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INTERLEIJK.IN-2-RECEPTOR BLOCKADE Wll'H DACLIZUMAB TO PREVENT REJECTION IN RENAL TRANSPLANTATION ·------· -----

lN'fERLEUKIN-2-.RECEPTOR BLOCKADE WlTH DACLIZUMAB TO PREVENT 
ACUTE. REJECl'!ON IN RENAL TRANSPLANTATION 

F1....w10 V1NCENn, M.D .. Roa£RT KIRKMAN, M.D .. SUSAN L1GHT, M.D .. GINNY BuMGAADNER, M.D .. PH.D .. 

MARt< Pescov1rz. M.D .. PHILIP HALLORAN, M.O .• PH.0 .. JOHN NEVI.AN, M.D., AlAN WILKINSON. M.D .. 
HENRIK EKBEAG, M .D .. PH.0 .• ROBERT GASTON, M .D .. LARS BACKMAN, M.O .. PH.D ., 

ANO JAMES BuROte", M.D .. FOR THE OAcuZUMAB TR1..u THERAPV' STVov GRoup• 

ABSTRACT 

Back91·ound Monoclonal antibodies tl'lat block the 
high·affinity interleukin-2 receptor expressed on al
toantigen·reactive T lymphocytes may cause selec
tive immunosuppression. Daclizumab is a genetical
ly engineered human lgG1 monoclonal antibody that 
binds specifically to the a chain of the interleukin·2 
receptor and may thus reduce the risk of rejection af
ter renal transplantation. 

Met.hods We administered dacliiumab (1.0 mg per 
lc.ilo9ram of body weight) or placebo intravenously 
before transplantation and once every other week. af
terward, for a total of five doses. to 260 patients re· 
ceiving first cadaveric lcidney grafts and immuno
supp'ressive therapy with cyclosporine. azathioprine. 
and prednisone. The patients were followed at regu· 
tar intervels for 12 months. The primary end point 
was the incidence of biopsy-confirmed acute rejec
tion within six months after transplantation. 
&suits Of the 126 patients given daclizumab. 28 

(22 percent) had biopsy-<:onflrmed episodes of acute 
rejection, as compared with 47 of the 134 patients 
(35 percent) who received placebo (P :..-0.03). Graft 
survival at 12 months was 95 percent in the da· 
clizumab·treated patients. as compared with 90 per· 
cent in the patients given placebo (P =- 0.08). The pa
tients given dacliiumab did not have any adverse 
reactions to the drug. and at six months, there were 
no significant differences between thfl two groups 
with respect to infectious complications or cancers. 
The serum half-life of daclizumab was 20 days, and 
its administration resulted in prolonged saturation of 
interleukin-2u receptors on circulating lymphocytes. 

Conciir.sions Oacliiumab reduces the frequency of 
acute rejection in kidney-transplant recipients. (N Engl 
J Med 1998:338:161-SJ 
c?l1998. Masuc:nuserts Mt:eic:;,I S.:>clerv. 

A 
CUTE rejection is a strong risk factor for 
chronic rejection ill recipients of renal 
grafts from cadaveric donors.1 This fact 
has promprcd the development of 11cw 

immunosupprc:ssivc agems designed to reduce the 
incidence and scvcricy of acme rcjecr.ion.2•6 All th~se 
agents, however, achieve reductions in the frequency 
and severity of acute rejection at the price of gcncr· 
alizcd immuuosuppression, with its 3ttendant ri~lcs 
of opporrunistic infection and cancer. 

One potential tarsc~ for more specific immuno· 
suppressive therapy with monoclonal antibodies is 

the intcrlcukin-2 rcccpcor.' The higb·affiniry intcr
lc:ukin-2 receptor is composed uf three uoncovalc:nt· 
ly bound ch.aim: a 55-kd a chain (also referred to 
as CD25 or Tac), a 75-kd f3 chain, and a 64-kd 
'Y cha.in.7 This receptor is prc:setH 01\ ne<lrly all acti
vated T cells but 11ot on resting T c.ells. The: interac
tion of imulcukin-2 with this high-affinity receptor 
is required for the clonal expa11sion and continued 
viability of activated T cells. A v:i.ricty of rodent 
monoclonal antibodies dirc:cced against the a chain 
of the: receptor have been used in animals and 
humans to achieve selective immunosuppression by 
targeting only T-ccll don~ responding co the al
logl"lft.a·tJ Daclizumab, a 1nolc:cularly enginc_c:red 
hum:rn IgGl incorporating cil;-;fiogen-binding re· . / 
gions of the parent murine monoclonal antibody, L.. 
offers the pocemia1 for greater ~}s.ral?curic use of in· 
tcrlcukin-2-rccepcor bloekad.:.:,.~e compared the 
efficacy of dadizumab with placebo foe die prcvcn· 
tion of acuce rc.jc:crion in renal·mmsplam recipiencs. 

ME.TH ODS 

Study Oesign 

We p<rformc:d J rmdomizcd, doublc·l>lind, pl:accbo·conuollcd 
trbl ~t 11 t~anspl:inc;itlon cc:nccrs in the Unircd Sruc.:;, 3 in Can· 
~da, and :; in Sweden. Adult$ receiving iim renal :illoi:,-r:i.ft. from 
"1cUV<:1'i.;; do1lOr; were cli~lblc for chc scuJy. ~cicnts were ClCdud
cd if they wen; r.:cdvini; ;11ultiplc ocs;1n cr11nspl1.1irs or h:ad ~ po~
ici,·c: crossm.icch for T·cdl lymphocyte~. The protocol wu :ap· 
proved by the innlcutiC\n:il r<.-vicw boud or ethic$ com111ittce :i.t 
e:i.:h pl1•cicipa1ing ccnrcr, :ind lll p:iticnc£ i;.>.ve written informed 
consent.. 

lmmunosuppressive Treatment 

A.II pltlenu '""'civcd ~ydosporinc, u.achioprinc;, a11d prcdni· 
sone. The first d.:>sc of i:ydosporinc WH given during the period 
from ll ho1m txfurc to 24 houc5 after transplium1rinn. 

t>.idi¥um:ab (Zc:n1p~ic, Hollinu\1\-~Rochc) or pl:i;ebo w;i.s 

-------.... ---
from the Unh·mity of C:ilif<1mi3, San fnnctsi:o (F.V.); Brii;h:;m 1od 

Wo111c11's Hinpitlll. llo11on (R.K.); H<>lfn1a.1111-ul\oc.he. Nutley, N.J. 
(S.l •. ); Ohio Smc Univcniry, Columbus (G.R.); l11cli11u Univenicy, lndi· 
31\•)lOllS (M.~); rhc l..l11ivcriiry oi A.lbccia, E<ln1C>lll01>, Alr;;i .. ~ni:!a 
(r,H.); Emory U11i•cr>i1y, At~rm (J.N.); the: Univcr~ily of C2liti1n1i>, Los 
Ani;clc< (A.W.); M~ln1o> Uni•'CNi1y Huspit~I, M~lino, Sweden (H.E.); the 
Univc:Dil)· :ir l\lil1~1n:1, Blm1inglum (R..G.); Sal1lgri:11~1:J Hospital, Goth· 
cnbnrt:, Swed~ (LB.); l11d )(>Ito.< H11pkiM On.ivcniry, lMtimorc iJ.D.) . 
. '\dd1cs. reprint req11~1.J to Or. Vi11ccnd ~· rhc: ·r,...nspbllt Service. Univct• 
siry of C~li(orn~, San t'nnds.:o, SOS l'~rnusus 11.vc., l\Jn. M884., llo~ 
Ull.6, S.m Fnncisco, CJ\ 94143·0116, 

•Other mc111bc:rs Qf the Dadjzum~b Triple 1'h~r•py Srudy (~ruup arc 
listed In <lie Appendh:. 
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3dn1ini1aert'.J i1ltr.Jvc1H1usly over :i pcri(Jd of IS minurc;.. E.1.ch pa· 
ticnt rc\;civc<1 live doses of either d~..:lizum~b ( l mi; per kll<>s•::i"' 
,,i b,>Jy weight, tn :1 nu!<imum of 100 mi; per do~..:) <>r pl.i.:cbo 
{0.2 n1g of pcil)-surb-.lc 80 per milliliier in 67 mM 1>hosphltc 
bufter). The fim <lose w.i.; :idminisccrcd wi1hin 24 huur~ before 
tr.\Mµl:incalilln, with subsequ..:m dus~s i;i~cn c-.o, (o,,,, six, :ind 
eighr weeks :ifter trJnspl:inr,tiun·. 

Primary and Secondary ~nd Points 

·n,e primary end 1"->inr of the study w~ the incidc:ncc of biop· 
s> .. .:onfirmcd :lc11re rejc•"tit>n within the iiM six momln ~fccr 
rr::inspl:mtJtion. All puic•\CS wirh :in unc~pbincd rise in the scrum 
.:re:irininc ..:onccntn.ti<m ,,. •>Ile '" n1ore symptonu of ... cute rc
jc:.:tiun (fovcr, pl;,, ov.:r the !;lf3ft, or l dccrcuc in urinary vol<unc) 
were rc.quil'l:cl co u11dergC'I :i rcMI biops1· within 24 hours :.i.ti.cr the. 
initiuiun uf ~ntir.:jc\;ttuJ\ thc:r.>py, whic:h consisted initillly uf in· 
U:l\'cnnus lncth)'(prcdnisu(On«. (7 ITIS pct )(itog(ln\ ~( d'.l}') n>r 
three d3)'S. The hinologic dil1'tlO$i$ or rejection ..v~s blSCd (\n the 
prc>cncc oi acurc t11bulitis or v.u..:witii :md wus made by the: i>l · 
choloi:;i~t :u each instir:utiu11. I'.uirnu were .:onsi.:lcrcd ro hJ\'c 
prcsu~\ptivc t'ejcction if they rcc:cived ~ .:ounc of ailCirejc:,rion 
therapy in the :.i.bsencc: of his101ogic eonfumuion uf n:jcction. 
The diignosi..s of :any subsequent episode$ of rcJccti(ln in p.iticnt~ 
prcscnrins; wirh renal dyifum:tiun w~s based on cli1iical eriterh, 
such M the 3bscnc:c of evidence uf t1cplu.>toxici1y or of Ufin~ry 
tract obstruction or infection, wirh a biup:w fur c:ontirm:i.tio11 per· 
fom1cd ar the invcstii:;ator·~ disc.rc:rion. 

Sc::on.S:i•y end points included patient survival )n;i snit sur
vi"31 lt one yc..1r, the time 10 the first cpi5Uuc of acute rcjc::tion, 
the numbrr of acute reje..:cion episodes per p~ticnt, the m:cd for 
'.lnril}'lTlphocytc ther.r.py (OKT3 Of" 1xilycJonl.1 ant.ithymocyte i;lob· 
.;tin) bec:;1usc uf glucoc:oniroicS·•csisr"nt l'ejcction (dctincu ~~die 
3.t'>scncc of ;. rc~ponse to inrt3'1cnou' mcchylprcdniwlonc puhc 
cher;py), gr.iii: functiun (as indicltcd b)' the icrum crcarininc 1:011· 

.:cnrruion :lnd i;lumcrul~r filcr~cion r.ltc), ~nd the cumului,·c 
dose of prcdnlsune in the iirst $Le mo1\thi 3ltct u:inspbnuciun_ 

Pharmac:okinetic: Measurements 

Blood ~plcs were .:ollcaed unmediltcly bdurc and lftcr (for 
Hough :ind peak cun.:cnmcions, rcspc:etivdy) the fim ltld filU1 
infusions of d;1clizumab or pl.t;cbo :1.nd on days 70 2nd 84 aFtcc 
rra11:1plinc:uion. A sindwkh c:nzymc-llnk.:d ianmu11<.lsorbc1H "-$$~)' 
w:1s used to mc:ssure dadizum~b in scrum.I• 

Ii\ 20 .:01HC.CU1ivc paricnu It one U.S. ~cnier (University or 
Giliforni:i., S;1n fr:inc;isc:o). lymphocyte ~1uly~i~ w-~$ performed en 
detcm,inc <he urur:idon of the intc:rlcuki11·2-re~cprnr c ch31n. 
with 1h1: use of methods reported pr"-viously." 

Gton1erular Filtration Rate 

The glumcrulu fillr;\cion rate wa~ mca~urcd in :ill plticnrs with 
func:tioning grafts si,.; monrhs after ITTnspl<int;uion. Mc;1s11rc· 
mcim wc:rc: b.l.<c:d on iohcrol, r~Jioisoropc, or in1.1lin dc:.1r.11nc~ . 

Statistic;al Analysis 

OifTcrcncc.s in C3tcgori.:al v~ri:ibtcs beru.·cen the twu i;rt)ups 
wac detefl\\inc:d wirh rhc u$c of the Mantcl-H:icnszd test (with 
steuificuiun lc.:urdi11g ro center). l)j((ercncc~ in the ti1nc ro rhe 
first biup~y·cunfinTJcd episode of rejection were dc:cermi1led with 
the u~c; •>(the lo$·r:inlc rest (with $trnilication :icc0tdini; r(J ccn-
1er). The log·rlnk resc ''"<l:> 11($0 used m :lllaly:ic the time to i;r~ft 
f~ilurc (or dclth with 11 functio"ing gem) bcciusc: of the S•ll:lll 
number of cvenrs rcporcc:d. l<.apl.1n-Mcicr cscimucs uf the prob· 
:lbility uf p:nii:nt survival :ind graft lurvivil and the cun,ul'iltivc 
probability u(bi~·.:0111irrnc<1 rcjcc:iion were plutrcd over time. 
Ditlcrcnc<.$ in rhe num\xr <)f i>resumptive or biupsy·cunlirin.:d 
rejection cpis.odes per patient in die first silt months were ma· 
l1•nd with 1 norm:il rei;rcssion model. The scrum crc~cininc c:on· 
cc:ntruiuns, i;!omcn.ilar filrr:irion rares, .nd cu1nul:1tivc tln~s ('If 
prcd11isonc ~dminisrercd during rhc fim six months it\cr 1rai1s· 

i62 J:inuuy lS, 1998 

·~~~~~~~~~~~~~~~~~ 

p1:111!3tinn in the IWO STnUp$ Weft' GUmp;vc.d With th-;: USC Of the. 
Wilcoicon r3nlc-sum rcsr. Lo.,inic:-rc~C$$io11 ~11alysis w~s used co 
.:Utcrminc the effects l) f v:itious fa~ror_, .,,n the probJbility of bi· 
<>pS)'•Cunfinncd rcjc.:tiOO. rrOl)OrtiOll~l·h~7..lrds ~n3Jysas WU UJCd 
11> dercnrnnc rhc cffeHs <'f varimJs ·factors o n the time to biot»Y" 
.:..nlirmcd rcjectiun. The results uf l)'1"pho.:~c :'Ind inccrlcukin-
2-rc.:c:pt~" l.~ay.1 were cnmp1rcd with rhc u~t of Student's M¢St. 
All st1tisck1I rem wi:rc lwt,·sido.:d. 

J\JI p:iticnr' r.andomly :usl!;ncd to a crum1cnt ~up wen:: in
cluded in the primvy <Vl~lf$C$ of cffic1cy 31ld s.ifcty, 3eeurt1ini; tt> 
chc; ir\W'ICion·t<>·trc:u vri"ciplc. V~lue.• :a.re: rcp<">ned :u means :SD. 

RESULTS 

A total of260 patients were CJlroUed in chc srudy: 
134 patients were assigned to the placebo group, 
atld 126 co rhc dacliwmab group. The cwo groups 
were similar with r.espcct to age:, sex, race, cause of 
end·stagc renal disease, presence or absence of pan· 
cl-reactive ami-HLA antibodics, number of HL:\· 
Olt mhm:uches between donor and recipient, and 
<lur3tion of cold ischcmia for rhe graft (Table 1). 

All pacicms received ar least one dose of the smdy 
drug, a11d 107 of the patients in the placebo group 
(80 percent) and 107 of those in the daclizumab 
group (85 percent) received aU five doses. Gcaft 
funccio11 was dc:layc:d in 39 patieucs i.n the placebo 
group (29 pcrcc:m) and 27 patiems in the: daclizu· 
mab sroup (21 percent). The ~acly use of prophy· 
laccic antil)·mphocyte ther:\py for delayed graft func· 
tio11 led ro the disconcinuacion of the: swdy drug in 
ni11e patients in the placebo grol1p (7 percent) and 
1'itlc: in the daclizumab group ( 7 pc:rcc:nt). 

Effic:acy 

Dacli:>.umab prophylaxis resulted in a significam 
reduction in the: incidence of biopsy·documen.ced 
acute rejccrion during the first sill.: months after 
rransplancation (22 percent, vs. 35 percent in the 
placebo group; P _. 0 .03; odds .r.uio, 0.5; 95 percenr 
confidence inrcrva.I, 0 .3 to 0.9) (Table 2). The pro
portion ofp;uiencs ""ith presumptive or biopsy-con
firmed acme: r:c:jection and the number of rejection 
episod~ per p:lticnr were also lower in the: dadi2u
mab grOllp, and the: time tO the first rejc:ccion was 
longer. There was a trend tow-ard a reduction i11 the 
number of patients with two or more rej~iot~ epi
sodes :ind the a.umber rel.'.civing amilymphocyte prep· 
arations for scvcrc: rejection in chc dadizumab group. 
The: beneficial effect of dadizumlb was not infln· 
eoced by delayed graft function, initial use of other 
nntily1nphocytc thcrapit!.S, or exclusion of p:uietns 
who did not receive all five infosio11s of the srudy 
drus (data 1lot shown). 

The patient-survival races ac one year were 98 per· 
cent in the d:iclizumab group and 96 percent in the 
placebo group (Table 3 ). The: graft-survival rates in 
rhc: daclizum:ib and placebo groups were 95 and 90 
percent, respcccively. None of the patients in the da· 
clizumal> group buc three of chose in ~he placebo 
group died of illf~ctions: one each of aspergiUosis, 
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INTOLeUKIN-2-RECEPTOR BLOCKADE WITH DACUZUMAB TO PREVENT REJECTION IN RENAL TRANSPLANTATION -----.. ···---------------------------------

. , ,. .... .. . 1-- -........ 
TA8lL , • Ih.SE· LINE: Cti.111\ht."TtNSTJ<.:S OF Rff".-\1.·At.LOGl(Al'i' 

1Qc1r1?.NTS. • 

l'\.Accoo D•cut.,..MI 
C"al\l.CHlllUIC IN=1l41 IN=126) 

.'\itc- 1·1· 47:::13 +?~13 
S.:1 - 1111. 11f 11:nicnu {%) 

Mal.: 81 (611) 74 {59) 
Fcm~lc 53 (40) S~ C+l ) 

l~cc or crlo11ic ttmu1~ -
Ill" oi p:ui.:111~ {%) 

While Ill (60J &+ (<17) 
Blici; 27 (20) 2+ {l?) 
Or her 26 (19) 13 (14) 

C:4usc of renal f~il'1rc --
110. of patfcnl.1 (1') 

Glomeruloncphri1is .\0 (30) 33 (26) 
l)i~bc!CS m:llillli 29 (22) 31 ;25} 
lletcdir.iry or 1)()lycyi1ic kidney disc~sc 20 (15) 24 (19) 
Hypertension 19 (14) 18 {l•) 
Other 

l'•ncl·= c:tivc scrum ~11ti6orlic:.-1 -
26 (l?) 19 ( 15) 

no. of p~c.ienu (%)T 
ll-10% 121 (90) 113 (~9) 

ll-4?'4 10 (7) Jl (10) 
S0-100'.16 

Ne•. <1fHLA-DR mis1Mcche$ -
3 (2) 1 (I ) 

nv. or 1micnu (%Jt 
0 22 ( 16) 19 ( IS ) 

62 (+6) 49 (39) 
2 +o (30) so (40) 

GraTI: co,d·~l1cmi:.1 ri.mc. - hr 21:9 .22:1! 

• l"tw.-1ni1lut ,,.,J.h.\ct. :arc l\\calU ":":SD, l~rcenug~::; m:1y not ~"'" n\ l 00 
because <>f rm111dinio. 

f!>Jnd·n:~cri"c ;\ntibodin irt. ~nti·~l.A,.111iburlie1 rim h3'C ~ .:,.toto:.5c 
dfccr Oil lymphocyte!$ ob~inc(i (")"' ~ P•l\cl or donors iro111 the ~cner.tl 
pop11l~tion. 

ioar.i were '"~~ing I\" $<>!UC p•liCJ1U. 

TABL£ 2 . ACUTE R!:TECTION Er1s01>£$ '"' 1'ME Fill.ST S11: MONTHS 
<'F'T''-ll IUNAL TRANSrL'JllTATION 11'1 TH£ rl--'CF,110 

AN:O CACUZUt-v.ll GRours. 

Pl..UHO OaCUZUMAI 
R£J£CT10N IN=134! !N=126J p VAlUE 

One or more biop~y-confinucd 
episodes - ""· nf patients (%) 

·~ (35) lS.(22) o .Ol 

011c t'lr n101c biopsy-confim1ed '" 
pn:sumptivc episode$ - no. o( 
p~ticnt.s ('.t) 

52 (39) 32 (25) 0.04 

Twu ur mon: l•inpsf·.:of\l'inncd <>r 18 ( 13 ) 9 P'l 0.08 
prciump1i<·c cpc4'~11c::s - no. of 
p-.uicm~ (l') 

Mun no. of cph1v1lcs/r.i•ic111 0 .6 0.3 0.01 

Ti1\lc 111 fim cplsollc - ihyi • 30:!27 73:!59 0 .008 

Episode ruiuirini; 1ncily111pho~)'cc 
1he,.~py - 110. of puicnu ('6)t 

19 ll4) 10 (S) 0.09 

' l'lus-minus vJluc:i arc nlCllM :tSl). 

t "ncll1•mph1-...")tc i:hcrll>Y co1ulm:d of Ol..'T3 .ir )lOlyclon:ll ~ntithy. 
lllO'Y<' ~l<ll.>11li11. 

·· c:=-.-

TABLE 3 , CAUSES or. DEATH .-\ND RfNl\L·GMfT 
Fl\ILUll.f !IT ONr; 'ttl\I\ ,,... THt r1 .... ci.R<> 

/\ND D.'\CLtZl•~\l\B G.11.ow-:>. 
-· ·-~·-. -···· -------------

O a CUIUMU 
IN=12BI 

1'10. of p)toinrl I'll.I 

Dcuh 
ln1t.·uu11 '" lyn•ph1•m' 
C.irJiU'·, ,..:ubr (•""' 
!'11l111011Jry c1nb:>lis111 
lumccrcbr.11 bl~int1 
Sulc;t.tc 

Gr.1(1: l~ilure 
Do ch 
Rfjcctio11 
~rc~hniQI <:a1,,,1sc 
l'rllll~ry lll)llf\11lCliflll 

st+) 
3 ( 2 ) 
I ( I ) 
I ( I) 
0 
0 

13 (10) 
5 (+) 
3 (2) 
4 (.3) 
1 (l) 

3 (l) 
l ( I ) 
0 
(I 

1 ( I) 
l \I) 
6(S) 
3 (l) 
l (I) 
2 (l) 
0 

coccidioidomycosis, 3nd pscudomonas sepsis. One 
patient in the dadizum3b group died of lymphoma. 

The me-Jn scrum crc:acininc conccnuations six 
monrhs after transplantation were the same: in the 
tw<> groups (l.7!:0.7 mg per dedircr [150:::60 µmo! 
per liter)}. The mean glomerular filtration r•\Ce w3s 
$5±23 ll'U per minute in the dadiZlunab group and 
5.2 ±22 ml per n1inurc: in che placebo gto\1p. The av
erage daily doses of prc:dnisone and cyclosponne did 
1'\or diffi:r between the groups at any rime during the 
srndy, nor was there a difference in the mean trough 
whole-blood c.ydosporine concentrations at any time. 

Adver.>e !:vents 

The ldminiscrarion of daclizumab was not associ
:ued wich an>· immedi.:lre side effcccs. There was no 
significant difference i.n reported adverse: events be· 
tween the two groups (Table: 4). One patient in the: 
placebo group and two patients in the: dadizumab 
group had lymphoma duL"ing the first year after 
transplantation. 

Phumac:oklnetic Data 

Pharmacokineric data were available for 92 pa
tientS in the dadizumab group. The mean scrwn 
half-life of daclizumab was 20 days. 

Circulating Peripheral-Blood Lymphocytes 
and lnterhtukin·2 a.Cl'lain Receptor 

There were no differences in absolute lymphoc:yce 
numbers between the pl:iccbo and dacllzumab groups 
before transpla11tation or for six months aft:crv.rard. 
Circulating CD3 + cell c:ooccncrati.01'\S and T·cdl sub
groups were not measured, because they were not 
affc:ctc:d by dadizumab therapy in an earlier scudy.1' 
There was a :>igil.ificanc decreas~ 111 the percentage 
or circulating lymphocytes that stained with anti-

Volume 338 Number 3 163 
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The New England Journal of Medicine 
~-------~- ---------~ -----~ 

T .ti.81.,£ 4, ADV?!Ut f;ViNTS /\T S11; MONTHS 
•N TH~ Pt..ACEno AND DACLlZUM.1.11 C11ol11·~. 

--···· .. ·---------~ .... ···-·· ...... , ... _..__ 

ADVERSE EVENT& 

Sufa1n c-vcm• 
f<;vcr 

Sepsis ~11d b~.:tcrcmi~ 
l'ta1ct1nlOlli~ 

Pun~:"I inti:a,nn 
Fu11~cJ11la 
L1>c.tl infcctio11 

L<>ol infccr\01\t 
Ccllulici~ ~nd '~ou11d 

i1,tC .... .,.in11 
Urin:iry rr.i~"t i11feccio11 
Ocher 

/\.ny viral imC<tlont 
Vircmia 
Loc~I infection 

Cr101\lctf1h>vinr~ 
i11fcaion 

Vircmia 
Tinuc iniecti1>11 

P ..... cuo 
tN=1l4J 

o .. o.iw..•• 
IN; 1Z6l 

11~. or p•tienr. ('IOI 

13 (10) 6 <S ) 

16 (12) ll (9) 

9 {7) .. ( 3) 
4 (3) 3 (2) 

27 (20) ~l (t7) 
2 ( 1) 0 

25 (10) 21 (17) 
70 (5.2) 59 (4?) 
+(3) 7 (6) 

-44 (33) 3+ (:!7) 
3~ (28) 36 {29) 
32 (21) 29 (23) 
u (9) 12 (10) 
ll (16) 20 (16) 
l+ (10) ·~ (l2) 

10 (7) ll (10) 
4 i3) 3 (2) 

"Se1io..s ~dvci~c cv~'" w~rc: defined ~s complic~lio11• 
other thin dc1th or rtjcc,ion dur rn1longcd or required 
ho>pinll~.,~r<,io •n<I wer~ ponibly 0( p11;>wlih· ,.;l.ucd tu tl1e 
nudy drui:. 

tSonlc p~ticr11., lo~d mur<. thin 011t. type ui infe.:tic111. 

CD25 antibody starring 10 hours after r.ransplanta
cion 3nd lasting up to four momhs in the dac.lizu
mab group (data uot shown). Simifarly, there was a 
significant decrease in t he pcrc.entasc of circ

0

ubting 
lymphocytes char sro.iiled with the: fluorescci1) -C01'ju· 
gated antibody 7g7, which binds to an interlcukin-2 
a-chain-receptor cpicop~ disti1'lct from the: cpitopc: 
recognized by dadizumab and rctkcts coral interku
kin-2a-receptor apression (data not shown). 

DISCUSSION 

We found ch:u the p:niems receiving daclizumab 
in addition to inaimena11ce therapy ~~th rhrc:c: ini
munosupprc:ssive age1'1.ts had a lower frequency of 
biopsy-co nfirmed acute rejection in the first six 
months after transplanucion than the patiencs re· 
ceiving placebo with the three immunosupprcssive 
agencs. In addition, the time to the first episode of 
acute rejection was significant!~· prolonged, and the 
mean number of episodes per p;uicnt significantly 
reduced in chc daclizumab group. These results were 
obc~ioed without a concomitant increase in infec· 
tions complicarions or ca1\cers. The cfficaq· of da· 
clizumab is probably related to it.~ sdcctive target, 
the Q-cbain component of the high-affiniry interku
lcin-2 rec<:pror, which is ~resent almost exclusivdy 

on accivatc:d T cells. Use of the drug thus spues oth· 
c:r immu11ocompetcnt cclls.7 

Only l 0 percent of d:iclizumab is composed of 
murine sequences, which :lee from the: antigen-bind
ing regions of the parent antibody. These sequences 
arc insem:d imo human immunoglobuli11 with chc. 
\lse of molecular biologic techniques.'• Our srudy 
highlights the advancages of rhis type of antibody, 
including its prolong~d senun half-life, appro3ching 
thac of human lgG, and die absence o( functional 
immunogcl\iciry associated with irs use.t>.16.l9.2J 

The ~xJ.ct mechanism or mechanisms of action of 
dadi:tum;ib arc noc know11. A !ikdy mechanism is r.hac 
ir binds to circ~llating lymphocytes wirh it~redcukin-2 
cr·chain receptor~ bm does not activate the rccc:pcors, 
and the cells therefore have no free inrc:rkulcin-2 
a-chain rc.:epcors available for activation by intcrlcu
kin·2. in ~dd.ition, the decline in the perccntasc: of 
circulating lymphocyr<".S e.xpressit~g CD25 (mc3.Sured 
l>y staining with 7g7 antibody) without an accompa· 
nying decrease in the absolme Humber of lympho
cyt~s suggests char the c:xprc:ssion of u1terkuk.in-2 rc=
cc:ptors is down·regulated or rhe shedding of the 
daclUumab-bound intcrkukin-2 a chain is increased. 

1n conclusion, when added to therapy wich cyclo· 
sporinc, azathioprine, and p rednisone, dadizun\ab 
reduces the frequency of acure rejection and im
prov~ short-term gi:afr surviv~l in renal-cransplant 
rcc1p1cms. 

We i:IYe imi&lr.ed "&o DY. 11JWMJ A. W11/J,,,4,..,. fqr hu 'ontrihu
rio" r~ the rlr:i>eiotmmt of dacli:.u,,mb, An ii t<> Mi. PeJJ!Fl Millnr for 
:,,, a.ssitumce i11 rl1e P"&PA,.a.tio•i of rht 'f1t1111sseript. 

APPEND IX 
I 11 '>lldicil•n m chc luthors, th~ fullowing invt~tig:icon participated in chc: 

Ihcli~unul.> Triple Thcnp}' SruJy Crc:>•rp: Vi: .,.rirr Gff.erill HOl['frq!, H4'i
fi1';, N.S., C"''""" - B. KibcrL: &difi1191 Hv111lt1tl, Hudrfi".IJ<, Sw1d<r1 -
G. ''fyde11; U>ti~t•rh:;v of Mir.•u.sora, Mi,,-ieapoJ•: · - A. Matu; Be.lb ltr0e.l 
Dtnco"a Mcdi:n/ C:•:rro; ~'" - M . Slt:1pirv; 'f'aJ,,po. G1..ur4/ HDJ'['lra~ 
'f.• mJlfl, F/,,, - G. Chw; V«>1fOt/Y1r c • .,., .. 1 HotyirnJ, Vc'l<OhVtt.: R.C., 
C:11r1111l1~ - P. J.:.:own; U>Jiv.1~ity afUJifomi11, .v;.1 F>·M1tiuo- M. bnti~ 

Urii>eT'!i11 uf Albtt'tn, &lmtmlo"· .1fo ... C1m .. 1,. - K Sol~; •flt~ Hoff
,.,,.,.,-La[l.o,,;1~, /Jutl"f, NJ. -·- ,\. Lin. l. Pacr.l, K Nicfordi, .".. Woliczky, 
~n.t J. H~kimi. 
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.Application No. 

08/146,206 Carter et al 

Interview Summary Examiner 

MINH TAM DAVIS 
Group Art Unit 

1642 

All participants (applicant, applicant's representative, PTO personnel!: 

(1) MINH TAM DAVIS (3)~------------------
(2) Wendy Lee (4)~----------------~ 
Date of Interview ______ D_e_c_1 ~1,_2_00 __ 1 ____ _ 

Type: a) IZl Telephonic b) D Video Conference 
c) D Personal [copy is given to 1) D applicant 2)0 applicant's representative) 

Exhibit shown or demonstration conducted: d) 0 Yes e) IXI No. If yes, brief description: 

Claim(s) discussed: ---------------------------------------

Identification of prior art discussed: 

Agreement with respect to the claims flD was reached. glD was not reached. hlD N/A . 

Substance of Interview including description of the general nature of what was agreed to if an agreement was reached , or 
any other comments: 

Pending claims 43-105, 113-131 are allowable. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims allowable is 
available, a summary thereof must be attached.) 

i)l&l It is not necessary for applicant to provide a separate record of the substance of the interview (if box is checked) . 

Unless the paragraph above has been checked, THE FORMAL WRITIEN REPLY TO THE LAST OFFICE ACTION MUST 
INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP section 713.04). If a reply to the last Office action has 
already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE 
SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on reverse side or on attached 

Examiner Note: You must sign this form unless it is 
an Attachment to a signed Office action. 

U. S. Potent and Trodemar~ Olffce 
PT0-413 (Rev. 03-98) Interview Summary Part of Paoer No. 66 
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• 
RAW SEQUENCE LISTING 
PATENT APPLICATION: US/08/146,206C 

Input Set : A: \p0709pl.txt 

DATE: 12/11/2001 
TIME: 13:58:59 

output Set : N:\CRF3\1211200l\Hl46206C.raw 

SEQUENCE LISTING 
W--> J SEQUENCE LISTING 

5 (l) GENERAL INFORMATION: 
7 (i) APPLICANT: carter, Paul J . 
8 Presta, Leonard G. 

10 (ii) TITLE OF INVENTION: Method for Making Humanized Antibodies 
12 (iii) NUMBER OF SEQUENCES : 26 
14 (iv) CORRESPONDENCE ADDRESS: 
15 
16 
17 
18 
19 
20 
22 
23 
24 
25 
26 
28 

(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: ' 1 DNA Way 
(C) CITY: South San Francisco 
(D) ·STATE: California 

ENTERED 

c--> 29 
c--> JO 

31 
33 
34 
35 
37 
38 
39 
40 
42 
43 
44 

(V) 

(Vi) 

(Vii) 

(E) COUNTRY: USA 
( F) ZIP: 9 4 0 8 0 

COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
(B) COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: WinPatin (Genentech) 

CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: US/08/146,206C 
(B) FILING DATE: 17-Nov-1993 
(C) CLASSIFICATION: 

PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/715272 
(B) FILING DATE: 14-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
(B) REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709Pl 

(ix) TELECOMMUNICATION INFORMATION: 
{A) TELEPHONE: 650/225-1994 

45 ( 2) 
47 

(B) TELEFAX; 650/952-9881 
INFORMATION FOR SEQ ID NO: 1 : 
(i) SEQUENCE CHARACTERISTICS: 

48 
49 
so 
52 
54 
55 
57 
58 
60 
61 
63 
64 

(Xi) 
Asp ILe 

l 

(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 
Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

5 10 15 
Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 

20 25 30 
Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

35 40 45 
Leu Leu Tle Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 

50 55 60 

fiJ,,._· 11r-\rrM\011thnlrt\ V ~rJ..Jl dh?Ol\r htm 

r 

.£. "(;'"" ..I. VI. I 

1600 

1?/111"1 
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• 
RAW SEQUENCE LISTING 
PATENT APPLICATION: US/08/146,206C 

Input Set : A:\p0709pl.txt 

• 
DATE : 12/11/2001 

TIME: 13 : 58: 59 

Output Set : N:\CRF3\12112001\R146206C. raw 

66 Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
67 65 70 75 
69 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
70 80 85 90 
72 His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
73 95 100 105 
75 
76 

Ile Lys Arg Thr 
109 

78 (2) 
80 

INFORMATION FOR SEQ ID NO: 2: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 

81 
82 
83 
85 
87 
88 
90 
91 
93 
94 
96 
97 
99 
100 
102 
103 
105 
106 
108 
109 

(Xi) 
Glu Val 

1 

(D) TOPOLOGY: Linear 
SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Gln Leu Val Glu Ser Gly' Gly ·Gly Leu Val Gln Pro Gly 

5 10 15 
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 

20 25 30 
Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 

35 40 45 
Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 

SO SS 60 
Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 

65 70 75 
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 

80 BS 90 
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 

95 100 105 
Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 

110 115 120 
111 (2) INFORMATION FOR SEQ ID NO : 3: 
113 (i) SEQUENCE CHARACTERISTICS: 
114 (A) LENGTH: 109 amino acids 
115 (B) TYPE: Ami no Acid 
116 (D) TOPOLOGY; Linear 
118 (Xi) SEQ!JENCE DESCRIPTION; SEQ ID NO: 3; 
120 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
121 l 5 10 15 
123 Gly Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
124 20 25 30 
126 Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
127 35 40 45 
129 
130 
132 
133 
135 
136 
138 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 
65 70 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr 
80 85 

Phe Thr Leu Thr Ile 
75 

Tyr Tyr Cys Gln Gln 
90 

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln ·Gly Thr Lys Val Glu 
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RAW SEQUENCE LISTING DATE: 12/11/2001 
PATENT APPLICATION: US/08/146,206C TIME: 13:58:59 

Input Set : A:\p0709pl. txt 
Output Set: N:\CaF3\12112001\H146206C.raw 

139 95 100 105 
141 Ile Lys Arg Thr 
142 109 
144 ( 2) INFORMATION FOR SEQ ID NO: 4: 
146 ( i) SEQUENCE CHARACTERISTICS: 
147 (A) LENGTH: 120 amino acids 
148 (B) TYPE: Amino Acid 
149 (D) TOPOLOGY: Linear 
151 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
153 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
154 1 5 10 15 
156 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
157 20 25 30 
159 Asp Tyr Ala Met- Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
160 35 40 45 
162 Glu Trp Val Ala Val Ile Ser Glu Asn Gly Ser Asp Thr Tyr Tyr 
163 so 55 60 
165 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp· Asp Ser 
166 65 70 75 
168 Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
169 80 85 90 
171 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Gly Ala Val Ser 
172 95 100 105 
174 Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
175 llO ll5 120 
177 ( 2) INFORMATION FOR SEQ ID NO: 5: 
179 (i) SEQUENCE CHARACTERISTICS: 
180 (A) LENGTH: 109 amino acids 
181 (B) TYPE: Amino Acid 
182 ( D) TOPOLOGY: Linear 
184 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
186 Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
187 1 5 10 15 
189 Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
190 20 25 30 
192 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
193 35 40 45 
195 Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
196 so 55 60 
198 Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
199 65 70 75 
201 Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
202 80 85 90 
204 His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
205 95 100 105 
207 Ile Lys Arg Ala 
208 109 
210 (2) INFORMATION FOR SEQ ID NO: 6: 
212 (i) SEQUENCE CHARACTERISTICS: 
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• 
RAW SEQUENCE LISTING 
PATENT APPLICATION : US/08/146,206C 

Input Set : A: \p0709pl.txt 

• 
DATE : 12/11/2001 

TIME : 13 : 58:59 

Output Set : N:\CRF3\12112001\Hl46206C.raw 

213 (A) LENGTH: 120 amino acids 
214 (B) TYPE: Amino Acid 
215 (D) TOPOLOGY: Linear 
217 (Xi} SEQUENCE DESCRIPTION : SEQ ID NO: 6 : 
219 Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
220 1 5 10 15 
222 Ala Ser Leu Lys Leu Ser cys Thr Ala Ser Gly Phe Asn Ile Lys 
223 20 25 30 
225 Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu 
226 35 40 45 
228 Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
229 50 55 60 
231 Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser 
232 65 70 75 
234 Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp 
235 80 85 90 
237 Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
238 95 100 105 
240 Ala Met Asp Tyr Trp Gly Gln Gly .Ala Ser Val Thr Val Ser Ser 
241 110 115 120 
243 ( 2} INFORMATION FOR SEQ ID NO: 7; 
245 ( i ) SEQUENCE CHARACTERISTICS: 
246 (A) LENGTH: 27 base pai rs 
247 ( B) TYPE: Nucleic Ac:i.d 
248 ( c} STRANDEDNESS: Single 
249 (D) TOPOLOGY: Linear 
251 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
254 TCCGATATCC AGCTGACCCA GTCTCCA 27 
256 ( 2) INFORMATION FOR SEQ ID NO: 8: 
258 ( i) SEQUENCE CHARACTERISTICS: 
259 (A) LENGTH: 31 base pairs 
260 (13) TYPE: Nuclei c Acid 
261 (C) STRANDEDNESS: Single 
262 (D) TOPOLOGY: Linear 
264 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 ; 
267 GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31 
269 (2) INFORMATION FOR SEQ ID NO: 9: 
271 (i) SEQUENCE CHARACTERISTICS: 
272 (A) LENGTH: 22 base pairs 
273 (B} TYPE : Nucleic Acid 
274 (C} STRANDEDNESS: Single 
275 ( D) TOPOLOGY: Linear 
277 (xi} SEQUENCE DESCRIPTION : SEQ ID NO : 9: 
280 AGGTSMARCT GCAGSAGT~W GG 22 : 
282 ( 2) INFORMATION FOR SEQ ID NO: 10 : 
284 (i) SEQUENCE CHARACTERISTICS : 
285 (A) LENGTH: 34 base pairs 
286 (B) TYPE: Nucleic Acid 
287 (C) STRANDEDNESS: Single 
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RAW SEQUENCE LISTING 
PATENT APPLICATION: US/08/146~206C 

Input Set : A:\p0709pl . txt 

• 
DATE : 1 2/11/2001 

TIME : 13:58:59 

Output Set : N:\CRF3\12ll200l\Bl46206C.raw 

288 (D) TOPOLOGY: Linear 
290 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
293 TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 
295 (2) INFORMATION FOR SEQ ID NO : ll; 
297 (i) SEQUENCE CHARACTERISTICS: 
298 (A) LENGTH: 36 base pairs 
299 (B) TYPE: Nucleic Acid 
300 (C) STRANDEDNESS: Single 
30l (D) TOPOLOGY: Linear 
303 (X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 11 : 
306 GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG , 36 
308 (2) INFORMATION FOR SEQ ID NO : 12: 
310 (i) SEQUENCE CHARACTERISTICS: 
311 (A) LENGTH: 36 base pairs 
312 (B) TYPE: Nucleic Acid 
313 (C) STRANDEDNESS : Single 
314 (D) TOPOLOGY: Linear 
316 (xi) SEQUENCE DESCRIPTION: SEQ ID NO = 12: 
319 GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 
321 (2) INFORMATION FOR SEQ ID NO: 13: 
323 (i) SEQUENCE CHARACTERISTICS: 
324 (A) LENGTH: 36 base pairs 
325 (B) TYPE: Nucleic Acid 
326 {C) STRANDEDNESS '. Single 
327 (D) TOPOLOGY: Linear 
329 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 13: 
332 GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 
334 (2) IN¥0RMATION FOR SEQ ID NO : 14 : 
336 (i) SEQUENCE CHARACTERISTICS : 
337 (A) LENGTH: 68 base pairs 
338 (B) TYPE: Nucleic Acid 
339 (C) STRANDEDNESS: Single 
340 (0) TOPOLOGY: Linear 
342 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
345 CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 
347 ATATCCGTAG ATAAATCC 68 
349 (2) INFORMATION FOR SEQ ID NO: 15: 
351 (i) SEQUENCE CHARACTERISTICS: 
352 (A) LENGTH: 30 base pairs 
353 (B) TYPE : Nucleic Acid 
354 (C) STRANDEDNESS: Single 
355 (D) TOPOLOGY: Linear 
357 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 : 
360 CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 
362 (2) INFORMATION FOR SEQ ID NO: 16: 
364 (i) SEQUENCE CHARACTERISTICS: 
365 (A) LENGTH: 107 amino acids 
366 (B) TYPE: Amino Acid 
367 (0) TOPOLOGY: Linear 
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VERIFICATION SUMMARY 
PATENT APPLICATION : US/08/146,206C 

-Input Set : A:\p0709pl.txt 

·~· 
DATE: 12/11/2001 

T I ME: 13:59 : 00 

Output Set: N:\CRF3\12112001\Hl46206C.raw 

L:3 M:244 W: Invalid beginning of sequence listing, Data=(SEQUENCE LISTING) , Duplicate 
Sequence Listing Title! 
L:29 M:220 C: Keyword misspelled or invalid format, ((A) APPLICATION NUMBER : ] 
L : 30 M: 220 C: Keyword misspelled or invalid format, [(B) FILING DATE : ] 
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12-12-Dl l\:48am From·Genentech Laaal +1 650 B5Z 9881 T-282 P.DDl/012 F-366 

Genentech Legal Department 
I DNA Way 

South San Francisco, CA 94080 
650-225-2830 

Fax: 650"952-988119882 

FAX TRANSMISSION COVER SHEET 

Dtlte: December 12, 2001 

To: Examiner Minh-Tam Davis 
Group Art: 1642 

Fax: (703) 746-7145 

Re: U.S. Ser. No 09/146,206 
filed August 1, 1995 
Attorney Docket No.: P0709P1 

Sender: Anna Kan for Wendy Lee 

YOU SHOULD RECEIVE /:;J_ f'AG£(S), INCLUDING THIS COVER SHEET. IF YOU fJO NOT 
RECEIVE ALL THE PAGES, PLEASE CALL 650-225- 2830. 

COJIFID!:HT1A1.1TY 1101!8 

t b.c QOC""'~nt~ bCC~anying tllio C..Cslll-H .. ~1'6~._,.Uo1on c:onq~n ln!OJ:Mt1on trom G.-:Nt.'lf&eU, I>IC. wl>1cll 13 co~Lldt0a<.i.1 e r 
s:ir1vll.a9•d. Thia i.nfo~uon i3 jn'C~nde-d only fer 'CAC l.nd.1.Vj.(ltJ"l o r en~1C)' ft,;i.r\C:d on. tb.11t t'a.n::mi1~~1.on !';he&t. l! you src na'C tnc 
in"Ccndod ~•C1J)ient , be ~v.,,IA 'th:tC any di•c:lo~ure, copy.in;, t'llacrlbution, or U!'IA ot tJu: coot~n~~ or ~\~ tt1xcd info"'4'"t.on la 
~~.r1etb prohibicca. I~ you h.ve reca1vc:a tf'l.J.:: r.::ac.oJ1"1\• 1n error. plc:~:&o not>t'~ u.s oy tcl.a~on• >an..otd.1.et.•lr so Chae '"' Orl)n 
~r~9.nQct lac the ~nwrr. or t.bt: oriqin~,J. eOC\&ft•ntf 'tO \d •f\d ~be .:ctr~n:=.1;:.,.J,ou O! chCA t.O t.ho .1.nJ;'ft'IOt;d Rcipienc ... 

Dear Examiner Davis, 

Pursuant t o your request, attached are courtesy copies of the IDS 
Transrnit~als and PT0- 1449 Fonns filed on Augus~ 1, 1995 and February 1, 
1999 . We understand tha~ you have tile cited refe~ences but, i f not, let us 
know and we will be happy to provide further copies . 

Kindly send us initialed copies of the PT0- 1449 Forms fox the IDSs f iled on 
the following daces. The reference nos. are noted below in parentheses . 

09/02/97 
08/24/98 
02/01/99 
03/09/99 
08/30/01 

(refs. 100-207 > 
(refs . 215-224) 
(refs. 225-262) 
(:ref. 263) 

{ref . 264- 265) 

Very truly yours, 
Genem:ech, Inc. 

~(~ 
Anna Kan for Wendy Lee 

Received from < +16509529881 >at121121012:55:22 PM ~astem standard Time) 
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12-12-01 11:50am ,,,,. From-Genentech Leaal +l 650 952 9881 

WL /tb 

Potent Docket P0709P 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1642 

Paul J. Corter et al. Examiner: J. Reeves 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANiZED 
ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington. D.C. 20231 

Sir; 

Applicants submit herewith patents. pubficotions or other inforrnaf1on (attached hereto ond 

f;, ;,3d on the attoched Form PT0-1449) of which tney ore aware. which they believe may be 

material to the examination of this application and in respect of which there may be o duty to 

disclose in accordance with 37 CFR § l .56. 

This lnformotion Disclosure Statement: 

(a) O accompanies the new patent oppllcotion submitted herewitn. 37 CFR § 1.97(0). 

(b) O Is filed within three months ofter the filing dote of the applica tion or within three 
montn~ after the date of entry of me nationol stage of o PCT opplicatlon as set forth 
in 37 CFR§ 1.491. 

(c) O as for as is known to the undersigned. is filed before tne malling date of a first Office 
oction on the merits. 

(d) O is filed o fter the first Office Action and more than three months after the application's 
filing dote or PCT nationol stage date of entry filing but, os far os Is known to the 
undersigned, prior to me mailfng date of either o final reJec11on or o notice of 
ollowonce. whichever occurs first, and Is accompanied by either the fee CS240) set 
for.h In 37 CFR § 1.17(J)) or a statement os specified In 37 CFR § 1.97(e). as checked 
below. Should any fee be due, the U.S. Potent ond l'rodemark Office ls hereby 
outhortzed to charge Deposit Account No. 07-0630 in the amount of $240.00 to c over 
the cost of this Information Disclosure Statement. My deficiency er overpayment 
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--
08/T46.206 Poge2 

should be chorgei::t or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(e) O is filed otter the moiling date of either o final rejection or a notice of allowonce. 
whichever occum~d first. and Is accompanied by the fee ($ 130) set forth in 37 CFR 
§ 1.17(i) ond o statement os specified in 37 CFR § 1.97(e). os checked below. This 
document Is to l:Je considered as a petition requesting consideration of the 
Information dlsdosure statement. The U.S. Patent ond Trademark Office ls hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of$ 130.00 to cover 
the cost of 1his lnfl:>rmatlon Disclosure statement. Any deficiency or overpayment 
should be chorgecj or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(f) (xJ is filed after the malling dote of a final rejection. but o request to withdrew the 
finality thereof unc~er 37 CFR § 1.129(0) was submitted on August 24, l QQ8. The U.S. 
Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
07-0630 to cover the cost ot this Information Disclosure Statement In the event that 
any fees are due. A duplicate of 1njs sheet is enclosed. 

Of either of boxes (d) or (e) is checked above, the fellowing statement under 37 CFR § l .97(e) 

may need to be completed.) 1ht3 undersigned states that: 

O Each Item of info1mation contained In the lnformotion disclosure stotement was 
cited in o communication moiled from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of tt\is information 
disclosure stoteme!nt. 

0 No item of information contained in this Information disclosure stotement was cited 
in o communlcotic:>n moiled from a foreign patent office in o counterpart foreign 
application and, t'o the knowledge of the undersigned after moking reasonable 
inquiry. was known to any individual designated in 37 CFR § l .56(c) more tho11 three 
months prior to the1 filing of this lnformatton disclosure statement. 

A Hst of the patent(s) or pu bllcotion(s) Is set forth on the attached Form PTO-1 M9 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

(x) each O none O only those listed be!ow: 

A concise explanatJon of relevance ot the items listed on PT0-1449 is: 

(x) not given 

a g iven for each listed item 

O given for only non-l::nglish language listed item(s) (Required) 

0 In the form of on Engllsh longuage copy ot a Search Report from a foreign potent 
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office. issued in a counterpart opplicatlon. which refers to the relevant portions of 
the references. 

The Examiner is reminded: that a "concise explonotlon of the relevance• of the submitted 

prior art •may be nothing more thon identificotion of the particular figure or paragraph of tne 

potent or publication which hos ~;ome relation to the claimed invention." MPEP §609. 

WhUe the information ond references disclosed In this Information Disclosure Statement may 

be •material" pursuant to 37 CFR § l .56. it is not intended to constiMe on admission that ony patent. 

publicotion or other information referred to therein ts "prior ort" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l .97(g). the filing of this Information orsclosure Statement sholl 

not be construed to mean that a search hos been made or that no other materiel rnfonnotion os 

defined in 37 CFR §l.56(a) exists. It Is submitted that the lnfonnatioh Disclosure Statement is in 

compliance with 37CFR§1.98 one~ MPEP §609 ond the Examiner is respectfully requested to consider 

the listed references. 

Dote: January 29, 1999 

1 DNA Way 
So. San Francisco. CA 9408()..4990 
Phone: (650) 22~ 1994 
Fox: (650) 952-9881 

By: -""~-....;:;cs..6~~---
Wendy M. Lee 
Reg. No. 40,378 
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In re Application of: Pao! J. Caf1e< el al. 
Setiill No.: 08/146,200 
Filed O": 17 Nll'lembe< 1993 
~led on: t l\IJQUSI 1995 

+1 650 952 9881 

Dodcet No.: 709P1 
By: Wend'( M. lee 
Reg.No.: 

T-282 P.002/012 F-36G 

Tile foUowing hu been received in the U.S. -p;1e111 OlTice on Ille date s:~m~: 

In re~Jion of; Paul J. Caner et al. 
Serial No.: 08/146,D 
riled On: t 7 NoYembet 1 ega 
Ma!led On: 1 August 1995 

AmerdneoVRe.sponse 
Exlension ol Timd Request (clJp) 
Commuoication!T ransmiftal Lett~ (4\lp) 
Nola of~ (dupj 
Issue Fee Transmittal Form 
tnroonatlcn Oisdosl.lf\! Statement (Supplementill) 
Form 1449 wi\11 3 References 
Cel1i<w:a1e o( M<lilircl 
Ceni!icata of Bci>r~ ~ling 
Elcpti!$S Ma~ l.lbel No.: 
Othcf: Limited Recognilion 

Docltef No.: 709Pt 
By: Wend'( M. Lee 
Reg. No.: 

U.S. Pllteot ~icalion 
Rule 60 Ruie 64! 
Oeelaration/P~ of Ally 

-- Assignment 
_ Recordation Fonn/Fee 

__ Drawing.:_ Sheet$ 
__ lnfomlal _ FOl'mlll 

_ ~t..r..ling & Diskena 
__ PCT Pale!lt Appliat!on 

U.S. Palen! Application 
Rule 60 _ Rule 64 
DcdaralionlP0\11\!r of A!t'y 
AssignmCl!t 

__ Recoroalion Forrnffce 
DraWings: _Sheets 

Informal _ Fonnal 
~Listing & Disktllte 
PCT Patent ~icafion 
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PATENT DOCKET 709P1 

IN THE UNITED STATES PATENT ANO TRADEMARK OFFICE 

In re Ap'plieation of ) 

I 
l 
} 

) 

) 
) 

) 
) 

) 

) 
) 

Group Art Unit: 1806 

Paul J. Carter et al. Examiner: D. Adams 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

~ 
l 
I 
) 
) 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

BOX DD 1f$:: Honorable Commissioner of Patents 
end Trademar~s 

Washington, D.C. 20231 12-/ 13 /o I' 
Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and listed 

on the attached Form PT0·1449l of which they are aware, which they believe may be material to the 

examination of this application and in respect of which there may be a duty to disclose in accordance 

With 37 CFA §1 .56. 

This Information Disclosure Statement: 

(a) (J accompanies the new patent application submitted herewith. 37 CFR § 1.97(a). 

Cb) [J is filed within three months after the fifing dote of the application or within three 
months after the date of entry of the national stage of a PCT application as set forth 
in 37 CFR§ 1.491. 

(c) () as far as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

(d) (XJ is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as for as is known to the 
undersigned. prior to the mailing date of either a final rejection or a notice of allowance, 
whichever occurs first. and is accompanied by either the fee I $210} set fon:h in 37 CFA 
§1 .17(p) or a certification as specified in 37 CFR §1.97{e), as checked below. Should 
any fee be due, me U.S. Patent and Trademark Office is hereby authorized to charge 
Depo3it Account No. 07-06:30 in the amount of $210.00 to cover the cost of this 
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Information Disclosure Statement. Any deficiency or overpayment should be charged 
or credited to this deposit account. A duplicat_e of this sheet is enclosed. 

(e) () is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($ l 30) set forth in 37 CFR 
§1. 17(i)(1) and a certification as specified in 37 CFR § 1.97(e), as checked below. This 
document is to be considered as a petition requesting consideration of tne information 
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to 
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of 
this Information Disclosure Statement. Any deficiency or overpayment should be 
charged or credited 10 this deposit account. A duplicate of this sheet is enclosed. 

(If either of boxes (di or (e) is checked above. the following "certification~ under 37 CFR 

§ 1.97(e) mav need to be completed.) The undersigned certifies that: 

() Each Item of information contained in the information disclosure statement was cited 
In a communication mailed from a foreign patent offioe in a counterpart foreign 
application not more than three months prior to the filing of this information disclosure 
statement. 

n No item of information contained in this information disclosure Statement was cited in 
a communication mailed from a foreign patent office in a counterpart foreign application 
or. to the khowledge of the undersigned after making reasonable Inquiry, was known 
to any individual designated in 37 CFR § 1.56(c) more than three months prior to the 
fHlng of this information disclosure statement. 

A list of the patent(sl or publication(s) is set forth on the attached Form PT0-1449 (Modified) . 

A copy of the items on PT0-1449 ls supplied herewith: 

[XJ each [) none () only those listed below: 

Those patent(s) or publication(sl which are marked w ith an asterisk(*) in the attached PT0-1449 form 

are not supplied because they were previously cited by or submitted to the Office in a prior application 

Serial No. , filed and relied upon in this application for an earlier filing date under 35 USC § 120. 

A concise explanation of relevance of the items listed on PTO-1 449 is: 

(XJ not given 

() given for each listed item 

O given for only non~English language listed item(sl !Required} 

U In the form of an English language copy of a Search Report from a foreign patent office, 
Issued in u counterpart application, which refers to the relevant portions of the 
references. 

Received from< +16509529881 >at 12112/012:55:22 PM ~astern Standard Time) 
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11:49am From-Genentech L11al +I 650 952 9881 T-282 P.005/012 F-366 

·...__,. 

oe114e,206 Page 3 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior 

art "may be nothing more than identification of the particular figure or paragraph of the patent or 

publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed In this Information Disclosure Statement may 

be "material" pursuant to 37 CFR §1 .56, it is not intended to constitute an admission that any patent, 

publication Of other information referred to therein is "prior art" for this invention vnless specifically 

designated as such. 

In accordance with 37 CFR §1 .97(g), the filing of this lnformetlon Disclosure Statement shall 

not be construed to mean that a search has been rnade or that no other material information as defined 

in 37 CFR § 1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance 

with 37 CFR § 1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed 

references. 

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attacl'led as proof of the authorization 

of the undersigned to prosecute the above-mentioned application. The original of this document is on 

file in the Office of Enrollment and Discipline. 

Date: August 1, 1 995 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 962-9881 
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In re App~catlon ot: Paul J. carter el aL 
5eria1 No.: 08f146,206 
Flled On; November 17, 1993 
Hand Dl!Uvered On:_ Feb!vaty 1999 

Ood\el NO.! P0709f'1 
8y: Werv}y M. Lee 
Reg. No.: 40,378 

The fol!OYN'lg has been received iii tna U.S. Patent Office on trie dalll sl8mped: 

~ 
_x_ 
_ -s_ 
_JC_ 

Information Dlsdosm S3temcm 
;orm 1449 will\ ].L References 
Communieallon with i;anto11 A and two prlorky documents 
Cenll\cale of Hand Oetiveiy 

In reAppr:.....· 
.. -~-· ''WllOn of: Paul J, Caner et l 
...,.Iii.I No.: 0811 •~ "'06 a n......... 
Flied """ ~lllit No.: P070BP1 

On: No'lllmber 17 1993 By: Wendy M. loe 
H31ld Oe!lllered On:_.'._ February 1999 R~g. No.: ~0.378 
The loJJo • rias 
~ been r&telvoo in Iha U.S. Pat 

ant Office on l~e Ciale siampea. 

- : _ ~TO/'rl'lalJon Ois«osure Sta1etnen1 
omi 1449 ~tn ~ R~orelloe., 

--L Communtca1lon w~h Emi!f 
~ Cefljficalo ot Hand Oellve~ A al"ld two priority <foe:umen1s 

12 :21 i;'d [ - 'i~J ,.,. 
u _ Ov 

0C6~/0,. · ·-... :..Jj· ·.: • • • 
G 

I \.1.").J.. , • ~ , ... 
~,· 1~~.., I,,,. ..J •'·-1~.L ... ' -...iw_ 

I . 
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• ~- • +1 550 952 1881 • 

J!Vr #_. f c 
T·28i P.011/012 F-366 12-12-01 11 :Slam From-Genentech Leaal 

.._,.· ...._,· Sheet _1 _ Of _2 _ 

FORM PT0-1449 U.S. Dept. ot Commerce Atty Docket No. l Serial No. 

P01 09Pl 08/146.206 
Patent and Trademark Office 

Applicant 
LIST OF DISCLOSURES CITED BY APPLICANT Cart.er et ol. 

(Use several sheets if necessary) Fiiing Date 

I 
Group 

l.7 NOV 1993 180G 

U.S. PATENT DOCUMENTS 

Examiner 
nitials Document Number Date Name Class Subclass Filing Date 

225 s. 714, 350 03.02.98 eo et: al. 13 . Ol. 95 

226 5,821 , 337 13.10. 98 c;u~ter e1: al. 

FOREIGN PATENT DOCUMENTS 

Examiner Translation 
nitials Document Nwnber Date ' Country Class Subclass Yes No 

227 0 46'0 l.67 Bl 11.12.91 .i;;po 

228 0 519 596 Al 23.ll.92 EPO 

229 0 592 106 A1 l.3. 04 . 9'1 EPO 

230 120,694 03 . 10.84 £PO 

'231 125 , 023 Al. l.9.U . 84 EPO 

232 368,564 16.05 . 90 EPO 

233 94/1.1509 26 . 05 . 94 PC'l' . 
2H WO 89/09622 PCT 

235 l':tl !12n.l.38S 09.07 . 92 PCT 

236 2 188941 1 4 . 1 0.87 UNITl?D .KINGDOM 

OTHER DISCl.OSURES (Including Author, Title, Date, Pertinent Pages, etc.) 
•siosym Teel'U'lo.1.og:i.eo· in New l'J;OQUC:!:S, Cheml.Oll.I. De&J.gn AUt.01113.tion _,. 1Decenwe.l' .l!lllll) 

237 

·~0.1.ygen corpor~tion• in New Proeluc:t:a, Cnem\C:O.l Design Aucomac:i.on 3 • (Novemoer 198111 

2 38 

,......l.r Ct. ~l., Hwna.nizac:i.on ot t ile mun .ne ilnti•o\.1111an COl mopoc.1.ona.1. antlbOoY OK'l'.J " wn~ 4~•.'!."~~ 

239 J:ilal~igQll!i!.~ 5:41-47 119911) 

Cnoaua et. a.1. . • 'Principles ot prot.ein- prot.e\n rec09fl1t.1on• ~ 2:>0 :·1u~-1oa (1975) 

240 

cn.oc~a at ai .• "Tran,,mission ot ciontorma~ionai cnan1,1e in insu11n· ~ JO:l :500-505 Cl9B:ll 

241 

Cgr~1 et. <U., • I.cuocope oec:eriru.n1n~ Negions ot "' biou&e Monoc.io.na.1. Antibody ane1 J.t.s MW11arn~cd ver~:.ona • 
2 42 w. Jf2l - Di!2l • 235:53-60 !l.9.9dJ 

cout.o et: a .1. .• •Jl.ntl.-BA4o l!lonoc:.1.olllll. Anti body Mc:-' Hwnani~~t•on vsing a Novcu l'osi. t:iona.L. Consensus and in 
243 Viv.:i o od in Vitro Charac:terizatio~· C~D~e~ Be·~~~'h S~lltlleme~~ 55:1717- 1722 (1995) 

couco ec al,., "H"""""nizacion ot KC'lGJ, M Ant.1-11.wnan caroinOlllil Ant:i...,..,y• ., lJ:.H:>•<ll.ll (l.!194 ) 

244 

E.1..1.l.S et. ~.I. ., 'Eng-uieereci Ant.:. COJ" Monoc:.1.ona.1. >.nt :i..t>oai.es [Or l:lmlWlotnerapy o: Mu.1.t:i:P.le Myelomo · ~ 
2 -!5 .IQJ.a.:a:cAI. sz_: ImllUIJJS2l~ pp11 . 925-937 (19951 

Eh.acer ec a..i.. , • Evol.ut:ion or Huma.n llt'llllunog.1.01Ju.u.n K J :Keg i on GonE:S" "'"~ ,~ .. ~- nr .... ,.., ml..~ ~ ...--

2'6 257 ,1516-1522 11!182) 

LesJc:1 ~~n=- M •• •How D~i: terent: AlllJ.no Ac:~a Seauenc:es ..... terrnille 1u.in~ .l= Prot.e.i.n St:ructures : Tne S'Cni.c:c:ure 
2 47 and Evolut~onary I>l/nilmic:s of chc Clobine• I 1:1121 E!is;zl 136:225-270 (1980) 

Examiner I Date consi!lered 

"l:Xami~er: Initial if reference consfd~red. whether or not citation is in confonnance with MPEP 609; draw line through citation 
if not in confonnanc:e and not considered. Include eopy of thfs fonn wilh next communication to applicant. 

Received ~om< +16509529881 >at 12/121012:55:22 PM ~astern Standard Timej r nfik\ 
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12-12-01 11 :Slam • From· Genentech Le1al +I ISO IS! 188, . T-282 P.01 2/012 F-366 

Sheet _:i_ of ~ 

FORM PT0-1449 U.S. Dept. of Commerce Atfy Docket No. I Serial No. 
1'070!!~1 08/146.206 

Patent and Trademark Office 
Applicant 

UST OF DISCLOSURES CITED BY APPLICANT carr;er ec a L 

(Use several sheets if necessary) Fiiing Date I Group 
17 Nov H93 1806 

OTliER DISCLOSURES (Including Author, Tide, Date, Pertinent Pages, etc.) 
Matsumura et: a.1. ., • Hyu.i ophO.bl.C st.lllll.ll.211.t.l.on in 'l'4 .l.y!JOZyrr!e aetenn1nea a1rec-r..1.y .by multaple 

248 auhat:it:ucions o f Ile )" ~ ))4 : 4()6- 410 (19B8) 

Morri.son, s. t. .• "'l're.n10£o.c::1:.oma.s Pl"ov.i.c!e Nove.L <.;.nl.merl.c Ant:iboC:Ues • SCJ.§T!C§ ~29 ! J.-202-1201 < s .. p~einoe.r :i a , 
l4~ USSI 

1NaKat:an1 et a l., "HW11iUll.2at..1.on o :t tt1ol.lse a.nr.;i. ·fl1,1mQ,n :tli-2 rec:epcor ant:i.ooay s-a10- ... ~ .. . --· 
250 7 : 4 3S-443 Cl994 l 

ohcomo et: al . • "HUJna.Dl.Z<>.tion ot Mouse ONS-M:Oll Anl'.l.OOC!Y ""l.tl'l Ule A),CI Ot HYCl'l.Q Var1a.oie Regions• 
251 t:is:ilec:ula:r:: Imm~'IlQltl9:ll: )2 : 407-41 G !l.99S I 

I'iidlAn e i:. e.l., "UQQeJ.-BUl.l.C11ng St:-uo:i.es or Antigen-Sinain~ Sites: 'the aupcen-lhncii ns Site o t !"11.11:'\;-:ns · 
252 S::.l:i H2:i::l2i.u: Svmn au ant Bi1:2l 411627-637 tl9/7) 

ROc.rl.gues ec. a .l .• •.e:n~1neer1ng a nummazed bi._r;pe c:iflC E'l4D' >2 tragment tor :i.na:>r ovect D1l'l<:hng 1:0 T c011s• 

253 l:;i:ol;., J., ~Dk~.: (Suppl .) 7;~$-$0 CU92) 

Sll<l et a.1.., "A .Heavy~cnain Grilttea Anc:ioo<>.)' t:n'1t kecQsn+ZB'i c.ne '!'Wllor-As&oo:.ateu 'l'AC72 Anti9en· Cancer 
254 1 .. - - 9:341-349 (1994) 

Tempesc. ec. a l . , •rcientif icat:ion o:t =iillleworx resiaues r equirea c.o rest ore anc.igen oina.1.ng during 
255 res~ing 0 £ ~ rnonoc:lo~1 l:Ultibody against the g1yc:oproi:.eJ.~ sa 0£ h\,lm~n cri:.ornesalovl~s· lll!<' ;z., !;l i sil. 

~acr::omal 17:37•42 (1995) 
Tramontano. 'St:ruc:tura.L Dec.e:nru.nants ot c.ne Coll:t:Orll\atl.ona o.t Meo.1um•Si:z:e ci Loops >.n Protei.n~· J:;[S!J;;l:U'I§ 

256 6:,s2-n4 (198~) 

Uctu ,ytima. c~ a..i..' 'A MonoClOtle.1 MUtlody !AN'l':t-Tacl Reactive witn Aoci vac.ea ana PUnct:iona.lly Mature Human 
2S'? T cells• .J'.2!.l~il. gf X!!l!!!l.!9S!l'1~ 126 , 1393-1397 (1981) 

Vl.DCl!IlCl. et aJ. . . •J:ncerl.eux>.n- 2 -Receptor :aJ.oc:ka<ie w;a.i:l'l Oacl~z:umaD to Prevenr: Acur:e XeJec:t:ion in Rena~ 
258 Tro.ru;pl ru\tntion• ~ Ells:l J. l:l~ 338:161-165 (1998) 

Vitettn e1: ii1 •• ·RedeGign1ng Nilt:ure ' & Pol.sons to creace Anti-Tl.llnol." Reagents •· se1~nr.e 238 t l09B-1104 (1987 
259 

wa1ainann et a1. , • Ineerl euJu,n 2 llee~eor IT4c Antigen) J::xpressi on in H'l'LV-1-assoe~aeea Ad~l t T-Ce.1.1 
260 Leukemia· C:iiD~ec: hP5ea:r::~b 45:4559a- 4562a (1985) 

Waldmann, ThOlll<UI A • • •Tne Stl:'l.•e~ure, Function, lllld l:!XPreseion ot ~nr:er~eux~n-4 Receptors on Nortt1a.l. ana 
:lfil. Malignant. Ll(I!IPhocytes • ~cieDc:e 232!727-732 11986) 

wu ee al., "M Analysis of Che Sequences ot t.lle varl.al)J.e Regions ot Bence Jones Pr o t el.11.s and. MYelOmil 
262 Light: chains and Thei:r :Implication.$ (or Al'ltibod.Y Complemanr:aJ:ity• l2~~~~~ ~f Exi;ze~imPntal 1:1 .. i;i1, 1ne 

132:211-250 (l'.170) 

. 

Examiner 

I Date Considered 

·~if!er. Initial ff reference considered, Whethef or not citation is in oonfonnance with MPEP 609· draw line through citation 
If not in conformance and not considered. Include e¢py Qf thi$ form with next comrrt\.lnication lO aPplicant. 

USCOMM-DC S0-398. 
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UNl'l' t::D STA'l'&'i oi,a>AHTMt::J"'l' o~- COMMt::HCt:: 
U nitt.-d StAu.~ Puc.unt. und Trud~murk Office 
AJ.Jnisa1 C0,,11\.1.JSSlONUt O F PAT~S AND Tl<ADt:..\ lAHKS 

Wnah1ngu m ( J),C . ~U;!::S I 
WWWUil}.1\.0.~ 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

7590 1211812001 

GENENTECH, INC. 
1 DNA WAY 
SOUTH SAN FRANCISCO, CA 940804990 

EXAMINER 

DAVIS, MINH TAM B 

ART UNIT CLASS.SUBCLASS 

1642 ~0-387300 

DATE. MAILED: 12/18/2001 

APPLICATION NO. FILING DATE FIRST NAMED !NVENTOR - I A n'ORNEY DOCKET NO. I CONFIRMATION NO. 

08/146,206 11/17/ 1993 PAUL J. CARTER 709PJ 3~92 

TITLE OF INVENTION: METHOD FOR MAKING Hl.JMANIZEO ANTIBODIES 

TOT AL CLAIMS APPLN.TYP£ SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE{S) DUE DATE DUE 

82 nonprnvisional NO $ 1280 so $1280 03/18/2002 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 

PROSECUTION QlS. THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

TUE ISSUE FEE AND PUBLICATION FEE (lF REQUIRED) MUST BE PAID WITHIN TH.REE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY 
PERIOD CANNOT !IB EXTEND.ED. SEE 35 U.S.C. 151. 

HOW TO REPLY TO THIS NOTICE: 
I. Review the SMALL ENTITY status shown above. If the SMALL 
ENTITY is shown as YES, verify your current SMALL ENTITY 
status: 
A. If the status is changed, pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above and notify the 
United States Patent and Trademark Office of the change in status, or 

B. If lhe status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

lfthe SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. 

D Applicant claims SMALL ENTITY sta.tus. 
St:e 37 CFR 1.27. 

II. PART B - FEE(S) TRAN SM ITT AL should be completed and returned to the United States Patent and Trademark Office (US PTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have a heady been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part 8 - Fee(s) Transmittal should be 
completed and an extra copy oflhe form should be submitted. 

Ill. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Box ISSUE FEE unless advised to the contrary. 

IMPORTANT REMIJ\j'DER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's respon.sibility to ensure timely payment of maintenance fees when due. 

Page I of3 
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• 
• PART 8 - FEE(S) TRANSMJITTAL 

Complete and mail this form, together with applicable fee(s), to: Box ISSUE FEE 
Assi:stant Commissioner for Patents 
Washington, O.C. 20231 

MAIUNG INSTRUCTIONS: This form should be used for rransmitting the ISSUE FEB and PUBLICATION FEE (if required). Blocks I rhrough 4 should be completed 
where appropriate. All fu.rther correspondence including the .Paten(, advance orders and notification of maintenance fees will tic mailed to the cmrrenl corresp_ondem:c address as 
indicnted unless corrected below or directed otherwise in Block I , by (a) specifying a new correspondence address; and/or (b) indicating a separale "FEE ADDRESS" for 
maintenance fee notificalions. 

CURRE.'lT CORRESPONDENCE ADDRESS {Nole: L.gibly morlr, up wilh ~ny c<><=tion> or use Bl0<k 11 

7590 

GENENTECH, CNC. 
I DNA WAY 

1211812001 

Nott:: The c~rtificate of mailing below can only be used for domestic 
mailings or the Fee(s) Transmittal. This cenific:ue cannot be used for any 
o!he:r accompanying papers. Each additional paper, such as an assignment 
or formal drawing, must have its own certificate of mailing. 

Certificate of Malling 

SOUTH SAN FRANCISCO, CA 940804990 I hereby certify that this Fcc(s) Transmittal is being deposited with lhc 
United States Postal Service witli sufficient pos1age for first class mail in an 
envdope addressed to the Box Issue fee address above on the date 
indicated below. 

(D<posilo(s n11m<) 

(Signalur<J 
-------1 

[D>I<) 

APPLICATION NO. Fil.ING DATE. FIRST NAMED INVENTOR I /\TIORNEY DOCKET NO. I CONFIRMATIOl'l NO. 

08/146,206 11117/1993 PAULJ. CARTER J09PI 3992 

TITLE OF INVENTION: METHOD FOR MAKING HUMANIZED ANTIBODIES 

TOT AL CLAIMS A1'PLN. TYPE SMALL ENTITY ISSUE FEE IPUBUCATION FEE TOTAL FEE(S) DUE 

82 nonprovisional NO 

EXAMINER ART UNIT 

DAVIS, MINH TAM B 1642 

I. Change of correspondence address or indication of "fee Address" (37 
CFR I .36J). Use of PTO forrn(s) and Customer Number are recommended, 
but nol required. 

0 Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) atuched. 

CJ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47) attached. 

Sl280 $0 

CLASS·SUBCLASS J 
530·387300 

2. fo( prinling on th1: patent front p;ige, list (I) 
the nlll'IJes of up 10 3 registered patent attorneys 
or agents OR, altcm1ativcly, (2) lhc name of a 
single firm (having as a member a registered 
attorney or agent) aind the names of up to 2 
registered patent anorncys or agents. If no name 
is listed, no name will be printed. 

3. ASSIGNEE NAM6 AND RES!DENCl:i DATA TO BE PRINTED ON THE PATl:iNT (print or type) 

5 1280 

DATE DUE 

03118'2002 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent Inclusion of assignee data is only appropriate when an 3ssignmcnt has 
been previously submitted to the lJSPTO or is being submitted under separate cover, Completion o.f this fo1TI1 is NOT a substitute for filing an assignment. 
(A) NAME OF.. ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed oil the patent) 0 individual 0 corporation or other private group entity Cl government 

4b. Payment of Fee{s): 4a. The following fee(s) are enclosed: 

0 Issue Fee 0 A check in the amount of the~ fee(s) is enclosed. 

0 Publication Fee Q Payment by credit card. Form PT0-2038 is attached. 

CJ Advance Order - II of Copies ______ _ CJ The Commissioner ls hereby authorized by charge the required fec(s), or credit any overpayment, to 
Deposit Account Number (encfose an extra copy oithis form). 

The COMMISSIONER OF PA TENTS AND TRADEMARKS is requested to apply the Issue Fee and Publication Fee (if any) to the applicatio!l identified above. 

(Authorized Signature) (Date) 

NOTE; The Issue Fee and .Pubhca11on Fee (1f required) wilt not be accepted from anyone 
other than the applicant; a registered anomcy or agent; or the assignee or other party in 
interest as shown by the records of the United St.ates Patent and Trademark Office. 

Burden Hour Smtement: This form 1s estimated to take OJ hours to complete. Time wlll vary 
depending on the needs of the individual case. Any comments on the amount of rime required 
to complete this form should be sent to the Chief Information Officer. United States Patent 
::tnd Trademark Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND PEES AND THIS FORM TO: Box Issue Fee, 
Assistant Commissioner for .PatentS, W11Shington. D.C. 20231 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a 
collection of information unless it displays n valid OMB control number. 

TRANSMIT THIS FORM WITll FEE(S) 
Page 2 of3 
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APPLICATION NO. FILING DATE 

081146,206 l l/1711993 

7590 I 2/18/200 I 

GENENTECH, INC. 
I DNA WAY 
SOUTH SAN FRANCISCO, CA940804990 

FIRST NAMED INVENTOR 

PAUL J. CART6R 

UNl'l'l::D S 'l'A'l'ES Dl:!l'AK'l'MEN'l"Ol' COMl\tt:KCE 
Un.it.ed Slot.ua Pat*'nt a;nd Trodemqrk Offica!I 
M°"••>: C0 .,1MISSl0.'fEJ< 0 1' l'ATl':NTS ANI) l'l<Al)!:;.,INIK>; 

W1>,.h1nsum, o.c. ll:U:tal 
WWW.Udpl.O.~V 

A ITORNEY DOCKET NO. CONFIRMATION NO. 

709PI 3992 

EXAMINER 

DAVIS, MINH TAM B 

/\RT UNIT PAPER NUMBER 

1642 

DATE MAILED: 12/18/2001 

Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b) 
(application filed prior to June 8, 1995) 

This patent applitation was filed prior to June 8, 1995, thus no Patent Term Extension or Adjustment applies. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Infoonation 
Retrieva] (PAIR) system. (http://pair.uspto.gov) 

Page3 of 3 
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Notice of Allowability 

Application No. 
08/146,206 

Examiner .. 
MINH TAl'\1;'.0AVIS 

Carter et al 

Art Unit 
1642 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included herewith 
(or previously mailed), a Notice of Allowance and Issue Fee Due or other ·appropriate communication will be mailed in due course. 
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.. 
Application/Control Number: 08/146,206 

Art Unit: 1642 

EXAMINER'S AMENDMENT 

Page 2 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Wendy Lee on 12/13/01. 

The application has been amended as follows: 

In the claims: 
,I ~/ 

Claim 114. Delete "~cit", ~-nd replace it with --yf:> 10 --- _ 

Delete ·~ii.· and replace it with -- in th~d~inity ---

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MINH-TAM DAVIS whose telephone number is 703-

305-2008. The examiner can normally be reached on 9:30AM-4:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, ANTHONY CAPUTA can be reached on 703-308-3995. The fax phone 

numbers for the organization where this application or proceeding is assigned are 703-

308-4426 for regular communications and 703-308-4426 for After Final 

communications. 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

Page 3 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 703-308-

0916. 

MINH TAM DAVIS 
December 14, 2001 

. 
, ..,;- -.1..- __...-

, I . . . \ ..... _ .,; 
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Yes No 
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In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIBS 

Group Art Unit: 1642 

Examiner: Minh-Tam Davis 

Date of Mailing of PTOL 85 entitled 
"Notice of Allowance and Issue. Fee Due" 
December 18, 2001 

TRANSMITI'AL OF NEW DRAWINGS TO CORRECT INFORMALITIES 
WITHIN THREE MONTH PERIOD OF RESPONSE SET IN NOTICE 

OF ALLOWABILlTY CPTOL 37) 

BOX ISSUJE FEE 
Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

1. To correct the informalities in the drawings as noted in the Draftsman's objectioJls on 

PT0-948 applicant submits herewith new drawings for this application. Number of sheets of drawings 

submitted: 9. 

2. The three month period of response set in the Notice of Allowability (PTOL 37) expires 

on March 18, 2002 and this submission is on or b ore this expiry date. 

Date: March 18, 2002 
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09157 

PATENT TRADEMARK OFFICE 

Wendy M. Lee 
Reg. No. 40,378 
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~10 
Patent DocketP0709Pl ~61> 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE Q ~ t-

~~~~~~~~~--~~~~~~~~ ~'!i$~ 
In re Application of 

PauJ J . Carter et aL 

U.S. Patent No.: 6,407,213 Bl 

Issued: June 18, 2002 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

REQUEST FOR CERTIFICATE OF CORRECTION UNDER 37 CFR 1.322 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Certificate 

AUG 2 7 2002 

of Correction 
Enclosed is a Certificate of Correction for the above· referenced patent. Because the mistake 

occurred in the printing of the patent, it is not believed that any fee is required .. However, if this is not 

the case, the Commissioner is hereby authorized to charge the required fee t.o Deposit Account No. 07 · 

0630. Acceptance of this Certificate of Correction is respectfully requested 

Date: August \ d- 2002 

11111~ I~~ 11111 ~1111111111111111 
09157 

PA TENT 'l'IVIDEMARX OFFICE 

Respectfully submitted, 

GENENTECH, INC. 

~~~ 
By:~-~~~~---=--~~

WendyM. Lee 
Reg. No. 40,378 
Telephone No. (650) 225-1994 

/ltiG i 7 2fll l. 
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UNITED Sl .. A _ ~ ~,. .. 1· AND TRAD EMA _OFFICE 

CERTIFICATE OF CORRECl'ION 

PATENT NO. U.S. 6,407,213 Bl 

DATED June 18, 2002 

INVENTOR(S) Carter et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
her·;iby corrected as shown below: 

In column 88, cl~ )jne 63, ple~se delete "63" and insert therefor --79--. 

MAILING ADDRESS OF SENDER: PATENT NO. U.S. 6.407.213 

Wendy M. Lee 

1111111111111111111111111111111111 

09157 
Pit. TENT TRADEMAJU< OFFICE 

Fonn PT01050(amended) 
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·· ·- \ • NOTICE RE: CERTIFICA~·!!.~ OF COI~~o_.~_'!"'_IO_N _ _ _____ _ 

DATE Paper No.: 
I 

ti 

TO : Supcn•isor, Art Unit /6lf;). 

SUBJECT: Certificate of Correction Request in Pa tent No.: t3 l.f002l 3 

A response to the following question is requested with respect to the accompanying request for a certific 
of correction. 

With respect to the change(s) requested, correcting Office and/or Applicant's errors, sliould the 
patent read as shown in the certific:1t~ . of correction? No new matter should be introduced, ·nor should th 
scope or meaning of the claims be cfa.anged. 

See fS?~ W~s. 

PLEASE COMPLETE THIS FOR.Iv£ AND 
RETURN WITH FILE, WITHIN 7 DAYS, 

TO CERTIFICATES OF CORRECTION BRANCH - PJ( 3-915/9 22 
PALM LOCATION 7580 - TEL NO. 305-8309 

THANK YOU FOR YOUR ASSISTANCE! 

Note your decision, regardilllg the changes requested in the Request for Certificate of Correction, 

placing a check mark(+) in the bo>: that reflects your decision, which corresponds to the question check< 

above. 

[El YES D NO D Comments below 

Supervisor Art Unit 

l'TOL-306 (REV. ~2) U.S. DEPARTMENT OF COMMERCE Patent and Traden'lark O: 
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UNITED STATES TENT AND TRADEMARK OFFIC -

CERTIFICATE OF CORRECTION 

PATENT NO. 
DATED 
INVENTOR(S) 

: 6,407,213 Bl 
: June 18, 2002 
: Carter et al. 

Page 1 of 1 

/ 

( 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
heret:,y corrected as shown below: 

Column 88. 
Line 63, please delete "63" and insert therefor -- 79 --. 

Signed and Sealed this 

Third Day of December, 2002 

JAMES E. ROGAN 
Director of the United States Patent and Trademark Office 

... . 
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.. 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I ~ L~~'\\ \IJ 

~Xi ~ ... ~ 
~ ~ . 
~~\lU.~ · re Patent of: Paul J . Carter et al. -- § 156 Docket No: 22338-80060 Ai:CEIVED · ~ -~--' 

•' 

Patent No.: 6,407 ,213 

Issued: June 18, 2002 

Applicatjon No: 08/146,206 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES - Application for § 156 Patent 
Term Extension 

Mail Stop Patent Ext. 
Commissioner for Patents 
.P.O. Box 1450 
Al~xandria, VA 22313-1450 

Assignee: Genentech, Inc. SEP I 2 2006 

Unit: OPLA TECH CENTER 1600/2900 

CERTIFICATE OF MAILING- 37C.F.R.§1.10 
EXPRESS MAIL LABEL NO. ER c!>b9 l9'\'13 US 

I hereby certify this correspondence is being deposited with the U.S. 
Postal Service with sufficient postage as "Express Mail - Post Office to 
Addressee" addressed to: Mall Stop Patent Ext., Commissioner for 
Patents, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, 
VA 22 13·1450, on the date shown below. 

Signature 
A'6. zs, z.r,ot, 

Date 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35U.S.C.§156 

Dear Sir: 

Applicant, Genentech, Inc., hereby submits this application for extension of the term of 
United States Letters Patent6,407,213 under 35 U.S.C. § 156 by providing the following 
information in accordance with the requirements specified in 37 C.F.R. § 1.740. 

Applicant represents that it is the assignee of the entire interest in and to United States 
Letters Patent No. 6,407,213, granted to Paul J. Carter and Leonard G. Presta (Carter el al.) by 
virtue of an assignment of such patent to Genentech, Inc., recorded June 28, 1994, at Reel 7035, 
Frame 0272. 

, 1. Identification of the Approved Product[§ 1.740(a)(l)] 

The name of the approved product is LUCENTrsn.,,_ The name of the active ingredient of 
LUCENTISw is ranibizumab. Ranibizumab is a recombinant humanized monoclonal Ig01 

antibody antigen-binding fragment (Fab) based on a humanized framework with 
complementarity-determining regions (CDRs) derived from a murine monoclonal antibody that 
binds to human Vascular Endothelial Growth Factor (VEGF). 
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U.S. Patent No. 6,407,213 
Carter, el al. 
Application Under 35 U.S.C. § 156 

2. Federal Statute Governing Regulatory Approval of the Approved Product 
(§ 1.740(a)(2)] 

Page 2 

The approved product was subject to regulatory review under, inter alia, the Public 
Health Service Act (42 U.S.C. § 201 et seq.) and the Federal Food, Drug and Cosmetic Act (21 
U.S.C. § 355 et seq.). 

3. Date of Approval for Commercial Marketing(§ l.740(a)(3)J 

LUCENT1srn was approved for commercial marketing or use under§ 351 of the Public 
Heath Service Act on June 30, 2006. 

4. Identification of Active Ingredient and Certifications Related to Commercial 
Marketing of Approved Product[§ 1.740(a)(4)] 

(a) The active ingredient of LUCENTIS™ is ranibizumab. Ranibizumab is a 
humanized monoclonal lgG1 antibody antigen-binding fragment produced by an 
E. coli expression system. It contains human framework regions (FRs) and the 
complementarity-detennining regions (CDRs) derived from a murine antibody 
that binds to YEGF. 

(b) Applicant certifies that ranibizumab had not been approved for commercial 
marketing or use under the Federal Food, Drug and Cosmetic Act, the Public 
Health Service Act or the Virus-Serum-Toxin Act prior to the approval granted on 
June 30, 2006 to the present Applicant. 

(c) Ranibizumab has been approved for the treatment of patients with neovascular 
(wet) age-related macular degeneration. See LUCENTIS™ product label, provided 
as Attachment A. 

(d) LUCENTIS™ was approved for commercial marketing pursuant to§ 351 of the 
Public Health Service Act (42 U.S.C. § 262) under Genentech's existing 
Department of Health and Human Services (DHHS) U.S. License No. 1048. See 
LUCENTISTM approval letter, provided as Attachment B. 

5. Statement Regarding Timeliness of Submission of Patent Term Extension Request 
1§ t.740(a)(S)] 

Applicant certifies that this application for patent tenn extension is being timely 
submitted within the sixty (60) day period permitted for submission specified in 35 U.S.C. § 
l 56(d)(l) and 37 C.F.R. § l .720(f). The last date on which this application may be submitted is 
August 28, 2006. 
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U.S. Patent No. 6,407,213 
Carter, el al. 
Application Under 35 U.S.C. § 156 

6. Complete Identification of the Patent for Which Extension Is Being Sought 
[§ 1.740(a)(6)] 

Page 3 

The complete identification of the patent for which an extension is being sought is as 
follows: 

(a) 

(b) 

(c) 

(d) 

Names of the inventors: 

Patent Number: 

Date of Issue: 

Date of Expiration: 

Paul J. Carter and Leonard G. Presta. 

6,407 ,213 ("the '213 patent") 

June 18, 2002 

June 18, 2019 

7. Copy of the Patent for Which an Extension is Being Sought I§ 1.740(a)(7)) 

A copy of U.S. Patent No. 6,407,213 is provided as Attachment C to the present 
application. 

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance Fee 
Payment, or Reexamination Certificate[§ l.740(a)(8)) 

(a) U.S. Patent No. 6,407,213 is not subject to a terminal disclaimer. 

(b) A Certificate of Correction was issued for U.S. Patent No. 6,407,213 on 
December 3, 2002. A copy of the Certificate of Correction is provided in 
Attachment D to the present application. 

(c) The first maintenance fee for U.S. Patent No. 6,407,213 has been paid and there 
are no maintenance fees currently due, as provided in Attachment E. 

(d) U.S. Patent No. 6,407,213 has not been the subject of a reexamina6on proceeding. 

9. Statement Regarding Patent Claims Relative to Approved Product l§ 1.740(a)(9)) 

The statements below are made solely to comply with the requirements of 37 C.F.R. 
§ 1. 740(a)(9). Applicant notes that, as the MP.E.P. acknowledges.§ 1. 740(a}(9) does not 

· require an applicant to show whether or how the listed claims would be infringed, and /hat this 
quesrion cannot be answered without specific knowledge concerning acts performed by third 
parties. As such, these comments are nor an assertion or an admission of Applicant as lo the 
scope of the listed claims, or whether or how any of the listed claims would be infringed, literally 
or under the doctrine of equivalents, by the manufacture, use, sale, offer for sale or the 
importation of any product. 
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(a) At least claims 1-2, 4-5, 25, 29, 62-64) 66-67, 69, 71-73, 75-78, and 80-81 of U.S. 
Patent No. 6,407,213 claim the active pharmaceutical ingredient in the approved 
product or a method that may be used to make or use that ingredient. 

(b) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § l.740(a)(9), the folJowing 
explanation is provided which shows how at least one of the above-listed claims 
of the '213 patent claim the approved product. 

(1) Description of the approved product 

The approved product is described in Section 11 of the approved label for 
LUCENTIS™ as follows, a copy of which is provided as Attachment A. 

LUCENTIS™ (ranibizumab injection) is a recombinant humanized IgG I 
kappa isotype monoclonal antibody fragment designed for intraocular use. 
Ranibizumab binds to and inhibits the biologic activity of human vascular 
endothelial growth factor A (VEGF-A). Ranibizumab has a molecular 
weight of approximately 48 kilodahons and is produced by an E. coli 
expression system in a nutrient medium containing the antibiotic 
tetracycline. Tetracycline is not detectable in the final product. 

LUCENTisrM is a sterile, colorless to pale yellow solution in a single-use 
glass viaJ. LUCENTJsTM is supplied as a preservative-free, sterile solution 
in a single-use glass vial designed to deliver 0.05 mL of 10 mg/mL 
LUCENTJsrM aqueous solution with 10 mM histidine HCL, 10% a , a
trehalose dihydrate, 0.01% polysorbate 20, pH 5.5 . 

Ranibizumab is further characterized in a scientific reference, Chen et al. 
published in 1999 in the Journal of Molecular Biology (JMB) entitled "Selection 
and Analysis of an Optimized Anti-VEGF Antibody: Crystal Structure of an 
Affinity-matured Fabin Complex with Antigen." 1 The Chen et al. article 
discusses the lineage of the ranibizumab antibody fragment. In this respect, the 
article states that "[a] murine monoclonal antibody1 A.4.6.1, was found to block 
VEGF-dependent cell proliferation in vitro and to antagonize tumor growth in 
vivo. [Citation omitted]. The murine mAb was previously humanized in Fab 
form to yield a variant known as Fab-12." [Citation omitted] Seep. 866, left col. , 
~I. The abstract explains that the authors affinity-matured Fab-12 and obtained 
Fab fragment Y03 l 7, now known as ranibizumab. According to the article, 
ranibizumab was derived from the humanization and affinity-maturation of a non
human, murine monoclonal antibody that binds to VEGF. The Chen el al. article 
also describes the humanized structure of ranibizumab. See, e.g., Figure 1. 

293 :865-881 ( 1999) (Attachment F) 
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2 

WO 98/45331 (Figures IA, lB, lOA, lOB, provided as Attachment G) 
also provides sequence data for the heavy and light chain variable domains of 
Y03 l 7, together with the heavy and light chain variable domains of murine 
A.4.6.1, the heavy and light chain variable domains of humanized variant Fab-12, 
and the Kabat human consensus framework, humJII. WO 98/45331 confinns that, 
in addition to non-human CDRs derived from the sequence of the murine 
antibody, ranibizumab comprises framework substitutions in the variable domains 
at positions 4 and 46 in the light chain (V L) and positions 49, 69, 71 , 73, 76, 78, 
and 94 in the heavy chain (V H).

2 

(2) Explanation Regarding Claim 29 of the '213 Patent Relative to 
Ranibizumab 

As explained below, the active pharmaceutical ingredient of the approved 
product, ranibizumab, is a humanized Fab fragment that is covered by at least 
claim 29. 

Claim 29 of the '213 patent reads as follows: 

29. An antibody comprising the humanized variable domain of claim 
1. 

Claim 29 depends from claim 1, which reads as follows : 

1. A humanized antibody variable domain comprising non-human 
Complementarity Determining Region (CDR) amino acid residues 
which bind an antigen incorporated into a human antibody variable 
domain, and further comprising a Framework Region (FR) amino 
acid substitution at a site selected from the group consisting of: 4L, 
38L,43L, 44L,58L,62L, 65L, 66L,67L, 68L,69L, 73L, 85L, 
98L, 2H, 4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, 
utilizing the numbering system set forth in Kabat. 

The term "antibody," as defined in the '213 patent specification includes, 
in addition to full-length antibodies, antibody fragments such as Fab, Fab', F(ab)2 
and Fv so long as those fragments retain the desired biological activity, i.e., 
binding to VEGF (See, e.g., '213 at col. 8, lines 11-17; col. 24, lines 13-18). As 
recited in the '213 specification - "F Ab fragments with specificity for the antigen 
are specifically encompassed within the tenn 'antibody' as it is defined, 
discussed, and claimed herein." ' 213 at col. 24, lines 13-18. Ranibizumab, being 

Compare sequence data for the heavy and light chain variable domains of Y0317 (Figs. 1 OA-
10B), A.4.6.1 (Figs. lA-18) and humIIl (Figs. lA-lB) as set forth in WO 98/45331 , 
provided as Attachment G. 
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4 

a Fab fragment that binds VEGF, falls within the scope of the term "antibody" as 
used in Claims 1 and 29. 

The amino acid sequences of the V L and V H domains of ranibizumab 
include human framework substitutions at positions 4L, 46L, 49H, 69H, 71 H, 
73H, 76H, 78H and 94H.3 Of these, substitutions at positions 4L and 69H are 
among those recited in the Markush group of claim 1. Figures lA-lB of WO 
98/45331 , provided as Attachment G, show the heavy and light chain variable 
domains of sequences of the same import antibody ("A4.6. l ")used to design 
ranibizumab on the lines above the variable domains of the Fab-12 sequence and 
the Kabat consensus sequences ("humlll").4 The A4.6. l antibody is a murine 
monoclonal antibody; its sequence is therefore "non-human." See, e.g., Chen et 
al. Figures lOA-lOB of WO 98/45331 , provided as Attachment G (and Figure 1 
of Chen et al.), show the variable domains of the Y03 l 7 sequence. When the 
heavy and light chain variable domains of A4.6. l, Y0317 and humlll are aligned, 
the framework substitutions noted above are apparent utilizing the Kabat 
numbering system. 

In each of the V Land V /-1 domains of ranibizumab, "substantially less than 
an intact human variable domain has been substituted by the corresponding 
sequence from a non-human species" (i.e. , the murine antibody A4.6.1). See, e.g., 
'213 at col. 2, lines 27-31. Ranibizumab is therefore "humanized" within the 
meaning of claims 1 and 29 of the '213 patent. 

As also required in claim 1, ranibizumab includes non-human amino acid 
residues in its CDRs. The CDRs in ranibizumab are also functional to "bind an 
antigen" - here, the VEGF protein. See LUCENT1sr"' label, provided as 
Attachment A. 

Ranibizumab thus meets the limitations of dependent claim 29. 

See WO 98/45331 at Figures lA-lB (humlII) and lOA-IOB (Y03 l 7). 

The residues in a human lg sequence that are substituted with residues from an " import 
antibody" are identified according to standard numbering conventions published by Kabat. 
See '213 at col. 10, line 45 through col. 11, line 26. The Kabat sequences represent 
consensus amino acid sequences for various human antibodies in each subclass. See id. 
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10. Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable Regulatory 
Review Period(§ 1.740(a)(10)) 

(a) Patent Issue Date 

U.S. Patent No. 6,407,213 was issued on June 18, 2002. 

(b) INDF/fective Date [35USC§156(g)(l)(B)(i) ,· 37C.F.R. § 1.740(a)(JO)(i)(A)] 

The date that an exemption under § 50S(i) of the Federal Food, Drug and 
Cosmetic Act became effective (i.e., the date that an investigational new drug 
application ("IND") became effective) for LUCENTIS ™(referred to as 
"Humanized Monoclonal Antibody Fragment (rhuFab V2)(E. coli, Genentech) to 
Vascular Endothelial Growth Factor (VEGF), Intravitreal) was October 7, 1999. 
The IND was assigned number BB-IND# 8633. A copy of the letter from the 
FDA reflecting the effective date of the IND is provided in Attachment H. The 
application date for this IND was October 6, 1999. 

(c) BLA Submission Date {35 U.S.C. § J 56(g)(l)(B)(i),· 37 C.F.R. 
§ 1. 740(a){JO)(i)(B)] 

The BLA was submitted by Genentech to the FDA on December 29, 2005. The 
BLA was assigned number BL# 125 I 56/0. A copy of the letter from the FDA 
acknowledging receipt of the BLA and reflecting the BLA submission date is 
provided in Attachment I. 

(d) BLA Issue Date {35 US.C. § J 56(g)(l)(B)(ii); 37 C.F.R. § JJ40(a)(JO)(i)(C)} 

The FDA approved biologic license application 125156/0 authorizing the 
marketing of LUCENTIS ™ on June 30, 2006. LUCENTIS ™ was approved under 
Department of Health and Human Services (DHHS) U.S. License No. 1048. A 
copy of the approval letter from the FDA is provided as Attachment B. 
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11. Summary of Significant Events During Regulatory Review Period[§ 1.740(a)(ll)) 

Pursuant to 37 C.F.R. § l.740(a)(l 1), the following provides a brief description of the 
activities of Genentech, lnc. before the FDA in relation to the regulatory review of LUCENTIS™. 
The brief description lists the significant events that occurred during the regulatory review period 
for the approved product. In several instances, communications to or from the FDA are 
referenced. Pursuant to 37 C.F.R. § 1.740(a)(l 1 ), 21 C.F.R. § 60.20(a), and M.P.E.P. § 2753, 
copies of all such communications are not provided in this application, but can be obtained from 
records maintained by the FDA. 

On October 6, 1999, Genentech submitted to FDA (See Attachment H) an 
investigational new drug application for a recombinant humanized monoclonal 
antibody fragment (rbuFab V2, now known as Ranibizumab) against Vascular 
Endothelial Growth Factor (VEGF). The antibody was developed as a potential 
new therapeutic in treating patients with the exudative (wet or neovascular) form 
of age-related macular degeneration (AMD). 

On October 7, 1999 FDA made BB-IND #8633 effective via a communication 
mailed to Genentech on October 13, 1999 (See Attachment H). According to the 
FDA, initiation of trials could begin 30 days after October 7, 1999. 

The first human clinical trial (Phase I) was initiated on February 8, 2000 followed 
by Phase II human trials and Phase Ill human trials, some of which remain 
ongoing at the time of this application. 

On February 5, 2002, representatives of Genentech and the FDA (CBER and 
CDER) participated in a Type C meeting to discuss the proposed clinical 
development plan for ranibizumab in AMD. 

On October 31, 2002 representatives of Genentech and FDA (CBER and CDER) 
participated in an Type B End-of-Phase II meeting. 

Beginning in approximately March 2003, and continuing at the time of this 
application, Phase 111 studies have been conducted. The three Phase III trials 
forming the basis of the Biologics License Application (BLA), FVF2598g, 
FVF2587g, and FVF3192g are studies of two year duration with primary 
endpoints of one year. FVF2587g and FVF3192g, along with extension study 
FVF3426g and safety study FVF3689g, remain ongoing at the time of this 
application. 

On September 21 , 2005 representatives of Genentech and CDER participated in a 
Type B Pre-BLA submission meeting to discuss information requirements for the 
BLA. 
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Genentech submitted a BLA for ranibizumab for the treatment of patients with 
wet AMD on December 29, 2005 (See Attachment I). 

FDA acknowledged receipt of the BLA for ranibizumab via a communication 
mailed to Genentech dated January 27, 2006. The letter indicated that FDA had 
assigned the Submission Tracking Number (STN) of BL #125156/0 to the BLA 
(See Attachment I). 

By way of a communication mailed to Genentech on March 14, 2006 FDA made 
Genentech aware that the BLA for ranibizumab was filed on February 28, 2006 
and that FDA had assigned a user fee goal date of June 30, 2006 (See Attachment 
J). 

On June 30, 2006 FDA approved BLA 125156/0, issuing marketing authorization 
for LUCENTIS™ (See Attachment B). 
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12. Statement Concerning Eligibility for and Duration of Extension Sought Under 35 
U.S.C. § 156 (37 C.F.R. § l.740(a)(J2)] 

(a) In the opinion of the Applicant, U.S. Patent No. 6,407,213 is eligible for an 
extension under § 156 because: 

(i) one or more claims of the '213 patent claim the approved product or a 
method of making or using the approved product; 

(ii) the term of the '213 patent has not been previously extended on the basis 
of§ 156; 

(iii) the '213 patent has not expired; 

(iv) no other patent has been extended pursuant to§ 156 on the basis of the 
regulatory review process associated with the approved product, 
LUCENTISTM; 

(v) there is an eligible period of regulatory review by which the patent may be 
extended pursuant to § 156; 

(vi) the applicant for marketing approval exercised due diligence within the 
meaning of§ l 56(d)(3) during the period of regulatory review; 

(vii) the present application has been submitted within the 60-day period 
following the approval date of the approved product, pursuant to § 156( c ); 
and 

(viii) this application otherwise complies with all requirements of 35 U.S.C. 
§ 156 and applicable rules and procedures. 

(b) The period by which the term of the '213 patent is requested by Applicant to be 
extended is 378 days. 

( c) The requested period of extension of term for the '213 patent corresponds to the 
regulatory review period that is eligible for extension pursuant to § 156, based on 
the facts and circumstances of the regulatory review associated with the approved 
product L UCENTISTM and the issuance of the '213 patent. The period was 
determined as follows. 

(i) The relevant dates for calculating the regulatory review period, based on 
the events discussed in the section above, are the following. 
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Exemption under FDCA § 505(i) 
became effective 

Patent was granted 

Biologics License Application (BLA) 
under PHSA § 351 was filed 

BLA was approved 
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October 7, 1999 

June 18, 2002 

December 29, 2005 

June 30, 2006 

(ii) The '213 patent was granted during the period specified in 
§ l 56(g)( l )(B)(i) (i.e., the period from the date of the grant of the 
exemption under § SOS(i) of the FDCA unti) the date of submission of the 
BLA). Pursuant to § 156(b) and (c)(2), the calculated regulatory review 
period therefore includes a component of time between when the patent 
was granted and when the BLA was submitted (1/2of1289 days or 644 
days). 

(iii) The patent was granted prior to the start of the period specified in 
§ l 56(g)( 1 )(B)(ii) (i.e., the period from the date of submission of the BLA 
until the date of approval). The regulatory review period under § l 56(b) 
therefore inch.~des a component equal to the total number of days in that 
period that are after the BLA was submitted (184 days). 

(iv) The period determined according to § 156(b), (c)(2), and (g)(l) for the 
approved product (i.e., the number of days following the date of issue of 
the patent between the dates of submission and of approval of the BLA for 
LUCENTISTM) is 828 days. 

(v) The '213 patent will expire on June 18, 2019. 

(vi) The date of approval of the approved product is June 30, 2006. 

(vii) The date that is fourteen years from the date of approval of the approved 
product is June 30, 2020. 

(viii) The period measured from the date the patent expires (i.e., June 18, 2019) 
until the end of the fourteen-year period specified in §156 (c)(3) (i.e., June 
30, 2020) is approximately 1 year and 13 days or 378 days. 

(ix) The number of days in the regulatory review period determined pursuant 
to§ 156(g)(l)(B)(ii) (i.e., 828 days) exceeds the number of days that the 
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patent may be extended pursuant to §156(c)(3). As such, the period by 
whjch the patent may be extended is limited by the fourteen-year rule of 
§ l 56(c)(3) to 378 days. 

(x) The '213 patent issued after the effective date of Public Law No. 98-417. 
As such, the two- or three-year limit of 35 U.S.C. § l56(g)(6)(C) does not 
apply. 

13. Statement Pursuant to 37 C.F.R. § 1.740(a)(l3) 

Pursuant to 37 C.F.R. § 1.740(a)(l3), Applicant acknowledges its duty to disclose to the 
Director of the PTO and to the Secretary of Health and Human Services any information which 
is material to the determination of entitlement to the extension sought, particularly as that duty is 
defined in 37 C.F.R. § 1.765. 

14. Applicable Fee I§ l.740(a)(14)J 

Our check in payment of the fee prescribed in 37 C.F.R. § l .20U) for a patent term 
extension application under 35 U.S.C. § 156 accompanies this application. Please deduct any 
additional required fees from, or credit any overpayments to our deposit account no. 18-1260. 

15. Name and Address for Correspondence[§ 1.740(a)(l4)J 

Please direct all inquiries, questions, and communications regarding this application for 
term extension to: 

Jeffrey P. Kushan 
SIDLEY AUSTIN LLP 

1501 K Street, N.W. 
Washington, D.C. 20005 
Phone:202-736-8914 
Fax: 202-736-8111 
email: jkushan@sidley.com 

The correspondence address for U.S. Patent No. 6,407,213 is unchanged for all other purposes. A 
Power of Attorney granted to the undersigned by the patent assignee, a copy of which is included 

. with this application as Attachment K, accompanies this communication. 
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Two additional copies of this application are enclosed, in compliance with 37 C.F.R. 
§ l. 740(b). Applicant also provides herewith two further copies of the application for the 
convenience of the Office, pursuant to M.P.E.P. § 2763. 

Dated: August 2S-, 2006 

Sincerely, 

[!~ 
Attorney for Applicant 
Registration No. 43,40 I 

Sidley Austin LLP 
1501 K Street, N.W. 
Washington, D.C. 20005 
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HIGHLIGHTS OF PRESCRIBING INFORMATfON 
These highlights do not include all the information needed 
to use LUCENTIS safely and effectively. See full 
prl'Sl'rihini; information for LUCENTlS. 

LUCENTIST.'4 ( ranibizumab injection) 

Initial U.S. Approval: 2006 

----------------INDICATIONS ANO USAGE----------------

LVCENTIS is indica1ed for the treatment of pa1ien1s with 
ncovascular (we1) age-rela1ed macular degeneration (I). 

------------DOSAGE AND ADMINISTRATION------------

• 

• 

• 

fOR OPHTHALMIC INTRAVITREAL INJECTION 

ONLY (1. 1) 

LUCENTIS 0.5 mg (0.05 ml) is recommended 10 be 
administered by intra11itrcal injection once a month (~:n 

Although less effective. treatment may be reduced to one 
injection every three months after the first four injections 
if monthly injections are not feasible. Compared to 
continued monthly dosing, dosing every 3 months will 
lead co an appro,;imare 5-lener ( l-line) loss of visual 
acuity benefit, on average, over the following 9 months. 
Patients should be evaluated regularly(~.~). 

FULL PRESCRIBING INFORMATION: CONTENTS* 
l INDICATIONS AND USAGE 
2 DOSAGE AND ADMlNISTRATION 

2.1 General Dosing Information 
'.!.2 Dosing 
2.3 Preparation for Administration 
2.4 Administration 
2.5 Stability and Scorage 

3 DOSAGE FORMS AND STRENGTHS 
4 CONTRAINDICATIONS 

4.1 Ocular or Periocular Infections 
4 .2 Hypersensitivity 

5 WARNINGS ANO PRECAUTIONS 
5.1 Endoph1halmi1is and Retinal 

Derachments 
5.2 Increases in lntraocular Pressure 
5.3 Thromboembolic Events 

6 ADVERSE REACTIONS 
6.1 Jnjecrion Procedure 
6 .2 Clinical Studies Experience - Ocular 

Events 
6.3 Clinical Srudies Experience- Non

Ocular Events 
6.4 lmmunogenicicy 

7 DRUG lNTERACTIONS 
8 USE IN SPECIFCC POPULATIONS 

U.S. BLA (BL125156) Ranibizumab injection 

------·------DOSAGE FORMS AND STRENGTHS----·-------

• 10 mg(mL single-use 11ial (3) 

------------------CONTRAlNDICA TIONS-------------·-·-· 

• Ocular or pe.riocular infec1ions (4. 1) 

• Hypersensiti 11ity (4.1) 

------------· WARNCNGS AND PRECAUTIONS-----------·-

• Endoph1halmi1is and retinal detachmcn1s muy occur 
following intravitreal mjecrions. Patients should be 
moni1ored during the week following rhe injection (5 I). 

• Increases in introocular pressure have been noted within 
60 minu1es of iniravi1real injection(;\ 2J. 

-----------------ADV ERSE REA CTlONS-----·-------·-·---
The most common :.id verse reactions (reported ~ 6~ higher in 
LUCENTIS-treated subjects than cont1·01 subjcc1~) are 
conjunctival hemorrhage, eye pain. vitreous noa1..:rs, increased 
intraocular pressure. and intraoculur inflammation (6.:!). 

To report SUSPECTED ADVERSE REACTIONS, contact 
Genentcch at 1-888-835-2555 or FDA at l-800-FDA-1088 
or www.fda.gov/medwatch. 

See Section 17 for PATIENT COUNSELING 
INFORMATION. 

8.1 Pregnancy 
8.3 Nursing Mo1hers 
8.4 Pediulric Use 
8.5 Geriatric Use 
8.6 Patients with Renal lmpairmcm 
8. 7 Paticncs wich Hepatic Dysfunction 

LO OVERDOSAGI': 
11 DESCRIPTION 
12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinerics 

13 NONCLINICAL TOXlCOLOGY 
13. I Carcinogenesis, Mutagcnesis, 

Impairment of Fertility 
14 CLINICAL STUDlES 

14.1 Study I and Study 2 
14.2 Study 3 

16 HOW SUPPLIED/STORAGE AND 
HANDLING 

17 PATIENT COUNSELING INFORMATION· 
• Sections or subsections omiued !Tom the Full Prescribing 

Information are no t listed. 

Genentech, Inc. 
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FULL PRESCRIBlNC lNFO RMATION 

lNDlCATlONS ANO USAGE 
LUCENTIS is indicated for the treatment of patients with 
neovascular (we!) age-related macu lar degeneration. 

2 DOSAGE AND ADMINISTRATION 

2.1 General Dosing Jnformation 
FOR OPHTHALMIC INTRA VITREAL INJECTION ONLY. 

2.2 Dosing 
LUCENTIS 0.5 mg (0.05 mL) is recommended to be 
administered by inrravitreal injection once a month. 

Although less effective, treatment may be reduced to one 
injection every three months after the first four injections if 
monthly injections arc not feasible. Compared 10 continued 
monthly dosing. dosing every 3 months wall lead !O an 
approximate 5-len~r ( I -line) loss of visual acuity benefit. on 
average, over the following 9 months. Patients should be 
evaluated regularly (see Clim~·oil S111di1·.1· ( /-1.1 )]. 

2.3 Prepa ration for Administration 
Using aseptic technique, all (0.2 ml) of the LUCENTIS vial 
contents are withdrawn through a 5-micron 19-gauge filter 
needle auached to a I-cc tuberculin syringe. The filter needle 
should be discarded after withdrawal of the vial contents and 
should not be used for intravitreal injection. The filter needle 
should be replaced with a sterile 30-gaugex 112-inch needle 
for the intravitreal injection. The contents should be expelled 
until the plunger tip is aligned with the line chat marks 
0.05 mL on the syringe. 

2.4 Administration 
The intravitreal injection procedure should be carried out 
under concrolled aseptic conditions, which include the use of 
sterile gloves, a sterile drape. and a steri le eyelid speculum (or 
equivalent). Adequate anesthesia and a broad-spectrum 
microbicide should be given prior to the injection. 

Following the intravitreal injection. patients should be 
monitored for elevation in intraocular pressure and for 
endophthalmi11s. Monitoring may consist of a check for 
perfusion of the optic nerve head immediately after the 
injection. tonometry within 30 minutes following the injection, 
and biomicroscopy between two and seven days following the 
injection. Patients should be instructed 10 report any 
symptoms suggestive of endophr.halmitis without delay. 

Each vial should only be used for the treatment of a single eye. 
If the contralateral eye requires U'eatment, a new vial should 
be used and the sterile field, syringe, gloves. drapes, eyelid 
speculum. filter. and injection needles should be changed 
before LUCENTIS is administered to the other eye. 

No special dosage modification is required for any of the 
popularions thac have been studied (e.g., gender, elderly). 

2.5 Stability and Storage 
LUCENTIS should be refrigerated a1 2°-8°C (36°-46°F). DO 
NOT FREEZE. Do no! use beyond the dace ~camped on 1he 
label, LUCENTIS vials should be protected from light. Store 
in the original carton until time of use, 

J DOSAGE FORMS AND STRENGTHS 
Single-use glass vial designed lo deliver 0.05 mL of 
10 mglmL. 

4 CONTRAINDICATIONS 

4.1 Ocular or Periocular Infections 
LUCENTIS is contraindicated in patients with ocular or 
periocular infections. 

4.2 Hypecsensitivity 
LUCENTIS is concraindicated in patients with known 
hypersensi1ivi1y co ranibi1.umab or any of the cxcipicn1s in 
LUCENTIS. 

S WARNINGS ANO PRECAUTIONS 

5.1 Endophthalmitis and Retinal Detachments 
lntravitreal injections. including those with LUCENTIS. h;ivc 
been associated with endophrhalmitis and retinal de1achmcn1s. 
Proper aseptic injeccion technique should always be used -
when adminis1ering LUCENTIS. In addition. pacients should 
be monicored during the week following the injection to 
permit early treatment should an infection occur [see D11mge 
1111d 1\d111illis1ration ( Z.3, 2.4} and P11tim1 Cu1111st'lin,>;J 
l11fim11111iu11 (I 7)J. 

5.2 Increases in lntraocular Pressure 
Increases in intraocular pressure have been noted within 
60 minutes of intravitreal injection with LUCENT!S. 
Therefore, intraocular pressure as well as the perfusion of the 
optic nerve head should be monitored and managed 
appropriately [see D11sa.~e 1111d ,\tfmi11isrrn1irm (~.'!)]. 

5.3 Thromboe mbolic Even·ts 
Although there was a low rate (<4%)ofarterial 
thromboembolic events observed in the LUCENTIS clinical 
trials. there is.a theoretical risk of arterial thromboembolic 
events following intravi1real use of inhibitors of VEGF [.ree 
: \,frcrvc Rccwlions (f>.3 JI. 

6 ADVERSE REACTIONS 

6.1 Injection Procedure 
Serious adverse evenls related to 1he injection procedure have 
occurred in< 0.1 % of intravitreal injections. including 
cndophthalmilis (see IV11mln,i;.r " " " l're~·uu1io11.1 (5.1} J, 
rhegmatogenous retinal detachments, and iatrogenic traumatic 
cararacts. 

6.2 Clinical Trials Experience - Ocular Events 
Other serious ocular adverse events observed among 
LUCENTIS-trcatcd patients occurring in <2% of patients 
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included intraocular inflamma1ion and increased 1ntraocular 
.pressure {see W11mi11gs tff11/ l'rccu111i1111.1 (5. 1. 5.2)] . 

The available safoty da1a include exposure 10 LUCENTIS in 
874 pa1ien1s wi1h neovascular age-rela1ed macular 
degenera1ion in three double-masked, controlled s1udics wirh 
dosage regimens of0.3 mg (375 patien1s) or 0.5 mg 
(379 patients) administered mon1hly by in1ravitreal injecuon 
(S1udies l and 2) [see C/i11irnl STJrcliL's ( /-1. I 11 and dosage 
regimens of0.3 mg (59 palient.s) or 0.5 mg (61 pa1icn1s) 
administered once a month for 3 consecutive doses followed 
by a dose administered once every J mon1hs (Study 3) 
[see Clinic:ul StuJie.~ ( 1-1..:?)J. 

Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in one clinical 1rial 
of a drug canno1 be direcdy compared with rates in 1he clinical 
trials of the same or another drug and may not reflect the ra1es 
observed in practice. 

T;1blc I shows the most frequently reported ocular adverse 
even1s 1hat were reported with LUCENTIS treatment. The 
ranges represent 1he maximum and minimum rales across all 
three studies for control, and across all three studies and both 
dose groups for LUCENTIS. 

Table I 
Adverse Event LUCENT IS Control 

Conjunctiva! hemorrhage 77%-43% 66%·29% 
Eye pain 37%· 17% 33%-11% 
Vitreous floaters 32%-3% 10%-3% 
Retinal hemorrha.£e 26%-15% 56%-37% 
lntraocular pressure increased 24%-8% 7%-3% 
Vitreous detachment 22%-7% 18%-13% 
lntraocular inOamma1ion 18%-5% 11%·3% 
Eye irritation 19%·4% 20%-6% 
Cataracl 16%-5% 16%-6% 
Foreign body sensation in 

eyes 19%-6% 14%·6% 

Lacrimation increased 17%·3% 16%-0% 
Eye pruritis 13%-0% 12%-3% 
Visual disturbance 14%-0% 9%-2% 
B lepharitis 13%-3% 9%--4% 
Subretinal fibrosis 13%-0% 19%-10% 
Ocular hyperemia 10%·5% 10%-1% 
Maculopathy 10%-3% 11%-3% 
Visual acuity 

17%-4% 24%-10% · b I urred/decreased 
Detachmem of the retinal 

11%-1% 15%·3% 1pigmenl epithelium 
Dry eye 10%-3% 8%-5% 
Ocular discomfort 8%-0% 5%-0% 
Conjunctiva! hyperemia 9%-0% 7%-0% 
Posterior capsule 

8%-0% 5%-0% opaci fication 
Retinal exudates 9%-1% 11%-3% 

U.S. BLA (Bl 125156) Ranlbizumab injection 

6.3 Clinical Trials Experience - Non-Ocular Events 
Table 2 shows !he most frequently reponcd non-ocular 
adverse even1s with LUCENTIS 1rea1ment. The ranges 
represe111 the maximum and minimum ra1es across all three 
studies for control, and across all 1hree s1udies and bo1h dose 
groups for LUCENTJS. 

Table 2 
Adverse Even! LUCENTIS Control 

Hypertension/elevated 23%-5% 23%-8% 
blood pressure 
Nasopharyngius 16%-5% 13%-5% 
Arthralgia 11%-3% 99'('·0% 
Headache 15%·2% 10%-3% 
Bronchitis 10%-3% 8%-2% 
Cough 10%·3% 7%-2% 
Anemia 8%-3% 8%-0% 
Nausea 9%.2% 6%-4% 
Sinusitis 8%-2% 6%-4% 
Upper respiratory tract 15%-2% 10%-4% 
infection 
Back pain 10%-1% 9%-0% 
Urinary tract infecLion 9%-4% 8%-5% 
Influenza 10%-2% 5%-1% 
Arthritis 8%-0% 8%-2% -
Dizziness 8%-2% 10%-2% 
Constipation 7%-3% 8%-2.% 

The ra1e of arterial thromboembolic events in 1he 1hrce studic.~ 
1n the first year was 2.1 % of patients ( 18 out of 874) in the 
combined group of patients treated with 0.3 mg or 0.5 mg 
LUCENTIS compared with I . I% of patients (5 out of 441) in 
the control arms of the studies. In the second year of S1udy l . 
rhe ra1e of arterial thromboc:mbolic events was 3.0% of 
patients ( 14 ou1 of 466) in the combined group of pa1ien1s 
created with 0.3 mg or 0.5 mg LUCENTIS compared wi1h 
3.2% of patients (7 out of 216) in the conirol arm (.ree 
1Vumi11~.1· 11111/ Prl.'C'<tuli1111.r ( 5.3 )J. 

6.4 lmmunogenicity 
The pre-treatment incidence of immunoreactivity 10 
LUCENTIS was 0%-3% across uea1ment groups. After 
monthly dosing with LUCENTIS for l2 to 24 months. low 
liters of antibodies to LUCENTIS were detected in 
approximately I %-6% of patients. The immunogenicity data 
reflect the percentage of patients whose test results were 
considered po~itive for antibodies to LUCENTIS in an 
e\ectrochemiluminescence assay and are highly dependent on 
the sensitivity and specificity of the assay. The clinical 
significance of immunoreactivity to LUCENTIS is unclear at 
this time, although some patients wi1h 1he highes1 le.vels of 
immunoreactivity were no1ed IO have iritis or vi1ri1is. 

7 DRUG INTERACTIONS 
Drug interaction studies have nol been conducted with 
LUCENTIS. 
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LUCENTIS inLraviLreal injection has been used adjunct1vcly 
wiLh verteportin photodynamic therapy (PDT). Twelve of 105 
( 11 %) patients developed serious intraocular innamma1ion; in 
I 0 of the 12 patienls. 1his occurred when LUCENTIS was 
adminis1ered 7 days(± 2 days) after verteporfin PDT. 

8 USE IN SPECfFIC POPULATIONS 

8.1 Pregnancy 
Pregnancy Cacegory C. Animal reproduction studies have not 
been conduc1ed with ranibizumab. It is also not known 
whether ranibizumab can cause fetal harm when administered 
to a pregnant woman or can affect reproduction capacity. 
LUCENTIS should be given to a pregnant woman only 1f 
clearly needed. 

8.J Nursing M others 
It is not known whether ranibizumab is excreted in human 
milk. Because many drugs are excreted in human milk. and 
because the potential for absorption and harm to infant growth 
and development exists. caution should be exercised when 
LUCENTIS is administered to a nursing woman. 

8.4 Pediatric Use 
The safety and effectiveness of LUCENTIS in pediatric 
patients has not been established. 

8.5 Geriatric Use 
ln the controlled clinical studies, approximately 94% 
(8221879) of the patients randomized to u-eatment with 
LUCENTIS were?: 65 years of age and approximately 68% 
(601/879) were <:: 7 5 years of age. No notable difference in 
treatmeni effect was seen with increasing age in any of the 
studies. Age did not have a significant effect on systemic 
exposure in a population pharmacokinetic analysjs after 
correcting for creatinine clearance. 

8.6 Patients with Renal Impairment 
No formal studies have been conducted to examine the 
pharmacokinetics of ranibizumab in patients with renal 
impairment Sixty-eight percent of patients ( 136 of 200) in che 
population pharmacokinetic analys.is' had renal impairment 
(46.5% mild, 20% moderate, and 1.5% severe). Reduction in 
ranibizumab clearance is minimal in patients with renal 
impairment and is considered clinically insignificant. Dose 
adjustment is not expected to be needed for patients with ren<1l 
impairment. 

8.7 Patients with Hepatic Dysfunction 
No formal studies have been conducted to examine the 
pharmacokinetics of ranibizumab in patients with hepatic 
impairment. Dose adjustment is not expected 10 be needed for 
patients with hepatic dysfunction. 

10 OVERDOSAGE 
Planned initial single doses of ranibizumab injection 1.0 mg 
were associated with clinically significant intraocular 
inflammation in 2 of2 patients injected. With an escalating 
regimen of doses beginning with initial doses of ranibizumab 

injection 0.3 mg, doses us high a~ 2.0 mg were loleratcd in 
IS of 20 patients. 

11 OESCRrPTION 
LUCENTIST"' (ranibizumab injec1ion) is a recombinant 
humanized lgG I kappa isocype monoclonal :inribody fragment 
designed for incraocular use. Ranibizumab binds 10 and 
inhibits the biologic activity of human vascular endothelial 
growth factor A (VEGF-A). Ranibizumab has a molecular 
weight of approximately 48 k.ilodaltons and is produced by an 
£. coli expression system in a nutrient medium containing the 
antibiotic tetracycline. Tetracycline is not detectable in the 
final product. 

LUCENTIS is a sterile. colorless to pale yellow solution in a 
single-use glass vial. LUCENTIS is supplied as a 
preservative-free. sterile solution in a single-use glass vial 
designed to deliver 0.05 ml of 10 mg/mL LUCENTIS 
aqueous solution with 10 mM histidine HCI. 
10% a, a-trehalose dihydrate. 0.01%polysorbate20. pH S.5. 

12 CLIN iCAL PHARMACOLOGY 

l2. l Mechanism of Action 
Ranibizumab binds to the receptor binding site of active forms 
of VEGF-A. including the biologically active. cleaved form of 
this molecule, VEGF1'10. VEGf·A has been shown to caus.e 
ncovasculariiation and leakage in models of ocular 
angiogencsis and is thought to conuibute to the progression of 
the neovascular form of age-related macular degeneralion 
(AMD). The binding of ranibitumab to VEGF-A prevents the 
interaction of VEGF-A with its receptors (VEG FR I and 
VEGFR2) on the surface of endothelial cells, reducing 
endothelial cell proliferation, vascular leakage, and new blood 
vessel formation. 

12.2 Pharmacodynamics 
Neovascular AMO is associated with foveal retmal thickening 
as assessed by optical coherence tomography (OCT) and 
leakage from CNY as assessed by fluorescein angiography. 

In Study 3, foveal retinal thickness was assessed by OCT in 
118/184 patients. OCT measurements were collected at 
baseline. Momhs I, 2. 3, 5. 8. and 12. In patients treated with 
LUCENTIS. foveal retinal thickness decreased. on average. 
more than the sham group from baseline through Month 12. 
Retinal thickness decreased by Month 1 and decreased further 
at Month 3, on average. Foveal retinal thickness data did not 
provide information useful in influencing treatment decisions 
[see C/i11il·al S111tlic:.1· ( 14.2)1. 

In pa1ients treated with LUCENTIS, the area of vascular 
leakage, on average, decreased by Month 3 as assessed by 
tluorescein angiography. The area of vascular leakage for an 
individual patient was not correlated with visual acuity. 

l 2.3 Pharmaq1kinetics 
ln animal studies, following intravitreal injection, ranibizumab 
was cleared from the vitreous with a half-life of approximately 
3 days. After reaching a maximum at approximately l day1 
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the serum concentration of ranibizumab declined in parallel 
wirh the virreous concentration. In tt>r:se animal s1udies, 
syscemic exposure of ranibiz.umab is more than 2000-fold 
lower than in the vitreous. 

ln patients wi1h ncovascular AMO, following monchly 
incravitreal administration, maximum ranibizumab serum 
concentrations were low (0.3 ng/rnL to 2.36 ng/mL). These 
levels were below chc concentrarion of ranibizumab (I I ng/mL 
co 27 ng/mL) thought to be necessary to inhibit the biological 
activity of YEGF-A b.y 50%, as measured in an in vitro cellular 
proliferation assay. The maximum ob.served serum 
concentration was dose proportional over the dose range of 
0.05 to 1.0 mg/eye, Based on a population pharmacokinetic 
analysis. maximum serum concentracions of 1.5 ng/mL arc 
predicted to be.reached at approximately I day after monthly 
intravitreal administration of LUCE~TIS 0.5 mg/eye. Based 
on the disappearance of ranibizumab from serum, the estimated 
average vitreous elimination half-life was approximately 
9 days. Steady-stace minimum concenlration is predicted to be 
0.22 ng/mL with a monthly dosing regimen. In humans, serum 
ranibizumab concenlrations are predicted to be approximately 
90,000-fo!d lower than vitreal concentrations. 

l3 NONCLINICAL TOXICOLOGY 

l]. l Carcinogenesis, Mutagenesis, Impairment of 
Fertility 

No carcinogenicity or mutagenicity data are available for 
ranibizumab injection in animals or humans. 

No studies on the effects of ranibizumab on fertilny have been 
conducted. 

14 CLINICAL STUDfES 
The safety and efficacy of LUCENTIS were assessed in three 
randomized. double-masked. sham- or active-controlled 
studies in patients with neovascular AMO. A lotal of 
1323 pa1icn1s (LUCENTIS 879. Conrrol 444) were enrolled in 
the three studies. 

14.1 Study I and Study 2 

In Study I. patients with minimally classic or occult (without 
classic) CNV lesions received monthly LUCENTIS 0.3 mg or 
0.5 mg intravitrcal injections or monthly sham injections. 
Data are available through Month 24. Patients treated with 
LUCENTIS in Study I received a mean of 22 total treatments 
out of a possible 24 from Day 0 to Month 24. 

In Study 2. patients with predominantly classic CNV lesions 
received one of the following: I) monthly LUCENTlS O.J mg 
intravitreal injeccions and sham POT; 2) monthly LUCENTIS 
0.5 mg intravitreal injections and sham PDT; or 3) sham 
inlravicreal injections and active verteporlin PDT. Sham PDT 
(or active veneporfin PDT) was given with the initial 
LUCENTIS (or sham) intravitreal injection and every 
3 months thereafter if tluorescein angiography showed 
persistence or recurrence of lcalcage. Data are available 
through Month I 2. Patients treated with LUCENTIS in 

Study 2 received a mean of 12 total 1reacmen1s ou1 of 3 
possible I J from Day 0 through Month 12. 

In bo1h studies. the primary efficacy endpoint was 1he 
proportion of palien1s who maintained vision, defined as 
losing fewer rha n 15 le lie rs of vis1.1al acuity a1 12 monrhs 
compared with baseline. Almost all LUCENTIS-treated 
patients (approx im3tely 95%) m3intained their visual acuicy. 
34%-40% of LVCENTIS·trea1ed patients experienced a 
clinically significant improvement in vision. defined as 
gaining 15 or more letters at 12 monchs. The size of the lesion 
did not significantly affecc the results. Detailed re~ults arc 
shown in the tables below. 

Table J 
0 utcomes at M th 12 d M h 24 . S d I on an Ont m tu 1y 

LUCENTIS 
Outcome Sham 0.5 mg 
Measure Month n =238 n= 240 
Loss of Month 12 62% 95% 
< IS 

letters in Month 24 53% 90% 
visual 
acuity 
(%)0 

Gain of Month 12 5% 34% 
~15 
letters in Month 24 4% 33% 
visual 
acuiry 
(%)h 

Mean Month 12 - I O.S +7.2 (14.4) 
change in ( 16.6) 
visual Month 24 -14.9 +6.6 (16.5) 
acuity (18.7) 
(leners) 
(SD)~ 

• Adjusted est1ma1e based on the stra11fied model. 
b p<O.O I. 

Estimated 
Difference 
(95% Cl)" 

32% 
(26%, 39%) 

37% 
(29%,44%) 

29o/o 
(E% .• JS%) 

29% 
(23%. 35%) 

17.5 
( 14.8. 20.1) 

21.1 
( 18.1. 24.1) 
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Table 4 
0 utcomes at Month 12 in Scudy 2 

V ertcporfin LUCENTIS Estima1ed 
Outcome PDT 0.5 mg Difference 
Measure n = 143 n = 140 (95% Cl)' 

Loss of 64% 96% 33% (25%, 41%) 
< 15 leuers 

in visual 
acuity (%)b 

Gain of 6% 40% 35% (26%, 44%) 
?:: 15 

leners in 
visual 
acuiry (%)11 

Mean -9.5 ( 16.4) +11.3 (14.6) 21.1 (17.5. 24.6) 
change in 
visual 
acuity 
(lellers) 
{SD)b 
• . -Ac11us1ed estimate based on !he s1ra11lred model. 
h p<0.01. 

Figure 1 
Mean Change in Visual Acuity from Baseline 

to Month 24 in Study I and co Month 12 in Study 2 

Study 1 ~ 
:; 15 
~ 
~ 10 

5 Ii\ s 
............. - ..... .-......... - ......... - ........... - +6.8 

S§ Of'"">- ----------"-----
&~ 
:;- .5 

0 

<! 

°'o 0 . 0..., 

(.) ·10 
c:: 
: ·IS 

·o.., 
0--0-0 0-0...o..Q 

o-o-o.o o o-o-o · 14.9 
:E 

o 2 • & e 10 12 1• 1s 1e 20 22 2• 
Monlll 

IS 
Study 2 

t 11.J 
n; 
=> 
5 c;; s 
.s ~ o......,.. _ _____ _ 
~j ••• 
c: - ·5 
"' ..c: 
(.) ·10 
c 
:g · IS 

... 
.... ·9.5 

~ ........ ~~~~-~~ 
o 2 • s a 10 12 

MQnth 

S1udy 1 : 

-- LUCENTIS 0.$ mo (n"240) 
..,_ Sliam (n-238) 

Study 2: · 
-- LUCENTIS 0.5 mg (n..139) 

- Veneporflll PDT (n•l43) 

Patients in the group tre:itcd wi1h LUCENTIS had minimal 
observable CNV lesion growth. on uveragc. At Monlh I~- the 
mean change in the total area of 1he CNV lesion was 
0.1-0.3 DA for LUCENTIS versus 2)-2.6 DA for the conlrol 
arms. 

The use of LUCENTIS beyond 24 months has no1 been 
studied. 

14.2 Study 3 
Study 3 was a randomized, double-masked, sbam-con1rolled, 
two-year study designed co assess the safety and efficacy of 
LUCENTIS in patients with neovascular AMO (with or 
without a classic CNV component). Data are available 
through Month 12. Patients received LUCENTIS 0.3 mg or 
0.5 mg .intravitreal injcc1ions or sham injec1ions once a mon1h 
for 3 consecutive doses, followed by a dose administered once 
every 3 months. A total of 184 patiencs were enrolled in this 
srudy (LUCENTIS 0.3 mg. 60: LUCENTIS 0.5 mg. 61; sham. 
63); 171 (93%) completed 12 months of this swdy. Patients 
treared with LUCENTIS in Study 3 received a m<!an of 6 total 
treatments out of possible 6 from Day 0 through Month 12. 

In Study 3, the primary efficacy endpoint was mean change in 
visual acuity at 12 months compared with baseline 
(see Figu1·c :!). After an initial increase in visual acuity 
(following monthly dosing). oo average, patients dosed once 
every three months with LUCENTIS lost visual acui1y, 
returning to baseline at Month 12. In Study 3. almos1 all 
LUCENTIS-trcatcd patients (90%) maintained their visual 
acuity at Month 12. 

Figure 2 
Mean Change in Visual Acuity from Baseline co 
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16 HOW SUPPLIED/STORAGE AND HANDU NC 
Each LUCENT IS canon, NOC 50242-080-0 I, contains one 
2-cc glass vial of ranibizumab, one 5-micron, 
19-gaugc x 1-112-inch filter needle for withdrawal of the vial 
contents, one 30-gauge x 112-inch injection needle ror the 
intravitreal·injection, and one package insert [see Dosage a11d 
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~\t11111ni.wa1u111 (~.4)1 . VIALS ARE FOR SINGLE EYE USE 
ONLY. 
17 PATIENT COUNSELING INFORMATION 
In the days following LUCENTIS administration. patients are 
al risk of developing endophthalmitis. If the eye becomes red. 
sensitive to light. painful, or develops a change in vision. the 
pa1ient should seek immediate care from an ophthalmologist 
[see W11mi11g.1· mu/ Pn·rct111f1111.I' (5. /)}. 

LUCENTIS™ [ranibizumab injection] 
Manufac1ured by: 
Genentech, Inc. 
I DNA Way 
South San Francisco. CA 94080-4990 

8277700 
LLl404 

4833801 
FDA Approval Dace: 

June 2006 
0 2006 Genentech, 

Inc. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 

BLA 125 156 

Genentech, Inc. 
Attention: Roben L. Garnick, Ph.D. 
Senior Vice President, Regulatory Affairs, Quality & Compliance 
I DNA Way 
South San Francisco, California 94080-4990 

Dear Dr. Garnick: 

Public Health Seivice 

Food and Drug Administration 
Rockville, MD 20852 

We have approved your biologics ' license application for Lucentis (ranibizumab injection) 
effective this date. You are hereby authorized to introduce or deliver for introduction into 
interstate commerce, ranibizumab injection under your existing Department of Health and 
Human Services U.S. License No. I 048. Lucentis (ranibizumab injection) is indicated for the 
treatment of patients with neovascular (wet) age-related macular degeneration. 

Under this license, you are approved to manufacture ranibizumab drug substance at Genentech, 
Inc., South San Francisco, California; fill the final formulated product at (l5 J 14 /. _________ -~-----I 

I (b) <4 >. ______________ t and label and package filled vials at Genentech, Inc., South San 
Francisco, California. You may label your product with the proprietary name Lucentis and 
market it in I 0 mg/mL single use glass vials. 

We acknowledge receipt of your submissions dared December 29, 2005, and January 31, 
February I 0, 17, 21, and 24, March 17, 23, and 31, April I 0, and 28, May 5, I 0, 25 (2), 
26 (2), and 31, and June t, 5 (2), 6, 9, 13, 16, 23, 26, 27, 28 (3), and 29, 2006. 

The final printed labeling (FPL) must be identical in content to the enclosed labeling text for 
the package insert, submitted June 28, 2006; the immediate vial container submitted 
March 31, 2006; and the carton labels submitted June 5, 2006. The statement "No U.S. standard 
of potency" should be added with the next printing of carton labels. Marketing this product with 
FPL that is not identical in content to the approved labeling text may render the product 
misbranded and an unapproved new drug. 

The dating period for formulated drug product shall be l 8 months from the date of manufacture 
when stored at 2°-8°C (36°-46°F). The date of manufacture shall be defined as the date of final 
sterile filtration of the follllulated drug product. The dating period for ranibizumab drug 
substance shall be tfD""41 11 when stored at -20 °C. 

You currently are not required to submit samples of future lots of Lucentis to the Center for 
Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21CFR610.2. 
We will continue to monitor compliance with 21 CFR 610.1 requiring completion of tests for 
conformity with standards applicable to each product prior to release of each lot. 
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You must submic information to your biologics license application for our review and written 
approval under 21 CFR 601.12 for any changes in the manufacturing, testing, packaging or 
labeling of Lucent is, or in the manufacturing facilities. 

All applications for new active ingredients, new dosage forms, new indicacions, new routes of 
administration, and new dosing regimens are required to contain an assessment of the safety and 
effectiveness of the product in pediatric patients unless this requirement is waived or deferred. 
We are waiving che pediatric study requirement for this application. 

The following are Posrmarketing Studies that are subject to reporting requirements of 
21 CFR 601.70: 

I. Submit the final Clinical Study Report from Study FVF3689g by June 30, 2008. 

2. Provide safety and efficacy data from a 2-year adequate and well-controlled clinical trial 
of a mutually acceptable design exploring multiple dosing frequencies of Lucentis. 

Date of submission of protocol: November 14, 2008. 

Date of start of study: September 21, 2009. 

Date of final clinical study report: April I, 2013. 

3. To detect and characterize immune responses to ranibizumab: 

a. Develop and validate a confirmatory assay capable of detecting both lgG and lgM 
isotype responses. 

b. Develop and validate an assay to detect neutralizing anti-ranibizumab antibodies. 

The assay methodology and validation reports: September 28, 2007. 

4. To characterize further the immune response to ranibizumab, serum samples collected 
in studies FVF2587g, FVF2598g, FVF3 l 92g will be assayed using the validated 
methods described above in Postmarketing Commitment #3. The data obtained will be 
analyzed to discover and evaluate any association between immunoreactivity and 
dosing frequency as well as any potential impact of immunoreactivity on efficacy or 
safety outcomes. 

The need for an additional clinical study will be determined based on the results from 
the analysis described above. 

Date of submission of protocol and statistical analysis plan: February 28, 2007. 

Date of submissior:i of final study report: September 30, 2008. 
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The following are Postmarketing Studies that are not subject to reporting requiremenrs of 
21CFR601.70: 

5. To revise release specifications, shelf.life specifications and in·process limits for 
ranibizumab drug substance and drug product after~ 14 >nmercial manufacturing runs 
to reflect increased manufacturing experience. 

These revisions co the Quality control system, the corresponding data from the~> 14 
> 

commercial manufacturing runs and the analysis plan used to create the revisions 
will be submitted as a supplement on or before June 30, 2008. 

6. To perform additional Lucentis stability studies at 40°C using Ion Exchange 
Chromatography (IEC) to demonstrate that the corrective actions taken· atri<~~)rl('*•+-J -.. -.-.-•. ---. 
to address the atyp ical accelerated stability profile observed in the Lucentis 2005 
qualification campaign have been sufficient. 

Specifically, a one time stability study consistini of~ 141centis Drug Product launch 
lots are placed at 40°C and tested by IEC at!fa9

'' 
41 ,!months. These~ 41 

Lucenris Drug Product lots are derived from the fo llowing: 

• I«:> C 4 ~ofthese Lucentis Drug Product lots are manufactured from distinct lots of 
itbc),{S,) d. 

• At least~ O:- these ,!&Jo!.( 11 1 II lots are aliquoted and used to manufacture 
~1• 1Jcentis drug product lots. 

Data will be submitted as a supplement on or before March 31, 2007. 

We request that you submit clinical protocols to your IND, with a cross·reference letter to this 
biologics license application. Submit nonclinical and chemistry, manufacturing, and controls 
protocols and all study final reports to this application. Please use the fo llowing designators to 
label prominently all submissions, including supplements, relating to these postniarketing study 
commitments as appropriate: 

• Postmarketing Study Protocol 
• Postmarketing Study Final Report 
• Postmarketing Study Correspondence 
• Annual Report on Postmarketing Studies 

For each postmarkering study subject to the i eporting requirements of 21 CFR 60 l.70, you must 
describe the status in an annual report on postmarketing studies for this produ_ct. The status report 
for each study should include: 

• information to identify and describe the postl'Tlarketing commitment, 
• the original schedule for the commitment., 
• the status of the commitment (i.e. pending, ongoing, delayed, terminated, or 

submitted}, 
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• an explanation of the status including, for clinical studies, the patient accrual rate (i.e. 
number enrolled to date and the total planned enrollment), and 

• a revised schedule if the study schedule has changed and an explanation of the basis 
for the revision. 

As described in 21 CFR 60 I .70(e), we may publicly disclose information regarding these 
postmarketing studies on our Web site (lmp://\.,..\ .. •w.fda.l!ov/cder/pmc/default.htm). Please refer 
to the Apri I 200 I Draft Guidance for Industry: Reports on the Status of Postmarketing Studies -
Implementation of Section 130 of the Food and Drug Administration Modernization Act of 1997 
(see http://w\.vw.fda.gov/cber/gdtns/post0..+040 I .htm) for further information. 

You must submit adverse experience reports under the adverse experience reporting 
requirements for licensed biological products (21 CFR 600.80). You should submit 
postmarketing adverse experience reports to the Central Document Room, Center for Drug 
Evaluation and Research, food and Drug Administratipn, 590 1-B Ammendale Road, Beltsville, 
MD 20705-1266. Prominently identify all adverse experience reports as described in 21 CFR 
600.80. 

The MedWatch-to-Manu facturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologics qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at www.fda.l!ov/medwatch!report/mmp.hlm. 

You must submit distribution reports under the distribution reporting requirements for licensed 
biological products (21 CFR 600.81 ). 

You must submit reports of biological product deviations under 21CFR600.14. You should 
promptly identi fy and investigate all manufacturing deviations, including those associated with 
processing, testing, packing, labeling, storage, holding and distribution. If the deviation involves 
a distributed product, may affect the safety, purity, or potency of the product, and meets the other 
criteria in the regulation, you must submit a report on Form FDA-3486 to the Division of 
Compliance Risk Management and Surveillance (HFD-330), Center for Drug Evaluation and 
Research, food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20857. Biological 
product deviations sent by courier or overnight mail should be addressed to Food and Drug 
Administration, CDER, Office of Compliance, Division of Compliance Risk Management and 
Surveillance, HFD-330, Montrose Metro 2, l I 919 Rockville Pike, R.ockville, MD 20852. 
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Please submit all FPL at the time of use and include implementation information on FDA Form 
356h. Please provide a PDF-format electronic copy as well as original paper copies (ten for 
circulars and five for other labels). In addition, you may wish to submit draft copies of the 
proposed introductory advertising and promotional labeling with a cover lener requesting 
advisory comments to the Food and Drug Administration, Center for Drug Evaluation and 
Research, Division of Drug Marketing, Advertising and Communication, 5901-B Ammendale 
Road, Beltsville, MD 20705-1266. Final printed advertising and promotional labeling should be 
submined at the time of initial dissemination, accompanied by a FDA Form 2253. 

All promotional claims must be consistent with and not contrary to approved labeling. You 
should not make a comparative promotjonal claim or claim of superiority over other products 
unless you have substantial evidence to support that claim. 

Please refer to http://w\vw.fda.gov/cder/biologics/default.ht111 for important information 
regarding therapeutic biological products, including the addresses for submissions. 

If you have any questions, call Lori M. Gorski, Project Manager, at (30 l) 796-0722. 

Enclosure 

Sincerely, 

Mark 1. Goldberger, M.D., M.P.H. 
Director 
Office of Antimicrobial Products 
Center for Drug Evaluation and Research 
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METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

CROSS REFEREl'fCES 

'Ibis application is a continuation-in-part of U.S. appli
cation Ser. No. 01n15;i72 filed Jun. 14, 1991 (abandoned) 
which application is incorporated herein by reference and to 
which application priority is claimed under 35 use §120. 

FIELD OF nm CNVENTION 

This iavenlioa relates to methods for the preparation and 
use of variant antibodies and finds application partic11larly in 
the fields of immunology and cancer diagnosis and therapy. 

BACKGROUND OFTHE INVENTION 

2 
antigen binding portion of an anttbody molecule linked to at 
least part o( another protein (typically an immunoglobulin 
constant domain). 

The isotype of the human constant domain may be 
s selected to tailor the chimeric antibody for participation in 

antibody-dependent cellular cytotoxicity (ADCC) and 
complement-dependent cytotoxicity (see e.g. Briiggemann, 
M. el al.,J. Exp. Med. 166:1351-1361 (1987); Riechmann, 
L et al., Nature 332:32.3-327 (1988); Love et al., Methods 

10 in Enzymology 178:515-527 (1989): Biodoo et al., J. Exp. 
Med. 168:127-142 (1988). 

In the lrpical embodiment, such chimeric antibodies 
contain about one third rodent (or other aon·humaa species) 
sequence and thus are capable of eliciting a significant 

15 anti-globulin response in humans. For example, in the ease 
of the murine anti-CD3 antibody, OKT3, much of the 

Naturally occurring antibodies (immuooglobtdios) com- resulting anti-globulin response is directed aglliost the vari-
prise two heavy chains linked together by disulfide bonds able region rather lhao the constant region (Jaffecs, G. 1. et 
and two light chains, one tight chain being linked to each of a., Transplanllltion 41:572-578 (1986)). 
lhc heavy chains by disuliide boods. Each heavy chain bas 

20 
lo a further effort to resolve the antigen binding functions 

at ooe end a variable domain (V n) followed by a number of of antibodies and to minimize the use of heterologous 
constant domains. Each light chain has a variable domain sequences in human antibodies, Winter and colleagues 
(V L) al one end and a conslanl domain al i1S other end, the Qones, P. T. et al., Nature 321:522-525 (1986); Ricchmann, 
constant domain of the light chain is aligned with the first zs L. et al, Nature 332:323-327 (1988); Verhoeyen, M. et al., 
constant domain of the heavy chain, and the light chain Science 239:1534-1536 {1988)) have substituted rodent 
variable domain is aligned with the variable domain of the CD Rs or COR sequences for the corresponding segments of 
heavy cbaio. Particular amino acid residues are believed to a human antibody. As used herein, the term "humanized" 
form an interface between the light and heavy chain varjable antibody ~ an embodiment of chimeric antibodies wherein 
domains, see e.g. Cbothia cl al., 1. Mol. Biol. 186:651-663 

0 
substantially less than an intact humao variable domain has 

(1985); Novotny and Haber, Proc. Natl. Acad. Sci. USA 
3 

been substituted by the corresponding sequence from a 
82:4592-4596 (1985). non-human species. Jo practice, humanized antibodies are 

Tue constaol domains are not involved directly in binding typically humaa antibodies in which some CDR residues 
the antibody to an antigen, but arc involved in various and possibly some FR residues are substituted by rcsidut.-s 
effector functions, such as participation of the <Jntibody in 35 from analogous sites in rodent antibodies. 
antibody-dependent cellular cytotoxidty. The variable The therapeutic promise of this approach is supported by 
domains of each pair of light and heavy obains are involved the clinical efficacy of a humanized antibody specific for the 
directly in binding the antibody lo the antigen. The domains CAMPATil-1 antigen with two non-Hodgkin lymphoma 
of natural light and beavy chains have the same general patients, one of whom bad previously developed ao aati-
structure, and each domain comprises four framework (FR) 40 globulin response to the parental rat antibody (Riechnnnn, 
regions, whose sequences are somewhat conserved, coo· L. el al., Nature 332:323-327 (1988); Hale, G. et aL,Lancet 
nected by three hyper-variable or complemeotadty deter- i:l'.394-1399 (1988)). A murine antibody lo the interleukin 2 
mining regions (CDRs) (see Kabat, E. A. et a., Sequences of receptor has also recently been humanized (Queen, C. et al., 
Proteins of Immunological Interest, National lnstitutes of Proc. Natl. Acad. Sci. USA 86;10029-10033 (1989)) as a 
Health, Bethesda, Md., (1987)). The four framework regions 45 potential immuoosuppressive reagent. Additional references 
largely adopt a ~-sheet conformation and the CO Rs form related to humanization of antibodies include Co et aL, Proc. 
loops connecting, and in some cases fonniog part of, the Natl Acad. Sci. USA 88:2869-2873 (1991); Gorman et al., 
~·sheet structure. The CDRs in eacb cbain are held in close Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991); Daugb· 
proximity by the framework regions and, with the CD Rs erty et al., Nucleic Acids Research 19(9):2471-2476 (1991); 
from the other chain, contribute to the fonnation of the 50 Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667 
antigen binding site. (1991); Junghans et al., Cancer Research 50:1495-1502 

Widespread use bas been made of monoclonal antibodies, (1990). 
particularly those derived from rodenls including mice, In some cases, substituting CDRs from rodcot antibodies 
howevtr they are frequently antigenic in human clinical use. for the human CDRs in bum an frameworks is sufficient to 
For example, a major limitation in the clinical use of rodent 55 transfer high antigen binding affinity (Jones, P. T. et al., 
monoclonal antibodies is an anti-globulin response during Nature 321:522- 525 (1986); VerhQCyeo, M. et aL, Science 
therapy (Miller, R. A. el al., Blood 62:988-995 (1983); 239:1534-1536 (1988)), whereas in other cases it bas been 
Schroff, R. W. et al., Cancer Res. 45:879-885 (1985)). necessary to additionally replace one (Riechmann, L. ct aJ., 

The art bas attempted to overcome this problem by Nature 332:323-327 (1988)) or several (Queen, C. ct al., 
coostrocling "chimeric'' antibodies in which an animal 60 Proc. Nail Acad. Sci. US.A 86:10029-10033 (1989)) frame-
aa1jgeo-biodiag variable domain is coupled to a human work region (FR) residues. See also Co et al., supra. 
constant domain (Cabilly et al., U.S. Pat. No. 4,816,567; For a given antibody a small number of FR residues are 
Morrison, S. L. et al., Proc. Natl. Acad. Sci. USA anticipated to be important for antigen binding. Firstly for 
81:6851-6855 (1984); Bouliao.oe, G. L et al., Narure example, certain antibodies have been shown to contain a 
312:643-646 (1984); Neuberger, M. S. et aJ., Narure 65 few FR residues which directly contact antigen in crystal 
314:268-270 (1985)). The term "chimeric" antibody is used structures of antibody-antigen complexes (e.g., reviewed i.o 
bereio to describe a polypeptide comprising at leaSI the Davies, D. R. ct al.,Ann. Rev. Bioc!iem. 59:439-473 (1990)). 
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Secondly, a number of FR r:esidues have been proposed by 
Chothia, Lc:sk and colleagues (Chothia, C. & Lcsk,A. M.,J. 
Mal Biol. 196:901- 917 (1987); Cbotbia, C. el al., Nature 
342:8n-88J (1989); Tramontano, A. et al., J. Mo/. Biol. 
215:175-182 (1990)) as criticaUy affecting tbe conformation s 
of particular CDRs and thus their oootnoution to antigen 
binding. See also Margolies et al., Proc. Nail. Acad. Sci. 
USA 72:2180-2184 (1975). 

Tt is also known that, in a few instances, an antibody 
variable domain (either V" or VL) may contain glycosyla- 10 
lion sites, and that this glycosylalion may improve or abolish 
antigen binding, Plucktbun, Biotechnology 9:545-51 
{1991); Spiegelberg et al., Biochemistry 9:4217-4223 
(1970); WaUic ct at., J. Exp. Med. 168:1099-1109 (1988); 
Sox ct al., Proc. Nall Acad. Sci. USA 66:975-982 (1970); 15 
Margni et al., Ann. Rev. lmm11nol 6:535-554 (1988). 
Ordinuily, however, glycosylatioo bas oo influence on the 
antigen-binding properties of an antibody, Pluckthun, supra, 
(1991). 

The three-dimensional structure of immunoglobulin 20 
chains bas been studied, and crystal structures for intact 
immuooglobulins, for a variety of immu.ooglobulin 
fragments, aod for antibody-antigen complexes have been 
published (see e.g., SauJ el al., Journal of Biological Chem
istry 25:585-97 (1978); Sheriff ct al., Proc. Nat.L Acad. Sci. 25 
USA 84:8075-79 (1987); Segal et al., Proc. NaJl. A cad. Sci. 
USA 71:4298-4302 (1974); Epp et al., Biochemistry 14(22) 
:4943-4952 (1975); Marquart et .a l. , J. Mot. Biol. 
141:369---391 (1980); Furey et al.,J. Mo/. Biol. 167:661-692 
(1983); Snow and Anizel, Protein: Scructure, Fune/ion, and 30 
Genetics 1:267- 279, Alan R. Liss, Inc. pubs. (1986); 
Cbothia and Lesk,J. Mo/. Bo/.196:901-917 (1987); Cbothia 
et al., Nature 342:877-883 (1989); Chotbja et al., Scie1u;;e 
233:755-58 (1986); Huber et al., Nature 264:415-420 
(1976); Bruccoleri et al, Nature 335:564-568 (1988) and 35 
Nature 336:266 {1988); Sherman et al., Jcumal of Biologi
cal Chemistry 263:4064-4074 (1988); Amzel and Poljak, 
Ann. Rev. Biochem. 48:961--07 (1979); Silverton et al., Proc. 
Natl. Acad. Sci. USA 74:5140--5144 (1977); aod Gregory el 
al., Molecular Immunology 24:821-829 (1987). It is knowo 40 
that the function of an antibody is depeodeol on its three 
dimeosiooal stl'\lcture, and that aroioo acid substitutions can 
change the three-dimensional structure of an antibody, Snow 
and Amzcl, supra. It has previously been shown that the 
antigen binding affinity of a humanized antibody can be 45 
increased by mutagenesis based upon molecular modelling 
(Riecbmano, L. el al., Nature 332:323--327 (1988); Queen, 
C. el al., Proc. Nall. Acad. Sci. USA 86:10029- 10033 
(1989)). 

Humanizing an antibody with retention of high affinity for so 
antigen and other desired biological activities is al present 
diflicull lo achieve using currenlly available procedures. 
Methods are needed for rationalizing the selection of sites 
for substitution in preparing such antibodies and thereby 
incn:asing the efficiency of antibody hua;Jaoization. 55 

The proto-oncogene HER2 (human epidermal growtb 
factor receptor 2) encodes a protein tyrosine kinase 
(pl85~=) that is related lo and somewhat homologous to 
the human epidermal growth factor reccp2or (see Cousscns, 
L. et al., Science 230:1132--1139 {1985)~ Yamamoto, T. ct 60 
al., Nalure 319:230-234 (1986); Kiog, C. R. et at, Science 
229:974-976 (1985)). HER2 is also known in lbe field as 
c..erbB-2, and sometimes by the oamc of the rat bomolog, 
neu. Amplification and/or overexpression of HER2 is asso
cia1ed with mbltiple human malignancies and appears to be 65 

integrally involved io progression of 25-30% of human 
breast aod ovarian cancers (Slamon, D. J. et al., Scier1Ce 

4 
235:177-182 (1987), Slamon, 0. J. el al., Science 
244:707- 712 (1989)). Furthe1IDorc, the extent of amplifica
tion is inversely correlated with the observed median patient 
survival Lime (Slamoo, supra, Science 1989). 

The murine monoclooal antibody known as muMAb405 
(Pendly, B. M. et al., Cancer Res. 50:155CH558 (1990)), 
directed against tbe extracellular domain (ECD) of 
p 185HER2, specifically inhibits the growth of tumor cell lines 
overexpressing p185H£112 in moanlayer culture or in soft 
agar (Hudziak, R. M. et al., Molec. Cell. Biol 9:1165--1172 
(1989); Lupu, R. et al., Science 249:1552-1555 (1990)). 
MuMAb4D5 aLw bas the potential of eobancing tumor cell 
sensitivity to tumor necrosis factor, an important effector 
molecule in macrophage-mediated tumor cell cytoto:xicity 
(Hudziak, supra, 1989; Shepard, H. M. and Lewis, G. D. J. 
Clinical Immunology 8:33~395 (1988)). Thus wuMAb4D5 
bas potenlial for clinical intervention in and imaging of 
carcinomas in wbicb pl85HE:R2 is overexpressed. The 
muMAb405 aod its uses are described in PCT application 
WO 89/06692 published Jul. 27, 1989. This murine antibody 
was deposited with the PJCC and designated PJCC CRL 
10463. However, this antibody may be immunogeoic in 
humans. 

It is therefore an object of this invention lo provide 
methods for lhe preparation of antibodies which are less 
amigeoic in humans than non-human a.Dtibodies but have 
desired antigen binding and other characteristics and activi
ties. 

h is a further object of this iovcotion to provide methods 
for the efficient humanization is of antibodies, i.e . selecting 
non-human amino acid residues for importation into a 
buman antibody background sequence io such a fashion as 
to retain or improve the affinity of lhe non-human donor 
antibody for a given antigen. 

[tis another object of this invention lo provide humanized 
antibodies capable of binding pl8sta::Jn. 

Other objects, features, and chatacteristics of the present 
invention will become apparent upon coosidcralion of tbe 
following description apd the appended claims. 

SUMMARY OF 1HE INVENTION 

The objects of this invention are accomplished by a 
method for making a humanized antibody comprising amino 
acid sequence of an import, oon-human antibody and a 
human antibody, comprising the steps o(: 

a. obtaining the amino acid sequences of at lea.st a portion 
of an import antibody variable domain and of a con
sensus variable domain; 

b. identifying Complementarity De,enniniog Regioo 
(CDR) amino acid sequences in the import and tbe 
human variable domain sequences; 

c. substituting an import CDR amino acid sequence for 
the corrcspoodiog bu.man CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework 
Region (FR) of tbc import antibody and the corre
sponding FR of the consensus antibody; 

e. identifying import antii,ody FR residues in the aligped 
FR sequences lhal are oon-bomolo~ous lo the corre
spoodiog coosc:DSus antibody residues; 

f. delecminiog if the non-homologous import amino acid 
residue is reasonably expected to have at lease one of 
the following effects: 
1. non-covalently binds antigen directly, 
2. in.tee.acts with a CDR; or 
3. participates in the V c V H interface; and 
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la preferred embodiments, the non-CDR residue substituted 
at tbe consensus FR site is lhe residue found al the corre
spond.iag local.ion of the aon-humaa antibody. 

Optionally, Ibis just-recited embodimenl comprises the 

g. for any non-homologous import antlbody amino acid 
residue which is reasonably expected lo have at least 
one of these effects, substituting that residue foe the 
corresponding amino acid residue in the consensus 
antibody FR sequence. 

Optionally, the method of this invention comprises the 
additional steps of determining if any non-homologous 
residues identified in step ( e) are exposed on the surface of 
the domain or buried within it, and if the residue is exposed 
but has none of the effects identilied in step (f), retaining the 
consensus residue. 

5 additional steps of following tbe method steps appearing al 
the beginning of this summary and determining wbetber ii 
particular amino acid residue can reasonably be expected to 
bave undesirable effects. 

This invention also relates lo a huma.oized aatibody 

Additionally, in certain embodiments the method of this 
invention comprises the feature wherein the corresponding 
consensus antibody residues identific:d in step (e) above are 
selected from the group consisting of 4L, 3SL, 36L, 38L, 
43L, 44L, 46L, SSL. 62L, 63L, 64L, 65L. 66L, 67L, 68L, 
69L, 70L, 71 L, 73L, SSL, S7L, 98L, 2H, 4H, 24H, 36H, 
37H, 39H, 43H, 4SH, 49H, SSH, 60H, 67H, 68H, 69H, 70H, 
73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H 
(utilizing the numbering system set forth in Kabat, E. A. et 
aL. Sequences of Proteins of Immunological /11teres1 
(National Institutes of Health, Betbesd~, Md., 1987)). 

1o comprising tbe CDR sequence of an impon, non-human 
antibody and the FR sequence of a human antibody, w~erein 
an amino acid residue wi1hin the human FR sequence 
located at any one of tbe sites 4L, 35L, 36L, 381., 43L, 44L, 
46L, 5SL, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 

1s 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, SSH, 60H, 
67H, 68H, 69H, 70H, 73H, 74H, 7SH, 76H, 78H, 91H, 92H, 
93H, and 103H has been substituted by another residue. In 
preferred embodiments, the residue substituted at the human 
FR site is the residue found at the corresponding location of 

20 the non-human antibody from which the non-human CDR 
was obtained. In other embodiments, no human FR residue 
otbei: than those set forth in this group bas been substituted. In ocrtaia embodiments, the method of this invention 

comprises the additional steps of searching either or both of 
tbe imporl, oon-human aod the consensus variable domain 
sequences for glycosylalion sites, determio_ing if the glyco- 25 
sylatioo is reasooably expected to be important for lhe 
desired antigen binding and biological activity of lhe anti
body (i.e ., determining ii tile glycosylation site binds lo 
antigen or cllaagcs a side chain of an amino acid residue that 
binds lo antigen, or if the glycosyla.tion enhances or weakens 30 
antigen binding, or is important for maintaining antibody 
affinity). If the import sequence bears the glycosylation site, 
it is preferred to substirute that site for the corresponding 
residues in the consensus human if the glycosylation site is 
reasonably expected to be impo11aot. lf only the consensus .35 

sequence, and not the impo11, bears the glycosylation site, it 
is preferred to eliminate tnat glycosylatioo site or substitute 
therefor the co(Tespondiog amino acid residues from the 
impol1 scqueoce, 

This invention also encompasses specific humanized anti
body vaiiablc domains., and isolated polypeptides having 
homology with tbe following sequences. 

1. SEQ. lD NO. 1, whicb is the light chain variable 
domain of a humaoized version of muMAb405: 
DI Q MTOSPSS LSASVGDRVTI TCR ASQ D 
VNTAVAWYQQKPGKAPKLLIYSASFLES
G VPSRFSGSRSGTDFTLTI SSLQPEDFA
TYYCQQHYITPl'TFGQGTKVEIKRT 

2. SEQ. ID NO. 2, which is the heavy cbain variable 
domain of a humanized version of muMAb405): 
EVQLVESGGGLVOPGGSLRLSCAASGFNIK 
DTYIHWVRQAPGKGLEWVARIYPTNGYTRY 
AOSVKGRFTISADTSKNTAYLQMNSLRAED 
TAVYYCSRWGGDGFYAMDVWGQGTI..VfVSS 

In another aspect, this invention provides a consensus 
antibody variable domain amino acid sequence for use in the 

Another embodiment of this invention comprises aligning 
impon antibody and the consensus antibody FR sequences, 
identifying impon antibody FR residues wtuch are non
bomologous with the aligned consensus FR sequence, and 
for each su.ch non-homologous import antibody FR residue, 
determining if lbc corresponding coru;eosus antibody resi
due represeols a residue which is highly conserved across all 
species al that site, and if it is so conserved, preparing a 
humanized aatibody which comprises the consensus aoli· 
body amino acid residue al that site, 

4-0 preparatioa of humanized antibodies, methods for obtaining, 
using, and storing a computer representation o[ sucb a 
consensus sequence, and computers comprising the 
sequence data of such a sequence. In one embodiment, the 
following consensus antibody variable domain amino acid 

45 sequences :are provided: 
SEQ. ID NO. 3 (light chain): DDIOMTQSPSSLSAS

VGDRVTITCRASQDVSSYLAWYQQKPGKAPKLL 
IYAASSLESG VPSRFSGSGSGTDFTLTISSLQ P 
EDFA1YYCQQYNSLPYTFGQGTICVEIKRT, and 

so SEQ. LO NO. 4 (heavy chain): EVQLVESGGGLVQPG 
Certain alternate embodimeats of the methods of this 

invention comprise obtaining the amino acid sequence of at 
least a ponion of a.a import, non-humaa antibody variable 
domain baving a CDR and a FR, obtaining the amino acid 
sequence of at least a portico o( a cooseasus antibody 
variable domain having a CDR and a FR, substituting tbe 55 
non-humaa CDR for the human CDR in lbe consensus 
antibody variable domain, and then substiluting an amino 
acid residue for the consensus amino acid residue al at least 
one o[ the following sites: 

a. (in tbe FR of the variable domain of the light chain) 4L, 60 

3SL, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L, 
65L, 66L, 67L, 68L, 69L, 70L, 71L. 73L, SSL, 87L, 
98L, or 

b. (in the FR of !he variable domain of tbe heavy chain) 
2H, 4H, 24H, 36H, 37H, 39H, 43H, 4SH, 49H, 58H, 65 
60H, 67H, 68H, 69H, 70H, 73H., 74H, 75H, 78H, 91H, 
92H, 93H. and I03H. 

GSLRLSCAASGFTFSDYAMSWVRQAPGKGL 
EWVAVISENGGYTRYADSVKGRFI'ISADTSKNT 
AYLQMNSLRAEDTAWYCSRWGGDGFYAMD 
VWGQGlLVfVSS 

BRIEF DESCRIPTION OF TI-IE DRAWINGS 

FIG. IA shows the comparisoa of Lbe VL domain amino 
acid cesidues of muMAb4DS, huMAb4DS, and a consensus 
sequence (FlG. IA, SEQ.JD NO. 5, SEQ. ID NO. 1 and 
SEQ. JD NO. 3, respcx:1ively). FlG. lB shows the compari
son between the V,, domain amino acid residues of the 
muMAb4D5, huMAb4DS, and a consensus sequence (FIG. 
l B, SEQ. ID NO. 6, SEQ. ID NO. 2 and SEQ. ID NO. 4, 
respectively). Both RGS. lA and 1B use the generally 
accepted numbering scheme from Kabat, E_ A, el al., 
Seqµences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md. (1987)). In both RO. lA 
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and FIG. lB, the CDR residues determined according to a 
standard sequence defioitioo (as io Kabat, E. A. et al., 
Sequences of Proteins of /mnw.nological lrueresr (National 
lnstitutes of Health, Bethesda, Md., 1987)) are indicated by 
the first underlining beneatb the sequences, aod tbe CDR s 
residues determined according to a stnictural definition (as 
in Chotbia., C. & Lcsk, A. M., J. Mo/. Biol. 196:901-917 
(1987)) are indicated by the second, lower uoderliocs. The 
mismatches between genes are shown by the vertical lines. 

8 
The murine monoclonal antibody known as !l'luMAb4D5 

(Fendly, B. M. el al., Cancer Res. 50:1550-1558 (1990)) is 
directed against tbe extracellular domain (ECO) of 
pl85HER2. The muMAb4D5 and its uses are described in 
PCT applicalion WO 89/06692 published Jul. 27, 1989. This 
murine antibody was deposited with the ATCC aod desig-
nated ATCC CRL 10463. la this description and claims, the 
terms muMAb4D5, cllMAb4D5 and buMAb4D5 represent 
murinc, cbimeriz:cd and humanized versions of the mono-FIG. 2 shows a scheme for humanization of muMAb4D5 

VL and V /1 by gene conversion rnutagencsis. 10 clonal an1ibody. 405, respectively. 
FIG. 3 shows the inhibition of SK·BR·3 proliferation by 

MAb4D5 variants. Relative cell proliferation was deter· 
mined as described (Hudziak., R. M. et al., Molec. Cell Biol. 
9: 1165- 1172 (1989)) and data (average of triplicate 
determinations) are presented as a percentage of results witll 15 
un1teated cultures for muMAb4D5 (• ), huMAb4D5·8 (0) 
and buMAb405-1 (o). 

FIG. 4 shows a stereo view of a.-<:arbon tracing for a 
model of buMAh4D5-8 VL and Vn. The CDR residues 
(Kabat, E. A. et al., Sequences of Proteins of Immunological 
foteresr (National Institutes of Health, Bethesda, Md., 20 

1987)) are shown in bold and side chains of V" residues 
A71, 173, A78, S93, Yl02 and VL residues Y55 plus R66 
(see Table 3) are shown. 

FIG. S shows an amino acid sequence comparison of V L 

(top panel) and V H (lower panel) domains of the murine 25 
an1i-CD3 moooclooal Ab UCHTl (muxCD3, Sbalaby et al., 
J. Exp. Med. 175, 217-225 (1992) wilb a humanized variant 
of this antibody (buxCD3vl). Also shown arc ooosensus 
sequences (most commonly occurring residue or pair of 
residues) o! the most abuadanl human subgroups, namely 
VLK 1 and V H III upon which the humanized sequences are 30 
based (Kabat, E. A el al'., Seq11ences of Proteins of immu
nowgical Interest, S'i. edition, National lnstitutes of Health, 
Bethesda, Md., USA (1991)). Tue light chain sequeoces--
rnuxC03, buxCD3vl aod huKI-correspond to SEQ.JD. 
NOs 16, 17, and 18, respectively. The heavy chain 35 
sequences-muxCD3, huxCD3vl aod buxl-<:orrespond to 
SEQJD.NOs 19, 26, ;i.nd 21. rc~ctively. Residues which 
differ between rnuxCD3 and buxCD3vl are identified by an 
asterisk ( • ),whereas those which differ between humanized 
and consensus sequences are identified by a sharp sign(#). 
A bullet (•) denotes that a residue at this position bas been 40 
fouod to contact antigen in one or more crystallographic 
structures of antibody/antigen complexes (Kabat et al., 
1991; Mian, I. S. et al.,J. Mo/. Biol 217, 133-151 (1991)). 
The location of CDR residues according to a sequence 
defioilion (Kabat et al., 1991) and a stnictural defioitioo 45 
(Chotbia and Lcsk, supra 1987) are shown by a line and 
carats n beneath lbe sequences, respectively. 

FIG. 6A compares murine and humanized amino acid 
sequences for Lbe heavy chain of an anti-CDlS antibody. 
H52H4-160 (SEQ. ID. NO, 22) is the murine sequence, and 

50 
pH52-S.O (SEQ. ID. NO. 23) is the humanized heavy chain 
sequence. pH52-8.0 residue 143S is the final amino acid in 
the variable heavy chain domain V H> and residue 144A is the 
first amioo acid in the constant heavy chain domain CH1. 

A humanized antibody for the purposes herein is ao 
immunoglobulin amino acid scquen~ variant or fragmenl 
thereof which is capable of binding to a predetermined 
antigen and wbicb comprises a FR region having substan
tially the amino acid sequence of a human immunoglobulin 
and a CDR having substantially the amino acid sequence of 
a non-human immuooglobutin. 

Generally, a humanized antibody bas one or more amino 
acid re.-;idues introduced into it from a source whicb is 
non-human. These non-human amino acid residues are 
referred to herein as "import" residues, which are typically 
laken from an "import" antibody domain, particularly a 
variable domain. An import residue, sequence, or aotibody 
bas a desired affinity and/or specificity, or other desirable 
antibody biological activity as discussed herein. 

In general, the humanized antibody will comprise sub
sranlially all of at least one, and typically IWO,. variable 
domains (Fab, Fab', F(ab')2, Fabe, Fv) in which all or 
substantially all of the COR regions correspond to those of 
a non·buman immunoglobulin and all or :substanlially all of 
the PR regions are those of a human immunoglobulio 
consensus sequeoce. The humanized antibody opti.nully 
also will comprise at least a ponion of an immunoglobulin 
constant region (Fe), typically that of a human immunoglo
bulin. Ordinarily, the antibody will contain both the light 
chain as well as at least the variable domain of a heavy 
chain. The antibody also may include the CHl, binge, CH2, 
CH3, and CH4 regions of the heavy chain. 

The humanized antibody will be selected from any class 
of immunoglobulio.s, including lgM, IgG, IgD, lgA and lgE, 
and any isotype, including IgGl, lgG2, lgG3 and lgG4. 
Usually the coosiant domain is a complement fixing constant 
domain where ii is desired that the humanized antibody 
e xhibit cytotoxic activity, and the class is typically lgG1 • 

Where such cytotoxic activi1y is not desirable, lhe constant 
domain may be of the [gG2 class. The humanized antibody 
may comprise sequences from more lhan ooe class or 
iso1ype, and selecting particular co.ostanl domains to opti· 
mize desired effector functions is within Ille ordinary skill in 
the art. 

The FR and CDR regions of the humanized antibody aced 
not correspond precisely lo the parental sequences, e.g., the 
import CDR or the consensus FR may be mutagenized by 
substitution, insertion or deletion of at least one residue so 
that the CDR or FR residue at that site docs oot correspond 
to either the consensus or the import antibody. Sucb 
mutations , however, wilt oot be extensive. Usually, at least 
75% of the humanized antibody residues will correspond to 

FIG. 6B compares murine aod humanized amino acid 
sequences for the light chain of an anti·CD18 antibody. 55 

H52L6-158 (SEQ. ID. NO. 24) is tbe murine sequence, aod 
pH52- 9 .0 {SEQ. ID. NO. 25) is the humanized light chain 
sequence. pH52-9.0 residue 128T is the final amino acid ia 
the light chain variable domain VL, and residue l29V is the 
first amino acid in the light chain constant domain CL. 60 those of the parental FR and CDR sequences, more often 

90%, and most preferably greater than 95%. 
DETAILED DESCRJPTION OF TIIE 

INVENTION 

Definitions 

lo general, the following words or phrases have tile 
indicated detinilions when used io the description, examples, 
and claims: 

In gener;il, humanized antibodies prepared by the method 
of this invention are produced by a process of analysis of the 
parental sequences and various conceptual humanized prod-

65 ucts using three dimensional models of the parental and 
bumaoized sequences. Three dimensional immunoglobulin 
models are commonly available and arc familiar to those 
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skilled in the arL Computer programs arc available which 
ilh1strate and display probable three dimeosionaJ conforma
tional structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the 
candidate immunoglobulin sequence, i.e,, Lhe analysis of 
residues that influence the ability of the candidate immuno
globulin to bind its antigen. 

10 
about 2.5-3.2 Angstroms of one another that bear opposite 
charges, for example a lysinyl and a glutamyl pairing. A 
hydrogen bond could be expected to form between the side 
chains of residue pa.irs such as seryl or threonyl with aspartyl 
or glutamyl (or other hydrogen ac.ceptiog residues). Such 
pairings are well known in the protein chemistry art and will 
be apparent to the artisan upon three dimensional modeling 
of the candidate immunoglobulin. 

lmmunoglobulin residues that affect the interface between 
Residues that influence antigen binding are defined to be 

residues tbat are substantially responsible for the antigen 
affinity or antigen specificity o[ a candidate 
immunoglobulin, in a positive or a negative sense. The 
invention is directed lo the selection and combination of FR 
residues from the consensus and import sequence so that the 
desired immunoglobulin characteristic is achieved. Such 
desired Gharacteristics include increases in affinity and 
greater specificity for the target antigen, altbougb it is 
conceivable that in some circumstances the opposite effects 
might be desired. lo general. the CDR residues are directly 
and most substantially involved io influencing antigen bind
ing (although not all CDR residues are so involved and 
therefore need not be subslituted into the consensus 
sequcocc). f.{owever, PR residues also have a signi1icant 
effect aod can exert their influence in al least three ways: 

10 heavy and light chain variable regions {"the VcV H 

interface" ) are those !bat affect the proximity or orientation 
of the two chains with respect to one another. Certain 
residues involved in iolercbaio interaction:; are already 
koowund include VL residues34, 36,38, 44, 46,87, 89, 91. 

lS 96, and 98 and V H residues 35, 37, 39, 45, 47, 91, 93, 95, 
100, and 103 (utilizing the nomenclature setfonh in Kabat et 
al., Sequences of Proteins of immunological Interest 
(National Institutes of Health. Bethesda, Md., 1987)). Addi· 
tiooal residues are newly identified by the inventors herein, 

They may noncovaleotly directly bind lo antigen, they may 
interact witb COR residues and they may affect the interface 
between 1be heavy and light cbaias. 

20 and include 43L, 85L, 43H and 60H. While these residues 
are indicated for lgG only, they are applicable across spe· 
cies. In the practice of this invention, import antibody 
residues that are reasonably expected lo be involved in 
ioterchaio interactions are selec1ed for substitution .into the 

25 coa.sensus sequence. It is believed that heretofore no human
ized antibody bas been prepared with ao i.otracbain-affectiog 
residue selected from an import antibody sequence. 

A .residue that nonrovalently directly binds to antigen is 
one that, by three dimension.al analysis, is reasonably 
expected 10 ooncovalently directly bind to antigen. 30 
Typically, it is necessary to impute the position of antigen 
from the spatial location o[ neighboring CDRs and the 
dimensions and structure of tbe target antigen. lo general, 
only those humanired antibody residues tbal are capable of 
forming salt bridges, hydrogen bonds. or hydrophobic inter- 35 
actions are likely lo be involved in non-covalent antigen 
binding, however residues wbicb have atoms which are 
separated from amigen spatially by 3.2 Angstroms or less 
may also non-mvaleolly interact with antigen. Such residues 
typically are the relatively larger amino acids having the side 40 
chains .,vith the greatest bulk, such as tyrosine, arginine, and 
lysine. Antigen-binding fR residues also typically will have 
side chains that are oriented into an envelope surrounding 
the solvent oriented (ace of a CDR which extends about 7 
Angstroms into the solvent from ihe CDR domain and about 4s 
7 Angstroms on either side of the CDR domain, again as 
visualized by three dimensional modeling. 

A residue that interacts with a CDR generally is a residue 
that either affects the conformation of the CDR polypeptide 
backbone or forms a noacovaleat bood with a CDR residue so 
s ide chain. Coofonnation-affecting residues ordina.rily are 
those that change the spatial position of any CDR backbone 
atom (N, Ca, C, O, Cfi) by more than about 0 .2 Angstroms. 
Backbone atoms of CDR sequences are displaced for 
example by residues lhat interrupt or modify organized 55 
structures such as beta sheets, belie~ or loop!j. Residues that 
can exert a profound affect on the conformation of neigh
boring sequences include proline and glycine. both of which 
are capable of introducing beads into the baekboae. Other 
residues tbat cao displace backbone atoms arc those that are 60 

capable of participating in salt bridges and hydrogen bonds. 
A residue that interacts with a CDR side chain is one that 

is reasonably expected to form a noncovalent bond with a 
CDR side chain, generally either a salt bridge or hydrogen 
bond. Such residues are identified by three dimensional 65 

positioning of their side chains. A salt or ino bridge could be 
expected to form between two side chains positioned within 

Since it is not entirety possible to predict in advance what 
the exact impact of a given substitution will be it may be 
necessary to make the substicutioo and assay the candidate 
antibody for the desired characteristic. These steps, 
however, are per se routine and well within the ordinary skill 
of the art. 

CDR and FR residues are determined according lo a 
standard sequence definition (Kabat et al., Sequences of 
Proteins of lmmwwlogical lnzerest, National lostilules of 
Health, Bethesda Md. {1987), and a strucrural definition (as 
in Chotbia and Lesk, J. Mo!. Biol 196:901--917 (1987). 
Where these two methods result in slightly different identi
fications ofa CDR, the structural definition is preferred, but 
the residues identified by lbe sequence defioition method are 
consideTed important FR residues for determination of 
wbicb framework residues to import into a consensus 
sequence. 

Throughout this description, reference is made lo the 
n11mberiog scheme from Kabat, E. A, et al., Sequences of 
Proteins of Immunological Interest (National Institutes of 
Health, Bethesda, Md. (19&7) and (1991) . In these 
compendiums, Kabat lists many amino acid sequences for 
antibodies for each subclass, and lists the most commonly 
occurring amino acid for each residue position in that 
subclass. Kabat uses a method for aSSigoing a residue 
number to each amino acid in a listed sequence, and this 
method for as.signing residue numbers has become standard 
in the field. The Kabat numbering scheme is foUowed in this 
description, 

For purposes of Ibis invention, to assign residue numbers 
to a candidate antibody amino acid sequence which is oot 
included in the Kabat compeoclium, ooe follows the follow
ing steps. Generally, the candidate sequence is aligned with 
any iromunoglobulin sequence or any consensus sequence in 
Kabat. Alignment may be done by hand, O( by oomputer 
using commonly accepted computer programs; an example 
o[ such a program is the Align 2 program discussed io this 
description. Alignment may be facilitated by using some 
amino acid residues which are common to most Fa.b 
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sequences. For example, the light and heavy chains each 
typically have iwo cysteines which have !he same residue 
numbers; in v, domain !be two cysteines are typically at 
residue numbers 23 and 88, and in the V H domain the two 
cysteine residues are typically numbered 22 aad 92. Frame- S 
work residues generally, but not always, have approximately 
!he same number of cesidues, b.owever lbe CDRs will vary 
in size. For example, in the case of a CDR from a candidate 
sequence which is longer than the CDR in the sequence in 
Kabat lo which it is aligned, typically suffixes arc added lo 10 

lbe residue number to indicate the insertion of additional 
residues (see, e.g. residues lOOabcde in FIG, S). For candi
date sequenc.es which, for example, align with a Kabat 
sequence for residues 34 and 36 but have oo residue between 
lbem lo align with residue 35, the number 35 is simply not ts 
assigned lo a residue. 

Thus, in humanization of an import variable sequence, 
where one cuts out an eatire human or consensus CDR and 
replaces it with an import CDR sequence, (a) the exact 
number of residues may be swapped, leaving the numbering 20 

the same, (b) fewer import amino acid residues may be 
i.tilfOduced tban are cut, in which case there will be a gap in 
tbe residue numbers, or (c) a larger number of amino acid 
residues may be introduced thea were cut, in wbicb case the 
a umbering will iovolve the use o( suffixes such as 100abcde. 25 

12 
the V H consensus domain bas lhe amino acid sequence: 
£VQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSW 

VRQAPGKGLEWVAVlSENGGYTRYADSVKGRfiT 
ISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGD 
GFYAMDVWGQGTLVIVSS (SEQ. ID NO. 4). 
These sequences include consensus CDRs as well as 

conseasus FR residues (see for example ia FIG. 1). 
Wb.ile not wishing lo be limited lo any particular theories, 

it may be !bat lbese preferred embodiments are less likely to 
be immunogenic in an individual than less abundant sub
classes. However, in other embQdimeals, the ronsensu:> 
sequence is derived Crom other subclasses of human immu
noglobulin variable domains. In yet other embodiments, the 
consensus seq uence is derived from human constant 
domains. 

ldeotity or homology with respect to a specified amino 
acid sequence of this invention is defi.oed herein as the 
percentage o[ amino .acid residues in a ca.adidale sequence 
that are identical with lbe specified residues, after aligning 
the sequences and introducing gaps, if necessary, to achieve 
the maximum percent homology, and not coasideriog aay 
conservative substirutioos as part of the sequence identity. 
None of N-terminal, C-termiaal or iotemaJ extensions, 
deletions, or insertions into the specified sequence shall be 
cortstrued as affecting homology. All sequence alignments 
called for in this invention are such maximal homology 
alignments. While such alignments may be done by band 
using conventional methods, a suitable computer program is 
the "Align 2" program for wbicb protection is being sought 

The terms "consensus sequence" aad "consensus anti
body" as used herein re[ers to an amino acid s.equeace wbich 
comprises tbe most frequently occurring amino acid residues 
at each location in all immunoglobulins of any particular 
subclass or subunit structure. The consensus sequence may 
be based on immunoglobulins of a particular species or of 
maoy species. A "coosemus" sequcocc, structure, or anti
body is understood to encompass a c:oaseosus bumao 
sequence as described in certain embodimenlS of this 
invention, and to refer to an amino acid sequence wb.ich 
comprises the wost frequently occurring amino acid residues 
at each location in all human immunoglobulios of any 
particular subclass or subunit structure_ This invention pro· 
vides co~nsus buman structures and consensus slructures 
which coosider olher species in addition to human. 

30 from the U.S . Register of Copyrights (Align 2, by 
Genentech, Inc., application filed Dec. 9, 1991). 

The subunit structures of the live imwuooglobulin classes 
in humans are as follows: 

Class Kcavy Chain Sulx:las= Llgbt Oioin MolCGUlar Formula 

CgG T yl. '(2, y3, y4 KOi}.. (y,ic,), (y,~ 
lgA Q a.J, o2 ICOIA (o,ic,).". (o..,A.J. • 
.lg,M µ none IC or A (µ,,rc.J,. ~ 
lgD 6 aouc Kor}.. (&,..:,), (&,>..,) 
tgE none IC or}.. (c.,tc,). (ch) 

r. may equal 1, 2, or 3) 

"Non-homologous" import antibody residues are lhose 
residues which are not ideatical to the amino acid residue at 
tbe analogous or corresponding location in a consensus 

35 sequence, after the import and coaseasus sequences are 
aligned. 

The term "computer representation" refers to information 
which is in a form that can be manipulated by a computer. 
The act of storing a computer representation refers to the act 

40 of placing the information in a form suitable for manipula
tion by a computer. 

45 

so 

This invention is also direcled lo novel polypeptides, and 
in certain aspects, isolated novel humanized an1i-pl8SRER2 
antibodies are provided. These novel anli-pl 85H£Jn anti
bodies are sometimes collectively referred to herein as 
huMAb4D5, and also sometimes as the light or heavy chain 
variable domains of buMAb4DS, and are defined herein to 
be any polypeptide sequence wb.icb possesses a biological 
property of a polypeptide comprising the following polypep
tide sequence: 

lo preferred embodiments of an lgGyl human coaseasus 55 

sequence, the consensus variable domain sequeaces are 
derived from the most abWJdaol subclasses ia the sequence 
compilation of Kabat et al., Sequences of Proteins of Immu
nological Interest, National Institutes of Health, Bethesda 
Md. {1987), namely VL K subgroup I and V H group UI. In 60 
such preferred embodiments, the VL consensus domain has 
the am.ino acid sequence: 

OIQM'l'QSPSSLSASVGDRVTITCRASODVNTAVAWY 
QQKPGKAPKLL IYSASFLESGVPSRFSGSRSGT 
DFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTK 
VEIKRT (SEQ. ID NO. 1, which is the light chain 
variable domain of huMAb4D5); or 

EVQLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHW 
VRQAPGKGLEWVARIYPTNGYTRYADSVKGRFT 
ISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGD 
GFYAMDVWGQGTLVfVSS (SEQ. ID NO. 2, which is 
tbe heavy cbain variable domain of bu.MAb4D5). 
"BiolagicaJ property", as relates for example lo anti-

pl 8S1=, for the purposes bereia meaas an iD vivo effector 
or antigen-binding function or activity that is directly or 
indirectly performed by huMAb405 (whether in its aative or 

DJQMTQS PSS LS AS VGDRVTITCRASQD-
VSS YLAWYQQKPGKAPKLLIYAASSLES 
GVPSRFSGSGSGTDFT LTlSSLQPEDFA· 
TYYCQQYNSLPYTFGQGTKVEIKRT (SEQ. ID NO. 
3); 

65 denatured conformation). Effector functioos include 
p1s5H£Ri binding, any hormonal or hormonal antagonist 
activity, any witogenic or agonisl or antagonist activity, any 
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cytotoxic activity. An antigenic function means possession 
of an cpitoix: or antigenic si te lhat is capable of cross
reacting witb antibodies raised against the polypeptide 
sequence of huMAb4D5. 

Biologically active huMAb4D5 is defined herein as a 
polypeptide that shares ao effector function of huMAb4D5. 
A principal known effector function of buMAb4D5 is its 
ability to bind to pl85RE.R2. 

Thus, the biologically active and antigeoically active 
buMAb4D5 polypeptides that are lbc subject of certain 

10 
cmbodimenLS of this inveotioo include I.he sequence of the 
entire translated nucleotide sequence ofhuMAb4DS; mature 
huMAb4D5; fragments thereo f having a consecutive 
sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid 
residues comprising sequences from muMAb4D5 plus resi
dues from the human FR of buMAb405; amino acid 15 
sequence varianLS of huMAb4D5 wherein an amino acid 
residue has been inserted N- or Cterminal to, or within. 
huMAb405 or its fragment as defined above; amino acid 
sequence variants of buMAb4D5 or its fragment as defined 
above wherein an amino acid residue of huMAb4D5 or its 20 
fragment as defined above bas been substituted by another 
residue, including predetermined mutations by, e .g ., site
direcled or PCR mu1agenesis; derivatives of huMAb4D5 or 
its fragments as defined above wberein buMAb4D5 or its 
fragments bave been covalent modified, by substitution, 25 

chemical, enzymatic, or other appropriate means, with a 
moiety other tban a naturally occurring amino acid; and 
glyCQSylation varianlS of h1,1MAb405 (insi;rtion o f a glyco
sylation site or deletion of any glycosylation site by deletion, 
insertion or substitution of suitable: residues). Such Crag- 30 

meots and variants ex~lude any polypeptide heretofore 
identified, including muMAb4D5 or any known polypeptide 
fragment, which are anticipatory order 35 U .S.C. 102 as well 
as polypeptide.s obvious thereover uoder 35 U.S.C. 103. 

Ao "isolated" polypeptide means polypeptide which has JS 

been identified and separated aad/or recovered Crom a com
pooeot of its natural coviroameat. Cootaminanl components 
of its natural environment are materials which would inter
fere with diagnostic or therapeutic uses for the polypeptide, 
and may include enzymes, hormones, and other prote:ina- 40 

ceous or oonproteioaceous solutes. In prefe rred 
embodiments, for example, a polypeptide product compris· 
ing huMAb4D5 will be purified/ from a cell culture or otber 
synthetic environment (1) to greater than 95% by weight of 
protein as detennined by the Lowry method, and most 45 
preferably more than 99% by weight, (2) to a degree 
su.fficieot to obtain at least 15 resid1.1es of N"-lermin;il or 
internal amino acid sequeoce by use of a gas- or liquid-phase 
sequeoator (such as a commercially available Applied Bio
systems sequeoator Model 47(), 4n, or 473), or (3) to so 
howogeneity by SOS-PAGE uoder reducing or ooll.reduciog 
cooctition.s usiog Coomassie blue or, preferably, silver slain .. 
lsola1ed huMAb405 includes buMAb4D5 io situ within 
recombinant cells since at least one component of the 
huMAb4D5 natural environment will not be present. 55 

Ordinarily, however, isolated buMAb405 will be prepared 
by at least on.e purification step . 

14 
preferably al least 80%, still more p referably a1 least 85%, 
even more preferably at 90%, and most preferably 95%, 
with the huMAb4D5 amino acid sequence. Preferably, a 
nucleic acid molecule tbat hybridizes to the buMAb4D5 
nucleic acid cootaias at least 20, more preferably 40, and 
most preferably 90 ba..-;es. Such hybridizing or complemen
tary nucleic acid, however, is further defined as being novel 
under .35 U.S.C. 102 and unobvious under 35 U.S.C. 103 
over any prior art nucleic acid. 

Stringent conditions are !hose thal (1) employ low ionic 
strength and high temperature for wasbing, for example, 
0.015 M NaCl/0.0015 M sodium citrate/0/1 % NaDodS04 at 
50° C.; (2) employ du.ring hybridization a denaturing agent 
such as formamide, for example, 50% (voVvol) formamide 
with 0 .1 % bovine serumalbumio/0/1 % Ficoll/0/1 % 
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 
6.5 with 750 mM NaCl, 75 mM sodium citrate at42° C.; or 
(3) employ 50% formamide., 5>1SSC (0.75 M NaCl, 0.075 M 
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0 .1% 
sodium pyrophosphate, SxDenhardt' s solution, sooicated 
salmon sperm DNA (50 g/ml), 0 .1 % SDS, and 10% dextran 
sulfate at 42 C., with washes al 42 C. in 0.2xSSC and 0.1% 
sos. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of ao operably !Laked coding 
sequence in a parti.cular host organism. The control 
sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally ao opcr;itor sequence, a 
ribosome binding site, and possibly, other as yet poorly 
understood sequences_ Eukaryotic cells are known lo utilize 
promoters, polyadenylatioo signals, and eobanoers. 

Nucleic aeid is "operably I.inked" when it is placed into a 
functional relationship with another nucleic acid sequence. 
For example, DNA for a presequence or secretory leader is 
operab1y linked to DNA for a polypeptide if it is expressed 
as a preprotcin that panicipates in !he secretion of the 
polypeptide; a promoter or enhancer is operably linked to a 
coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans
lation. Generally, "operably linked" means that the DNA 
sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in reading pbase. However 
enhaocers do oot have to be contiguous. Linking is accom
plished by ligation at convenient restriction sites. If such 
sites do not exist, tben synlbetic oligonucleotide adaptors or 
linkers arc 11.sed iu aocord with couveotlonal p1actice, 

Ao "exogenous' ' clement is defined herein to mean 
nucleic acid sequence that is foreign to the cell, or bomolo· 
gous to the cell but in a position within the host cell nucleic 
acid i.n which the element is ordinarily not found. 

As used here in, the expressions "cell,'' "cell line," and 
"cell culture" are used interchangeably and all sucb desig
nations include progeny. Thus, 1he words "transformaois" 
and " transformed cells" include the primary subject cell and 
cultures derived therefrom without regard for the number of 
transfers. It is also understood that all progeny may not be 
precisely identical io ONA coolent, due to deliberate or 
inadvertent mutations. Mutant progeny that have the same 
fonctioo or biological activity as screened for in the origi
nall y transformed cell are included. Where distinct desig-
nations arc intended, it will be clear from the conteX1. 

In accordance wilh Ibis invention, huMAb405 nucleic 
acid is RNA or DNA containing greater than Lem bases that 
eocodes a biologically or antigeoically active huMAb4DS, is 60 
complementary to nucleic acid sequence encoding such 
buMAb4D5, or hybridizes 10 nucleic acid sequence encod
ing such huMAb4D5 and remains stably bound 10 it under 
stringent cooditions, and comprises nucleic acid from a 
muMAb4D5 COR and a human FR region. 

"Oligonucleotides'' are short-length, single- or double
straoded polydeoxynucleotides that are cbem.ically syntbe-

65 sized by known methods (socb as phospbotriester, 
phosphite, or phosphoramidite chemistry, using solid phase 
techniques such as described in EP 266,032 published May 

Preferably, tbe. buMAb4D5 nucleic acid encodes a 
polypeptide sharing at least 75% seque nce identity, more 
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4, 1988, or via deoxyuud~sidi; H-phosphooate iot1;rmedi
ales as described by Froelller e l al.. Nucl Acids Res., 14: 
5399-5407 [1986D. They are then purified on polyacryla
mide gels. 

The technique of " polymerase chain reaction," or "PCR," 
as u:;ed herein generally l"Cfers 10 a procedure wbe~io 
minute amounts of a specific piece of nucleic acid, RNA 
and/or DNA, are amplified as described m U.S. Pal. No. 
4,683,195 issued Jul. 28, 1987. Generally, sequence infor
mation Crom the ends of the region of interest or beyond 
needs to be available, such thal oligonucleolide primers can 10 
be designed; these primers will be identical or similar in 
sequence to opposite s trands of the template to be amplified. 
The 5' terminal nucleotides of the two primers may coincide 
with the ends of the amplified roateriaL PCR can be used to 
amplify specific RNA sequences, specific DNA sequences 15 
from total genomic DNA, and cDNA transcribed from total 
cellular RNA, bacteriophage or plasmid sequences, etc. Sec 
gene(ally Mullis et al., Cold Spring Harbor Symp. Quant. 
Biol., 51: 263 (1987); Erlich, ed., PCR Techrwlogy, 
(Stockton Press, N.Y., 1989)- As used herein, PCR is con
sideroo 10 be one, but nol lbe only, example of a nucleic acid 20 

polymerase reaction method for amplifying a nucleic acid 
test sample, comprising the use of a known nucleic acid 
(DNA or RNA) as a primer and utilizes a nucleic acid 
polymerase to amplify or generate a specific piece of nucleic 
acid or Lo amplify or generate a specific piece of nucleic acid 25 
which is complementary to a p.articular nucleic acid. 

Suitable Methods for Practicing the Invention 

16 
cell culture, as described io more detail below. Ri:combiDant 
synthesis is preferred for reasons of safety aod economy, but 
it is known Lo prepare peptides by chemical synthesis and to 
pwify them from nMural souroes; such preparations are 
included within the definition of antibodies herein. 

Molecular Modeling 

An integral step in our approach to ;intibody humanization 
is construction of computer graphics models of the import 
and humanized antibcxlies. These models are used to deter
mine if lhe six: complementarity-determining regions 
(CDRs) can be successfuJly transplanted from the impo(t 
framework to a human one and to determine whicb frame
work residues from the import antibody, if any, need to be 
incorporated into the humanized antibody in order to main· 
lain CDR conformation. Jn addition, analysis of the 
sequences of the import and humanized antibodies and 
reference to the models can help to discern which frame
work residues are unusual and thereby might be involved in 
amigen binding or maintenance of proper antibody structure. 

All of the humanized antibody mcxlels of this invention 
are based on a single three-dimensional computer graphics 
structure hereafter referred to as the collSCosus structure. 
This consensus structure is a key distinction from lhe 
approach of previous workers in the field, who typically 
begin by selecting a human antibody structure which bas an 
amino acid sequence whicb is similar to lbe sequence of 
their import antibody. 

Some aspects of this invention include obtaining an 
import, non-human antibody variable domain, producing a 
desired humanized antibody sequence and for humanizing 

The consensus structure of one embodiment of Ibis inven
tion was built in five steps as described below. 

30 St.ep 1 
an antibody gene sequence are described below. A particu
larly preferred method of cbaogiog a gene sequence, such as 
gene conversion from a non-human or consensus sequence 
into a humanized nucleic acid sequence, is the cassette 
mutageocsis procedure d esqibed in Ex;imple 1 . 35 

Additionally, methods are given forobtaining and producing 
antibodies generally, which apply equally to native non
human antibodies as well as to humanized antibodies. 

Generally, the antibodies and antibody variable domains 
of this invention are conventionally prepared ia recombinant 

Seven Fab X-ray crystal strucrures from the Brookhaven 
Protein Data Bank were used (entries 2FB4, 2RHE, 3FAB, 
and 1 REI wbicb are human structures, and 2MCP, 1 FBJ, 
and 2HFL which are murine structures). For eacb structure, 
protein maincbain geometry and hydrogen bonding patterns 
were used to assign each residue to one of three secondary 
structure types: alpha.-belix, beta-strand or other (i.e. aon
belix and non-strand). The immlinoglobulia residues used in 
superpositioaing and lhose included in tbe consensus struc
ture are shown in Table 1. 

TABLE I 

lmmunoglobutin Residues Used in Superpasiti.oo.ing a nd Tho.e locludGCI in the 
Consensus Struclllrc 

rg• 2FB4 2RHE 2MCP JFAB lFBJ 2HFL JREr Coll$C1lSUSb 

V'sK domsi.n 

2-11 
18-2A l S-24 19-25 18-24 l9-2S 19-25 19-25 16-27 
32-37 .34-39 39-44 32-37 32-37 32-37 .ll-38 33-39 

41-49 
60-66 62-68 67-72 5~6 60-6S 60-65 61-66 59-17 
60)-74 71-76 76-81 69-74 69-74 69-74 70-75 
84-88 86-90 91-95 84-88 84-88 84-88 85-89 82-91 

101-105 
RMS• 0.40 0.60 0.53 0.54 0.48 0.50 

vtl domain 

3-8 
18-25 18-25 J8-2S 18-25 18-25 17-23 
34-39 34-39 34-3 9 34-39 34-39 33-41 
46-52 46-52 46-52 46-52 46-~2 45--SI 
57-<11 59-<13 s~ 57-61 57~1 57--61 
68-7J 70-73 67-70 68-71 68-71 66-71 
?S-84 8()...86 77-SJ 78-84 18-84 75-fil 
92.-99 94-101 91..gs 92-99 92..g9 88-94 

102-108 
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TABLE 1-<:ontinued 

lmmI10oglobulin Residues Used in Superpositiooing nnd Those Loduded in lhe 
Consensus- Structure. 

lg" 

RMS" 
RMS" 

2FB4 

0.91 

2RHE 2MCP JFAB 

0.43 
0.73 

0.85 
O.Ti 

'Four-leucr code for Prolcin Data Banlt file. 

lFBJ 

0.62 
0.92 

2HFL 

0.91 

~Residue numbers for 1~e crysllll strocllu:es ~~ iakeo from lh.e Pro~in O:\ta &Ilk fttu. Ruidue 
oum~rf for lbe coo~ll$US $111J~~~ ore ooooldiog to Kabel cl .U. 
"Root-me11J1·squate deviation in A fot (N, Ca, C) atoms superimposed oo 21'84. 
"Root-me8n .. quare deviation in A for (N, Ca, C) •tom< superimposed OD 2HFL 

Step 2 
Having identified the alpha-helices and beta-strands in 

each of the seven structures, the structures were superim
posed on one another using the INSIGHT computer program 
(Biosym Technologies, San Diego, Calif.) as follows: The 
2PB4 structure was arbiuarily chosen as the template (or 
reference) structure. The 2FB4 was held fixed in space and 
the other six structures rotated and translated in space so that 
their common secondary structural clements (i.e. alpha
helices and beta-straocl<,) were oriented such that these 
common elements were as close io position to one another 
as possible. (This superpositioning was perfonned using 
accepted rnatbematical formulae rather than actually physi
cally moving the structures by baad.) 

S1ep 3 

lS 

20 

25 

30 

35 

With the seveo structures thus superimposed, for cacb 
residue io the template (2PB4) Fab ooe calculates the 
distance from the template alpha-carbon atom (Ca) to the 
analogous Ca atom io each of the other six superimposed 
strucrures. This results in a table of Ca-Ca distances for 
each residue position in the sequence. Sucb a table is 
necessary in order to deteT!lliae which residue positions will 
be included in the consensus model. Generally, is if all 
Ca-Ca dista.nces for a given residue position were ~LO A, 
that position was included in the consensus structure. If for 
a given position only one Fab crystal structure was >LO A, 40 

the position was included but ,the outlying crystal structure 
was not included in the next s tep (for this position only). Io 
general, the seven ~-strands were included in the cousensus 
structure while some of the loops connecting the ~-strands, 
e .g. complcmentarity-<letcrmining regions (CD Rs), were not 45 

included in view of Ca divergence. 
Stop 4 
For each residue which was included in the consensus 

structure after step 3, the average of !be coordinates for 
individual maincbain N, Ca, C, 0 and C~ atoms were so 
calculated. Due to lhe averaging procedure, as weU as 
variation in bond length, bond angle and wbedral angle 
among lbe crystal structures, this "average" structure COD· 

taincd some bond lengths and angles which deviated from 
standard geometry. For purposes of this invention, "standard 55 

geometry" is understood to include geometries commonly 
accepted as typical, such as the compilation of bond lengths 
and aogles from smaJI molecule structures in Weiner, S. J. et. 
al.,J. Amer. Chem. Soc., 106: 765- 784 (1984). 

deviant bond lengths aod angles to assume a standard 
(chemically acceptable) geometry. See Table JI. 

TABLE JI 

Avorage Bond l.Angth$ and Angles fo r • Average" (Bcrorc) and 
Energy·Minim.ized Coosensu.s (After 50 Cycles) S1ructures 

Stan-
dard 

VLK VLK v" v" Geo· 
befo1c ,.n., before after cnelry 

cA> (AJ I}.) <A> CA) 

N-C.a 1.4.59(0.0l'l) 1.451(0.004) l .4Sl(0.023) 1 .4.S2{0.004) 1.449 
Ca.C l .5 l.S(0.012) 1.523(0:005) 1.507(0.0JJ) J .542(0.005) J.522 
O=C l.208(0 .062) 1.229(0.003) 3.160(0.177) LZ3l(O.oo3) t .229 
C---{<I 1.288(0.049) 1.337(0.002) 1.282(0.065) 1.335(0.004) 1 .335 
Co..Cjl UOll(0.026) i.530(0.002) 1.499(0.039) 1.530(0.002) 1.S26 

("} (•) (•) (") (•) 

C-N-Ca 123.5(4.2) 123.8(1 ,l ) 125.3(4.6) 124.0(1.1) 121.9 
N-CO.·C 110.0(4.0) 109.5(1.9) 110.3(2.8) 109S(l.6} 110_ 1 
Co.-C--N 116.6(4.-0) 116.6(1.2) l.l7.6(5.2) 116.6(0.8) 116.6 
O=C-N 123.1(4. l) 123.4(0.6) 122.2(4.9) l 23.3(0.4) 122.9 
N-Co.-ql ll0.3(2.l} 109.8(0.7) ll0.6(2.5) 109.8(0.6) 109S 
Ql-Ca..C lll.4(2.4) lll .1(0.7) lll .2(2.2) 111.J (0.6) ]]1.J 

Values in parea tbeses <ire standard deviations. !lfote that 
while some bond length and angle averages did aot change 
appreciably after energy-miuimiza1ioo, Lbe co"esponding 
standard deviations are reduced due to deviant geometries 
as.su.ming standard values after energy-minimization. Stan-
dard geometry values .are from the AMBER forcefield as 
implemented in DISCOVER (Biosym Techno logies). 

The consensus structure might conceivably be dependent 
upon which crystal structure was chosen as the template on 
wbicb the olbers were superimposed. As a lesl, thi; entire 
procedure waS repeated using the crystal stnJcturc with the 
worst superp9sition versus 2FB4, i.e. tbe 2HFL Fab 
structure, as the new template (reference). The two consen
sus structures compare favorably (root-mean-squared devia· 
lioo of 0.11 A for all N, Ca and C atoms). 

Note that the consensus structure only includes maiocbain 
{N, Ca, C, O, C~ atoms) coordinates for only those residues 
which are part of a conformation common 10 al l seven X-ray 
crystal structures. For the Fab structures, these i.oclude tbe 
common 13-st.rands (which comprise two 13·sbcc1S) and a few 

Step S 60 non-CDR loops which oonncct these ~-strands. The consen· 
sus structure does not include CDRs or sidecbalns, both of 
which vary io their conformation among the seven struc
tures. Also, note that the ooosensus slructure includes onJy 

ID order to correcl these deviations, tbe final step was to 
subject the "average" structure to SO cycles of energy 
minimization (DISCOVER program, Bioliym Technologies) 
using the AMBER (Weiner, S. J. et. al.,J. Amer. Chem. Soc., 
106: 765-784 (1984)) parameter set wilh only the Ca 65 

coordinates fixed (i .e. all other atoms are allowed to move) 
(energy minimization is described below)-1bis allowed any 

the V L and V H domains. 
This consensus structurx is used as the archetype. It is not 

particular to any species, and has only the basic shape 
without side chains. Starting with this oonsensus structure 
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the model of any import, hwnan, or humanized Fab can be 
constructed as follows. Using the amino aciid setjuence oftbe 
particular antibody V L and V" domains of interest, a com
puter graphics program (such as INSIGHT, Biosym 
Technologies) is used to add sidechains :and CDRs to the 
consensus structure. When a sidechain is :added, its confor
mation is chosen oo the basis of known IFab crystal siruc
lurcs (see the Background section for publications of such 
crystal structures) aod rotamer libraries (Pondec, J. W. & 
Richards, F. M., J. Mot. Biol. 193: 775~791 (1987)). The 
model also is constructed so th.al the atoms of the sidechain 
are positioned so as to oot ooUide with other atoms in the 
fab. 

CDRs are added to the model (now hav,iag the backbone 
plus side chains) as follows. The size (i.e. a umber of amino 
acids) of e~ch irnpon CDR is compared to canonical CDR 
s1ructures tabulated by Chothia el al., Nat1ure, 342:877-883 
(1989)) and which were derived from Fab crystals. Each 
CDR sequence is also reviewed for the pn:sence or absence 
of certain specific amino acid residues which are identi6cd 
by Cbothia as structurally important: e.g .. light chain resi
dues 29 (CORI) and 95 (CDR3), aud heavy chain residues 
26, Z7, 29 (CORl) and 55 (CDR2). For Uigbt cbain CDR2, 
and heavy chain CDR3, only the size of the CDR is 
compared to lhe Chothia canonical structu.re. 1f the size and 
sequence (i.e. inclusion of the specific, structurally impor
tanl residues as dcn.oted by Chothia et al.) c1f the import CDR 
agrees io size aod bas the same structurally important 
residues as Ibo.so of a caooaical CDR, tben tbe maincbain 
conformation o f the import CDR in the m1:idel is taken to be 
Lile same as Lhat of the canonical CDR. 111is means tbat the 
import sequence is assigned the structural configuration of 
the caoooical CDR, wbicb is then inc:orporated io the 
evolving model. 

However, if no matching canonical CDJR can be assigned 
for the import CDR, then oae of two options can be 
ClCercised. First, using a program such as INSIGHT(Diosym 
Tcch.aologics), tbc Brookhaven Protein Data Bank can be 
searched for loops wilh a similar site lo 1that of the import 
CDR and these loops can be evaluated as possible confor
mations for lbe import CDR in the model. Minimally, such 
loops must exhibit a conformation in which oo loop atom 
overlaps with other protein atoms. Second, one can use 
available programs which calculate: possible loop 
conformations, as.'iuming a given loop size, using methods 
such as described by Bruccoleri et al., Nature 335: 564-568 
(1988). 

When all CDRs and sidcchains have been added. to the 
consensus structure to give the final mod1~1 (import, bumao 

20 
Io the practice of this invention, the first step in human

izing an import antibody is deriving a consensus amino acid 
sequence into which to incorporate the import seq~ences. 
Next a model is generated for these sequences uswg the 

5 methods described above. In certain embodimenlS of this 
invention, the consensus human sequences are derived from 
the most abundant subclasses io the sequence cooopilation of 
Kabat et al. (Kabat, E. A. et al., Sequences of Proteins of 
Immunological /merest (National Institutes of Health, 
Bethesda, Md., 1987)), namely V L K subgroup I and V n 

10 
group ill, and bave tbe sequences indicated in the definitions 
above. 

While these steps may be taken in different order, typi· 
cally a structure for the candidate humanized antibody is 
created by transferring the at least one CDR from the 

15 non-human, import scquenoc into the consensus human 
structure, after the entire oorrespooding humao CDR bas 
bceo removed. The humani:zed antibody may contain human 
replacements of tbe non-human import residues at positions 
within CDRs as defined by sequence variability (Kabat, E. 

m A et al., Sequences of Proteins of Immunological /111eres1 
(National Institutes of Health, Bethesda, Md., 1987)) or as 
defined by sl!Uctura1 variability (Cbotbia, C. & Lesk,A M., 
J . Mot. Biol. 196:901-917 (1987)) . For example, 
buMAb4D5 contains human replaceme nts of tbe 

25 rouMAb405 residues al three positions within CDRs as 
defined by sequence variability (Kabat, E. A. et al., 
Sequences of Proteins of fm11umological interest (National 
Institutes of Healih, Bethesda, Md., 1987)) bur oot as 
defined by structural variability (Chothia, C. & Lesk, A. M., 

30 J. Mol Bol. 196:901,-917 (1987)): V L ·CDRl K24R, 
V L -COR2 R54L and V L -CDRZ T56S. 

Differences between the non-human import and tbe 
human consensus framework residues are individually 
investigated to derermioe their po.ssible influence oo CDR 

35 conformation and/or binding to antigen. Investigation of 
such possible infiuences is desirably performed through 
modeling, by examination of the characteristics of the amino 
acids at particular locations, or determined experimentally 
through evaluating tbe e!Iects of substitution or mutagenesis 

40 of particular amino acids. 
(Q certain preferred embodiments of Ibis invention, a 

humanized antibody is made comprising amino acid 
sequence of an import, non-human anti.body and a human 
antibody, utilizing the steps of: 

45 a. obtaining the amino acid sequences of at leasi a portion 
of an import antibody variable domain aod of a con· 
sensus human variable domain; 

or humanized), the model is preferably sv1bjected to energy so 
minimization using programs which are available commer
cially (e.g. DISCOVER, Biosym Technologies). This tech
nique uses complex mathematical formulae to refine the 
model by performing such tasks as checking tba.t all atoms 
are within appropriate distances from one another and 55 

checking that bond lengths and angles arc within chemically 
acceptable limits. 

b . identifying Complementarity Determining Region 
(CDR) amino acid sequences in the impon aod the 
human variable domain sequences; 

c. substituting an import CDR amino acid sequence for 
the corresponding human COR amino acid sequenoe; 

d. a.ljgning the amino acid sequences of a Framework 
Region (FR) o( the imporr antibody and the corre
spoodiag FR of the consensus antibody; 

e. identifying import aolibody FR residues in tbe aligned 
FR sequences that are ooo-homologous to lbe corre
sponding con.sea.sos antibody residues; 

Models of a humanized, import or human antibody 
sequence are used in the practice of this invention to 
understand the impact of selected amino a1cid residues of the 
activity of the sequence being modeled. For example, such 

60 f. determining if tbe non-homologous import amino acid 

a model c.an show residues which may be important in 
antigen bi.oding, or for mai.utaining !he co1aformation of the 
antibody, as discussed in more detail belpw. Modeling can 
also be used to explore the potcmial impact of changing any 65 
amino acid residue in !he antibody sequence. 
Methods for Obtaining a Humanized Antibody Sequence 

residue is reasonably expected to have at least ooe of 
the foUowing effects: 
1. non-covalently binds antigen directly, 
2 . interacts with a CDR; or 
3. participates in the VL -V H interface; and 

g. for any ooa-boronlogous import agt.ibody amino acid 
residue whicb is reasonably expected lo have al least 
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oae of lbcsc cfI«:L<i, subs1ituting lbal residue for the 
correspoading amino acid residue in the consensus 
antibody FR sequcace. 

Optionally, one determiaes if any non-homologous resi
dues identified in step (e) are exposed on lbc surface of tbe s 
domain or buried within it, and if the residue is exposed but 
has none of the effects identified in step (f), one may retaio 
tbe consensus residue. 

Additionally, in certain embodiments the corresponding 
consensus antibody residues identified io step (e) above are 10 
selected from the group consisting of 4L, 35L, 36L, 38L, 
43L. 44L, 46L, 58L, 621.., 63L, 641.., 65L, 66L. 67L, 681.., 
69L, ?OL, 71 L, 4H, 24H, 36H, 37H, 391-I, 43H, 45H, 49H, 
58H, 60H, 67H, 68H, 69H, ?OH, 73H, 74fl, 75H, 76H, 78H, 
91H, 92H, 93H, and 103H (utilizing tbe numbering system 1s 
set forth in Kabat, E. A. el al., Sequences of Proteins of 
Immunological /merest (National Institutes of Health, 
Bethesda, Md., 1987)). 

In preferred embodiments, 1bc melhod of Ibis invention 
comprises the additional steps of searching either or both of 20 
the import, non-bu.man and tbe consensus variable domain 
sequences for glycosylation sites, determining if the glyco
sylation is reasonably expected to be important for the 
desired antigen binding and biological activity of the anti
body (i.e., determining if the glycosyla,ion site binds to 25 

antigen or changes a side cbain of an amino acid residue that 
binds to antigen, or if tbe glycosylation enhances or weakens 
antigen binding, or is important for maintaining antibody 
afliaily). if tbe import sequence bears the glycosylatioo s~te, 
it is preferred to substitute that site for the correspondmg 3o 
residues in the consensus human sequence if the glycosy
lation site is reasonably expected to be imponanl. If only the 
consensus sequence, and 001 the import, bears the glycosy
\ation site, It is preferred to eliminate that glycosylatioa site 
or substitute therefor the corresponding amino acid residues 35 
from the import sequence. 

Another preferred embodiment of the rnelbods of this 
invention comprises aligning imporl antibody and the roo
seasus antibody FR sequences, identifying import antibody 
FR residues which are noo-bomologous with the aligned 40 
consensus FR sequence. and for each sucb non-homologous 
import antibody FR residue, determining if the correspond
ing consensus antibody residue represents a residue which is 
highly conserved across all species at that site, and if it is so 
conserved, preparing a humanized antibody which com- 45 
prises the consensus antibody amino acid residue at that site. 

lo certain alternate embodiments, one aced not utilize the 
modeling and evaluation steps described above, and may 
instead proceed with the steps of obtaining the amino acid 
sequence of at least a portion of an import, non-bu.man so 
antibody variable domain having a CDR and a FR. obtaining 
the amino acid sequence of at least a portion of a consensus 
burn an anlibody variable domain having a CDR and a FR, 
subslitutiag the non-human CDR for the bumao CDR in the 
consensus human antibody variable domain, and Lben sub~ ss 
stituling aa lllllinO acid residue for the consensus amino acid 
residue at at least one of tbe following sites: 

a. (in the FR of the variable domain oftbe light chain) 4L, 
35L, 36L, 38L, 43L, 44L, 581.., 46L, 62L. 63L, 64L, 
65L, 66L, 67L, 681.., 69L, 701.., 71L, 73L, SSL, 87L, 60 
98L, or 
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of the ooa-humaa antibody. If dtsired, one may utiliie the 
other method steps described above for determining whether 
a particular amino ~cid residue can reasonably be expected 
10 have undesirable effccls, and remedying those effccls. 

If after making a humanized antibody according to the 
sieps above and tesling its aclivity one is not satisfied with 
the humanized antibody, one preferably reexamines the 
potential effects of the amino acids at the speciJic locations 
recited above. Additionally, it is desirable to reinvestigate 
any buried residues wbicb are reasonably expected lo affect 
the VL -V H interface but may aol diP:ctly affect CDR 
conformation. II is also desirable lo reevaluate the human
ized antibody utilizing lhe steps of the methods claimed 
herein. 

l o ~rtain embodiments of this invention, amino acid 
residues in the consensus human sequence are substituted 
for by other amino acid residues. In preferred embodiments, 
residues from a particular uon-buman import sequence are 
substituted, however there are circumstances where it is 
desired to evaluate the effects of other amino acids. For 
example, if after making a humanized antibody according to 
the steps above and testing ilS activity one is 001 satisfied 
with the humanized antibody, one may compare tbe 
sequences o f other classes or subgroups of human 
antibodies, or clru;scs or subgroups of autibodies from the 
particular non-human species, and determine which other 
amino acid side cbaios and amino acid residues are found at 
particular locations and substituting sucb other residues. 
Antibodies 

Certain aspects of Ibis invealion are directed to natural 
antibodies and Lo monoclonal antibodies., as illustrated in the 
Examples below and by antibody bybridomas deposited 
with the ATCC (as described below). Thus, the references 
throughout this description to the use of monoclonal anti
bodies are intended to include the use of natural or native 
antibodies as well as bumaaized and chimeric aotibodies. As 
used herein, the term "antibody" includes the antibody 
variable domain and other separable antibody domains 
unless specifically excluded. 

la accordance with certain aspects of this inve11tioo, 
antibodies to be bumaniud (import antibodies) are isolated 
from continuous hybrid cell lines formed by the fusion of 
aatigeo-primed immune lymphocytes with mydoma cells. 
in certain embodiments, the antibodies of this invention are 
obtained by routine screeoir.)g. Polyclooal antibodies 10 an 
anligea generally are raised in animals by multiple subcu-
taneous (sc) or intrapecitooeal (ip) iajectfons of the antigen 
and an adjuvaot. It may be-useful to conjugate the antigen or 
a fra_gmeot containing the target amino acid sequence lo a 
protein that is immunogeaic in the species to be immunized, 
e.g., keyhole limpet hemocyanin, scrum albumin, bovine 
thyroglobulin, or soybean trypsin inhibitor using a bifuoc
tional or derivalizing agent, for example, maleimidobenwyl 
sulfosuccinimidc ester (conjugation through cysteioc 
residues). N-hydroxysuccinimide (through lysine residues), 
glutaraldebydc, succinic is anhydride, SOCl2 , o r 
R1N=C=NR, where Rand R1 are different alkyl groups. 

The route and schedule of tbe host animal o r cultured 
antibody-producing cells therefrom are generally in keeping 
with established and conventional techniques for antibody 
siiwulation and production. While mice a.re frequenlly 
employed as lhe test model, it is contemplated that any 
mammalian subject including buroan subjects or antibody
producing cells obtaim:d therefrom can be manipulated 

b. fin 1he FR of the variable domain of the heavy chain) 
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 
60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 
91H, 92H, 93H, and 103H. 

Preferably, the noo-CDR residue substituted at the consen~ 
sus FR site is the residue found at the oorrespooding location 

65 according lo tbe processes of this invention to serve as the 
basis for production of mammalian, including human, 
hybrid cell lines. 
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Animals are lypically immunized against tbe immuno
genic conjugateS or derivatives by combiniog l mg or 1 µg 
of conjugate (for rabbits or mice, respectively) with 3 
volumeS of Freund's complete adjuvant and injecting the 
solution intradermally at multiple sites. One monlb later tbe 5 
animals arc boosted with 1/s to 1/io the original amount of 
conjugate in Freund's complete adjuvant (or other suitable 
adjuvanl) by subcutaneous injection at multiple sites. 7 to 14 
days later animals are bled and the serum is assayed for 
antigen titer. Animals arc boosted until the tiler plateaus. 

10 
Preferably, the animal i.s boosted witb the cooj11gate of tbe 
same antigen, but conjugated to a different protein and/or 
through a different cross-linking ageal Conjugates also can 
be made in rccxn;:nbinant cell culture as protein fusions. Also, 
aggregating agencs such as alum are used to enhance the 
immuoe rcspouse. 15 

After immunization, monoclonal antibodiesace prepared 
by recovering immune lymphoid cells-typically spleen 
cells or lymphocytes from lymph node tissue-from immu
nized animals and immortalizing tbe cells in conventional 
fashion, e,g. by fusion with myeloma cells or by Epstein- zo 
Barr (EB)-virus transformation and screening for clones 
expressing the desired antibody. The hybridoma technique 
described originally by Kobler and Milstein, Eur. J. Immu
rio~ 6:511 (1976) bas been widely applied to produce hybrid 
cell lines thal secrete high levels of monoclonal antibodies 2S 
against many specific antigens. 

It is possible lo fuse cells of one species with another. 

24 
Fab fragments) whicb bypass tbc generation of monoclonal 
antibodies are encompassed within the practice o[ this 
invention. One extracts antibody-specific messenger ANA 
molecules from immune system cells taken from an immu
nized animal, transcribes these into complementary DNA 
(cDNA), and clones the CDNA into a bacterial expressions 
system. One example of such a technique suirablc fur the 
practice of this invention was developed by researcbccs at 
ScrlppS/Stratagene, and incorporates a proprietary bacte· 
riophage lambda vector system which contains a leader 
sequence that cau.ses tbe expressed Fab protein lo migrate to 
lhe periplasmic space (between the bacterial cell membrane 
and the cell wall) or to be secreted, One can rapidly gcocrale 
and screen great oumbecs of functional FAb fragments for 
those which bind the aotigen. Such FAb fragments with 
specificity for tbc antigen are specifically encompassed 
within the term "antibody" as it is defined, discussed, and 
claimed herein. 
Amino Acid Sequence Variants 

Amino acid sequence vadants of the antibodies and 
polypeptides of this invention (referred to in herein as the 
target polypeptide) are prepared by introducing appropriate 
nucleotide changes into the DNA encoding the target 
polypeptide, or by in vitro synthesis of the desired target 
polypeptide. Such variants include, for example, humanized 
variants of non-human antibodies, as well as deletions from, 
or insertions or- substitutions of, residues within particular 
amino acid sequences. Any combinatioo of deletion, 
insertion, and substitution can be made to arrive at the final 

However, it is preferable that the source of the immunized 
antibody producing cells and the mycloma be from the same 
species. 

The hybrid cell lines can be maintained in culture in vitro 
30 construct, provided that the final conslrucl possesses tbe 

desired cbaracleristics. The amino acid changes also may 
alter post-translational proccs.ses of the target polypeptide, 
such as cbaogiog tbe number or position of glycosylalioo 

in cell culture media. Tue cell lines of this invention can be 
selected and/or maiotaioed in a composition comprising !he 
continuous cell line in bypoxanth.ine-amioopte rin thymidinc 
(HAl) medium. la fact, once the hybridoma cell line is JS 
established, it can be maintained on a variety of autritionaUy 
adequate media, Moreover, the bybrid cell lines caa be 
stored. and preserved i.o any number of conventional ways, 
including freezing and storage under liquid nitrogen. Pro:zeo 
cell lioes can be revived and cultured indefinitely with 40 
resumed syntbesis and secretion of monoclonal antibody. 
The secre1ed antibody is recovered from tissue culture 
superpatant by conventional methods such as precipitation, 
Ion exchange chromatography, affinity chromatography, or 
the like. The antibodies described herein are also recovered 4S 
from bybridoma cell cultures by conventional methods fur 
purification of l gG or lgM as tbe case cnay be that heretofore 
have been used to purify these immunoglobulins from 
pooled plasma, e .g. etbanol or polyethylene glyc.ol precipi
tation procedures. The purified antibodies are sterile filtered, so 
and optionally are conjugated to a detectable marker sucb as 
ao enzyme or spin label for use in diagnostic assays of the 
antigen in test samples. 

sites, altering any membrane anchoring characteristics, and/ 
or allering lbe iatra-<:ellular location of the target polypep· 
tide by inserting, deleting, or otherwise affecting aoy leader 
sequence of the native target polypeptide. 

lo designing amino acid sequence variants of target 
polypeptides, the location of the omtatioo site and tbc nature 
of the mutation will depend on tbe target polypeptide 
cbacactecistics) to be modified. The sites for mutation can be 
modified individually or ia series, e.g., by {l) substituting 
fi.rst with conservative amino acid choices aod then with 
more radical selections depending upon the results a~hieved, 
(2} deleting the target residue, or (3) inserting residues of the 
same or a different class adjacent to the localed site, or 
combinations of options 1-3. la certain embodimenls, those 
choices are guided by tho methods for creating humanized 
sequences set forth above. 

A useful method for identification of certain residues oc 
regions of the target polypeptide that are preferred Jocatioos 
for mutagenesis is called walanine scanning muragecesism" 
as described by Cunningham and Wells (Science, 244: 
1081-1085 [1989). Herc, a residue or group of target resi
dues are identified (e.g., charged residues such as arg, asp, 
bis, lys, and glu) aod replaced by a neutral or negatively 
charged amino acid (most preferably alanine or polyaJaoine) 
to affect the interaction of the amino adds with !be sur
rounding aqueous enviroomcnt in or outside lbe cell. Those 
domains demonstrating functional sensitivily to the substi
tutions lben are refined by introducing further or other 
variants at or for the sites of substitutioo. Thus, while the site 
for introducing an amino acid sequence variation is 
predetermined, the nature of the mutation per se need not be 

While routinely rodent moooclonal antibodies arc used as 
the source of the import antibody, Lhe invention is noL 55 
limited to any species. Additionally, techniques developed 
for tbc produclion of chimeric antibodies (Morrison cl al., 
Proc. Natl. Acacl ScL, 81:6851 (1984); Neuberger et al., 
Nature 3U:604 (1984); Takeda et al., Nature 314:452 
(1985)) by splicing the genes from a mo~ antibody mol~ 60 
ecule of appropriate antigen specificity together with geaes 
from a human antibody molecule of appropriate biological 
activity (such as ability to activate human complement and 
mediate ADCC) can be used; such antibodies are within tbe 
scope of this invention. 65 predetermined. For example, to optimize the performance of 

a mutation at a given site, ala scanning or random mutagen
esis may be conducted at the target codon or region and the 

1echniques for creating rccombinanl DNA versions of the 
aotigen-bindiog regions of antibody molecules (known as 
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expressed target polypeptide variants are :>ereened for the 
optima.I combination of desired activity. 

There are two principal variables in the coastruction of 
amino acid sequence variants: the location of tbc mutation 
site and the nature of the mutation. lo general, the location s 
and nature of the mutation chosen will depend upon the 
target polypeptide cbaractcristic to be modified. 

Amino acid sequence delelioas of antibodies are generally 
not preferred, as maintaining the generally configuration of 
ao antibody is believed to be necessary for its activity. Any 10 

deletions wiU be selected so as lo preserve lhe structure of 
tbe target antibody. 

Amino acid sequence insertions include amino- aodlor 
carboxyl-terminal fusions ranging in length from one resi
due lo polypeptides containing a hundred or more residues, 15 

as well as intrasequence insertions of single or mu.ltiple 
amino acid residues. £atra.sequence insertions (i.e., inser
tions within the target polypeptide sequence) may range 
generally from about 1 to 10 residues, more preferably 1 to 
5, most preferably 1 to 3. Examples of terminal insertions 20 
include the target polypeptide with an N-terminal mcthionyl 
residue, an artifact of the direct expression of target polypep
tide in bacterial recombinant cell culture, and fusion of a 
beterologous N-terminal signal sequence lo the N-terrninus 
of the 1arget polypeptide molecufo to facilitate the secretion 25 
or the mature target polypeptide from recombinant host 
cells. Sucb signal sequeoces geoerally will be obtained from, 
and lh\IS homologous to, the intended host cell speoics. 
Suitable sequences include STII or lpp for £. coli, alpha 
factor for yeast, and viral signals such as herpes gD for 30 

mammalian cells. 

26 
b.elical conformation, lb) the cbarge or hydrophobicity of the 
mole<..'Ule at lhe target site, 0 1 (c) the bulk of lhe side chain. 
Naturally occurring residues are divided into groups based 
on common side chain properties: 

(1) hydrophobic: oorleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, scr, thr; 
(3) acidic: asp, glu; 
(4) basic: aso, gin, his, lys, arg; 

(5) residues thal influence chain orientation: gly, pro; aod 
(6) aromatic: trp, tyr, phe. 
Noa-conservative substitutions will entail excbaoging a 

member of one of these classes for another. Such substituted 
residues may be introduoed into regions of the target 
polypeptide that are homologous with other antibodies of the 
same class or subclass, or, more preferably, into the oon-
howologous regions of the molecule. 

Any cysteine residues not involved in maintaining tbe 
proper conformation of target polypeptide also may be 
substituted, generally with serine, to improve the oxidative 
stability of the molecule and prevent aberrant crosstinking. 

DNA encoding amino acid sequence variants of tbe target 
polypeptide is prepared by a variety of methods known in 
the art. These methods include, but are not limited Lo, 
isolation from a natural source (in the case of naturally 
oc.curring amino acid sequence variaolS) or preparation by 
oligooucleotide-mediated (or site-directed) mutagenesis, 
PCR mutagcnesis, aad cassette mulageaesis of an earlier 
prepared variant or a non-variant version of the target 
polypeptide. A particularly preferred method o[ gene con
version mutagenesis is described below in Example 1. These 
techniques may utilized target polypeptide nucleic acid 
(DNA or RNA}, or nucleic acid complementary to the target 
polypeptide nucleic acid. 

Oligonucleotide-mediated mutagenesis is a preferred 
method for prepariog substitution, deletion, aod insertion 
variants of target polypeptide DNA This technique is well 
known in lhe art as described by Adelman el al,, DNA, 2: 183 
(1983). Brie fly, the target polypeptide DNA is a.ltered by 

Other insertional variants of the target polypeptide 
include lbe fusion lo the N- or C-lerminus of the target 
polypeptide of immuoogenic polypeptides, e.g., bacterial 
polypeplides such as beta-Jactamase or ao enzyme encoded 3S 
by the £_ coli trp locus, or yeast protein, and C-terminal 
fusious witb proteins baviDg a long half-life such as immu
ooglobulin coostaot regio11S (or other immunoglobulin 
regions), albumin, or ferrilia, as descnbed in WO 89/02922 
published Apr. 6, 1989. 40 hybridizing an oligonuclcotide enooding the desired muta

tion to a DNA template, where the templa1e is 1he single.
stranded form of a plasmid or bacteriophage containing the 
unaltered or native DNA sequence of the target polypeptide. 

Another group of variants are amino acid substitution 
variants. These variants have at least one amino acid residue 
i.n the target polypeptide molecule removed and a different 
residue lilsened in its place. The sites of greatest interest for 
substitutional mutagenesis indude sites identified as the 45 
active site(s) of the target polypeptide, and sites where the 
amino acids found in the target polypeptide from various 
species are substantially different in terms of side-<:hain 
bulk, charge, and/or hydrophobicity. Other sites foe substi
tution are described infra, considering tbe effect of the so 
substitution of the antigen binding, affinity and other cbar
acleristics of~ particular target antibody. 

Otber sites of iotcrest are those in which particular 
residues of the target polypeptides obtained from various 
species are identical. These positions may be important for 55 
the biological ac1ivi1y of the target polypeptide. These sites, 
especially those falling within a sequence of at least three 
other identically conserved sites, arc substituted in a rela
tively conservative manner .. ff such substitutions result io a 
change in biological activity, theo other changes aie intro- 60 

duced and the producls screened until tbc desired effect is 
obtained. 

Substantial modifications in function or immunological 
identity of the target polypeptide arc accomplished by 
selecting substitutions that differ sigoificanUy in their effect 65 

on rnaiatainiog (a) the strocturc of the polypeptide backbooe 
in the area of the substitution, for example, as a sheet or 

After hybridiz.a1ion, a DNA polymerase i.s used to synthesize 
ao entire second complementary strand of the lcrnplate that 
will thus incorporate tbe oligonucleotide primer, and will 
code for the selcc1ed a.Iteration in tbe target polypeptide 
ONA. 

Generally, oligooucleotides o( al least 25 nucleotides in 
length are used. An optima.I oligonucleotidc will bave 12 to 
15 nucleotides that are completely complementary to the 
template on either side of the nucl«1tide(s) coding for tbe 
mutation. This ensures that the oligonucleotide will hybrid
ize properly to the single-stranded DNA template mole<:ule. 
The oligonucleotides arc readily synthesized using tech
niques known in the art such as that described by Crea e t al. 
(Proc. Natl. Acad. Sci. USA, 75: 5765 [1978D. 

Siogle·stranded DNA template may also be generated by 
denaturing double-stranded plasmid (or other) DNA using 
standard techniques. 

For alteratioo of the native DNA sequence (to generate 
amioc;1 acid seq1,1eoC(; variants, for example), the oligooucle
otide is hybridized to the single-stranded template under 
suitable hybridization oonditions. A DNA polymerizing 
enzyme, usually the Kleoow fragment of DNA polymerase 
l, is tllen added to synthesize the complementary straod of 
the templale using the oligonucleotide as a primer for 
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synthesis. A bcteroduplex molecule is thus formed such that 
ooe strand of DNA eocodes tbe mutated fonn of lbe target 
polypeptide, aod the other strand (the original template) 
eocodes 1bc native, unaltered sequence o[ !he target polypep
tide. This beteroduplex molecule is lheo transformed into a 
suitable host cell, usually a prokaryote such as E. coli 
JMIOl. After the cells are grown, they are plated onto 
agarose plates and screened using tbe oligoouclc:otide primer 
radiolabeled with 32-phosphate lo identify the bacterial 
colonies that contain the mutated DNA The mutated region 
is tbeo removed aod placed in an appropriate vector for 
protein production, generally an expression vector of the 
type typically employed for transfonnatioo of an appropriate 
host. 

lbe mot.bod described immediately above may be modi
fied such that a homoduplex molecule is created wherein 
both strands of the plasmid contain tbe mutalion(s). The 
modifications arc as follows: The single-stranded oligo
nuclcotide is annealed to the single-stranded template as 
described above. A mixture of three deoxyribonudeotides, 
deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP). 
and dcoxyribothymidine (dTTP), is combined with a modi
fied tbio-deoxyribocytosine called dCTP-(aS) (which can be 
obtained from Amersbam Corporation). This mixture is 
added 10 the templatc-0ligonucleotidc complex. Upon addi
tion of DNA polymerase to this mixture, a strand of DNA 
ideotical lo !he template except for tbe mutated bases is 
generated. In addition, this new straod of DNA will contain 
dCI'P-(aS) instead of dCI'P, wbicb serves lo protect il from 
restrictioo codonuclease digestion. 

After tbe template strand of Lbe double-stranded betcro
duplex is nicked with an appropriate restrictioo enzyme, the 
template strand can be digested witb Exom nuclease or 
another appropriate nuclease past the region that comains 
the site(s) to be mutagcnized. The reaction is lheo stopped to 
leave a molecule tha1 is only partially sioglc-siraodcd. A 
complete double-stranded DNA homoduplcx is then formed 
using DNA polymerase in the presence of all four deoxyri
boouclcotide tripbospbates, ATP, and DNA ligasc. 'Ibis 
homocluplex molecule can then be transformed into a suit
able bost cell sucb as E. coli JM101, as described above. 

DNA encoding targc1 polypeptide variants with more than 
one amino acid to be substituted may be generated io one of 
several ways. If the amino acids are located close together 
in the polypeptide chain, they may be mutated simulta
neously using one oligonucleotide that codes for all of the 
desired amino acid substitutions. If. however, the amino 
acids are located some distance from each other (separated 
by more thao about ten amino acids), it is more difficult to 
generate a siogle oligonucleotidc that encodes all of the 
desired changes. Instead, ooe of two alternative methods 
may be employed. 

Jn the first method, a separate oligooucleotide is generated 
for each amino acid to be substituted. The oligonucleotides 
are then annealed to the single-stranded template DNA 
simultaneously, and the second s1tand of DNA !hat is 
syntbesiud from the template will encode all of I.he desired 
amioo acid substitutions. 

lbe alteroative method involves two or more rounds of 
mutageoesis lo produce tile desired mutan<. The first round 
is as described for the single murants~ wild-type DNA is used 

28 
more mutations. The oligonuclc:otide encoding the addi
tional desired amino acid substitution{s) is then annealed lo 

Ibis template, aod the resulting strand of DNA oow encodes 
mutations Crom both tbe first and second rounds of mutagen-

s esis. This resultanl DNA can be used as a template io a rbird 
round of mutagenesis, and so on. 

PCR mutagenesis is also suitable for making amino acid 
variants of target polypeptide. While the following discus
sion refers to DNA, it is understood that the technique also 

10 
finds application with RNA The PCR technique generally 
refers to the following procedure (sec Erlich, supra, 1hc: 
chapter by R. Higuchi, p. 61-70): When small amounts of 
template DNA arc used as starting material in a PCR, 
primers that differ slightly in sequence from tbc correspond
ing region in a template DNA can be used to generate 

JS relatively large quantities of a specific DNA fragment that 
differs from the template sequence only al the positions 
where the primers differ from the template. For introduction 
of a m utation into a plasmid DNA, one of the primers is 
designed Lo overlap the position of the mutation and to 

20 contain the mutation; the sequence of the other primer must 
be identical to a stretch of sequence of the opposite strand of 
the plasmid, but this sequence cao be located anywhere 
along the plasmid DNA fl is preferred, however, that tbe 
sequence of the second primer is located witbin 200 nuc!e-

25 otides from that of the first., such that in the end the entire 
amplified region of ONA bounded by the primers can be 
easily sequenced. PCR amplification using a primer pair like 
the one just described results in a popuJation of DNA 
fragments that differ al the position o( the mutation specified 

30 by the primer, aod possibly al other positions, as template 
copying is somewhat error-prooc. 

If the ratio of template 10 product materiaJ is extremely 
low, lbc vast majority of product DNA fragments incorpo
rate tbc desired mutation(s). This product material is used to 

35 replace the CO!TCsponding region in the plasmid that served 
as PCR template usiogstandard DNA1cchoology. Mutatioas 
at separate positions cao be introduced simultaneously by 
either using a mutant sccoad primer, or pcrfonniog a second 
PCR witb different mutant primers .a.nd ligating tbc two 

40 resulting PCR fragments simultaneously to the vector frag
ment in a three (or morc)-patt ligation. 

In a specific example of PCR mutageoesis, template 
plasmid DNA (1 /lg) is linearized by digestion with a 
restriction endonucleasc that has a unique recognition site in 

45 the plasmid DNA outside of the region 10 be: amplified. Of 
this material, 100 og is added to a PCR mixture containing 
PCR buffer, which contains the four dcoxynucleotide tri
pbosphates aod is illcluded in the GeneAmp® kits {obtained 
from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville, 

so Calif.), and 25 pmole of each oligooucleotide primer, to a 
fioal volume of 50µ1. The reaction mixture is overla ycd with 
35 µI mineral oil. The reaction is denatured for 5 minutes at 
100° C., placed briefly oo ice, and lheo 1 µI Thermus 
aquaJicu.s (raq) DNA polymerase. (5 uoits/µl, purchased 

ss from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville, 
Calif.) is added below the mineral oil layer. Tue reaction 
mixture is then inserted into a DNA Thermal Cycler 
(purchased from Perkin-Elmer Cetu_s) programmed as fol
lows: 2 min. at 55° C., then 30 sec. at 72° C., then 19 cycles 

60 of the following: 30 sec. at 94° C., 30 sec. at 55° C., and 30 
see. al 72° C. 

for tbe template, ao oligonucleotidc encoding the first 
desired amioo acid substitu ti:oo(s) is annealed to Ibis 
template, aod the bcteroduplex DNA molecule is lhco geo
e rated. Tue second round of mutagcncsis utilizes tbe 65 
mutated DNA produced in the ~ round of mutagencsis as 
the template. Thus, tbi.<; tempi.ate already cootains ooc or 

Al tbe eod of tho program, tbe reaction vial is removed 
from lbe thermal cycler and the aqueous phase transferred to 
a new vial, ext.racied with phenol/chloroform (50:50:vol) , 
and ethanol precipitated, and the DNA is recovered by 
standard procedures. This material is subsequently subjected 
to tbc appropriate treatments for insertion into a vector. 
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Another method for preparing variants, cassette 
mutagencsis, is based on the technique described by Wells et 

30 
(b) Origin of RepHcatioa Component 
Both e~ression and cloning vectors contain a nucleic 

al. (Gene, 34: 315 (1985]). The starting material is the 
plasmid (or other vector) comprising the target polypeptide 
DNA lo be mutated. The codon(s) in the target polypeptide s 
DNA to be mutated are identified. There must be a unique 
restriction cndonuclease site on each side of the identified 
mutation site(s). If no such restriction sites exist, they may 

acid sequence that enables the vector lo replicate in one or 
more selected host cells. Generally, in cloning vectors this 
sequence is one that enables tbe vector to replicate indepen· 
dcotly of the host chromosomal DNA, and in.eludes origins 
of replication or autonomously replicating sequences. Such 
sequences are well known for a variety of bacteria, yeast, 
aod viruses. The origin of replication from the plasmid be generated using the above-described oligonucleotide· 

mediated mutagencsis method to introduce them al appro· 
priate locations in the target polypeptide DNA. After the 
restriction sites have been introduced into the plasmid, the 
plasmid is cul at these sites lo linearize it. A double-stranded 
oligonucleotide encoding the sequence of the DNA between 
the restriction sites but containing the desired mutalion(s) is 
synthesized using standard procedures. The two strands are 
synthesized separately and then hybridized together using 
standard t~hniques. This double-stranded oligonucleotide is 
referred to as the cassette. This cassette is designed to have 
3' and 5' ends that are compauble with the ends of the 
linearized plasmid, such that it can be directly ligated lo the 
plasmid. This plasmid now contains the mutated target 
polypeptide DNA sequence. 

Insertion of DNA into a Cloning Vehicle 

The cDNAor genomic DNA encoding the target polypep
tide is inserted into a replicable vector for further cloning 
(amplification of the ONA) or for expression. Many vectors 
are available, and selection of the appropriate vector will 
depend on I) whether it is to be used for DNA amplification 
or for DNAeicpression, 2) lbe size of the DNA lo be inserted 
into t:be vector, and 3) the host cell to be transformed with 
the vector. Each vector contains various components 
depending on its function (amplificatioo of DNA or expres
sion of DNA) and the host cell for which it is compatible. 
The vector components generally include, but are not lim
ited to, one or wore o[ the following; a signal sequence, an 
origin of replica1ioo, one or more marker genes, an enhancer 
element, a promoter, and a transcription termination 
sequence. 

(a) SignaJ Sequence Component 

In general, the signal sequence may be a component o( the 
vector, or it may be a part of the target polypeptide DNA thnt 
is inserted into the vector. 

Tue targe t polypeptides of this invention may be 
expressed oot only directly, but also as a fusion with a 
heterologous JX>lypeptide, preferably a signal sequence or 
other )Xllypeptide having a · specific cleavage site al the 
N-terminus of the mature protein or polypeptide. In general, 
the signal sequence may be a component of the vector, or it 
may be a part of the target polypeptide DNA that is inserted 
into the vector. Included within the scope of this invention 
are target polypeptides with any native signal sequence 
deleted and replaced with a beterologous signal sequence. 
The heterologous signal sequence selected should be one 
that is recognized and processed (i.e. cleaved by a signal 
peptidase) by the host cell. For prokaryotic host cells that do 
not recognize and process the native target polypeptide 
signal sequence, tbe signal sequence is substituted by a 
prokaryotic signal sequence selected, for example, from the 
group of the alkaline phosphatase, penicillinase, !pp, or 
beat-stable enterotoxin 11 leaders. For yeast secretion tbe 
native Large! polypeptide signal sequence may be substituted 
by the yeast invertase, alpha factor, or acid phosphatase 
leaders. Ju mawwalian cell expression tbe native s\gnal 
sequence is satisfactory, although other mammalian signal 
sequences may be suitable. 

10 pBR322 is suitable for most Gram-negative bacteria, the 2µ 
plasmid origin is suitable for yeast, and various viral origins 
(SV<ID, polyoma, adenovirus, VSV or BPV) are useful for 
cloning vectors ia mammalian cells. Generally, the origin of 
replication component is not needed for mammalian expres· 

15 sioo vectors (the SV40 origin may typically be used only 
because it contains the early promoter), 

Most expression vectors arc "sbuJtle" vectors, i .e . they are 
capable of replication in at least one class of organisms bul 
can be traosfected into another organism for elCprcssion. for 

20 example, a vector is cloned in E. coli and then the same 
vector is lransfectcd into yeast or mammalian cells for 
expression even though it is not capable of replicating 
independea.tly of the host cell chromosome. 

DNA may also be amplified by insertion into the host 
2S genome. This is readily accomplished usiog Bacillus species 

as hosts, for example, by including in the vector a DNA 
sequence tbat is complementary 10 a sequence found in 
Bacillus genomic DNA. Transfeclion of Bacillus witb Ibis 
vector results in homologous recombination with the 

30 genome and insertion of the target poly'peptide DNA. 
However, the recovery of genomic DNA encoding the target 
polypeptide is more complex tban that of an exogenously 
replicated vector because reslrictioo enzyme digestion is 
required 10 excise the target polypeptide DNA. 

35 {c) Selection Gene Component 
Expression and cloning vectors sbould contain a selection 

gene, also Lermed a selectable marker. This gene encodes a 
protein necessary for the survival or growth of tran.sformed 
host ceUs grown in a selective culture medium. Host cells 

40 not transformed wilb the vector containing the selection 
gene will not survive in the culture medium. Typical selec
tion genes encode proteins that (a) confer resistance to 
antibiotics or other toxins, e .g. ampicillin, neomycin, 
melhotrexate, or tetracycline, (b) complement auxotropbic 

45 deficiencies, or (c) supply critical nutrients not available 
from complex media, e.g. the gene encoding 0-alanine 
racemase for Dacilli. 

One example o[ a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells Lbat arc successfully 

so transformed with a beterologous gene expiess a protein 
conferring drug resistance and thus survive the selection 
regimen. Examples ofsucb dominant selection use the drugs 
neomycin (Southern et al., J. Malec. Appl. Genet., 1: 327 
[1982]), mycopbenolic acid (Mulligan et al., Science•: 1422 

ss [1980)) or hygromycio (Sugden et al., Mol. Cell. Biol, 5: 
410-413 [1985]). The three examples given above employ 
bacterial genes under eukaryotic control to convey resis

. lance to the appropriate drug G418 or neomycin (geneticin), 
xgpt (roycopbeoolic acid), or bygromycio, respectively. 

60 Another example of suitable selectable markers for mam-
malian cells are those that enable the identification of cells 
competent to take up the target polypeptide nucleic acid, 
such as d:ihydrofolate reductase (DHFR) or tbymidine 
klnase. The mammalian cell transfonnants are placed under 

65 selection prc~c which only the rraosformants arc uniquely 
adapted to .survive by virtue of having taken up tbe marker. 
Selection pressure is imposed by culturing the transformants 
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under conditions in wbicb the conccn1ralion of sclecLioo 
ageot i.o the medium is su=ively changed, thereby lead
ing IO amplification of both the selection gene and the DNA 
that encodes the target polypeptide. Amplification is the 
process by which genes i.o greater demand for the productioo s 
of a protein critical for growth are reiterated in tandem 
within the chromosomes of succe.ssive generations of 
recombinant ce Us. Increased quantities of the target 
polypeptide arc synthesized from the amplified DNA. 

native target polypeptide promoter sequence and many 
beterologous promoters may be used to direct amplification 
and/or expression of ibe target polypeptide DNA. However, 
betcrologous promoters arc preferred, as they generally 
permit greater transcription aod higher yields of expressed 
larget polypeptide as compared to 1he native target polypep-
tide promoter. 

Promoters suitable for use with prokaryotic hosts include 
Lbe ~-lactamase and lactose promoter systems (Chang et al., 
Nature, 275: 615 (1978]; and Goedde! et al., Nawre, 281: 

For example, cells transformed with the DHFR selection 
geoe are first identified by culturing all of the transfonnaats 

10 
544 (1979D, alkaline phosphatase, a 1ryptophan (lip) pro
moter system (Goedde!, Nucleic Acids Res., 8: 4057 (1980] 
and EP 36,776) and hybrid promoters; such as tbe tao 
promoter (deBoer ct al., Proc. Natl Acad. Sci, USA, 80: 
21- 25 (1983D. However, other known bacterial promoters 

IS are suitable . Their nucleotide sequences have been 
published, thereby enabling a skilled workec opcrably to 
ligate them 10 DNA encoding the target polypeptide 
(Siebenlist et al., Cell, 20: 269 [1980D using linkers or 

in a cuhure medium that contains methotrexale (Mlx), a 
competitive antagonist of DHPR. Ao appropriate host cell 
when wild-type DHPR is employed is the Chinese hamster 
ovary (CHO) cell line deficient in DHFR activity, prepared 
and propagated as described by Urlaub and Chasin, Proc. 
NaJI. Acad. Sci. USA, 77: 4216 [1980). The transformed 
cells are then exposed to increased levels of methotrexate . 
This leads to the synthesis of multiple copies of the DHFR 
gene, and, concomitantly, multiple copies of other DNA 20 
comprising the expression vectors, such as the DNA encod
ing the target polypeptide. This amplification technique an 

adaptors to supply any required restriction sites. Promoters 
for use in bacterial systems also generally will contain a 
Shine-Dalgamo (S.D.)sequence operably linked to the DNA 
encodiog tbc target polypeptide. 

be used with any otherwise suitable host, e.g., ATCC No. 
CCL61 CHO-Kl, norwithstaodi.og the presence oC endog
enous DHFR if, for example, a mutant DHFR gene that is 
highly resistant to Mtx is employed (EP 117,060). 
AJLematively, host cells (particularly wild-type hosts that 
contain endogenous DHPR) transformed or co-transformed 
with DNA sequences enooding the target polypeptide, wild
type DHFR protein, ruid another selectable marker such as 
aminoglycoside 3' phospbotransferase (APH) can be 
selected by cell growth io medium containing a selection 
agent for tbc selectable marker such as ao aminoglycosidic 
antibiotic, e.g., kanamycio, neomycin, or G418. See U.S. 
Pat. No. 4,965,199. 

A suitable selection gene for use in yeast is tbe trpl gene 
present in the yeast plasmid YRp7 (Stinchcomb ct al ., 
Nature, 22: 39(1979]; Kin~man et aL. Gene, 7: 141 (1979]; 
or Tschemper e t al., Gene, 10: 157 [1980D. The trpl gene 
provides a selection marker for a mutant s train of yeast 
lacking tbe ability to grow in tcyplopban, for example, 
ATCC No. 44076 or PEP4-l (Jones, Genetics, 5: 12 (1977D. 
The presence of the lrpl lesion io <he yeasi host cell genome 
Lbeo provides an effective environment for detecting trans
formation by growth in tbe absence of tryplophan. S imilarly, 
Leu2.-0eficient yeast strains (ATCC 20,622 o r 38,626) are 
complcmenled by koowo plasmids bearing the Leu2 gene. 

{d) Promoter Component 
Expression and clooiog vectors usually contain a pro

moter that is recognized by tbc bost organism aod is opcr
ably linked to tbe target polypeptide nucleic acid. Promoters 
arc untranslated sequences localed upstream (51 to tbe start 
codon of a structural gene (generally within about 100 10 
1000 bp) that control lhc transcription and translation of a 
panicular nucleic acid sequence, such as that encoding the 
target polypeptide, to which they are operably linked. Such 
promo1ers typically fall into two clas.ses, inducible and 
constitutive. Inducible promoters a~ promoters that initiate 
increased levels of transcription from DNA under their 
control io response to some c baogc i.o cultu~ coaditioll.5, 
c .g . the presence or absence of a nutrient or a cbaiige in 
temperature. Al this time a large number of promoters 
recognized by a variety o( potential host cells are weU 
known. "Jbcse promoters areoperably linked to DNA eocod
iog the target polypeptide by removing lbe promoter Crom 
the source DNA by restriction enzyme digestion and insen
ing tbe isolated promoter sequence into the vector. Both tbe 

Suitable promoting sequences Cor use with yeast hosts 
include the promote['$ for 3-pbospboglycerate kinase 

is (Hitzeman et al.,J. Biol. Chem., 255: 2073 [1980:0 or other 
glycolytic enzymes (Hess et al.,J. Adv. Enzyme Reg., 2: 149 
[1968); and Holland, Biochemistry, 17: 4900 (1978D, such 
ascnolase, glyccraldebyde·3-phosphatc debydrogenase, 
hcitokinase, pyruvatc decarboxylasc, pbosphofructokioase, 

JO g lucose-6-pbospbate isomerase, 3-phosphoglycerate 
mutase, pyruvale kinase, trioscphosphale isomerase, pbos
phoglucosc isomerasc, and gJucokioase. 

Other yeast promote~, which are inducible promoters 
having the additional advanLage of transcription controlled 

35 by growth conditions, arc 1he promoter regions for alcobol 
dehydrogenasc 2, isocytochrome C, acid pbospbatase, deg
radative enzymes associated with nitrogen metabolism, 
meta I l o th ione in, glyccra Ide hyde-3-pbosp ha le 

dehydrogenase, and enzymes responsible for maltose and 
40 galactose utilization, Suitable vectors and promoters for use 

in yeast expression arc funher described in Hitzeman c t al., 
BP 73,657A. Yeast enhancers also ate advantageously used 
with yeast promoters. 

Promoter sequences are kilowo for eukaryotes. Virtually 
45 all eukaryotic genes have an AT-rich region located approxi

mately 25 10 30 bases ups1ream from the site wbere tran
scription is initiated. Another sequeoce fouad 70 to 80 bases 
upstream from the start o[ transcription of many genes is a 
CXCAAT region where X may he any nucleotide. Al the 3' 

so end of most cukaryotic genes is an AAfAAA sequence that 
may be lbe signal for addition of the poly A tail to the 3' cod 
of the coding sequence. All of these sequenc~ are suitably 
inserted into mammalian expression vectors. 

Target polypeptide transcriptioo from vectors ia wawma· 
55 lian host cells is controlled by promoters obtained From the 

genomes of viruses such as polyoma virus, fowlpox virus 
(UK 2,211,504 published Jul. 5, 1989), adenovirus (such as 
Adenovirus 2), bovi.ae papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus, hepalitis-B v irus and most 

60 preferably Simian Virus 40 (SV40), from bcterologous 
mammalian promolt:rs, e.g . the actin promoter or an immu
noglobulio promoter, Crow beat·shock promoters, and from 
the promoter normally associated with the target polypeptide 
sequeoce, provided sucb promoters are compatible with tbe 

65 host oell systems. 
The early and late prQmoters of the SV40 virus arc 

conveniently obtained as ao SV40 restriction fragment that 
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