!li~, txt-U~*1-5o, W,SJ]45ffi251Jf ~n ff ~ffi361Jfffi3tr, 001 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------

y 
I WO 

2014152199 Al (ABBVIE INC) 2014~ 9 J=I 25 E3 (2014 - 09 - 25) 

I 

2-22;fQ29-34 

~Ji!.ffi~, t>Vf!J~*l-50, i£SJ]45ffi251Jf ffi 1 ff ~ffi361;fffi31f, 001 
----- -------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- ... ---- -------- ----- ----------

y 
I CN 

103772504 A (_t~i.f§".'f~±.~:f4tt~~~·2;i§'J) 2014~ 5)=1 7 E3 (2014 - 05 - 07) 

I 

2-22fQ29-34 

~ Ji!.;J;xtiJ~*l-13, ~ .Mi fJO 1 - 10 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------ ------------- ----------------

D Jt~::stfttact~a(J~flJf cpJ°1J :±1 o 0 .m 1"' Jr~ 1t ;flj j)ff f tj: C 

* 5 i ffl Jt 14 El'l J'l 1:$:~~: 

''A" iA~T-ffi~ffl*OO*~T~~tt*~ft~~OOJt# ''T" 1=E $ii B Mvt5t:.lx. B z.Fo 0;fi, 1=j $ ii T, ;j'§ tffJi.'11' 1§~ 7:@.lffii'. 
:&..aJlz.:@i1sM,~:@001=EFoJt·f4 

"E" 1=EOO~$WBOO~~MZ.J50~001=E5t$WM~~ t:/f'M.tl:l*OOJt14, -39!~ ~i.~Jt11t-, iAJE~;f'. 1*tP El'l :&..aJl :;r; :J.l!: 
PJ'i'i~xttlt5t.lx.~;f'.:ttl.qX'(HtatiJt1'/c, M~./ij!JJE~~Jii\5 fflJt1'/c 
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w 213 Artificial or Unknown found in <213> in SEQ ID ( 1) 

w 213 Artificial or Unknown found in <213> in SEQ ID (2) 
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w 213 Artificial or Unknown found in <213> in SEQ ID ( 4) 

w 213 Artificial or Unknown found in <213> in SEQ ID (5) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 6) 

w 213 Artificial or Unknown found in <213> in SEQ ID (7) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 8) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 9) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 10) 

w 213 Artificial or Unknown found in <213> in SEQ ID (11) 

w 213 Artificial or Unknown found in <213> in SEQ ID (12) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 13) 

w 213 Artificial or Unknown found in <213> in SEQ ID (14) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 15) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 16) 

w 213 Artificial or Unknown found in <213> in SEQ ID (17) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 18) 





SEQUENCE 

<110> SHANGHAI MIRACOGEN INC 

<120> Antibody-drug conjugate 

<130> IEC150092PUS 

<140> us 15/550,995 

<141> 2017-08-14 

<150> PCT/CN2016/073844 

<151> 2016-02-16 

<150> CN201510085038.8 

<151> 2015-02-17 

<160> 18 

<170> Patentin version 3.2 

<210> 1 

<211> 119 

<212> PRT 

<213> Artificial 

<220> 

LISTING 

<223> sequence of variable region of heavy chain 

<400> 1 

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 

1 5 10 15 

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Ser Leu Ser Asn Tyr 

20 25 30 

Asp Val His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Leu 

35 40 45 

Gly Val Ile Trp Ser Gly Gly Asn Thr Asp Tyr Asn Thr Pro Phe Thr 

50 55 60 

Ser Arg Leu Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu 

65 70 75 80 

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala 

85 90 95 

Arg Ala Leu Asp Tyr Tyr Asp Tyr Glu Phe Ala Tyr Trp Gly Gln Gly 

100 105 110 



Thr Leu Val Thr Val Ser Ser 

115 

<210> 2 

<211> 107 

<212> PRT 

<213> Artificial 

<220> 

<223> sequence of variable region of light chain 

<400> 2 

Glu Ile Val Leu Thr Gln Ser Pro Asp Phe Gln Ser Val Thr Pro Lys 

1 5 10 15 

Glu Lys Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Gly Thr Asn 

20 25 30 

Ile His Trp Tyr Gln Gln Lys Pro Asp Gln Ser Pro Lys Leu Leu Ile 

35 40 45 

Lys Tyr Ala Ser Glu Ser Ile Ser Gly Ile Pro Ser Arg Phe Ser Gly 

50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Asn Ser Leu Glu Ala 

65 70 75 80 

Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Asn Asn Glu Trp Pro Thr 

85 90 95 

Ser Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys 

<210> 3 

<211> 330 

<212> PRT 

100 105 

<213> Artificial 

<220> 

<223> sequence of constant region of heavy chain 

<400> 3 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 

l 5 10 15 



Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 

20 25 30 

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 

35 40 45 

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser 

50 55 60 

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr 

65 70 75 80 

Tyr Ile Cys Asn Val Asn His Lys Pro 

85 

Ser Asn Thr Lys Val Asp Lys 

90 95 

Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys 

100 105 110 

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 

115 120 125 

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 

130 135 140 

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 

145 150 155 160 

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 

165 170 175 

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 

180 185 190 

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 

195 200 205 

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly 

210 215 220 

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu 

225 230 235 240 



Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 

245 250 255 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn 

260 265 270 

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 

275 280 285 

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn 

290 295 300 

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 

305 310 315 320 

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 

<210> 4 

<211> 107 

<212> PRT 

325 330 

<213> Artificial 

<220> 

<223> sequence of constant region of light chain 

<400> 4 

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu 

1 5 10 15 

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe 

20 25 30 

Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln 

35 40 45 

Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser 

50 55 60 

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 

65 70 75 80 

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser 

85 90 95 



Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys 

100 105 

<210> 5 

<211> 5 

<212> PRT 

<213> Artificial 

<220> 

<223> HCDRl 

<400> 5 

Asn Tyr Asp Val His 

1 5 

<210> 6 

<211> 16 

<212> PRT 

<213> Artificial 

<220> 

<223> HCDR2 

<400> 6 

Val Ile Trp Ser Gly Gly Asn Thr Asp Tyr Asn Thr Pro Phe Thr Ser 

1 5 10 15 

<210> 7 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> HCDR3 

<400> 7 

Ala Leu Asp Tyr Tyr Asp Tyr Glu Phe Ala Tyr 

1 5 10 

<210> 8 

<211> 30 

<212> PRT 

<213> Artificial 

<220> 

<223> FRl of VH 

<400> 8 



Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 

1 5 10 15 

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Ser Leu Ser 

20 25 30 

<210> 9 

<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> FR2 of VH 

<400> 9 

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Leu Gly 

1 5 10 

<210> 10 

<211> 32 

<212> PRT 

<213> Artificial 

<220> 

<223> FR3 of VH 

<400> 10 

Arg Leu Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu Lys 

1 5 10 15 

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg 

<210> 11 

<211> 11 

<212> PRT 

20 

<213> Artificial 

<220> 

<223> FR4 of VH 

<400> 11 

25 

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 

1 

<210> 12 

<211> 11 

<212> PRT 

5 10 

30 



<213> Artificial 

<220> 

<223> LCDRl 

<400> 12 

Arg Ala Ser Gln Ser Ile Gly Thr Asn Ile His 

1 5 10 

<210> 13 

<211> 7 

<212> PRT 

<213> Artificial 

<220> 

<223> LCDR2 

<400> 13 

Tyr Ala Ser Glu Ser Ile Ser 

1 

<210> 

<211> 

<212> 

<213> 

<220> 

<223> 

<400> 

Gln Gln 

1 

<210> 

<211> 

<212> 

<213> 

<220> 

<223> 

<400> 

5 

14 

10 

PRT 

Artificial 

LCDR3 

14 

Asn Asn Glu 

5 

15 

23 

PRT 

Artificial 

FRl of VL 

15 

Trp Pro Thr Ser Phe 

10 

Glu Ile Val Leu Thr Gln Ser Pro Asp Phe Gln Ser Val Thr Pro Lys 

1 5 

Glu Lys Val Thr Ile Thr Cys 

20 

10 15 



<210> 16 

<211> 15 

<212> PRT 

<213> Artificial 

<220> 

<223> FR2 of VL 

<400> 16 

Trp Tyr Gln Gln Lys Pro Asp Gln Ser Pro Lys Leu Leu Ile Lys 

1 5 10 15 

<210> 17 

<211> 32 

<212> PRT 

<213> Artificial 

<220> 

<223> FR3 of VL 

<400> 17 

Gly Ile Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 

1 5 10 15 

Leu Thr Ile Asn Ser Leu Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys 

<210> 18 

<211> 9 

<212> PRT 

20 

<213> Artificial 

<220> 

<223> FR4 of VL 

<400> 18 

25 

Gly Gln Gly Thr Lys Leu Glu Ile Lys 

1 5 

30 
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FIRST NAMED INVENTOR 

Chaohong Hu 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
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PO Box 1450 
Alexandria, Virgmia 22313-1450 
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ATTY. DOCKET NO. 
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371 ACCEPTANCE LETTER 

111111111111111111111111111111111111111111 lllll ll~~~ml!~l!~~~~ijl!lj!~~ 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495 
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MULTIPLE DEPENDENT CLAIM Application Number Filing Date 

FEE CALCULATION SHEET 
15550995 

Substitute for Form PTO-1360 
Applicant(s) Chaohong Hu (For use with Form PTO/SB/06) 

* May be used for additional claims or amendments 

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * * 
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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 

lnventor(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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 140 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 240 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 360 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 23 minus 20= 3 (37 CFR 1.16(i)) 
X 40 = 120 OR 

INDEPENDENT CLAIMS 1 minus 3 = X 210 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 0 ($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 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 860 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ 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 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 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. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If 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: 
From: 
Cc: 

docket@bozpat.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 93726 

Nov O 1 , 201 7 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 
15550995 

Document 
M903 
APP.FILE.REC 

Mailroom Date 
11/01/2017 
11/01/2017 

Attorney Docket No. 
CCPIT-002 
CCPIT-002 

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



PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: 

Applicant's or agent's file reference 

IEC150092PCT 
International application No. 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.l) 

Date of mailing 18/05/2016 (day/month/year) 

FOR FURTHER ACTION 

See paragraph 2 below 

PCT/CN2016/073844 I 
International filing date (day/month/year) 

16.02.2016 I 

Priority date (day/month/year) 

17.02.2015 
International Patent Classification (IPC) or both national classification and WC 

A61K47/48(2006.0l)i;A61K45/00(2006.0l)i;A61P35/00(2006.01) 

Applicant 

SHANGHAI MIRACOGEN INC 

L This opinion contains indications relating to the following items: 

Basis of the opinion 

Priority 

Box No. I 

Box No. II 

Box No. III 

Box No. IV 

Box No. V 

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

Lack of unity of invention 

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

Box No. VI 

Box No. VII 

BoxNo. VIII 

2. FURTHER ACTION 

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 
International Preliminary 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.lbis(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. 

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

Facsimile No. Telephone No. 

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



Box No.I 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of this opinion 

1. \Vith regard to the langnage. this opinion has been established on the basis of: 

the international application in the language in which it was filed 

a translation of the international application into 

translation furnished for the purposes of international search (Rules 12.3(a) and 23.l(b)). 

. which is the language of a 

2. D 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 43bis.l(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: 

4. 

a. (means) 

D onpaper 

IZ! in electronic form 

b. (time) 

□ 

IZ! in the international application as filed 

D together with the international application in electronic form 

D subsequently to this Authority for the purposes of search 

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 SEARCHING AUTHORITY 

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

Tue 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: 

the entire international application 

claims Nos. 

because: 

See the following claims 

□ 

□ 

the said international application, or the said claims Nos. 23-38 relate to the following 
subject matter which does not require an international search (specif,,): 

[ 1 l PCT Rule 39.l(iv) methods for treatment of 

the human or animal body by surgery or therapy, 

as well as diagnostic methods. 

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

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. _2_3_-_3_8 ___________________ _ 

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

□ 

□ 

□ 

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. 

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. 

pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule 13ter.l(a) or 
(b). 

D See Supplemental Box for further details. 

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



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. V Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 

2. Citations and explanations: 

Claims 2 - 4 , 2 1 , 2 2 , 3 3 and 3 4 

Claims 1 , 5 - 2 0 and 2 9 - 3 2 

Claims None 

Claims 1-22 and 29-34 
----------------------------

Claims 1-22 and 29-34 

Claims None 

[1] 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 fol lowing reference documents are cited: 

[ 3 l Dl: WO 2014152199 Al, 25 September 2014 

(25.09.2014) 

[ 4 l 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] Dl (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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Box No. V 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

antibody is an anti-EGFR antibody and the drug can 

be Ntv1AE, and also discloses a composition 

comprising the antibody-drug conjugate and a use 

of the antibody-drug conjugate. 

[7] 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. 

[8] The drug in the conjugate disclosed in Dl is a 

cytotoxic agent, and the drug is covalently 

connected to the anti-EGFR antibody via a linker. 

Therefore, claim 1 of the present application 

lacks novelty. 

[9] 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 Dl 

and D2. Therefore, claims 2-4 do not involve an 

inventive step. 

[10] The heavy chain constant region of the anti-EGFR 

antibody disclosed in Dl 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 Dl differs from SEQ ID NO: 4 in 

respect of one amino acid. Therefore, given that 

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



Box No. V 

[ 11 l 

[12] 

[13] 

[14] 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

the claims to which claims 5-9 refer lack 

novelty/do not involve an inventive step, claims 

5-9 lack novelty/do not involve an inventive step 

either. 

The structure of the antibody-drug conjugate 

disclosed in Dl 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. 

Dl 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. 

Dl 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. 

Dl 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) 



Box No. V 

[15] 

[ 16 l 

[17] 

[18] 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch 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. 

Dl 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 29-32 

lack novelty/do not involve an inventive step 

either. 

In light of Dl, 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. 

Industrial Applicability (PCT Article 33(4)) 

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) 



Box No. VII 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 

[1] 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). 

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



Box No. VIII 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

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 6. 

[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 solutions with the expression 

"mutant" having been deleted. 

[3] The expression "and the like" is used in claim 12. 

This results in claims 12 being unclear and not 

complying with PCT Article 6. 

[4] 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) 



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 FOR FURTHER ACTION See item 4 below 
IEC150092PCT 

International application No. International filing date ( day/month/year) 

!
Priority date (day/month/year) 

PCT/CN2016/073844 16 February 2016 (16.02.2016) 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 

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.l(a). 
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Lack of unity of invention 

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

Box No. VI 
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2. FURTHER ACTION 

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



Box No.I 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of this opinion 

1. \Vith regard to the langnage. this opinion has been established on the basis of: 

the international application in the language in which it was filed 

a translation of the international application into 

translation furnished for the purposes of international search (Rules 12.3(a) and 23.l(b)). 

. which is the language of a 

2. D 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 43bis.l(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: 

4. 

a. (means) 

D onpaper 

IZ! in electronic form 

b. (time) 

□ 

IZ! in the international application as filed 

D together with the international application in electronic form 

D subsequently to this Authority for the purposes of search 

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 SEARCHING AUTHORITY 

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

Tue 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: 

the entire international application 

claims Nos. 

because: 

See the following claims 

□ 

□ 

the said international application, or the said claims Nos. 23-38 relate to the following 
subject matter which does not require an international search (specif,,): 

[ 1 l PCT Rule 39.l(iv) methods for treatment of 

the human or animal body by surgery or therapy, 

as well as diagnostic methods. 

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

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. _2_3_-_3_8 ___________________ _ 

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

□ 

□ 

□ 

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. 

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. 

pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule 13ter.l(a) or 
(b). 

D See Supplemental Box for further details. 

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



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. V Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 

2. Citations and explanations: 

Claims 2 - 4 , 2 1 , 2 2 , 3 3 and 3 4 

Claims 1 , 5 - 2 0 and 2 9 - 3 2 

Claims None 

Claims 1-22 and 29-34 
----------------------------

Claims 1-22 and 29-34 

Claims None 

[1] 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 fol lowing reference documents are cited: 

[ 3 l Dl: WO 2014152199 Al, 25 September 2014 

(25.09.2014) 

[ 4 l 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] Dl (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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Box No. V 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

antibody is an anti-EGFR antibody and the drug can 

be Ntv1AE, and also discloses a composition 

comprising the antibody-drug conjugate and a use 

of the antibody-drug conjugate. 

[7] 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. 

[8] The drug in the conjugate disclosed in Dl is a 

cytotoxic agent, and the drug is covalently 

connected to the anti-EGFR antibody via a linker. 

Therefore, claim 1 of the present application 

lacks novelty. 

[9] 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 Dl 

and D2. Therefore, claims 2-4 do not involve an 

inventive step. 

[10] The heavy chain constant region of the anti-EGFR 

antibody disclosed in Dl 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 Dl differs from SEQ ID NO: 4 in 

respect of one amino acid. Therefore, given that 

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



Box No. V 

[ 11 l 

[12] 

[13] 

[14] 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch statement 

the claims to which claims 5-9 refer lack 

novelty/do not involve an inventive step, claims 

5-9 lack novelty/do not involve an inventive step 

either. 

The structure of the antibody-drug conjugate 

disclosed in Dl 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. 

Dl 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. 

Dl 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. 

Dl 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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[15] 

[ 16 l 

[17] 

[18] 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Reasoned statement nnder Rnle 43bis.l(a)(i) with regard to novelty, inventive step or indnstrial applicability; 
citations and explanations snpporting snch 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. 

Dl 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 29-32 

lack novelty/do not involve an inventive step 

either. 

In light of Dl, 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. 

Industrial Applicability (PCT Article 33(4)) 

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) 



Box No. VII 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 

[1] 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). 

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



Box No. VIII 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

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 6. 

[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 solutions with the expression 

"mutant" having been deleted. 

[3] The expression "and the like" is used in claim 12. 

This results in claims 12 being unclear and not 

complying with PCT Article 6. 

[4] 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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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. l 12(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 tbe 
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 tbe following paragraph [i.e., tbe 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 tben 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. 
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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. 
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Claims 2-16, 23-28, 35 and 36 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre­

AIA), 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. 
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(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

AIA), 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 



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

formation of hydrates of unconjugated cetuximab would be the same conditions for the 

Page 8 

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 (WO2015/000062) 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 CDRl-3, and the light chain variable region comprises SEQ ID 

NO:12-14 as the light chain CDRl-3, Claim 3 embodies the ANTIBODY CONJUGATE of 
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claim I wherein the FRI-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 FRl-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 IgG 1. 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, Lis the linker, Dis the cytotoxic agent and pis 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 is 

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+ cola-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, 

page 10, line 20 to the end of page 11) comprising a human IgG 1 Fe fragment and a kappa light 

chain, wherein the antibodies are termed BA03, BB03, BC03 and BD03 (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 BA03, BB03, BC03 and BD03, wherein SEQ ID NO:5 of the BA03 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 FRl, FR2, FR3 and FR4 comprising SEQ ID NO:8-

11; SEQ ID NO: 13 of the light chain of BA03 (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 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD 60 

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD 
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Sbjct 1 

Query 61 

Sbjct 61 

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD 60 

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 107 
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 107 

The IgG I Fe 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: I 

Query 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 60 
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

Sbjct 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 60 

Query 61 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120 
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 

Sbjct 61 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120 

Query 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 180 
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 

Sbjct 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 180 

Query 181 STYRVVSVITVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 240 
STYRVVSV+TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 

Sbjct 181 STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 240 

Query 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 300 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 

Sbjct 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 300 

Query 301 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 330 
QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

Sbjct 301 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 330 

Liu teaches that the BA03 an BD03 antibodies have higher binding affinity, stronger 

ligand blocking ability and stronger inhibitory activity against surface EGFR than 

Erbitux/cetuximab, and that BB03 and BC03 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 BA03 

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 BA03 

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 
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would also be motivated to use the humanized BA03 antibody in place of cetuximab because the 

BA03 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 BA03 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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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 Ras/MAPK 

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/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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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. 
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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/ 
Primary Examiner, Art Unit 1643 

KAREN A. CANELLA 
Examiner 
Art Unit 1643 
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com pr:is:ing ihe nucJe:ic ac:id m oJecuJes, and detecti:m reagents and k:its The :invention alsJ rehtesiD ihe US? of 

ihe ant:ibody furihe preparati:m ofam ed:icam entfurihe prevention/treatm entofep:idenn algrowih :faciDror 

ep:idenn algrowih :faciDrrecepiD:r---as<oc:iated d:iS?aS?sand furihepreparati:m ofadetecti:m reagentork:it The 

ant:ibody m oJecu:e ofihe :inventi:m has bw er:im m unogen:ic:izy and h:igheriargetb:ind:ing activ:izy, ihereby hav:ing 

strongerb:bbg:icalactiv:izy and anti-tum oractiv:izy :in v:rtro and :in v:ivo, and can be expected iD have bw er side 

eflectsand better curative eflect:in clin:icalapplication. 

Hum an:ized anti:-ep:idenn algrow ih :faciDrrecepiDrant:ibody and US? ihereof 

T echn:ical:fie]d 

ThepreS?nt:inventi:m rehtesiD ahum an:ized ant:ibody, :in particuhriD ahum an:ized anti:-ep:idenn algrowih 

:faciDrrecepiDrant:ibody, and iD ihe US? ofihe ant:ibody furihe preparat:bn ofam ed:icam entfurprevent:ing or 

treat:ing a d:iS?aS? as<oc:iated w :ifu h:igh activizy or h:igh express:bn ofep:idenn algrow ih :faciDr. Com pared w :ifu 

hum an and m ouS? ch:im er:ic ant:ibod:ies, ihe hum an:ized anti:-ep:idenn algrow ih :faciDrant:ibody ofihe preS?nt 

:invent:bn furtherreducesihe :im m unogen:ic:izy ofihe ant:ibody, and enhances:itsantigen recognit:bn activ:izy and 

anti-tum orfunct:bn :in v:rtro and :in vivo, and has betterclin:icalperfunn ance. A pplicat:bn p1mpects 

Background techn:ique 
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Ep:idenn alG rowih FaciDrRecepiDr (EG FR, alsJ known asH ER 1, c--E:rbBl) :isacellrurnce recepiDrofihe 

ep:idenn algrowih fuciDrm j]y, w h:ich :is com poS?d of1186 am :ino ac:id res:iduesand has am oJecuhrwe:ightof 

170kD. G ]ycoprote:in (b:riS'Bn RN, W akerF, PoufutN, etal Ep:idenn algrowih fuciDrrecepiDr:m echan:isn sof 

activatim and signaling. Exp C ellR e~ 2003; 284: 31---53). EG FR bebngsiD ihe -type I -tyrosine k:inaS? recepiDr 

E:rbB rubfu j]y (E:rbB 1--4) and has-tyrosine k:inaS? activizy. EG FR :is stab]y expreSS?d :in many epiihelial t:isille~ 

:includ:ing s-<:in and hairfullidis. A bnonn alexpression ofihe ep:idenn algrowih :faciDrrecepiDroractivatim by 

recepiDrm uiationscan Jead iD cancer. Therearem any ffifil tum orsfuund iD expressh:igh expressi:m of 

ep:idenn algrowih fuciDrrecepiDrs, ruch ascobrecialcancer, head and neck cancer, lung cancer, ovarian cancer, 

ceiv:icalcancer, bJaddercancerand effiphagealcancer (0 Jay:bye M A, Neve RM , LaneH A, etal The Ee:rbB 

S:ignalingneiwo:rk:recepiDrheterod:im enatim :in devebpm entand cancer. The EM BO J 2000; 19:3159-3167). 

Grow ih :faciDrs ruch astransfonn :ing grow ih :faciDra]pha and ep:idenn algrow ih fuciDrare endogenous ligands fur 

ihe ep:idenn algrow ih fuciDrrecepiDr. TheS? ligands b:ind iD ihe ep:idenn algrow ih :faciDrrecepiDr, activate ihe 

activizy ofihe recepiDr :inilacelluJarzyrosine prote:in k:inaS?, :in:itiate m ultipJe downstream signal trans:luct:bn 

paihw ay~ ihereby reguht:ing ihe growih and d:i:ffurentiation ofnonn alee~ :increasing ihe :invasiveness and 

promotion of tum orcelJs. Ang:bgene~ :inh:ib:ition oftum orcellapopiDs:is (C :ianl:ielb F, TortohG A novel 

approach :in ihe treatm entofcancer: tilget:ing ihe ep:idenn algrowih :faciDrrecepiDr. C lin C ancerR e~ 2001; 7: 

2958-2970). The h:igh express:bn ofep:idenn algrowih :faciDrrecepiDr:in tum ors and :its:im portantroJe :in tum or 

cellgrow ih and d:i:ffurentiat:bn m ake ep:idenn algrow ih fuciDrrecepiDra prom :is:ing tum oriherapeut:ic tilget 

The iherapeut:ic ant:ibody aga:instihe ep:idenn al grow ih :faciDrrecepiDrw asorig:ina]]y derived :from ihe m urine 

ant:ibody M 225 obia:ined by :im m un:iz:ingm :icew :ifu ep:idenn algrowih :faciDrrecepiDrh:igh express:bn ep:idenn al 

carc:inom aA 431. M 225 ~ecifica]]y b:inds iD ihe ep:idenn algrow ih fuciDrrecepiDrand bbcks :its b:ind:ing iD ihe 

ligand, ihereby :inh:ib:iting ihe activ:izy ofihe ep:idenn algrow ih :faciDrrecepiDriyrosine prote:in k:inaS? (G oJdste:in 

etai 1995, C lin. Cancer. R es.l :1311-1318). Asa fure:ign prote:in, ihe m urine ant:ibody repeated]y st:im uJatesihe 

hum an body and can cauS? ahypers?nsitivizy react:bn, w h:ich :iscaTied a hum an anti:-m ouS? ant:ibody reaction. 

Them urine ant:ibody may be neuilalized by anti:-ant:ibod:ies :in ihe body, w h:ich :israp:id]y cJeared and even cauS?s 

a S?vere aTierg:ic reaction iD deaih. In addit:bn, m urine m onocbnalant:ibod:iesJack ihe :im m unobg:icalefleciDr 

funct:bnsofhum an ant:ibod:ie~ ruch asant:ibody---dependentcell-m ed:iated cyiDiDx:icizy (ADC C) and 

com pJem ent---dependentcyiDiDx:ic:izy (CDC), and ihusare noteflective. Thu~ ihe hum an m urine ch:im er:ic 

ant:ibody C 225 ant:ibody (E:rbitux, E:rb:itux orC etux:im ab, Jin C bne (now EliLilly)) uS?sihe variabJe reg:bnsof 

hum an IgG 1 kappa and m urine anti-M 225 iD reduce ihe :im m unogen:ic:izy ofm urine m Ab~ reia:in:ing Specific 

affin:izy w :ifu ep:idenn algrowih :faciDrrecepiDrcan bbck ihe b:ind:ing ofligands ruch asEG F and TG Fa iD 

ep:idenn algrowih fuciDrrecepiDr, :inh:ibit:itspho~ho:ryht:bn and downstream signaling, ihereby :inh:ib:iting 

tum orcellgrow ih and :induc:ing apopiDs:is. Reduce ihe product:bn ofm atrix m eialbprote:inaS?sand vas::uhr 

epiihelialgrowih :faciDrs 2004The US FD A approved E:rb:itux furcobrecialcancer, and 2006 approved furihe 

treatm entofhead and neck cancer. There are more clin:ical trialsfuroihercancer:ind:ications. Com pared w iih 

oiherchem oiherapeut:ic drug~ ant:ibody drugshave strong ~ecific:izy and sn alls:ide eflec~ and have ach:ieved 

good clin:icalrerults H ow ever, hum an and m ouS? ch:im er:ic E:rb:itux:im ab are still:im m unogen:ic, clin:ica]]y 

reported iD have an :im m unogen:ic:izy of5% , w h:ich :is prone iD hum an anti:-ant:ibody react:bn Jead:ing iD :immune 

com pJex---m ed:iated ant:ibody cJearance, and s-<:in and m ucorals:ide effects. (An Z, etal, 2009, Therapeut:ic 
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M onocbnalA ntibody, p313). 

Pan:itum um ab (Am gen) :isa fu]]y hum an:ized m onocbnalantibody prepared using tramgen:ic m ouS? technobgy. 

Ithasno m urine prote:in S:X:1Uence and tilgetsihe ep:idenn algrowih fuctorreceptor (EG FR). Itw as approved by 

ihe FD A :in Septem ber2006. Approved :form mketing, :in com b:inatim w :ifu fluoropyrim :id:ine, oxalipJatin and 

:irinotecan orafterchem oiherapy furihe treatm entofEG FR---positivem ei:astat:ic cobrecialcancer. 2006The FD A 

approved :itsm onoiherapy fur chem oiherapy-res:istantm eiastat:ic cobrecialcancer (in CR C ). How ever, 

panitum um ab :isan IgG 2 SJbiype antibody.Com pared w :ifu IgG 1, ihe CDC activ:izy oflgG 2 and ihe b:bbg:ical 

activizy of ADC C are sign:ificantly reduced. In additi:m, ihe stability oflgG 2 SJbiype antibody :is poor, w h:ich 

may be a clin:icaleflecton fu]]y hum an antibody. Them a:in reas:m why n:im iiam e hasno sign:ificantadvaniage 

com pared to ihe ch:im er:ic antibody E:rb:itux. 

Therefure, ihere :is a need :in ihe artfurhum an:ized anti-ep:idenn algrow ih fuctorreceptorantibod:iesw iih bw er 

:im m unogen:icizy and h:igherb:iobg:icalactivizy to further:im prove efficacy and reduce s:ide effects 

Sum m my ofihe :invention 

ThepreS?nt:inventorshave SJ:rpris:ing]y obia:ined a hum an:ized anti-ep:idenn algrowih :factorreceptorantibody 

hav:ing bw er:im m unogen:icizy and h:igherb:bbg:icalactivizy by using antibody hum an:izatim technobgy on ihe 

bas:isofam ouS?antibody. ThepreS?nt:invention hasbeen com pJeted baS?d on iheabovefind:ings. Spec:ifica]]y, it 

:includesihe fulbw :ing a~ects: 

A :fusta~ectofihe :invent:bn rehtesto an anti-ep:idenn algrow ih fuctorreceptorantibody orantigen---b:ind:ing 

port:ion ihereot' w here:in ihe S?quence ofihe heavy cha:in CD R 1 :is S?Jected :from ihe S?quences S?tfurth :in SEQ 

ID NO : 1 and SEQ ID NO : 39 ora derivative ihereot' and ihe S?quence ofC DR 3 :is S?Jected a S:X:1Uence S?tfurth 

:in SEQ ID NO : 2, SEQ ID NO : 3 and SEQ ID NO : 40 ora S:X:1Uence derived iherefiDm ; and/or 

TheS?quenceof:itslightcha:inCDR3:isS?EctedfiDm iheS?quencesS?tfurth:inSEQ ID NO :9,SEQ ID NO :10 

and SEQ ID NO :41 orderivativesihereof 

The antibody orantigen---b:ind:ingport:bn ihereofaccord:ing to ihe :fusta~ectofihe :invent:bn, ihe S:X:1Uence of 

ihe heavy cha:in CD R2 and ihe lightcha:in CD R 1, CD R2 may be a corre~ond:ingport:ion ofam urine or hum an 

or hum an m urine ch:im er:ic anti-ep:idenn algrow ih :factorreceptorantibody. 
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The antibody orantigen---b:ind:ingporti:m ihereofaccord:ing iD any one ofihe :fusta~ectsofihe :invention, ihe 

S:X:1Uence ofihe heavy and lightcha:in FR ihereofm ay be a corre~ond:ingportion ofam ur:ine or hum an or 

hum an m ur:ine ch:itn eric anti-ep:idenn algrowih fuciDrrecepiDrantibody. 

In an em bod:itn entofihe :invention, ihe S:X:1Uence ofihe heavy cha:in variabJe reg:ion CD R ofihe antibody or 

antigen b:ind:ing portion ihereof:is S?Jected :from ihe S?quences mown :in ihe fulliw :ing (1) iD (4) ora derivative 

ihereof: 

(1) 
The S?quence ofC DR 1 :isihe S:X:1Uence mown :in SEQ ID NO : 1, ihe S:X:1Uence ofC DR 2 :isihe S?quence mown :in 

SEQ ID NO : 4, and ihe S:X:1Uence ofC DR 3 :isihe S:X:1Uence mown :in SEQ ID NO : 2. 

(2) 

The S?quence ofC DR 1 :isihe S:X:1Uence mown :in SEQ ID NO : 1, ihe S:X:1Uence ofC DR 2 :isihe S?quence mown :in 

SEQ ID NO : 4, and ihe S:X:1Uence ofC DR 3 :isihe S:X:1Uence mown :in SEQ ID NO : 40; 

(3) 

The S?quence ofC DR 1 :isihe S:X:1Uence mown :in SEQ ID NO :39, ihe S:X:1Uence ofC D R2 :isihe S?quence mown 

:in SEQ ID NO :4, and ihe S?quence ofC DR 3 :isihe S:X:1Uence mown :in SEQ ID NO :3; 

(4) 

The S?quence ofC DR 1 :isihe S:X:1Uence ofSEQ ID NO :39, ihe S:X:1Uence ofC D R2 :isihe S?quence ofSEQ ID 

N O :4, ihe S?quence ofC D R 3 :is ihe S?quence ofSEQ ID NO :40; and/or 

The S?quence ofihe lightcha:in variabJe regi:m CD R :isS?Ected :from ihe S?quencesmown :in ihe fulliw :ing (5) iD 

(8) or a derivative ihereof: 

(5) 
The S?quence ofC DR 1 :isihe S:X:1Uence mown :in SEQ ID NO : 11, ihe S?quence ofC D R2 :isihe S?quence mown 

:in SEQ ID NO : 12, and ihe S:X:1Uence ofC D R 3 :is ihe S?quence mown :in SEQ ID N O : 9. 

(6) 
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The S?quence ofC DR 1 :isihe S?quence mown :in SEQ ID NO : 11, ihe S?quence ofC D R2 :isihe S?quence mown 

:in SEQ ID NO : 12, and ihe S?quence ofC D R 3 :is ihe S?quence mown :in SEQ ID N O : 41; 

(7) 
The S?quence ofC DR 1 :isihe S?quence mown :in SEQ ID NO : 11, ihe S?quence ofC D R2 :isihe S?quence mown 

:in SEQ ID NO : 12, and ihe S?quence ofC D R 3 :is ihe S?quence mown :in SEQ ID N O : 41; 

(8) 
The S?quence ofC DR 1 :isihe S?quence mown :in SEQ ID NO : 11, ihe S?quence ofC D R2 :isihe S?quence mown 

:in SEQ ID NO : 12, and ihe S?quence ofC D R 3 :is ihe S?quence mown :in SEQ ID N O : 10. 

The antibody orantigen---b:ind:ingporti:m ihereofaccord:ing iD any one ofihe :fusta~ectsofihe :invention, 

w here:in ihe S?quence ofihe heavy cha:in FR 1 :is S?Ected :from ihe S?quence S?tfurth :in SEQ ID NO : 19 iD SEQ 

ID NO : 22 ora derivative ihereot and ihe S?quence ofFR 2 :is S?Jected :from ihe group cons:isting ofSEQ ID N O : 

23 iD SEQ ID NO : 25 ora S?quence derived iherefiom , ihe S?quence ofFR 3 :is S?Jected :from ihe S?quence mown 

:in SEQ ID NO : 26 iD SEQ ID NO : 29 ora derivative ihereot and ihe S?quence ofFR 4 :isSEQ ID NO : a S?quence 

of30 ora S?quence derived iherefiom ; and/or 

The S?quence ofihe lightcha:in FR 1 :is S?Jected :from ihe S?quence mown :in SEQ ID NO : 31 iD SEQ ID NO : 32 

ora S?quence derived iherefiom, and ihe S?quence ofFR2 :isS?Ected :from ihe S?quence mown :in SEQ ID NO : 

33 iD SEQ ID NO :34 oraderivativeihereof The S?quenceofFR3 :isS?Jected :from ihe S?quence S?tfurth :in SEQ 

ID NO : 35 iD SEQ ID N O : 36 ora S?quence derived iherefiom , and ihe S?quence ofFR 4 :is S?Ected :from ihe 

S?quence S?tfurth :in SEQ ID NO : 37 iD SEQ ID NO : 38 ora derivative ihereof 

In an em bod:im entofihe :invention, ihe S?quence ofihe heavy cha:in variabJe reg:ion FR ofihe antibody or 

antigen---b:ind:ing portion ihereof :is S?Jected :from ihe S?quences mown :in ihe fulbw :ing (9) iD (12) ora derivative 

ihereof: 

(9) 

The S?quence ofFR 1 :isihe S?quence mown :in SEQ ID NO : 19, ihe S?quence ofFR2 :isihe S?quence mown :in 

SEQ ID N O : 23, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 26, and ihe S?quence ofFR 4 :isSEQ 

ID NO :30.TheS?Quencemown; 

(10) 
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The S?quence ofFR 1 :is ihe S?quence mown :in SEQ ID N O : 20, ihe S?quence ofFR 2 :is ihe S?quence mown :in 

SEQ ID N O : 24, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 27, and ihe S?quence ofFR 4 :isSEQ 

ID NO :30.TheS?Quencemown; 

(11) 

The S?quenceofFR 1 :isihe S?quence mown :in SEQ ID NO :21, ihe S?quenceofFR2 :isihe S?quence mown :in 

SEQ ID N O : 23, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 28, and ihe S?quence ofFR 4 :isSEQ 

ID NO :30.TheS?Quencemown; 

(12) 
The S?quence ofFR 1 :is ihe S?quence mown :in SEQ ID N O : 22, ihe S?quence ofFR 2 :is ihe S?quence mown :in 

SEQ ID N O : 25, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 29, and ihe S?quence ofFR 4 :isSEQ 

ID NO :30.TheS?Quencemown;and/or 

The S?quence ofihe lightcha:in variabJe regi:m FR :is S?Jected :from ihe S?quences mown :in ihe fulliw :ing (13) iD 

(16) ora derivative ihereof: 

(13) 
The S?quence ofFR 1 :isihe S?quence mown :in SEQ ID NO : 31, ihe S?quence ofFR2 :isihe S?quence mown :in 

SEQ ID N O : 33, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 35, and ihe S?quence ofFR 4 :isSEQ 

ID NO :37.TheS?Quencemown; 

(14) 
The S?quence ofFR 1 :isihe S?quence mown :in SEQ ID NO : 31, ihe S?quence ofFR2 :isihe S?quence mown :in 

SEQ ID N O : 33, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 35, and ihe S?quence ofFR 4 :isSEQ 

ID NO :38.TheS?Quencemown; 

(15) 
The S?quence ofFR 1 :isihe S?quence mown :in SEQ ID NO : 32, ihe S?quence ofFR2 :isihe S?quence mown :in 

SEQ ID N O : 34, ihe S?quence ofFR 3 :is ihe S?quence mown :in SEQ ID NO : 36, and ihe S?quence ofFR 4 :isSEQ 

ID NO :38.TheS?Quencemown; 

(16) 
The S?quence ofFR 1 :isihe S?quence mown :in SEQ ID NO : 31, ihe S?quence ofFR2 :isihe S?quence mown :in 
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SEQ ID N O : 33, ihe S:X:1Uence ofFR 3 :is ihe S:X:1Uence mown :in SEQ ID NO : 35, and ihe S?quence ofFR 4 :isSEQ 

ID NO :37. The S:X:1Uence mown. 

In aparticuJarem bod:im entofihe :inventim, ihe heavy cha:in variabE regi:m S?quence ofihe antibody or antigen 

b:ind:ing porti:m ihereof :isihe S:X:1Uence S?tfurth :in SEQ ID NO : 5, and ihe lightcha:in variabJe reg:ion S:X:1Uence :is 

repreS?nted by SEQ ID NO : S?quence. 

In anoihenpecific em bod:im entofihe :inventim, ihe heavy cha:in variabJe reg:ion S?quence ofihe antibody or 

antigen b:ind:ingportion ihereof:isihe S?quence S?tfurth :in SEQ ID NO :6, and ihe lightcha:in variabE regi:m 

S:X:1Uence :isS?tfurth :in SEQ ID NO :The S:X:1Uence mown. 

In anoihenpecific em bod:im entofihe :inventim, ihe heavy cha:in variabJe reg:ion S?quence ofihe antibody or 

antigen b:ind:ingportion ihereof:isihe S?quence S?tfurth :in SEQ ID NO : 7, and ihe lightcha:in variabE regi:m 

S:X:1Uence :isS?tfurth :in SEQ ID NO :The S:X:1Uence mown. 

In anoihenpecific em bod:im entofihe :inventim, ihe heavy cha:in variabJe reg:ion S?quence ofihe antibody or 

antigen b:ind:ingportion ihereof:isihe S?quence S?tfurth :in SEQ ID NO :8, and ihe lightcha:in variabE regi:m 

S:X:1Uence :isS?tfurth :in SEQ ID NO :The S:X:1Uence mown. 

The antibody or antigen b:ind:ing porti:m ihereofaccord:ing iD any ofihe :fusta<pectsofihe :inventim, w h:ich 

further com p:ris?sahum an IgG 1 heavy cha:in constantreg:ion and a hum an kappa lightcha:in constantregi:m. 

In ihepreS?nt:inventim, ihe IgG 1 heavy cha:in constantregi:m :incLdesvariousa]htypesruch asG lm (:0, 

G lm (z), G lm (z, a) orG lm (z, a, x). 

In an em bod:im entofihe :invention, ihe IgG lheavy cha:in constantregi:m :isofiheG lm (z) funn. 

In ihe preS?nt:inventim, ihe kappa lightcha:in constantreg:ion com p:ris?svariousa]htypes, ruch asK m 1, Km 1, 2 

orK m 3, and :in an em bod:im entofihe :invention, ihe kappa lightcha:in constantregi:m :isofihe Km 3 -type. 

The antibody orantigen---b:ind:ingporti:m ihereofaccord:ing iD any ofihe :fusta<pectsofihe :inventim, w here:in 

ihe antigen b:ind:ing porti:m com p:ris?sa s:ingJe cha:in antibody (s::Fv), a ch:im er:ic antibody, a d:iabody, a s::Fv--Fc 
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b:ivaJentm o:ecuJe, a dA band a com pJem eniarizy detenn :in:ing reg:ion (CD R) :fiagm en~ Fab :fiagm en~ Fd 

:fiagm en~ Fab' :fiagm en~ Fv and F (ab') 2 :fiagm ents 

A S?cond a~ectofthe :inventi:m reJatesiD an mhted nucJe:ic ac:id m oJecuJe encod:ing an antibody or antigen 

b :in cl :in g po rti:m ih ereo facco rd :in g iD any of ih e first~ ects of ih e :in ven ti:m. 

A ih:i:rd a~ectofihe :inventi:m rehtesiD a veciDrcom pris:ing ihe nucJe:ic ac:id m oJecu:e of any ofihe S?cond 

a~ectofihe :inventi:m. 

In ihe preS?nt:inventi:m, ihe veciDrm ay be a cbn:ing veciDroran expressi:m veciDr. 

The expression veciDr:is, fur exam pE, aprokaryotic expression veciDr, aeukaryotic expressi:m veciDr, a phage 

veciDrora v:iral veciDr, allofw h:ich are com m on]y uS?d :in ihe art 

W here:in ihe prokaryotic expressi:m veciDr:is, fur exam pJe, PET 28a, pG EM Exl, pG EM 7ZF (+) orpBA D 24, and 

ihe eukaryotic expressi:m veciDr:is, fur exam pJe, pBudC E4.1, pcD NA 3.1, pC M V -Tag2B orpG L3 bas:ic, etc., :in 

ihepractice ofihepreS?nt:inventi:m In ihe em bod:im en-t; ihe eukaryotic expressi:m veciDr:ispcD NA 3.1, and ihe 

v:iral veciDr:is, fur exam pJe, areirov:iru~ a :entiv:iru~ an adenov:iru~ and an adeno----as<oc:iated v:irus. 

In an em bod:im entofihe :invention, ihe v:iral veciDr:isan adenov:iral veciDr. 

A :fourth a~ectofihe :inventi:m rehtesiD ahostcellcom pris:ing ihe nucJe:ic ac:id m oJecuJe ofihe S?cond a~ectof 

ihe :invention orihe veciDrofihe ih:i:rd a~ect 

In ihe preS?nt:inventi:m, ihe hostcellm ay be a prokaryotic cellora eukaryotic cell 

The eukaryotic cell:is, furexam pJe, am am m alian cell 

The hostcellcan be obia:ined by :iniroduc:ing/transfect:ing ihe above nucJe:ic ac:id m oJecuJe orveciDr:iniD a 

prokaryotic cellora eukaryotic cell 
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In ihe preS?nt:inventi:m, ihe prokaryotic cellm ay be, fur exam pE, Es::herich:ia coli, and ihe eukaryotic cellm ay 

be, fur exam pJe, ayeastceII, an :inS?ctcell (ruch asS:f21), oram am m alian eel], and ihem am m alm ay be, fur 

exam pJe, an N SO celloraC HO cell 

In one em bod:im entofihe :inventi:m, ihe hostcell:isa eukaryotic cell 

In one em bod:im entofihe :inventi:m, ihe eukaryotic cell:isaC HO -S cell 

In ihe preS?nt:inventi:m, hostcellstransfected w :ifu aparticuJarnucJe:ic ac:id orveciDrcan be obia:ined us:ing any 

ofa variety oftransfecti:m m eihodsknown :in ihe art 

Forexam pJe, nuc:e:ic ac:idscan be :iniroduced :iniD cells by eJeciroporati:m orm :icro:inj?ction. 

A liemative]y, lipo:fuction reagents ruch asFuG EN E6, X -trem eG ENE and L:ipo:fuciA m :ine can be uS?d. 

A liemative]y, ihe nuc:e:ic ac:id can be :iniroduced :iniD ihe cell by a ru:imb:e v:iral veciDrbaS?d on reirov:iru~ 

Jentiv:iru~ adenov:iru~ and adeno----as<oc:iated v:irus. 

A :fiflh a~ectofihe :inventi:m rehtesiD a com position com pr:is:ing an antibody orantigen---b:ind:ingporti:m 

ihereofaccord:ing iD any one ofihe :fusta~ectsofihe :invention, and optiona]]y one orm ore phann aceutica]]y 

accepiabJe exc:ip:ients; pre:furab]y, ihe exc:ip:ient:is S?Jected fiDm ihe group consist:ing ofProteo]ytic enzym e 

:inh:ib:im~ phann aceutica]]y accepiabJe carrie~ d:iluentsand adjivants 

A sixih a~ectofihe :inventi:m rehtesiD ihe antibody orantigen---b:ind:ingportion ihereofaccord:ing iD any one of 

ihe :fusta~ectsofihe :invention, orihe nucJe:ic ac:id m oJecu:e ofihe S?cond a~eci; orihe veciDrofihe ih:ird 

a~eci; orihe hostcellofihe fourth ~eci; :in ihe preparati:m ofaprophy hctic/iherapeutic ep:idenn :isU S? :in 

growih fuciDrsordrugsfurep:idenn algrowih fuciDrrecepiD:r---as<oc:iated d:iS?aS?s. 

In ihepreS?nt:inventi:m, ihe ep:idenn algrowih fuciDrorep:idenn algrowih fuciDrrecepiD:r---as<oc:iated d:iS?aS? 

refers iD a d:iS?aS? cauS?d by h:igh expressi:m ofep:idenn al grow ih :faciDrorh:igh expression ofep:idenn al grow ih 

fuciD r recep iD r. 
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In an em bod:im entofthepreS?nt:invention, -the epilellll algrowih :faciDrorepilellll algrowih :faciDrrecepiDr­

as<oc:iated d:iS?aS? re:fersiD am alignanttum or, w h:ich m a:in]y re:fersiD am alignanttum orw h:ich occurs:in 

epiihelial tis9.Ie~ :includ:ing butnotlim ited iD cobn cancer, liver cancer, and head. N eek cancer, lung cancer, 

ovarian cancer, ceiv:icalcancer, vag:inalcancer, bJaddercancer, eSJphagealcancer, oralcancer, s-<:in cancer, 

breastcancer, prostate cancer and pancreatic cancer. 

A S?venih a~ectofihe :invention reJatesiD a detection reagentorkitcom pricing -the antibody orantigen---b:ind:ing 

portion ihereofaccord:ing iD any one of-the firsta~ectsofihe :invention; 

Pre:ferab]y, -the antibody or antigen b:ind:ing portion ihereofm ay further com pr:is? a deteciabJe :label; or 

Pre:ferab]y, -the detecti:m reagentork:itm ay further com pr:is? a S?cond antibody ihat~ecifica]]y recogn:izesihe 

an tib o cl y or an tigen---b :in cl :in g portion -thereof; 

Pre:ferab]y, -the S?cond antibody may further com pr:is? a deteciabE hbel 

An e:ighih a~ectofihe :invention reJatesiD -the US? ofan antibody orantigen---b:ind:ingportion ihereofaccord:ing 

iD any of-the first~ectsofihe :inventi:m fur-the preparation ofa detecti:m reagentork:rt; w here:in -the detecti:m 

reagentork:it:is furdetect:ing epilellll algrow -th :faciDrorepilellll algrow -th :faciDr R ecepiD~ oruS?d iD d:iagnoS? 

epilellll algrow -th :faciDrorepilellll algrow -th :faciDrrecepiDrreJated d:iS?aS?s. 

The :inventi:m :isfurtherdes::ribed bebw. 

The objctofihe preS?nt:inventi:m :ism m odify -the CD R regi:msand/or:fram ew o:rk reg:ionsof antibod:ies by 

us:ing de-:im m unogen:ic antibody hum an:ization techn:quesaga:instex:isting anti-EG F recepiDrantibod:iesiD 

obia:in bw er:im m unogen:icizy and h:igherA b:iobg:ica]]y active anti-epilellll algrow -th :faciDrrecepiDrantibody. 

In one em bod:im entofihe :inventi:m, -the S?quence of-the heavy cha:in var:iabJe regi:m ofm ur:ine anti-M 225 :is first 

ana]yzed, and -the hum an antibody gene S?quence lib:rary :is com pared accord:ing iD itsheavy cha:in variabJe 

reg:ion FR 1, FR 2, FR 3 and FR 4 S?quencesiD find outThe m ur:ine anti-M 225 heavy cha:in var:iabE regi:m FR 1, 

FR 2, FR 3 and FR 4 S?quencesare s:im ihriD -the hum an gellll line antibody (bw er:im m unogen:icizy -than -the 
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mature antibody) variabJe reg:bn corre~ond:ing S?quence. 

Then, ihe :ind:ium m eihod wasuS?d iD ana]yzeiheaffin:izyofihe sim :ilrrS?quenceiD iheH LA--D Rm oJecuJe, and 

ihe Eastaffin:izy flam ewo:rk S?quencew as S?Jected iD :fina]]y estabfuh ihe hum an:ized S?quence ofFR 1, FR2, FR 3 

and FR 4 ofihe heavy cha:in variabJe reg:bn .. 

BaS?d on ih:isflam ew o:rk structure, ihe ~atialreg:bn ofihe variabE reg:bn ofm urine M 225 antibody was 

ana]yzed by com puterm oJecuhrm odei and ihe corre~ond:ing am :ino add resiluesofihe m urine M 225 

antibody required iD 3.Ipportihe CD R confunn atim were ana]yzed. 

D e-:im m un:izatim ofC DR 1 and CD R 3 w :ifu h:igh affin:izy furH LA --DR b:ind:ing, m oJecuhrdock:ing, ana]ys:isof 

ep:idenn algrowih fuciDrrecepiDrantigen m ouS? M 225 antibody iargetand itsSJITDund:ing am :ino ac:id resilues 

and hum an:ized w e:ightThe stereos::op:ic ~atialb:ind:ing ofihe variabJe reg:ion ofihe cha:in, by cal:uhting 

eEcirostatic force~ SJlutim m ed:iat:bn (ra1rat:bn), van derW aaJsgravitat:ion and eniropy value~ S?Ecting am :ino 

ac:idsihatcan beopt:im :ized :in iheC D Rl and CD R3 S?quencesiD reduceiheaffin:izyofH LA--D Rm oEcuJes. And 

:improve ihe b:ind:ing ofihe CD R 3 reg:bn ofihe antibody iD ihe ep:impe ofihe ep:idenn algrow ih fuciDrrecepiDr. 

In anoiherem bod:im entofihe :invent:bn, ihe S?quence ofihe lightcha:in variabJe reg:bn ofam urine anti-M 225 

antibody :isana]yzed, baS?d on :its lightcha:in variabJe reg:bn FR 1, FR2, FR 3 and FR 4 S?quencesaga:instahum an 

antibody gene S?quence lib:rary (NC BI lg BLAST) For com paris:m, we :found ihe corre~ond:ing S?quence ofihe 

hum an genn line antibody variabJe reg:ion sim iliriD ihe m urine anti-M 225 lightcha:in variabJe reg:ion FR 1, FR 2, 

FR 3 and FR 4 S?quence~ and ihen ana]yzed ihe sim ilirS?quence and H LA --DR m oJecuE by :in silicon. BaS?d on 

ihe affinity ofihe b:ind:ing, ihe flam ew o:rk S?quencew :ifu ihe bw estaffin:izy was S?Jected, ihereby :fina]]y 

estabfuh:ing ihe hum an:ized S?quencesofFR 1, FR 2, FR 3 and FR 4 ofihe lightcha:in variabJe reg:ion. 

BaS?d on ih:isflam ew o:rk structure, ihe ~atialreg:bn ofihe variabE reg:bn ofm urine 225 antibody w asana]yzed 

by com puterm oJecuJarm odei and ihe corre~ond:ing am :ino ac:id resiluesofihe m urine M 225 antibody 

required iD 3.Ipportihe CD R confunn at:bn were ana]yzed. D e-:im m un:izat:bn ofC D R 1 and CD R 3 w :ifu h:igh 

affin:izy furH LA --DR b:ind:ing, m oJecuhrdock:ing, ana]ys:isofep:idenn algrow ih fuciDrrecepiDrantigen m ouS? 

M 225 antibody iargetand :its SJITDund:ing am :ino ac:id resiluesand hum an:ized w e:ightThe stereos::op:ic ~atial 

b:ind:ing ofihe variabJe reg:ion ofihe cha:in, by caJcuJating eEcirostatic :force~ SJlui:Dn m ed:iat:bn (ra1rat:bn), van 

derW aaJsgrav:rtat:bn and eniropy value~ S?Jecting am :ino ac:idsihatcan be opt:im :ized :in ihe CD R 1 and CD R 3 

S?quences iD reduce ihe affinity ofH LA --D R m oJecuJes. And :im prove ihe b:ind:ing of ihe CD R 3 reg:bn ofihe 

antibody iD ihe epiiDpe ofihe ep:idenn algrow ih :faciDrrecepiDr. 
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In an em bod:im entofthe preS?nt:invention, a hum an IgG 1 heavy cha:in constantreg:ion Fe :fiagm entand a light 

cha:in constantregi:m K :fiagm en tare re~ective]y obia:ined fiDm nollll alhum an B cells, and are ligated iD -the 

above-des::ribed heavy cha:in variabJe regi:m and lightcha:in variabJe regi:m, re~ective]y, iD constructA ntibody 

heavy and lightcha:in expressi:m veciDrs The expressi:m veciDrw asco-transfected :iniD mammalian celJsfur 

expreES:ion and purification iD obia:in hum an:ized anti:-epilellll algrow -th :faciDrrecepiDrantibod:iesBA 03, BB03, 

BC 03 and BD 03. 

In an em bo cl :im en to f ih e :invention, -the an tibo cl y has affin :izy fur a cell 3.1:rface ep ilellll al grow -th :faciDr recep iDr, 

bbcksEG F ligand b:ind:ing iD a cellSJ:rface epilellll algrow -th :faciDrrecepiDr, and :inh:ib:itscellSJ:rface epilellll al 

grow -th :faciDrrecepiDr. Pho~hory Jation activ:izy and ADC C action are boih m ore active -than E:rb:itux and have 

bw er:im m unogen:ic:izy. 

In an em bod:im entofihe :invention, -the antibody has an :inh:ib:imry eflecton -the grow-th ofvari:mstum or cells, 

SJch asepilellll alcancer, Lng cancer, cobn cancer, pancreatic cancer and breastcancer, and has a significant 

eflectof:inh:ib:itingtum orgrowih atihean:im alJevel. 

In -the preS?nt:inventi:m, -the s:::ientific and techn:ical tellll suS?d here:in have -them ean:ingscom m on]y understood 

by ihoS? s-<illed :in -the art; unJessoiheiw ~stated.A lsJ, -the prote:in and nucJe:ic acil chem :istry, m oJecuJar 

b:bbgy, celland tisille culture, m :icrob:iobgy, :im m unobg:icalreJated tellll ~ and JaboraiDry proceduresuS?d 

here:in are tellll sand rout:ine stepsihatare w ile]y uS?d :in -the corre~ond:ing art A lsJ, fur a betterunderstand:ing 

of-the preS:mt:inventi:m, defin:iti:msand expJanationsofrehted tellll sare proviled bebw. 

In ihepreS?nt:inventi:m, ihetellll "antibody" re:fersiD an :im m unogbbulin m oJecuJeuSJa]]y com poS?d of-two 

ilenticalpa:irsofpo]ypeptide cha:inseach hav:ing one "light' (L) cha:in and one "heavy" (H) cha:in. Antibody light 

cha:ins can be cJass:ified as kappa and Jam bda lightcha:ins H eavy cha:ins can be chss:ified as µ , o , y , a , or r , 

and -the miypesofantibod:iesare defined as lgM , IgD, IgG, IgA, and IgE, re~ective]y. W iih:in -the lightand 

heavy cha:in~ -the variabE and constantreg:ionsare j:i:ined by a 'T reg:bn ofaboutl2 orm ore am :ino acil~ and 

-the heavy cha:in further com pmsa "D "reg:ion of about3 orm ore am :ino acils Each heavy cha:in consist.sofa 

heavy cha:in variabJe reg:ion (V H) and a heavy cha:in constantreg:bn (CH). The heavy cha:in constantreg:bn 

consistsofihree dom a:ins (CH 1, CH 2 and CH 3). Each lightcha:in consist.sofa lightcha:in variabJe reg:bn (V L) 

and a lightcha:in constantreg:ion (CL). The lightcha:in constantreg:bn consistsofone dom a:in C L. The 

constantreg:bn of-the antibody m ed:iatesb:ind:ing of-the :im m unogbbulin iD hosttisillesor:faciD~ :incLd:ing 

vari:mscelJsofihe :immune system (eg, efleciDrcelJs) and -the firstcom ponent (C lq) of-the cJass:icalcom pJem ent 

system. The V H and V L reg:bnscan alsJ be SJbd:iviled :iniD reg:bnsw :ith h:igh denaturat:bn (referred iD as 

com pJem eniarity detellll :in:ingreg:bns (CD Rs)) w :ith am ore conS?ived reg:bn calJed -the fram ewo:tk reg:bn (FR). 

Each V H and V L consists of-three CD R sand fuurFR sarranged :in -the fulliw :ing order:FR 1, CD R 1, FR2, CD R2, 

FR3, CD R3, FR4 fiDm -the am :ino tellll :inusiD -the ca:tboxy tellll :inus The variabJereg:bns (VH and V L) ofeach 
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heavy/lightcha:in pairfunn an antibody b:ind:ing site, re~ective]y. The assignm entofam :ino acilsiD reg:ionsor 

dom a:insfulbw sihe K abatSequencesofProte:insoflin m unobg:icalinterest (N atimalinstitutesofH ealfu, 

Beihes:la, M cl. (1987 and 1991) ), orC hoih:ia& LeS< (1987) J M ol B :bl 196:901---917; C hoih:ia etal (1989) 

Nature 342: 878-883. The tenn "antibody" :isnotlim :ited by any part:icuJarm eihod ofproduc:ing antibod:ies For 

exam pJe, it:incLde~ :in part:icuJar, recom b:inantantibod:ie~ m onocbnalantibod:ie~ and po]ycbnalantibod:ies 

The antibod:iesm ay be antibod:iesofd:i:ffurentmiype~ fur exam pE, IgG (eg, IgG l IgG 2, IgG 3 or IgG 4 SJbiype), 

IgA 1, IgA 2, IgD, IgE or IgM antibod:ies 

In ihe preS?nt:inventim, ihe tenn "antigen---b:ind:ing port:bn" ofan antibody refersiD one orm ore port:bnsofa 

fu]}-Jengih antibody ihatreta:in ihe abiliiy iD b:ind iD ihe Sllil e antigen (eg, ERC C 1) iD w h:ich ihe antibody b:ind~ 

com pet:ingw :ifu ihe :intactantibody furihe antigen Specific b:ind:ing. See genera]]y, Fundam entallin m unobgy, 

Ch. 7 (Paul W ., ed., 2nd Ed., Raven Pre~ N . Y. (1989), w h:ich :is :inco:rporated here:in by reference :in itsentireiy 

furallpu:rpoS?s The antigen b:ind:ing port:ion can be produced by recom b:inantD NA techn:iquesorby 

enzym at:ic or chem :icalcJeavage of :intactantibod:ies In SJm e caS?~ ihe antigen b:ind:ing port:bn :incLdesFab, 

Fab', F (ab')2, Fd, Fv, dA band com pJem eniariiy detenn :in:ing reg:bn (CD R) fiagm en~ s:ingJe cha:in antibod:ies 

(eg, s::Fv), ch:itn er:ic antibod:ie~ d:iabody D :iabody and apo]ypeptile com pr:is:ing atJeastaport:ion ofan antibody 

SJffic:ientiD confer ~ecific antigen b:ind:ing ability iD ihe po]ypeptile. 

In ihe preS?nt:invent:bn, ihe tenn "Fd fiagm ent' m eansan antibody fiagm entcons:ist:ing ofa V H and CH 1 

dom a:in; ihe tenn "Fv fiagm ent' m eansan antibody fiagm entcons:ist:ing ofihe V Land V H dom a:insofa s:ingJe 

ann ofan antibody; ihe tenn "dA b" "Fragm ent' m eansan antibody fiagm entcons:ist:ing ofa V H dom a:in (W anl 

etal Nature 341: 544---546 (1989)); ihe tenn "Fab fiagm ent' m eansan antibody fiagm entcons:ist:ing ofV L, V H, 

CL and CH 1 dom a:ins; The tenn "F (ab')2 fiagm ent' m eansan antibody fiagm entcom pr:is:ing iw o Fab fiagm ents 

j:i:ined by a d:is.Ilfide brilge on ihe h:inge reg:ion. 

In SJm e caS?~ ihe antigen b:ind:ing port:ion ofan antibody :isa s:ingE cha:in antibody (eg, s::Fv), w here:in ihe V L 

and V H dom a:insfunn am onovaJentm oJecuJe by pair:ing a linkerihatenabJes :itiD produce a s:ingJe po]ypeptile 

cha:in (S2e, eg, B :ird etal , Sc:ience 242: 423--426 (1988) and H us1Dn etal, Proc. N atl A cad. Sci U SA 85: 5879-

5883 (1988) ). Such s::Fv m oJecuJescan have ihe generalstmcture:N H 2-V L-linker-V H --COO H orN H 2-V H -

linker-V L--C OOH . Su:rtabJe prnrartlinkerscons:istofarepeat:ingG G G GS am :ino acil S?quence orvariants 

ihereof For exam pE, a linkerhav:ingihe am :ino acil S?quence (G G G GS) 4 can beuS?d, butvariantsihereofcan 

am beuS?d (H olligeretal (1993), Proc. Natl A cad. Sci USA 90:6444---6448). 0 iherlinkersuS2:ful:in ihepreS2nt 

:invent:bn are by A lfthan etal (1995), Prote:in Eng. 8:725-731, C hoietal (2001), Eur. J Jin m unol 31 :94-106, 

Hu etal (1996), C ancerR es 56: 3055-3061, K :ipriyanov etal (1999), J M ol B:iol 293: 41---56 and R ooversetal 

(2001), C ancerlin m unol des::r:ipt:bn. 

In SJm e caS?~ ihe antibody :isa d:iabody, :ie, a b:ivaJentantibody, w here:in ihe V H and V L dom a:insare expreSS2d 
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on a singJe po]ypeptide cha:in, butiDo morta linker :isuS?d iD albw pairing beiw een ihe iw o dom a:insofihe ffilll e 

cha:in, ihereby furc:ing ihe dom a:in iD pa:irw :ifu ihe com pEm eniary dom a:in ofanoiher strand and creat:ing iw o 

antigen---b:ind:ing sites (S?e, fur exam pJe, H olligerP. Etc., Proc. Natl. A cad. Sci USA 90:6444---6448 (1993), and 

Poljik R.J Etal, Silucture 2: 1121-1123 (1994)). 

In ihe preS?nt:inventi:m, ihe tenn "derived S?quence" m eansihatihe S?quence ofihe corre~ond:ing :fiagm entof 

ih e an tibo cl y or an tigen---b :ind :ing porti:m of ih e p reS?n t :in ven ti:m :is h:igh ]y horn ob gou s an cl stillreia:in s sim ilir 

EG FR b:ind:ing activ:izy and :im m un:izy iD ihe corre~ond:ing :fiagm entofihe antibody orantigen---b:ind:ing porti:m 

ofihe preS?nt:inventi:m. The orig:inalS?Quence. 

The antigen---b:ind:ingportion ofihe antibody (eg, ihe antibody :fiagm entdes::ribed above) can be obia:ined fiDm 

a given antibody (eg, m onocbnalantibody 2El2) using conventi:mal techn:quesknown iD ihoS? ofs-dll:in ihe 

art (eg, recom b:inantD NA techn:quesorenzym atic or chem :icalcJeavage m eihods). And ~ecifica]]y s::reen:ing 

ihe antigen---b:ind:ing porti:m ofihe antibody :in ihe ffilll em anneras fur :iniactantibod:ies. 

In ihepreS?nt:inventi:m, 20 conventi:malam :ino acilsand ihe:irabbrev:iatimsfulbw conventionalmage. See 

Jin m unobgy-A Synihes:is (2nd Ed:ition, E.S. Golub and D.R. Gren, Eds., S:inauerA s<oc:iate~ SunderJand, M ass. 

(1991)), w h:ich :is :inco:rporated here:in by reference. 

In ihe preS?nt:inventi:m, ihe nucJe:ic acil :includesD NA and RN A. 

A dvaniageouse:ffuctsofihe :inventi:m 

The preS?nt:inventi:m :isd:irected iD ihe hum an m ouS? ch:im er:ic E:rb:itux:im ab w h:ich has been m atketed, and uS?s 

ihe de-:im m un:ized antibody hum an:izatim technobgy iD change ihe fram ewo:rk reg:ion ofihe antibody and a 

partofihe :im m unogen:ic CD R reg:ion iD funn a novelS?quence ofhum an:ized res:istance. Epilenn algrow ih 

fuciDrrecepiDr IgG 1 SJbiype antibody m oJecuJe, ihe obia:ined antibody has bw er:im m unogen:icizy and h:igher 

iargetb:ind:ing activizy ihan e:rbitux:im ab, ihereby hav:ing stronger b:iobg:icalactivizy and antitum oractiv:izy :in 

vii:ro and :in v:ivo. It can be expected ihatihe sile e:ffuctsof clin:icalapplicatim are bw er and ihe curative e:ffuct:is 

better. 

DRAW JN GS 
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F:igure 1 mow sa com paris:m of-the affin:izy ofantibod:iesiD cellrurnce ep:idenn algrowih fuciDrrecepiDrs. 

F:igure 2 mow sa com paris:m of antibody bbck:ing EG F ligand b:ind:ing iD cellrurnce ep:idenn algrow ih :faciDr 

recepiDr, where ihe ord:inate :is ihe O D 450 value. 

F:igure 3 mow sa com paris:m ofantibod:ies:inh:ib:iting ep:idenn algrow ih :faciDrrecepiDrpho~ho:ry hti:m on ihe 

rurfuce of A 431 ceTh. 

F:igure 4 mow santibody---dependentcell--m ed:iated cyiDiDx:ic:izy (ADC C) activ:izy ascays. 

F:igure 5 mow sdendritic ce]}-T cellactivation as<ay iD detenn :ine antibody :im m unogen:ic:izy :in v:rtro. 

F:igure 6 mow sihe grow ih :inh:ib:im:ry e:ffuctofantibod:ieson hum an ep:idenn alcarc:inom aA 431 m ouS? tum or 

model 

D eiailid w ay s 

The em bod:im entsofihe preS?nt:inventi:m w illbe des::r:ibed :in deiailbebw w :ifu reference iD ihe accom pany:ing 

draw :ing~ how ever, ihe fulbw :ing exam pEsare :intended iD illustrate ihe :inventi:m and are not:intended iD lim :it 

ihe s::ope ofihe :invention. ThoS?w ho do not~ecify ihe ~ec:ific cond:itions :in ihe exam pJesare carried out 

accord:ing iD ihe conventi:malconditi:msorihe conditi:msrecom m ended by ihe m anufucturer. The reagents or 

:in strum entsuS?d are not:ind:icated by ihe m anufucturer, and are conventi:malproductsihatcan be obia:ined 

com m erc:ia]]y. 

Exam p]e 1. Design of-heavy cha:in variabJe reg:ion S:X:1Uence ofhum an:ized m onocbnalantibody aga:instrurnce 

ep:idenn algrow ih fuciDrrecepiDr 

The fulbw :ing :isihe S?quence ofihe heavy cha:in var:iab:e regi:m ofm ur:ine anti-M 225, ihe underlined porti:ms 

are FR 1, FR2, FR3 and FR4 fram ewo:rk S?quences:Q V Q LKQ SG PG LV Q PSQ SLSITC TV SG FSLT N YG VH 

W VRQSPGKGLEW LG VIW SGGNTDYNTPFTSRLSJNKDNSKSQVFFKM NSLQSNDTAIYYCAR 

ALTYYDYEFAYW GQGTLVTVSA (SEQ ID NO :17). 
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The hum an antibody gene S:X:1Uence lib:rarywascom pared ba<Bd on itsheavy cha:in variabJe reg:ion FR 1, FR2, 

FR3 and FR4 S?quencesiD find ahum an genn line sim iliriD ihem urineanti-M 225 heavy cha:in variabJeregi:m 

FR 1, FR2, FR3 and FR 4 S?quences (genn line) The antibody variabE regi:m corre~ondsiD ihe S?quence. Then, 

us:ing N etM H C Ilpan SJfuv are or S?lf---program m :ing SJfuv are, ihe affinizy ofihe sim ilir S?quence iD ihe H LA ---DR 

m oJecuE w asana]yzed by ihe :in silicon m eihod, and ihe fram e S:X:1Uencew :ifu ihe bw estaffinizy was S?Jected, 

ihereby fina]]y estabfuh:ing ihe hum an:ized heavy cha:in variabE regi:m. Sequence ofFR 1, FR2, FR 3 and FR 4. 

BaS?d on ih:isfram ew o:rk, ihe ~atialregi:m ofihe variabJe reg:ion ofihe m urine 225 antibody w asana]yzed us:ing 

a com puterm oEcuJarm odei and ihe m urine 225 antibod:iesrequ:ired iD 3.Ipportihe CD R confunn ation were 

ana]yzed furihe fram ewo:rk am :ino add resiluesL29, L48 and L67. Forihe de-:itn m un:izatim ofC DR 1 and 

CD R 3 w iih h:igheraffinizy furH LA ---DR b:ind:ing, m oEcuJardock:ingw asuS?d iD ana]yze ihe iargetofhum an 

ep:idenn algrowih fuciDrrecepiDrM 225 antibody and :itsSlITDund:ingam :ino ac:id resiluesand hum an:ized 

w e:ight The ihree-d:itn ensi:mal~atialcom b:ination ofihe variabJe regi:msofihe cha:in, by caJcuJat:ing 

eEci:rostatic force~ SJluti:m m ed:iatim (ra1ratim), van derW aaJsgraviiy and eni:ropy values (S:ircaretai 

SnugD ock :paraiDpe structuraloptim :ization during antibody-antigen dock:ing com penratesfureITDrs:in 

antibody horn obgy mode~ PLoS Com putB:iol201O Jm 22; 6), S?Jectihe am :ino ac:idsihatcan be optim :ized :in 

ihe CD R 1 and CD R 3 S?quence~ optim :ize ihe 33---pos:ition G Ly :in CD R 1 iD am :ino ac:id A~' and optim :ize ihe 

100---pos:ition Thr:in CD R 3 iD am :ino ac:id A~ iD reduce A ffin:izy b:ind:ing iD ihe H LA ---DR m oJecuJe and 

:itn proved b:ind:ing ofihe antibody CD R 3 regi:m iD ihe ep:idenn algrow ih :faciDrrecepiDrep:impe. The new ]y 

designed heavy cha:in CD R 1 :is:N Y D V H (SEQ ID N O : 1) ; ihe new ]y designed heavy cha:in CD R 3 S?quence :is 

A L D Y Y D Y E FA Y (SEQ ID N O : 2) and A LT Y Y D Y D FA Y (SEQ ID NO : 3), due iD ihe bw affinizy of 

CD R 2 furH LA ---D R m oJecuE b:ind:ing, reia:ins ihe CD R 2 S:X:1Uence ofihe or:ig:inalm ouS? anti-M 225 (ihe 

S:X:luence :isV JW SG G N TD YN TPFTS, SEQ ID NO :4). Therefure, by :integrat:ingiheoptim :ized fram ewo:rk 

S:X:1Uencesand CD R S?quence~ ihe fuurnovelanti-EG F recepiDrhum an:ized m onocbnalantibody heavy cha:in 

variab Je regi:m S:X:1 U en ces are : 

Q V Q LQ ESG PG LV KPSETLSLTC TV SG FSLSN YD V H W V RQ APG KG LEW LG V JW SG G N TD YN TPFTSRLTI 

SVDTSKNQFSLKLSSVTAADTAVYYCARALDYYDYEFAYW GQGTLVTVSS (SEQ ID NO :5); 

Q V Q LQ ESG PG LV KPSETLSLTC TV SG FSLTN YD V H W IRQ PPG KG LEW IG V JW SG G N TD YN TPFTSRV TI 

SVDTSKNQFSLKLSSVTAADTAVYYCARALTYYDYEFAYW GQGTLVTVSS (SEQ ID NO :6); 

EVQ LV ESG G G LV Q PG G SLRLSCAASG FSLTN YG VH W VRQ APG KG LEW LG V JW SG G N TD YN TPFTSRL 

TJSKD N SKN TLYLQ MN SLRAED TA VYYCARALTYYD YD FA YW G Q G TLV TV SS (SEQ ID NO :7); 

Q V Q LKESG PG LV APSQ SLSITC TV SG FSLTN YG VH W V RQ PPG KG LEW LG V JW SG G N TD YN TPFTSRLSI 

SKD N SKSQ V FLRM YSLQ TDD TARYYCARALTYYD YEFA YW G Q G TLV TV SS (SEQ ID NO :8). 
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The S?quencenum bersofthe SJb-S?gm ents:in iheabove S?quencesareasfulbw s: 

QVQLQESGPGLVKPSETLSLTCTVSGFSLS (SEQ ID NO :19) 

Q V Q LQ ESG PG LV KPSETLSLTC TV SG FSLT (SEQ ID NO :20) 

EV Q LV ESG G G LV Q PG G SLRLSC AA SG FSLT (SEQ ID NO :21) 

QVQLKESGPGLVAPSQSLSITCTVSGFSLT (SEQ ID NO :22) 

W VRQ APG KG LEW LG (SEQ ID NO :23) 

W IRQ PPG KG LEW IG (SEQ ID NO :24) 

W V R Q PPG KG LEW LG (SEQ ID N O : 25) 

RLT ISV D TSKN Q FSLKLSSV TAAD TA V YYCAR (SEQ ID NO :26) 

RV T ISV D T SK N Q FSLK LSSV TA A D TA V Y Y C A R (SEQ ID N O : 27) 

RLTISKDNSKNTLYLQM NSLRAEDTAVYYCAR (SEQ ID NO :28) 

RLSISKDNSKSQVFLRM YSLQTDDTARYYCAR (SEQ ID NO :29) 

W GQGTLVTVSS (SEQ ID NO :30) 
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N YG VH (SEQ ID NO :39) 

ALTYYD YEFA Y (SEQ ID NO :40). 

Exam p]e 2. Design oflightcha:in variabE regi:m S?quence ofhum an:ized m onocbnalantibody aga:instep:idenn al 

growih fuciDrrecepiDr 

The fulbw :ing :isihe S?quence ofihe m ur:ine anti-M 225 lightcha:in variabJe regi:m, ihe underlined portions are 

ihe FR 1, FR 2, FR 3 and FR 4 :fram ew o:rk S?quences: 

D Il__,LTQ SPY n_,sv SPG ERV SFSC RA SQ SIG TN TI-I w YQ Q RTN G SPRLLJK y A SESIS 

GIPSRFSGSGSGTDFTLSJNSVESEDIADYYC QQNNNW PTTFGAG TKLELK (SEQ ID NO :18). 

The S?quence ofihe lightcha:in variabJe regi:m ofihe m ur:ine anti:-225 antibody w asam ana]yzed, and ihe 

hum an antibody gene S?quence lib:rary was com pared accord:ing iD :its lightcha:in variabJe reg:ion FR 1, FR 2, FR 3 

and FR4 S?quence~ and ihem ur:ineanti-M 225 lightcha:in variabJeregi:m wasfuund. FRI, FR2, FR3 and FR4 

S?quencesare sim iliriD hum an genn line antibody variabE regi:m corre~ond:ing S?quence~ and ihen ana]yzed 

by :in silicon us:ing N etM H C Ilpan SJfuv are orS?Jf---progmm m :ing SJfuv are furaffin:izy of S?Jected sim ilir S?quences 

iD H LA --DR m oJecuJes. The :fram ewo:rk S?quencew :ifu ihe bw estaffinizy was S?Jected iD :fina]]y estabfuh ihe 

hum an:ized S?quencesofFR 1, FR2, FR 3 and FR 4 ofihe lightcha:in variabJe regi:m. BaS?d on ih:is:fram ewo:rk, ihe 

~atialregi:m ofihe variabJe reg:ion ofihe m ur:ine 225 antibody w asana]yzed us:ing a com puterm oJecuJarm odei 

and ihe corre~ond:ing am :ino ac:id res:idue 158 ofihe m ur:ine antibody required iD 3.Ipportihe CD R 

confunn atim w asana]yzed. Forihe de:im m un:izatim ofC DR 3 w :ifu h:igh affin:izy furH LA --DR m oEcuJe b:ind:ing, 

m oJecuhrdock:ing :is applied iD ana]yze ihe ep:idenn algrow ih :faciDrrecepiDrm ouS? M 225 antibody iargetand 

:its SJITDund:ing am :ino ac:id res:iduesand hum an:ized heavy cha:in. The ihree-d:im ensi:mal~atialcom b:ination of 

ihe variabJe reg:ion~ by caJcuJating eJecirostatic force~ SJlutim m ed:iation (ra1ration), van derW aalsgrav:izy and 

eniropy values (S:ircaretai SnugD ock :paraiDpe structuraloptim :ization dur:ing antibody-antigen dock:ing 

com penratesfureITDrs:in antibody horn obgy m odeh PLoS Com putB:bl2010 Jm_ 22;6), S?Jectihe am :ino ac:ids 

ihatcan be optim :ized :in ihe CD R 3 S?quence, optim :ize ihe A ffi atposition 93 :in ihe CD R 3 iD ihe am :ino ac:id 

G Ju, and optim :ize ihe Thratihe 97 positim iD ihe am :ino ac:id Serio reduce ihe b:ind:ing ofihe H LA --DR 

m oJecuE. The affin:izy and :improve ihe b:ind:ing ofihe antibody CD R 3 reg:ion iD ihe positive]y charged am :ino 

ac:id adjlcentiD ihe ep:idenn algrow ih fuciDrrecepiDrep:impe. The new ]y designed lightcha:in CD R 3 :is:Q Q N 

NEW PTS (SEQ ID NO :9)andQ Q N ND W PTT (SEQ ID NO :10).DueiDihebwaffin:izyofihelight 

cha:in CD R 1 and CD R2 furH LA --DR m oJecuJe b:ind:ing, ihe CD R 1 ofihe orig:inalm ouS? anti-M 225 (ihe 

S?quence ofw h:ich :isRA SQ SIG TN TI-I , SEQ ID NO : 11) and ihe CD R 2 S?quence (ihe S?quence ofw h:ich :is 

YA SES IS, SEQ ID N O ) :12). Therefure, by :integrating ihe optim :ized :fram ew o:rk S?quencesand CD R S?quence~ 
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ihe novelanti-rurnce ep:idenn algrowih fuciDrrecepiDrhum an:ized m onocbnalantibody lightcha:in variabE 

reg:ion S:X:1Uencesare: 

EIV LTQ SPD FQ SV TPKEK VT ITC RA SQ SIG TN TI-I W YQ Q KPD Q SPKLLIKY A SESISG IPSRFSG SG SG TD FTL 

TJNSLEAEDAATYYCQQNNEW PTSFGQGTKLEIK (SEQ ID NO :13); 

EIV LTQ SPD FQ SV TPKEK VT ITC RA SQ SIG TN TI-I W YQ Q KPD Q SPKLLIKY A SESISG IPSRFSG SG SG TD FTL 

T JN SLEA ED AA TYYC Q Q N N NW PTTFG AG TKLEIK (SEQ ID NO : 14) 

DIV LTQ SPA TLSV TPG ESV SFSC RA SQ SIG TN TI-I W YQ Q KSH ESPRLLIKY A SESISG IPSRFSG SG SG TD FT LSI 

NSVETEDFGM YYCQQNNNW PTTFGAGTKLEIK (SEQ ID NO :15) 

EIV LTQ SPD FQ SV TPKEK VT ITC RA SQ SIG TN TI-I W YQ Q KPD Q SPKLLIKY A SESISG IPSRFSG SG SG TD FTL 

TJNSLEAEDAATYYCQQNNDW PTTFGQGTKLEIK (SEQ ID NO :16). 

The S?quencenum bersofihe rub-S?gm ents:in iheabove S?quencesareasfulbw s: 

EIVLTQ SPD FQ SVTPKEKVTITC (SEQ ID NO :31) 

DIVLTQSPATLSVTPGESVSFSC (SEQ ID NO :32) 

W YQ Q KPD Q SPKLLIK (SEQ ID NO :33) 

W YQ Q KSH ESPRLLIK (SEQ ID NO :34) 

GIPSRFSGSGSGTDFTLTJNSLEAEDAATYYC (SEQ ID NO :35) 

GIPSRFSGSGSGTDFTLSJNSVETEDFGM YYC (SEQ ID NO :36) 
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FGQGTKLEIK (SEQ ID NO :37) 

FGAGTKLEIK (SEQ IDN0:38) 

QQNNNW PTT (SEQ ID NO :41). 

The hum an:ized antibod:iesobia:ined accord:ing iD ihe above exam pJeshave ihe fulbw :ing com b:inatims: 

T ab]e 1. Hum an:ized anti-EG FR antibody com b:ination 

[:image] 

Exam p]e 3 Preparation ofl-I um an:ized M onocbnalA ntibody A ga:instEpilenn alG rowih FaciDrR ecepiDr 

(1) A ccord:ing iD ihe antibody heavy cha:in variabJe reg:ion S:X:1Uence and ihe lightcha:in variabE regi:m S?quence 

detenn :ined :in Exam pJes 1 and 2, PC R pr:im eroligonucJeotile :fiagm ents encod:ing heavy cha:in and lightcha:in 

variabJe regi:m S:X:1Uencesw ere designed and synihes:ized, re~ective]y, and :ini:roduced dur:ing synihesis The 

enzym e cJeavage site. PC R pr:im eroligonucJeotile :fiagm en ts are iyp:ical]y about54 baS?s :in Engih and aboutl8 

baS?soverJap :in adjlcentoligonucJeotile:fiagm ents The ffilll earn ountofeach PC R pr:im er:fiagm entwasm :bced 

iD cany outan over]ap extension PC R reaction. 

PCR reacti:m system :dN TPs0.2 µ M (finalconcenirati:m); 1 µ lofeach PC R pr:im er:fiagm ent; 10 µ bu:ffur3 

µ l;cbnedpfu (Inv:rtrogen) 1 µ l;waterwasadded iD 30 µ 1 

PC R reacti:m cond:iti:ms: 94 ° C 3 m :in ---+ (94 ° C 30 s---+ 56 ° C 30 s---+ 72 ° C 1 m :in) X 30---+ 72 ° C 10 

m:in 

The PC R productw as S?parated by 1 % agaroS? geleEci:rophore~ and ihe purified :fiagm entw as recovered. 

A fterEcoR Id:igestim, ihe antibody heavy cha:in variabJe regi:m S?quence and ihe lightcha:in variabJe regi:m 

S:X:1Uencew ere cbned :iniD pC R--BluntII-TO PO (Invii:rogen) veciDr. A ftertransfonn atim :iniD E.coli TO PIO 

(Inv:rtrogen), s::reen:ingw asperfunn ed on LB/K anam yc:in pJate~ and 10 w h:ite p]aquesw ere :inocuJated :in LB 
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l:qu:id m ed:ium conia:in:ing K anam yc:in, and Q lqu:ick PC R purification k:itw asuS?d. PJasn :idsw ere ex-tracted and 

S?quenced iD detenn :ine ihe heavy and lightcha:in variabJe regi:m S?quences. 

(2)C onstruction of expressi:m veciDr 

RN A was mJated fiDm nonn alhum an B ce~ and ihe hum an IgG 1 heavy cha:in constantregi:m IgG 1 Fe 

fiagm entand ihelightcha:in constantregi:m K fiagm entwereobia:ined byRT---PCR, and ihedesired cJeavage 

sitewas:iniroduced atRT---PC R, and pre-constructed :iniD pcD NA 3. In ihe expression veciDrof.1 (Inv:rtrogen), 

pcD NA 3.1--Fc and pcD NA 3.1- K expressi:m veciDrsw ere obia:ined, and pos:itive cbnesw ere :identified by DH 5 

bacterial transfonn ation, phsn :id exiracti:m and S?quenc:ing. 

The S?quence ofihe hum an IgG 1 heavy cha:in constantregi:m IgG 1 Fe fiagm ent:is: 

A STKG PSV FPLAPSSKSTSG GT AALG C LV KD YFPEPV TV SW N SG ALTSG V H TFPA V LQ SSG LYSLSSV V TV 

PSSSLG TQ TY IC NV NH KPSN TKV D KRY EPK SC D KTH TC PPC PAPELLG G PSV FLFPPKPKD TLM ISRTPEV 

TCV VV D V SH ED PEV KFN W YVD G V EVH N AKTKPREEQ YN STYRVV SV ITVLH Q D W LNG KEY KC KV S 

N KALPAPIEKT ISKAKG Q PREPQ V YTLPPSREEM TKN Q V SLTC LV KG FYPSD IA V EW ESN G Q PENN YKTT 

PPVLDSDGSFFLYSKLTVDKSRW QQGNVFSCSVM HEALHNHYTQKSLSLSPGK (SEQ ID NO :42) 

The S?quence ofihe lightcha:in constantreg:ion kappa fiagm ent:is: 

RTV AAPSV FIFPPSD EQ LK SG TA SV V C LLN N FYPREA KV Q W KV DNA LQ SG N SQ ESV TEQ D SKD STYSLSS 

TLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO :43) 

The heavy cha:in variabJe reg:ion ofihe antibody w asexc:is?d fiDm ihe positive cbne ofpC R--B LntII-T O PO by 

Eco47IIJ;N heL and ihe cbnew as ligated :iniD ihe pcD NA 3.1--Fc expressi:m veciDr, and ihe heavy cha:in variabJe 

reg:ion was ligated iD ihe constantreg:ion. The lightcha:in variabJe regi:m ofihe antibody w asexc:is?d fiDm ihe 

positive cbne ofpC R--BLntII-TO PO by A s::J;l3siW Land ihe cbnewasligated :iniD ihepcD NA 3.1-K 

expression veciDriD link ihe variabJe reg:ion ofihe lightcha:in iD ihe constantregi:m (R e:ference can be :found :in 

M orris:m). SL.C bn:ing,expressi:m, and m odificatim of antibody V regi:ms. C urrProiDc Jin m unol2OO2 M ay; 

C hapter2: U nit2.12.). Pos:itive cbnesw ere aga:in detenn :ined by DH 5 bacterial transfonn atim, pJasn :id 

exiraction and S?quenc:ing. The S?quenc:ing rerultsw ere :identical iD ihe encoded S?quencesofihe recorded 

antibod:ie~ ie., expressi:m veciDrsfurihe heavy and lightcha:insofihe antibody, re~ective]y. 
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(3)T :ransfecti:m ofC HO cells and expres.si:m of ~ec:ific antibod:ies 

Cell lines and culture conditi:ms:C HO -S cells (purchaS?d :from Inv:rtrogen) were cultured underconditi:msof 

1 X CD ---CHO (purchaS?d :from G IBC O ), 1 X HT (purchaS?d :from G IBC O ), 8 m M gLirun :ine (purchaS?d :from 

G IBC O ), and cultured :in 37 ° C, 8% CO 2 :incubator. The antibody heavy cha:in expression veciDrobia:ined by 

ihe step (2) and ihe lightcha:in expressi:m veciDrw ere co-transfected :iniD CH O -S ce~ and D M R IE---C 

transfection kit (purchaS?d :from Inviirogen) w asuS?d, and ihe :instructi:msw ere operated accord:ing iD ihe kit 

:instructions. 0 n ihe ih:ird day aftertransfection, cellsw ere cultured :in ihe above culture m ed:ium and rub j?cted iD 

preSillre s::reen:ing by add:ing 500 µ g/m lofG 418 (purchaS?d :from G IBC O ) and 12.5 µ g/m lofpurom yc:in 

(purchaS?d :from S:igm a). A fteraboutl4 daysofpreS3.lrizati:m, ihe S?Ected positivepo]ycbnalwascultured :in a 

six--w ellpJate, and ihe ~ec:ific antibody expression am ountw as detected by a d:irectELJSA m eihod (coated w :ifu 

EG FR --F c :from ihe expreSS?d 293T cells). The positive po ]ycbnalw :ifu ihe h:ighestexpression rate was S?Ected. 

A fter7 daysoflarge-s::aJe culture, ihe culture rupemaiantw ascolJected by centrifugation, purified by affin:izy 

chrom aiDgraphy coLm n (purchaS?d :from GE) ofprote:in A, d:ia]yzed iD PBS, and filtered ihrough a0.22 um 

m em b:rane. The purified antibod:iesBA 03, BB03, BC 03 and BD 03 were obia:ined S?parate]y furihe fulbw :ing 

exam pJes. 

Exam pJe4Fbw cyiDm etrywasuS?d iD detectiheaffinizyofantibod:iesiD cellrurfuceepilenn algrowih :faciDr 

recepiDr 

The ~ec:ific affin:izy ofihe expreSS?d antibody furihe epilenn algrow ih :faciDrrecepiDrw as detected by A 431 

cells (ATC C). A 431 cellsw ere com b:ined w iih d:ifferentconcenirati:msofproductantibod:iesat4 ° C fur 1 

hour. The cellsw erew amed ihree tin esw iih PBS, and 100-fu]d dilited FITC-JabeJed anti-hum an Fey -~ec:ific 

S?conda:ry antibody (purchaS?d :from The }lks:m LaboraiDry) was added at4 ° C fur one hour.The com b:ined 

fluores::entsignalw as detected by fbw cyiDm etry afterw am:ing ihree tin esw :ifu PBS (F:ig. 1). The EC 50 (half 

eflective conceniration) vaLew ascaJcuJated us:ing ihe P:risn SJfuv are baS?d on ihe average fluores::ence 

:intensify, and ihe rerultsare mown :in T ab]e 2. The rerultsmow ed ihatihe hum an:ized antibod:iesBA 03 and 

BD 03 ofihe preS?nt:invention have h:igherb:ind:ing activ:izy ihan E:rb:itux (purchaS?d :from Baiiai 

B:iophann aceuticalC o., Ltd.), and BB03 and BC 03 are sim iliriD E:rb:itux. The b:ind:ing activizy ofallfuur 

antibod:iesw asstrongerihan ihatofN :im otuzum ab (purchaS?d :from M erck K gaA ). 

T abJe 2 EC 50 vaLesofantibody--EG FR b:ind:ing activ:izy 

Exam p]e 5 Antibody BbcksEG F B:ind:ingiD C ellSur:face Epilenn alG rowih FaciDrR ecepiDr 
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The bbck:ing ability of-the expres<Bd antibody iD b:ind EG F iD -the cellrurnce ep:idenn algrowih fuciDrrecepiDr 

was exam :ined us:ingiheA431 cell (A TC C) C ell-ELJSA m eihod (S?eB:bo Sc:ientificM axD :is::overy :in C ellELJSA 

kit:instructi:ms). D :iffurentconcenirati:msofantibod:iesw ere :incubated w :ifu A 431 cells fur 1 hourat4 ° C, and 

b:bt:inyJated recom b:inanthum an ep:idenn algrowih fuciDrEG F (purchaS?d :from R& D) wasadded and wa<hed 

-three titn esw :ifu PBS. B:bt:in-JabeJed recom b:inanthum an ep:idenn algrow -th :faciDrb:ind:ing iD -the cellrurnce 

ep:idenn algrow -th fuciDrrecepiDrw as -then detected w :ifu H RP-JabeJed av:id:in (F:ig. 2). The IC 50 (half :inhiliiiDry 

concenirati:m) valuewascaJcuJated using Prisn SJfuv are baS?d on -them earured OD 450 value, and -the rerult.s 

are mown :in Tab:e 3. The rerult.s:ind:icate -that-the hum an:ized antibod:iesBA 03 and BD 03 of-the preS:mt 

:inventi:m have stronger bbck:ing activ:izy of]:igand---cellrurnce ep:idenn algrow -th :faciDrrecepiDr b:ind:ing -than 

e:rbitux, and BB03 and BC 03 are sim iliriD E:rb:itux. The bbck:ing activ:izy of-the fuurantibod:iesw as stronger-than 

ihatofT a:ix:inmeng. 

T abJe 3 IC 50 valuesofantibod:iesbbck:ing -the b:ind:ing activ:izy ofEG F iD EG FR 

Exam p]e 6 Antibody :inhiliitsrur:face ep:idenn algrow -th :faciDrrecepiDrpho~hory hti:m of A 431 cells 

5 X 10 < 5 > cefuw ellA 431 cellsw ere S?eded w iih 6--w ellpJatesand cultured ovem:ightw :ifu com pJete m ed:ium 

(DM EM+ 10% FBS).Thecellswerecultured:in2m lDM EM iDmakeihecellsJacknutrientsfur16-18hours. 

Then, 1 m lofpre--wann ed :frem m ed:ium (D M EM, wiihout10% FBS) wasuS?d furl-2 hours. Fiveug/m lofanti­

ep:idenn algrowih fuciDrrecepiDrantibody was added iD A 431 cells60 m :in befure stim uhti:m w :ifu 50 ng/m 1 

recom b:inantEG F (ep:idenn algrowih :faciDr, purchaS?d :from R& D systems). W am 3 titn esw :ifu pre-coo Jed 

1 X PBS, add 250 µ lofcell]yrate (cell]ysisbufler, purchaS?d :from C ellS:ignall:ing), ]yS?, centrifuge, 14000 :rpm, 4 

° C, 15 m :inute~ colJectihe ]yrate, quantify w :ifu BC A kitprote:in .. Ep:idenn algrow -th fuciDrrecepiDr 

pho~horyJati:m wasdetenn :ined by western bbtus:inganti:-pEG FR (pY 1068) antibody (purchaS?d :from 

A bnova), and iDialep:idenn algrowih :faciDrrecepiDrcontentwasdetenn :ined by anti-iDialep:idenn algrowih 

fuciDrrecepiDrantibody (purchaS?d :from A bnova) .. The rerult.s:ind:icate -that-the hum an:ized antibody BA 03 of 

ihepreS?nt:invention hasa stronger:inhiliiiDry activizy aga:instrurnce ep:idenn algrowih fuciDrrecepiDr 

pho~hory Jatbn of A 431 cells -than E:rbitux. Bo-th are stronger-than T aiX :inmeng (F:igure 3). 

Exam p]e 7 fu v:rtro antibody---dependentcell-m ed:iated cyiDiDx:icizy (ADC C) asffiy 

The bbod obia:ined :from nonn al volunteersw as:inhaJed :iniD aheparin:ized syr:inge and m :ixed w iih H BSS (Life 

T echnobg:ies) :in -the ffiill e volum ew :ifuoutC a< 2+ > ;M g < 2+ > and pJaced on a ]ym phocyte grad:ient 

S?parat:ing agent (Life Technobg:ies). The Jayersw ere stratified and centrifuged at800 g fur30 m :inutes. PBM Cs 

coThcted on -the :inter:facew erew a<hed :in H EPES buffered raline and reru~ended :in aSIBy m ed:ium conia:in:ing 
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1% heat:inactivated FBS (H yC bne LaboraiDrie~ Logan, UT), 2 nM L---gluiam :ine, 10 m M H EPES, And 50 

m g/m L geniam :ic:in :in RPM !1640 m ed:ium (Life T echnobg:ies). Ram oscelJs (A TC C) (10 < 4 > celJs/w elJ) and 

vari:msconcenirati:msofantibod:ies (dicpoS?d :in 50 m L ofascay bufler) pJaced :in 50 m L ofascay buflerw ere 

added iD round-bottom 96--w ellpJates. Th:ism :ixture w aspre:incubated fur30 m :inutesat37 ° C. 50 µ L of5 X 10 

< 5 > efleciDrcelJsw ere ihen dicpenS?d :iniD each w elland :incubated fur4 h at37 ° C. Experim entsw ere 

perfunn ed using a 40: 1 efleciDrcell (PBM C) :trrgetcell (Ram oscelJ) ratio. The pJate was centrifuged at250 g fur 

10 m :inute~ and ihen ihe SJpematantw ascoTiected. The :lactic ac:id dehydrogenaS? activ:izy :in ihe SJpematantw as 

detenn :ined using a cyiDiDx:ic:izy testkit (Boehr:ingerM annhe:im, Ind:ianapo~ JN) and ihe m anufucturer s 

:instruction~ and ihe percentage of iDx:ic:izy was caJcuJated :from ihe average abs:nbance ofihe S:llll pJe. Specific 

]ys:israte = (average experim enialreJeaS?-average ~onianeousreJeaS?) / (average m ax:im um reEaS? -average 

~onianeousreJeaS?). Asa reSJ]t as mown :in F:ig. 4, ihe hum an:ized antibod:iesBA 03 and BD 03 ofihe preS?nt 

:inventi:m have h:igherA DCC activ:izy ihan cetux:im ab, and are h:igherihan E:rb:itux atO.l ug/m land 1 ug/m 1 (p< 

0.05, StudentsttesB, BB03 and BC 03 are s:im iliriD E:rbitux. 

Exam p]e 8 D endritic ce]}-T cellactivation ascay iD detenn :ine antibody :im m unogen:ic:izy :in v:itm 

Bbod obia:ined :from nonn al volunteers (n= 12) w as:inha:ed :iniD aheparin:ized syr:inge and m :ixed w :ifu H BSS 

(Life T echn ob g:ies) con ia:in :in g no C a2 < + > ;M g2 < + > :in ih e S:llll e vo lum e, p :laced :in a ]ym p ho cyte grad :ien t 

S?parating agent (Life T echnobg:ies) :layered and centrifuged at800g fur30 m :inutes. Peripheralbbod 

m ononuc:earcelJs coTiected on ihe :internee were w amed :in H EPES buflered raline and reSJ~ended :in asray 

m ed:ium RPM !1640 m ed:ium (Life Technobg:ies). The reSJltingperipheralbbod m ononucJearcelJsw ere 

continuous]y cultured fur2 hours :in 50 m lofa 1 :100 diliti:m ofbeia---m ercapiDeihanolS?rum -:free A JM V 

m ed:ium (G ilico) iD haivestm onocytes. 800 un:its/m lofG M --C SF (Endo gen) and 500 un:its/m lofll__,--4 

(Endo gen) were added; :incubatim was continued fur5 days. Then, 0.2 units/m lofTN Fa (Endo gen) and Il__,-

1 a (Endo gen) ata finalconceniration of50 un:its/m lw ere further added fur2 days. 0 n day 7, 50 m g/m lof 

M iiDm yc:in C was added fur 1 houriD stop ihe continued d:iflerentiation of dendritic ce~ and ihen ihe 

d:iflerentiated mature dendritic celJsw ere coTiected by centrifugation at600G. InocuJate around bottom 96--w ell 

culture pJate at2 x 10 < 4 > celJs/w ell (100 uD. N egative S?Jecti:m ofC D 4 < + > C eTiectK :it (B :btex) w asuS?d iD 

coThcthum an CD 4 < + > T celJs:in A JM V m ed:ium conia:in:ing 2% hum an S?rum . In a 96--w ell culture pJate 

conia:in:ing 100 µ lofdendritic celJs (1 X 10 < 4 > celJs/m D, 10 µ lofa5 m M testantibody (coni:rolgroup 

added w iih D M SO) was added, and ihen 100 µ lofC D 4 < + > was added iD each well T celJs (1 X 10 < 5 > 
celJs/m D. Thenum berofactivated T cellproliferati:m wasdetenn :ined usingiheaJam a:rbluereagent(furihe 

asraym eihod, re:feriD Inv:itmgen'saJam araBlueA scayk:itkit:instructi:ms). ThereSJltswereconverted iD T cell 

activatim :index (caJcuJated asT cellactivatim :index= T cellproliferati:m num berof antibody group /T cell 

proliferati:m num berofD M SO group, reference can be m ade iD StickJerM M etal A hum an dendritic ce]}­

baS?d m eihod iD :identify CD 4+ T---cellepiiDpes :in potentialprote:in aThrgens. 

Environ H ealfu Pencpect 2003 February; 111 (2) :251-254.). A sareSJ]t as mown :in FIG. 5, ihefuurhum an:ized 
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antibod:iesofthe preS?nt:invention have bw er:im m unogen:ic:izy ihan -the hum an and m ouS? ch:im er:ic antibod:ies 

e:rbitux, and BA 03 and BB03 are sign:ificantly bw er-than ihoS? of :ip:ituiD (p< 0.05)., StudentsttesB. 

Exam p]e 9 ill v:rtro antitum oractiv:izy ofBA 03 aga:instlung cancer, cobn cancer, pancreat:ic cancer and breast 

cancertum orcells 

The :in viilD anti-tum oractivizy ofBA 03 on lung cancer, cobn cancer, pancreat:ic cancerand breastcancertum or 

cellsw as :investigated fur ADC C activ:izy and grow-th :inh:ib:ition :in v:rtro. The ADC C activ:izy m earurem ent 

m eihod was-the S:llll e as:in Exam p]e 7. ill viilD grow -th :inh:ibiti:m w asdetenn :ined asfulliw s: 300--2000 ce]s/w ell 

of cl :ifferen ttum or cells w ere S?eded :in 96--w ellp Jates ( -the cell den sizy was detenn :in ed accord :ing iD -the 

characterist:icsofd:ifferenttum or cells), and BA 03 and IgG 1 were added iD -the com pEte m ed:ium ata final 

concenirati:m oflO µ g/m 1 A fter5-10 daysofculture of-the conilDlantibody (purchaS?d :from R& D systems), 

cell v:iab:ilizy w asm earured by add:ingA Jam ablue (-the as<ay m eihod :isdes::r:ibed :in -the illv:rtmgen aJam araB Jue 

A s<ay k:itk:it). R eJative cell~ec:ific activ:izy (% ADC C) and cell grow -th :inh:ib:iti:m rate were caJcuJated :in 

com paris:m w iih IgG 1. Each tum orcellline grow -th :inh:ibiti:m testw as repeated atEastiw :ice (-three replicate 

wells). A fteradd:ing -the antibody iD -the tum orce~ PE fluores::ent-JabeJed S?condary antibody (PE-Jab Jed anti-­

hum an IgG 1, Sou-them b:btechnobgy) was added, and -the expression EvelofEG FR w asdetenn :ined by FA CS. 

A sareru:11; as mown :in T abJe 4, -the hum an:ized antibody BA 03 of-the preS?nt:inventi:m sign:ificantly :inh:ib:ited -the 

grow -th ofvari:ms lung cancer, cobn cancer, pancreat:ic cancer and breastcancertum or cells (T abJe 4). 

T ab]e 4: ill viilD activ:izy ofBA 03 on d:ifferenttum or cells 

[:image] 

[:image] 

illh:ibiti:m rate:+ /---5-10%, + 10-20%, ++20--40% 

Exam p]e 10 A n:im alPha:nn acodynam :icsExper:im ent 

BaJb/c nude m :ice were :injcted rubcuianeous]y on day Ow :ith hum an s-<:in ba<alcellcarc:inom aA 431 cells (5 x 10 

< 6 > cells/0.1 m lperm ouS?). The s:ize of-the tum orw asm earured w :ith a caliper, and -the s:ize of-the tum orw as 

caJcuJated us:ingihefunn uJa (Jeng-th xw:idih < 2 > )/2. When ihetum ors:izeaveraged 100m m < 3 > (61-158m m 
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< 3 > ) , tum or-bearing m :ice were random ]y assigned iD 3 groupsaccord:ing iD tum or size. Each M on day and 

T hurs:lay :in each week w asadm :in:istered at5 m g;kg :in ihe perimnealcav:ity fur a iDialof5 doS?s. Saline (asa 

negative conilDD. The volum e ofihe tum or:is mown :in F:ig. 6. In ihe raline conirolgroup, ihe tum orrap:id]y 

:increaS?d iD > 1500 mm < 3 > :in ihreew eeks. The grow ih and conirolofihe m ouS? tum orafterihe hum an:ized 

antibody BA 03 and ihe e:rbitux treatm entofihe preS:mt:inventi:m were com pared. The group was s:ignificantly 

:inh:ib:ited (p < 0.001, StudentsttesB, butihe hum an:ized BA 03 antibody had betterantitum oractiv:ity ihan 

E:rb:itux (p < 0.05, StudentsttesB. 

A lfuough ~ecific em bod:im entsofihe :inventi:m have been des::r:ibed :in deiaU ihoS? s-<illed :in ihe artw ill 

understand. V ariousm odificatimsand alierati:msofihe deiailiare poss:ib:e :in ]:ightofihe teach:ingsofihe 

:inventi:m. The fulls::ope ofihe :inventi:m :is given by ihe appended cJa:im sand any equ:ivaJentsihereof 

< :im g cJass= "EM IR er :id= "215299146-:idfO0Ol" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0002" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0003" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0004" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0005" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0006" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0007" /> 

< :im g cJass= "EM IR er :id= "215299146-:idfO00S" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0009" /> 
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< :im g cJass= "EM IR er :id= "215299146-:idfOOl0" /> 

< :im g cJass= "EM IR er :id= "215299146-:idfO0ll" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0012" /> 

< :im g cJass= "EM IR er :id= "215299146-:idf0013" /> 
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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(DL-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 
cytometry analysis supported the enhanced cellular uptake of the micelles. © 2001 Elsevier Science B.V. All rights 
reserved. 

Keywords: Doxorubicin; Biodegradable; ~icelles; PLGA; Endocytosis 

1. Introduction 

Amphiphatic block copolymers self-assemble into 
polymeric micelles in aqueous solution, and poten­
tially can be used as parenteral drug delive1y systems 
[l-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-mail address: tgpark@mail.kaist.ac.kr (T.G. Park). 

ideal drug delivery carriers for escaping from renal 
exclusion and the reticulo-endothelial system, but 
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 RV. All rights reserved. 
PII: S0168-3659(00)00340-0 
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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(L-lactic 
acid) (PLA), poly(DL-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 L-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 DL-lactide 
and glycolide, molar ratio of 50 / 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 
investigated. 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. Materials 

DL-lactide and glycolide, purchased from Purac 
(Gorinchem, The Netherlands), were re-crystallized 
from ethyl acetate before use. Monomethoxy poly­
(ethyleneglycol) (mPEG), Mw 2000, stannous oc­
toate, doxorubicin, p-nitrophenyl chloroformate, and 
3-( 4, 5-dimethylthiaol- 2-yl)-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 ). All other chemicals were of analytical 
grade. 

2.2. Preparation of doxorubicin conjugated 
PLGA-PEG block copolymer 

DL-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 DL-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 chloride (30 ml), dropwise 
p-nitrophenyl chlorofonnate (80 mg) and pyridine 
(63 mg) were added; (PLGA-PEG-p-nitrophenyl 
chloroformate-pyridine, stoichiometric molar ratio: 
1/2/4) 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/Par 7, MWCO 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 contammg 
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 ratio 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 desc1ibed above. 

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

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

were determined using pyrene as an extrinsic probe 
[13]. Briefly, pyrene ( 4 µg) 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 µM and the 
final concentration of DOX-PLGA-PEG was varied 
from 10 to 1000 µM. Emission spectra were ob­
tained at 377, 383 and 392 nm, 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
rnbicin 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 buffer (20 ml) 
were sealed in a dialysis bag (Mw cutoff: 10 000, 
Spectra/par), 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. Determination of DOX-PLGA micelles 
transported into HepG2 cells 

HepG2 cells were used as a model cancer cell line 
for the examination of endocytosis. HepG2 cells, 
5X 103 cells/ml, were seeded onto a 100 mm culture 
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dish or cover glass pre-soaked in culture medium and 
after 24 h DOX-PLGA-PEG micelles or free doxo­
rubicin were added to the culture medium, both of 
which had the same doxorubicin concentration of 
170 µM. The loading amount of doxorubicin in 
DOX-PLGA-PEG micelles was taken into account 
to adjust the doxorubicin concentration. After 6 h, 
the cells on the cover glass were thoroughly washed 
three times with PBS and examined by a confocal 
microscopy (Carl Zeiss LSM5100, Germany) at an 
excitation wavelength of 488 nm. An emitting signal 
was detected at 515 nm. In order to quantify the 
amount of doxorubicin within the cell, the cells were 
harvested and analyzed by flow cytometry (Becton 
Dickinson FACSCalibur, USA), and the gate was 
arbitrary set for the detection of green fluorescence 
(150<FL1-H<400, 0<FSC<200, linear scale). The 
relative fluorescence intensity of HepG2 cells incu­
bated with DOX-PLGA-PEG micelles was calcu­
lated using those incubated with free doxorubicin as 
a control, 100%. The reason for using such a high 
concentration of doxorubicin in this experiment, 
although it was high enough for inducing cell death, 
was to clearly visualize the confocal microscopic 
image and to readily observe the F ACS results. The 
exposure time, 6 h, was sufficient to observe the 
endocytic behavior of the micelles within HepG2 
cells, but it was too short to kill the HepG2 cells. 
Cell death was observed by a trypan blue exclusion 
method. 

2.8. Cytotoxicity assay 

Cytotoxicities of doxorubicin-loaded micelles 
were determined against the human hepatoblastoma 
cell line (HepG2). Free doxorubicin and the doxoru­
bicin-loaded micelles were used for determining the 
inhibition of cell growth employing a tetrazolium 
dye (MTT) assay. HepG2 cells harvested in a 
logarithmic growth phase were seeded on 96 wells at 
a cell density of 5X 103 cells/ml. Growth medium 
DMEM was used and a humidified atmosphere (5% 
CO 2 ) was maintained. After 72 h incubation, the 
MTT assay was performed as a function of doxorubi­
cin concentrations and the percentage of cell viability 
was determined. 

D.L-lactide + glycolide + mPEG 

180° C 

~ 
stannous octoate 

Pyridine 
~ 

CH2Cl2 

Fig. 1. Synthetic route to DOX-PLGA-PEG conjugate. 

3. Results and discussion 

The synthesis of DOX-PLGA-PEG is shown in 
Fig. 1. A di-block copolymer of PLGA-PEG was 
first prepared by ring opening polymerization of 
DL-lactide and glycolide in the presence of mPEG 
(Mw 2000) [10]. The Mn of the copolymer and the 
molar ratio of DL-lactide to glycolide were deter­
mined by 1H-NMR to be 9600 and 50:50, respective­
ly. The Mn, Mw and polydispersity were determined 
by GPC to be 13 000, 23 000 and 1.7, respectively. 
GPC showed a single peak that was eluted earlier 
than those of PLGA and PEG, confirming the 
successful synthesis of the PLGA-PEG di-block 
copolymer and the absence of PLGA and PEG 
homopolymers. The Tg was determined by DSC to 
be 1.2°C. 

Doxorubicin was conjugated to PLGA via a 
carbamate linkage between the primary amine group 
in doxorubicin and the terminal hydroxyl group in 
PLGA, activating the latter with p-nitrophenyl chlo­
roformate. The conjugation of doxorubicin to 
PLGA-PEG was confirmed by the GPC elution 
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Fig. 2. Critical micelle concentration of DOX-PLGA-PEG and 
PLGA-PEG. 

profiles of the PLGA-PEG and DOX-PLGA-PEG, 
which were monitored by refractive index and 
fluorescence detectors, respectively. A single peak 
was eluted at the same retention time using both 
refractive index and fluorescence detectors, without 
free PEG and doxorubicin peaks. This indicated that 
DOX-PLGA-PEG was successfully purified by 
dialysis after the conjugation. However, it should be 
mentioned that the sample consisted of 36.5 mol% 
DOX-PLGA-PEG and 63.5 mol% PLGA-PEG. 

The CMC of DOX-PLGA-PEG was determined 
using pyrene as an extrinsic probe according to the 
previously published method [ 13]. As shown in Fig. 
2, the CMC of DOX-PLGA-PEG micelles was 
approximately 0.1 µg/ ml, similar to the CMC of 
doxorubicin unconjugated PLGA-PEG micelles. 
Thus, the conjugation of doxorubicin to PLGA-PEG 
did not affect the micelle-forming ability of PLGA­
PEG. This can be attributed to the relatively small 
molecular size of doxorubicin compared to the size 
of the hydrophobic PLGA chain segment in the 

Table 1 

block copolymer. This result also suggests that 
moderately hydrophobic doxorubicin, conjugated to 
the terminal end of PLGA chain, may be located in 
the hydrophobic core of the micelles without disturb­
ing the micellar structure . 

The physical characteristics of DOX-PLGA-PEG 
micelles, specifically the effective diameter, and the 
doxorubicin loading amount and efficiency, are 
compared in Table 1 with those of PLGA-PEG 
micelles that were physically loaded with free doxo­
rubicin. The sizes of DOX-PLGA-PEG and PLGA­
PEG micelles, as determined by a dynamic laser 
scattering method, were both about 60 nm in diam­
eter. This finding is consistent with the CMC result 
that doxorubicin conjugation to PLGA did not effect 
the micelle-forming capability. The slightly in­
creased diameter (61.5 nm) of DOX-PLGA-PEG, 
relative to the diameter (58.2 nm) of PLGA-PEG, 
may be attributed to doxorubicin conjugation. The 
loading amount and efficiency of free doxorubicin 
within polymeric PLGA-PEG micelles were 0.51 % 
(w/w) and 23.2%, respectively. On the other hand, 
those of the DOX-PLGA-PEG micelles were 2.18% 
(w /w) and 99.1 %, respectively. The enhanced load­
ing amount and efficiency for the micelles prepared 
from DOX-PLGA-PEG were clearly attributable to 
the fact that doxorubicin conjugated to PLGA-PEG 
was forcefully located within the core of hydro­
phobic PLGA chains. In the case of physical entrap­
ment, the moderately water-soluble doxorubicin can 
escape into the aqueous phase during the self-assem­
bling process. The partition behavior of doxorubicin 
between the water phase and the PLGA bulk phase 
will determine the loading amount and efficiency. 
The limitation of drug loading efficiency within 
polymeric micelles can be overcome by the conjuga­
tion approach. 

The release of doxorubicin from DOX-PLGA-

Effective diameters and loading efficiency of doxorubicin polymeric micelles 

Doxorubicin loading Effective diameter Theoretical loading Actual loading Loading efficiency 
(nm) (w/w, %) (w/w, %) (%) 

Physically entrapped 58.21 :+:6.21 2.20 0.51:+:0.07 23.18:+:3.18 
(PLGA-PEG) 
Conjugated 61.48:+:7.17 2.20 2.18:+:0.04 99.09:+: 1.81 
(DOX-PLGA-PEG) 
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Fig. 3. Release profiles of doxorubicin from polymeric micelles. 
DOX conjugated micelles were composed of DOX-PLGA-PEG 
and DOX encapsulated micelles were composed of PLGA-PEG 
having physically entrapped doxorubicin. 

PEG micelles and PLGA-PEG micelles containing 
physically entrapped doxorubicin is shown in Fig. 3. 
While the DOX-PLGA-PEG micelles showed sus­
tained release of up to 50% of the drug load over 2 
weeks, release from PLGA-PEG micelles containing 
non-conjugated doxorubicin lasted only for 3 days. 
The sustained release of DOX-PLGA-PEG micelles 
is attributed to the gradual hydrolysis of the conju­
gated PLGA backbone and subsequent controlled 
liberation of water-soluble DOX-PLGA oligomer 
conjugates in the incubation medium [14]. The 
sustained release of doxorubicin from the DOX­
PLGA-PEG micelles was similarly observed in 
formulations of PLGA microspheres and nanoparti­
cles that were prepared by the conjugation of various 
hydrophilic drugs to PLGA [12,15,16]. Since the 
carbamate linkage between doxorubicin and PLGA 
chain is hydrolyzed very slowly, the released doxo­
rubicin fraction contains a mixture of doxorubicin­
PLGA oligomer species. Consequently, the doxoru­
bicin released from the micelles may have slightly 
modified properties. This concern was discussed in 
the previous reports [15]. However, it was found that 
the released doxorubicin fraction from doxorubicin­
conjugated PLGA nanoparticles exhibited a compar­
able in vitro cyototoxic effect to free doxorubicin 
against HepG2 cells [15]. Thus, it was of interest to 
study whether the DOX-PLGA-PEG micelles had a 
comparable cytotoxic effect. 
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:,e 
0 60 

t 
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Fig. 4. In vitro cytotoxicities of doxorubicin polymeric micelles 
and free doxorubicin against HepG2 cells. 

The cytotoxicities of free doxorubicin and DOX­
PLGA-PEG micelles against HepG2 cells are com­
pared as shown in Fig. 4. In this experiment, freshly 
prepared DOX-PLGA-PEG micelles were directly 
used to test the in vitro cytotoxicity. For comparison, 
the doxorubicin concentration in DOX-PLGA-PEG 
was adjusted to be the same as that of free doxorubi­
cin. It can be seen that DOX-PLGA-PEG micelles 
are about 10-fold more cytotoxic than free doxorubi­
cin. This remarkable result can be explained by the 
enhanced uptake of doxorubicin conjugated PLGA­
PEG micelles relative to free doxorubicin. The 
uptake of DOX-PLGA-PEG micelles by HepG2 
cells was investigated qualitatively and quantitatively 
using a confocal microscopy and a flow cy1ometry, 
respectively. As shown in Fig. 5, HepG2 cells 
incubated with DOX-PLGA-PEG micelles emitted 
more intense fluorescence than those incubated with 
free doxorubicin. The enhanced uptake of DOX­
PLGA-PEG micelles can be attributed to their 
facilitated endocytotic transport, relative to passive 
diffusion of free doxorubicin through the cell mem­
brane. It is likely that the increased uptake of 
micelles occurred by a 'fluid-phase endocytotic 
mechanism' because there is no specific affinity 
between the outer PEG chains of the micelles and 
negatively charged plasma membrane of the cells. 
Additionally, the multi-drug resistance (MDR) effect 
might play a role in reducing the accumulation of 
free doxorubicin within cells: free doxorubicin mole­
cules transported within cells are likely to be pumped 
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Fig. 5. Confocal microscopy of HepG2 cells containing doxorubicin polymeric micelles. (A) HepG2 cells incubated with free doxorubicin 
and (B) HepG2 cells incubated with DOX-PLGA-PEG micelles. 

back out of the cytosol by the p-glycoprotein pump 
expressed in the membrane of cancerous cells. From 
this standpoint, cellular delivery of doxorubicin 
based on polymeric micelles is an attractive way to 
circumvent the MDR effect. In the previous study of 
PLGA nanoparticles formulated with PLGA conju­
gated doxorubicin, a similar enhanced uptake of 
doxorubicin by HepG2 cells was observed [12,16]. 

1r----,----------------. 

A 
I 

FSC 

While HepG2 cells incubated with free doxorubicin 
emitted fluorescence mainly at the nucleus, those 
with DOX-PLGA-PEG micelles showed some fluo­
rescence in the cytosol as well as intense fluores­
cence at the nucleus (Fig. 5). 

Flow cytomet:ry also confirmed the enhanced 
uptake of DOX-PLGA-PEG micelles. As shown in 
Fig. 6, HepG2 cells incubated with DOX-PLGA-

Ir----.. -.---==---,-------. 

B 

-FSC 
Fig. 6. Dot plots of flow cytometry analysis. (A) free doxorubicin and (B) DOX-PLGA-PEG micelles. Cell count was 5X 103

. 
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PEG micelles emitted higher fluorescent intensity 
than those with free doxorubicin. When the fluores­
cence intensities of the two samples within the 
arbitrary set gated region (150<FL1-H<400, 0< 
FSC<200) were compared, HepG2 cells incubated 
with DOX-PLGA-PEG micelles showed five times 
more fluorescence intensity than those with free 
doxorubicin in the selected region. Thus, it can be 
said that DOX-PLGA-PEG micelles are taken up 
by HepG2 cells to a much greater extent than free 
doxorubicin. 

4. Conclusions 

A higher loading of doxorubicin in polymeric 
micelles could be obtained by conjugation of doxoru­
bicin to a di-block copolymer of PLGA-PEG. There 
was no change in critical micelle concentrations of 
PLGA-PEG with and without conjugation to doxo­
rubicin. While DOX-PLGA-PEG micelles showed a 
sustained release profile over 2 weeks, PLGA-PEG 
micelles containing physically entrapped doxorubicin 
exhibited a burst release at the initial stage of 
incubation. DOX-PLGA-PEG micelles were more 
cytotoxic against HepG2 cells than free doxorubicin. 
This was ascribed to the greater uptake of DOX­
PLGA-PEG micelles by HepG2 cells, compared to 
free doxorubicin, resulting from enhanced endo­
cytosis of DOX-PLGA-PEG micelles. 
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(FILE 'HOME' ENTERED AT 14:53:22 ON 16 MAR 2019) 

FILE 'REGISTRY' ENTERED AT 14:53:50 ON 16 MAR 2019 
Ll 2 SEA ABB=ON NYDVH(.) {1-}VIWSGGNTDYNTPFTS(.) {1-}ALDYYDYEFAY/SQSP 

L2 
L3 

L4 
L5 
L6 

L7 

LB 

L9 

Ll0 

FILE 

FILE 

2 SEA ABB=ON RASQSIGTNIH(.) {1-}YASESIS(.) {1-}QQNNEWPTSF/SQSP 
2854 SEA ABB=ON ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVH 

TFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPA 
PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE 
QYN/SQSP 
D Ll LC TOT 
D L2 LC TOT 

'CAPLUS' ENTERED 
3 SEA ABB=ON 
3 SEA ABB=ON 
3 SEA ABB=ON 

AT 15:00:34 ON 
Ll 
L2 
L4 AND L5 

D IBIB HITSEQ HITRN TOT 

'DGENE' ENTERED AT 15:04:09 ON 
RUN GETSEQ 

---------

16 MAR 2019 

16 MAR 2019 

17 SEA NYDVH(.) {1-}VIWSGGNTDYNTPFTS(.) {1-}ALDYYDYEFAY/SQSP 
RUN GETSEQ 

10 SEA RASQSIGTNIH(.) {1-}YASESIS(.) {1-}QQNNEWPTSF/SQSP 
D L7 TI PN SEQ TOT 
D LS TI PN SEQ TOT 

FILE 'USGENE' ENTERED AT 15:11:21 ON 16 MAR 2019 
RUN GETSEQ 

1 SEA NYDVH(.) {1-}VIWSGGNTDYNTPFTS(.) {1-}ALDYYDYEFAY/SQSP 
RUN GETSEQ 

1 SEA RASQSIGTNIH(.) {1-}YASESIS(.) {1-}QQNNEWPTSF/SQSP 
D L9 TI PN SEQN 
D Ll0 TI PN SEQN 

FILE 'MEDLINE, BIOSIS, CAPLUS, EMBASE, SCISEARCH' ENTERED AT 15:14:59 ON 
16 MAR 2019 

Lll 71658 SEA ABB=ON (HU, C?)/AU 

FILE 'STNGUIDE' ENTERED AT 15:16:54 ON 16 MAR 2019 
L12 0 SEA ABB=ON BA03 OR (BA-03) OR MABBA03 OR MOABBA03 OR BA-3 OR 

MOABBA-3 OR MABBA-3 OR BA03IGG 

FILE 'MEDLINE, BIOSIS, CAPLUS, EMBASE, SCISEARCH' ENTERED AT 15:22:23 ON 
16 MAR 2019 

L13 2978 SEA ABB=ON BA03 OR (BA-03) OR MABBA03 OR MOABBA03 OR BA-3 OR 
MOABBA-3 OR MABBA-3 OR BA03IGG 

L14 5 SEA ABB=ON Lll AND L13 
L15 4 DUP REM L14 (1 DUPLICATE REMOVED) 

D IBIB ABS TOT 
L16 529143 SEA ABB=ON EGFR OR EGFRl OR EGFR2 OR HERl OR HER2 OR (EGF(W) (R 

1 OR R2)) OR (HER(W) (1 OR 2)) OR ERBBl OR ERBB2 OR (ERBB(W) (1 
OR 2)) 

L17 320094 SEA ABB=ON EPIDERMAL(W) GROWTH(W) FACTOR(W) RECEPTOR# 
L18 629490 SEA ABB=ON L16 OR L17 
L19 46661 SEA ABB=ON L18(5A) (ANTIBOD? OR IMMUNOGLOBULIN# OR HYBRIDOMA# 

OR MONOCLONAL) 



L20 0 SEA ABB=ON L13 AND L19 

FILE 'PCTFULL' ENTERED AT 15:30:16 ON 16 MAR 2019 
L21 956 SEA ABB=ON BA03 OR (BA-03) OR MABBA03 OR MOABBA03 OR BA-3 OR 

MOABBA-3 OR MABBA-3 OR BA03IGG 
L22 37427 SEA ABB=ON EGFR OR EGFRl OR EGFR2 OR HERl OR HER2 OR (EGF(W) (R 

1 OR R2)) OR (HER(W) (1 OR 2)) OR ERBBl OR ERBB2 OR (ERBB(W) (1 
OR 2)) 

L23 14064 SEA ABB=ON EPIDERMAL(W) GROWTH(W) FACTOR(W) RECEPTOR# 
L24 39497 SEA ABB=ON L22 OR L23 
L25 11983 SEA ABB=ON L24(5A) (ANTIBOD? OR IMMUNOGLOBULIN# OR HYBRIDOMA# 

OR MONOCLONAL) 
L26 4 SEA ABB=ON L25(S)L21 

D KWIC 4 
D KWIC 3 
D KWIC 2 
D KWIC 1 
D IBIB 1 
D L26 PN TI 2-4 

L27 1 SEA ABB=ON WO2016161286/PN 
L28 1 SEA ABB=ON WO2016161279/PN 
L29 1 SEA ABB=ON WO2016161269/PN 
L30 3 SEA ABB=ON (L27 OR L28 OR L29) 
L31 3 SEA ABB=ON L21 AND L30 

D KWIC 3 
D KWIC 2 
D KWIC 1 
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Challenges and Key Considerations of the Enhanced 
Permeability and Retention Effect for Nanomedicine Drug 
Delivery in Oncology 
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Enhanced permeability of the tumor vasculature allows macromolecules to enter thE, tumor interstitial 

space, whereas the suppressed lymphatic filtration allows them to stay there. This phenomenon, enhanced 

permeability and retention (EPR), has been the basis of nanotedrnology platforms to deliver drugs to tumors. 

However, progress in developing effective drugs using this approach has been hampered by heterogeneity of 

EPR effect in difforent tumors and limited experimental data from patients on effectiveness of this 

mechanism as related to enhanced drug accmnulation. This report summarizes the workshop discussions 

on key issues of the EPR effect and major gaps that need to be addressed to effectively advance nanopartide·· 

based drug delivery. Cancer Res; 73(8}; 2412--7. Ci.:)2013 AA.CR. 

The field of nanomedicine. despite being conceptualized as 
far back as the 1980s, is only now transitioning in a broad sense 
from academic research to drug development and commer­
cialization. In oncology, unique structural features of many 
solid tumors, including hypervasculature, defective vascular 
architecture, and impaired lymphatic drainage leading to the 
wel1-charac1:erin,d enhanced pemieability and retE,ntion (EPR; 
ref. 1) effect, are key factors in advancing this platform tech· 
nology. However, thE, EPR effoct has been measured mostly. if 
not exclusively. in implanted tumors with limited data on EPR 
in metastatic lesions. Dextran-coated iron oxide nanoparticles 
(25--50 nm) have been used clinically for several years (2) to 
rneasun, permeability and retention noninvasively by MRI (3). 
Furthermore, tumor response alone is no longer considered a 
good endpoint, at !east from tbe healtb authority point of 
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view. This is E,xernplifa,d by tbe recent U.S. Food and Drug 
Administration (FDA) withdrawal of bevacizumab (Avastin) 
for patients with metastatic breast GtnCE,r where impressive 
tumor responses were seen but bevacizumab showed no 
improvement in overaU survival. Thus, limitations and chal·· 
lenges both in understanding tumor structural features and 
correlating Hwm with tbe technology must be addressed and 
additional critical data need to be generated before nanotech­
nology-based drug delivery approaches can be folly realized in 
clinical use in patients with cancer. A one-day workshop was 
convened at the NIH on October 10, 2012, to specifically 
address key issues related to understanding of EPR effect and 
its use to achieve the maximum therapeutic effoct 1¥ith drugs 
using nanoparticle carriE,rs. 

This workshop was organized by the Alliance for Nanotech­
nology in Cancer and its recE,ntly fonm,d public-private part­
nership consortium, TONIC (Translation of Nanotechnology in 
Cancer). in response to SE,veral questions raised by industry 
members of TONJC. The main purpose of this meeting was to 
gain better understanding oftbe EPR characteristics impacting 
the use of nanoparticles in the clinic. Experimental evidence of 
EPR in animal models and humans, clinical relevance of EPR, 
gaps in knowledge. and ways to address these gaps were all 
discussed. 

ThE, workshop composed of 8 talks covering topics ranging 
from metbods to investigate EPR in preclinical and clinical 
studies including diagnostic imaging, to the ramifications of 
EPR for enhanced dmg upt..tke by different tumors and the 
predictability of preclinical and clinical outcorrws. The session 
opened witb an overview of tbe nanotechnology programs in 
cancer, funded by Hw Alliance for Nanotechnology in Cancer 
(NCI), arid was followed by an introduction to TONIC, a 
corporate partnership model of the public, private, and 



academic sectors, to accelerate the translation and develop-· 
ment of nanotechnology solutions for the early detE,ci.ion, 
diagnosis, and treatment of cancer. This was foUowed by 
scientific presentations relating to the key questions identified 
at previous TONIC meetings. The discussions at the workshop 
focused on two key thE,mE,s, namdy, hetE,rngeneity of EPR in 
tumors and factors that influence EPR effect. 

EPR exists in tumors and can be exploited for selective 
delivery of drugs to tumor by nanotechnology. However, there 
is significant heterogeneity within and between tumor types. It 
was noted that difforent. tumor types have different pore 
dimensions in the vasculature and that the maximum pore 
size changes with the location for a given type of tumor (i.e., 
primary vs. metastases). In addition, there may be differences 
in vessel stmcture within a single tumor type. Thus, t.o under-· 
stand whether a tumor is likely to respond to a nanopartide­
based drug that relies on EPR for delivery, an image-guided 
patient self:ction or diagnostic approach can potentially prove 
usefoI to profile and select tumor types and patients vvith 
tumors conducive to such ddivery. Hirosbi Maeda (Sojo Uni­
versity, Kumamoto, Japan), who first proposed the EPR effect 
over 25 years ago (1), suggested a number of ways one can 
augment the EPR effect. These induded increasing the blood 
pressure during infusion of a nanomedicine or macromolec­
ular drug using angiotensin-Il (e.g., blood pressure increase 
from 100 ---+ 150 mmHg). Other methods involve vascular 
mediators such as nitroglycerin, ACE inhibitor, or PGEl ago­
nist (beraprost.) and these have been shown to be effoctive in in 
vivo tumor models resulting in better tumor delivery (2- to 3-
fold increase), linked to improved therapeutic effoct (4). 

The following factors inHuence the EPR effoct in tumors: (i) 
thE, natun, of both thE, vascular bed and surrounding stroma, 
the presence or absence of functional lymphatics and inter-­
stitial hydraulic conductivity impacting intE,rstitial pressure 
along ,Nith mechanical stresses generated by cancer and 
stromal cells impacting thE, extracdlular matrix; (ii) tumor 
size, type, and location (including primary tumor versus met-­
astatic lE,sions); (iii) extent of macrophage tumor infiltration 
and the activity of the mononuclear phagocytic system 
(MPS), which can vary between and within tumor types plus 
patient characteristics (e.g., a,6e, gender, tumor type, body 
composition, treatment). These factors lead to accumulation 
of nanopartides in both normal tissues and in different 
sections of the tumor, for example, in the periphery, viable 
tumor, and necrotic sections; and (iv) co-medications, which 
may impact, among other things, stroma and blood pressure 
(hypertension increases tumor blood flow). ln addition, sev­
eral vascular factors (Table l; ref. 4), such as nitric oxide 
generators (5) and bradykinin potentiators, that is, ACE 
inhibitors that lower blood pressure, are known to affect 
EPR and are relatively safo and irwxpensiw, to combine with a 
nanopartide drug (4). 

A fundamental limitation in evaluating EPR and thE, factors 
that affect EPR is poor understanding of which preclinic,1.l 
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tumor models recapitulate patients with solid tumors. The 
factors affE,cting ddivery of nanoparticfos to tumors in pre­
clinical models, such as tumor growth environment, vascula-­
ture, functional MPS, etc., appear to vary based on thE, cancer 
model [e.g., syngeneic flank xenograft, orthotopic xenograft, 
gem,t.ically engim,en,d mousE, model (GEMM)]. Thus, future 
studies will need to systemically evaluate these factors in 
predinical models and in patients with various solid tumors 
and determine whether the models represent all aspects of the 
EPR effoct. 

The observed heterogeneity in EPR may be a contributing 
factor to the limited impact of nano particle-based drugs with 
reductions in toxicity and gains in overall survival as compared 
with small--molecule anti--cancer agents. Table 2 summarizes 
objective data on the survival benefits from nanotherapeutics 
approved to date. Further understanding and predictability of 
EPR function in primary tumor and its metastatic sites through 
the use of imaging studies may ,1.id the development of future, 
effoctiw, nanodrugs. Correlation of EPR activity to clinical 
responses would likely provide direct clinical data to deter-­
mine whE,tJwr tumors with high EPR tumor activity will bf, 
more amenable to effective treatment using nanoparticle­
based thE,rapies (5). Jt was noted that Hw diversity of nano­
particle characteristics and API used is expected to impact the 
applicability of such correlations across different nanopart.icle 
platforms and products. 

The optimal patient. selection or diagnostic aid to measure 
the EPR activity within a patient needs to be farther defined. 
Ideally, this would involve a single imaging agent that is 
generalizable to all nanopartides. Given the heterogeneity of 
nanopartide--based systems----size, shape, charge characteris­
tics, etc.-a specific diagnostic agent might, however, be 
required to predict likely response to a particular nanopart.icle 
relying on EPR delivery. The use of contrast agents and MRI to 
measure the enhanced permeability (EP) component of the 
EPR dlect might be one generic method. Others might include 
a defined nanoparticle of a fixed size(-~ l 00 nm) labeled with an 
appropriate imaging agent-for example, Cu64 for positron 
emission tomography (PET) or fluorescent marker for near­
infrared Huorescence (NlRF). There is precE,dence for a range of 
labeled liposomes and iron oxide-loaded nanopartides for 
imaging, but there are very fow human clinical studies on 
nanopartide imaging that can effectively address the preva­
lence of EPR. ln one such study, the biodistribution and 
pharmacokinetics of llll1In-labeled PEGylated liposomes was 
evaluated in patients with locally advanced cancers. Positive 
tumor images were obtained in 15 of 17 studies, although levels 
of tumor liposome uptake varied between and within tumor 
types (6). 

Eva Sevick--Muraca (The University of Texas Health Science 
Center, Houston, TE,xas) discussed tbe use of NIRF to imagE, 
lymphatic flow and with fluorescent agents to detect cancers. 
This techniquE, is light based and the fluorescent dye has no 
half-life and can be repeatedly excited, making it more appro-­
priate for imaging of nanopartide accumulation over longer 
timeframes than radioactive imaging agents with short half­
lives (7). \rVhile NIRF is considered to be a combination product 
by the FDA and has a ma,'iimum tissue penetration of3 to 5 cm, 
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1"~~b~~~ ·~ ~ F·rJctor~: affectn~1 the Ef>F~ ~::ffect ot 
rf~f~~tt:~nc{:s 4 ~:tnd '.:;) 

n-:ac:""otno:~::cuiar c~ru:;1s 

Mediators 

Bradykinin 

NO 

VPF!VEGF 
Prostaglandins 

Co!lagenase (MMP) 

Peroxynitrite 
Carbon monoxide (CO) 

Induced hypertension 

Inflammatory cells and H20 2 

TGF-~ inhibitor 

TNF-0! 

Anticancer agents 
Heat 

Responsible enzymes 
and mechanisms 

Ka!!ikrein/protease 

iNOS 

Involved in NO rieneration 
COX-i 

Activated from proMMPs by 
peroxynitrite, or proteases 

NO +02 
Heme oxygenase (HO)- ·1 

Using ang;otensin II 

Neutrophil/NADPH oxidase, etc. 

Vascular dilation 

such devin,s are not yet available in hospitals and may not have 
the right sensitivity at this time to detect the m,1xker agent. The 
ability to image lymphatic function in the tumor vicinity could 
also provide a means to assess interstitial pressure imbalances. 
Efforts are undenvay to include dual-labeling PET for presur­
gical imaging and then NIR guidance during snrgery (8). lt is 
anticipated that PET will remain a crucial tool for clinical 
imaging and that the optical imaging counterpart will add 
value rather than being a replacement. 

Ways to enhance the EPR effect in tumors were discnssed 
and included drugs that impacted the vasculature (4)--for 
example, VEGF-based antagonists lf:ading i.o vessel normali­
zation, agents causing hyvertension and increasing tumor 
blood flow, and agent.s that modnlate Hw t.umor mat.rix. Agents 
that generate nitric oxide !nitroglycerine or ISDN (isosorbide 
dinitrate)] were also shown to be effoctive in humans (4, 5). 
ACE inhibitor (e.g., enarnpril), wbich potentiates tbe action of 
bradykinin, is also effectiw, (·1). Further work is reqnired to 
validate the benefits of such agents in the context of exploiting 
the enhancement of EPR effect in the clinical setting (4, S). Jt 
was suggested that both optimization of the mmoparticle and 
optimization of the tumor rnicroenvironrnent were required 
for optimal delivery. Rakesh K. Jain (Harvard Medical School. 
Boston, Massachusetts); hypothesized that normalizing the 
vascwature, extracellular matrix, and lymphatics will lead to 
better delivery of drugs (9). However, normalized vasculature 
means that the average pore is smaller and this may require the 
use of smaller nanopmticles (-~20 nm particle size). Overall, the 
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Possible application to therapeutic modality 
and mechanism 

ACE inhibitors (e.g., enalapril); blocking of kinin 
degradation elevates local kinin level ---, more EPR. 

NO-releasing agents (e.g., nitroglycerin. ISDN. etc.) 
via denitrase and nitrite reductase to generate NO. 

Beraprost sodium: PGl2 agonist works via vascular 
dilatation and extravasation (5). 

PEG-hemine via induction of HO-i in tumor---> 
CO generation (15). 

Slow Lv. infusion ---> systemic hypertension, vascular 
extravasation selectively in tumor tissue. 

Inducing multiple inflammatory cytokines; NOS, 
COX, etc.: NO, PGs, etc. 

Inducing multiple inflammatory cytokines: NOS, 
COX, etc.: NO, PGs, etc. 

Gold nanoparticle or ferrite nanoparticle using 
electromagnetic. or laser, or microwave. 

biologic impact of the aboverneni.iom,d vascular effoctors on 
delivery of nanopmticles of varying composition, shape, and 
flexibility needs significant further work. 

The role of the lymphatics in tumor biology and rmnoparticle 
delivery was discussed. This highlighted the need to consider 
changes in physiologic status, both in the acnte and in long­
term functionality of lymphatics in patients with cancer influ-­
enced by inflammation, tumor burden, or treatment. This is an 
area of active research and imaging techniques are being 
developed that will allow this to be explored in more detail. 

Jn terms of animal tumor models to ev,1-1uate the EPR effoct, 
subcutaneous flank tnmor xenografts were thought i.o om,r 
limited value. The vasculature of such models often resembles 
thE, vascnlature fonnd in very high EPR t.umors, for example, 
renal tumors irrespective of tumor tyve, m1d thus probably 
giw,s a false impression about the benefit of nanopari.ide-based 
drugs relying on the EPR effect in most tumor settings. The 
workshop participants felt that better options are provided by 
metastatic, orthotopic, and GEMM-based models, although 
these need further characterization and validation. Primary 
tumor explm1ts may be another option to model delivery to 
tumor types with high stromal content. Further work is 
required to understand how to use the preclinical tumor 
models to investigate drugs relying on the EPR effoct for activity 
and to understm1d how they reflect the heterogeneity seen in 
clinical disease. The site of the tumor was also considered to be 
importm1t, and a more systematic assessment of vasculature 
architecture versus site of tumor was recommended. 
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Generic drug Trade name{s) Indication Benefit 

PEGylated liposomal 
doxorubicin 

Doxil and Caelyx HIV-related Kaposi's 
sarcoma 

No statistically significant change in 
overa!I survival (23 wks) vs. doxorubicin, 

bleomycin, and vincristine treatment 
(22.3 wks) for HIV--related Kaposi's sarcoma 

Metastatic ovarian cancer Statistically significant overall survival 
improvement (108 wks. P = 0.008) vs. 

Metastatic breast cancer 

Liposomal daunorubicin DaunoXornE: HIV-related Kaposi's 
sarcoma 

topotecan treatment (7i .1 wks) for 

platinum-sensitive patients with ovarian cancer 
No statistically significant overall survival 

change (84 wks) vs. conventional 
doxorubicin (88 wks) for patients with 
breast cancer receiving f;rst-line therapy 

No statistically significant overall survival 

change (52J wks) vs. doxorubicin, bleomycin, 
vincristine treatment (48.9 wks) 

Poly (styren-co-maleic acid)­

conjugated naocarzinostatin 
SMANCS Liver cancer, renal cancer Approved in 1993 in Japan. Far more effective 

when the EPR is enhanced by increasing the 
blood pressure in difficult-to-treat tumors, 

including metastatic liver cancer, cancers 
of pancreas, gall bladder, etc. 

Liver cancer: 5--year surviva! (CJ,br'' 

~Jletastasis 

Child A 

Child B 

1 seg.· 

>90% 
40% 

> 2 seg. 

>50% 

30% 

Five-year survival (%) based on the liver 
function (cirrhosis) by child eiassification 

and intrahepatic+ metastasis within one 
segment or more 

Albumin-bound paclitaxel Abraxane Metastatic breast cancer Statistically significant overall survival change 

(56..1 wks, P = 0.024) vs. polyethoxylated 
castor oil-based paclitaxel treatment (46.7 wks) 

for patients receiving second-line treatment 

NOTE: The polymeric platform methoxy PEG-poly(o,L-lactide) taxol with the trade name Genexol-Pl\/1 (Sanayang Co.) has been 
approved in Korea for the treatment of metastatic breast cancer. Adapted from the work of Jain and Stylianopoulos (16). 

", SMAf'JCS data in the table were provided by H. Maeda. 

Omid Farokhzad (Harvard Medical School) discussE,d t.he 
advantages of including a targeting agent on the nanopar-­
tide t.o enhance i.he retention component and/or enablf: 
delivery of drug directly into the tumor cell via internaliza­
tion of the nanoparticle. Tbe majority of tbe currently 
available clinical data on nanopartide oncology drugs relate 
to passively targeted liposomal drugs. Recently, several 
actively targeted nanoparticle products have also entered 
dinical development, including liposomes and polymeric 
particles containing payloads ranging from conventional cyto­
toxic drugs to genes expressing tumor suppressors (10). These 
pa1ticles are targeted to various tumor markers including 
the transforrin receptor J-JER-2 and prostate-specific mem­
brane ant.igE,n (PSMA) using either protein or small-molecule 
ligands. Recent data were presented for BIND-lH4 (ll), a 
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docetaxel-encapsulatE,d polymeric nanoparticfo targe1:E,d i.o 
PSMA, which is expressed on the smface of prostate cancer 
cells and nonprostai.e solid tumor neovasculatun,. In preclin­
ical studies, BIND-014 increased the concentration of docetaxel 
in PS MA-expressing solid tumor xenogrnfts by 5- to 10--fold. ln a 
phase I clinical trial in patients with advanced solid tumors, 
BIND--014 displayed signals of antitumor efficacy in patients 
with advanced and metastatic cancer at low doses and in 
tumors where conventional docetaxel has minimal acfr1~ty. 
vVith progress in polymeric nanopartide engineering, similar 
approaches are also being applied to existing and developmen­
tal anticancer drugs, including other cytotoxics and molecu­
larly targeted agents such as kinase inhibitors, and it will only 
be arnat1:E,roftirne before these advances will ultimately impact 
the treatment of cancer. 
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Willimn Zamboni (University of North Carolina, Chapel Hilt 
North Carolina) charac1:E,rized tbe pharmacologic properties of 
nano particles in vivo as part of preclinical and clinical studies. 
He stressed the importancE, of the MPS, tissuE, distribution, and 
potenti..tl tumor delivery on the cleara,'1ce of mmoparticles. 
ThE,n, is a bidirectional interaction betweE,n monocytes and 
liposomal agents and potentially other nanoparticle agents ( 12, 
13). Monocytes internalize liposornes, which then rdeases tbe 
drug from the liposome and leads to toxic effects to the 
rnonocytes. The t.issue distribution and tumor delivery of 
nanoparticles may involve MPS-mediated and non-MPS­
mediated mechanisms where uptake of nanoparticles by cir­
culating MPS cells compared with tumoral macrophages may 
result in different tumor drug exposure and responses. Dr. 
Zamboni has developed an ex vivo flow cytometry-based, high­
throughput screening platform (HTSP) system called Pheno­
GLO-HTSP to measure the clearance of nanoparticles by tbe 
MPS and bidirectional interaction between the MPS and 
nanoparticlE,s, conjugates, and antibody-dmg conjugates. 
Importantly. this method also predicts nanoparticle pharma­
cokinetics and pharmacodynamics in bumans wbere the MPS 
system seems to drive the clean.mce, efficacy, and toxicity of 
nanoparticlE, agents. PhenoGLO-[T can measure MPS function 
in a blood sample from patients as a method to individualize 
the dose of nanoparticle agents and/or as a biomarker 
for predicting pharmacokinetics and phannacodymmiics 
(response and toxicity) of nanoparticles. 

The workshop participants felt that as our understanding of 
nano particle delivery to tumors increases, the emerging nano­
formulations should be considered both as a general formu­
lation strategy in drug devdopment and as a selected strategy 
to improve delivery profiles of existing or failed drugs. 

During discussions at the conclusion of the symposium. 
participants recomim,nded the formation of a working 
group to establish translational and clinical procedures for 
integrated clinical trials involving nanotherapeutic con­
structs and accompanying imaging approaches. Such trans­
lational studies and clinical trials would enable further 
understanding and predictability ofEPR function in a tumor 
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and its primary or metastatic sites and may be critic..tl for the 
dE,velopment of future effectiw, nanodrugs and predictive of 
antitumor response (14). An additional recommendation 
from tbis workshop was to gE,m,rate a position paper 
highlighting key translational studies that should be con­
ducted and parameters that should be monitored in nano­
particle drug delivery clinical tri3Js to enable testing of 
various hypotheses for effectiw, nanoparticlE, delivery 
(tumor perfusion, vascular permeability, interstitial pene­
tration, retention, lymphatic fimction, MPS activity, blood 
pressure, fluid and solid stresses, others). In coming months, 
symposium participants will actively pursue these key 
recommendations and develop the necessary tools required 
to advance the scientific translation of the nanotechnology 
platform in the oncology therapeutic area. 
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