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INTERLEUKIN-2-RECEPTOR BLOCKADE WITH DACLIZUMAB TQ PREVENT REJECTION IN RENAL TRANSPLANTATION

INTERLEUKIN-2-RECEPTOR BLOCKADE WITH DACLIZUMAB TO PREVENT
ACUTE REJECTION IN RENAL TRANSPLANTATION

FLavio VincenTi, M.D.. RoBserT Kirkman, M.D., Susan LigHT, M.D., Ginny BumcarDneRr, M.D., PH.D.,
Mark Pescovitz. M.D.. PHiLip HatloraN, M.D,, Pr.D,, Joun NeyLan, M.D., Atan WiLkinson, M.D.,
HENRIK EkBERG, M.D., PH.D., Rosert GasTon, M.D., Lars Backman, M.D., Pr.D.,
ano James Buroick, M.D., FOR THE DacLizumas TRipLe THERAPY STuDY GROUP®

ABSTRACT

Background Monoclonal antibodies that block the
high-affinity interleukin-2 receptor expressed on al-
loantigen-reactive T lymphocytes may cause selec-
tive immunosuppression. Daclizumab is a genetical-
ly engineered human IgG1 monoclonal antibody that
binds specifically 16 the a chain of the interleukin-2
receptor and may thus raeduce the risk of rejeclion af-
ter renal transplantation.

Methods Wae administered daclizumab (1.0 mg per
kilogram of body weight) or placebe intravenously
before transplantation and once every other week af-
terward, for a total of five doses. to 260 patients re-
ceiving first cadaveric kidney grafts and immuno-
suppressive therapy with cyclosparine, azathioprine,
and prednisone. The patients were followed at regu-
lar intervals for 12 months, The primary end point
was the incidence of biopsy-confirmed acurte rejec-
tion within six months after transplantation.

Results  Of the 126 patients given daclizumab, 28
{22 percent) had biopsy-confirmed 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 daciizumab did not have any adverse
reactions 1o the drug, and at six months, there were
no significant differences betlween the two groups
with respect to infectious complications or cancers.
The serum half-life of daclizumab was 20 days, and
its administration resulted in prelonged saturation of
interleukin-2« receptors on circulating lymphocytes.

Conclissons Daclizumab reduces the frequency of
acute rejection in kidney-transplant recipients. (N Engl
J Med 1998:;338:161-5.)
©19298 Massachusems Megical Society.

CUTE rejection is a strong risk factor for

chronic rejection in recipients of renal

grafts from cadaveric donors.! This facr

has prompred the development of new

immunosuppressive agents designed ro reduce the

incidence and severity of acuee rejection.?¢ All these

agents, however, achieve reductions in the frequency

and severity of acure rejection at the price of gener-

alized immunosuppression, with 1ts atzendant risks
of opportunistc infection and cancer.

One potential targer for more specific immuno-

suppressive therapy with monoclonal antbodics is
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the interlenkin-2 receptor” The high-affinity inter-
leukin-2 recepror is composed of three noncovalent-
ly bound chains: 2 55-kd & chain (also referred to
as CD25 or Tac), a 75-kd S chain, and a 64-kd
v chain.” This receptor is present on nearly all acu-
vated T cells but not on resting T cells. The interac-
rion of interleukin-2 with this high-affinity recepror
is required for the clonal expansion and continued
viability of activated T cells. A varicry of rodent
monoclonal antibodies directed against the a chain
of the recepror have been used in animals and
bumans to achieve selective immunosuppression by
rargeting only T-ccll clones responding to the al-
lograft.#1? Daclizumab, a molecularly enginecred
human IgGl incorporating the antigen-binding re-
gions of the parent murine monoclonal antibody,
offers the potential for grearer therapeutic use of in-
terleukin-2-recepror blockaded! !” We compared the
cfficacy of daclizumab with placcbo for the preven-
tion of acute rejection in renal-transplant recipients.

METHODS

Study Design

We performed a randomized, double-blind, placebo-controlled
rrial at 11 transplancation cearters in the United Srares, 3 in Can-
ada, and 3 in Sweden, Adules receiving first renal allografts from
cadaveric donors were eligible fore the seudy. Patients were exclud-
ed if they wers receiving multiple oegan transplants or had a pos-
itive crossmatch for T-cell lymphocytes. The protocol was ap-
proved Dby the institutional review board or ethics committee at
cach parricipating center, and all puticnts gave written informed
consent.

Immunosuppressive Treatment

All patients received eyclosporine, azathiopring, and predni-
sone. The first dosc of cyclosporine was given during the period
from 12 hours betore 0 24 houes after transplantation.

Daclicumab (Zenapax, Hoflinann-LzRoche) or placebo was

From the Univemsity of California, San Francisco (FV.); Brighan and
Womens Hospinal, Beston (RLKL); Hoffmann-LaRoche, Nutley, N.J.
{S.L.); Ohiv Stare University, Columbus (G.B.); mndiana University, Indi-
anapolis (M.P) rhe University of Alberta, Edmonton, Al,. Canmada
(PH.), Emory Universiry, Atlanta (J.N,); the University of California, Los
Angeles (AW.); Malmd Universiey Hospital, Malng, Sweden (H.E.); the
Univenity of Alabama, Bimningham (R.G.); Salilgrenska 1ospizal, Goth-
enburg, Sweden (L.B.); and Johus Hapkins University, Baltimore {).B.).
Addicss reprint requests w Dr. Vincenti ar the Transplanc Service, Univer-
sity of California, San Francisco, 505 Tarmassus Ave,, fun, MEB4, Box
0116, San Francisco, CA 94143.0116,

*Other imcmibers of the Daclizumab Triple Therapy Srudy Group are
ligted in the Appendix.

Volume 338 Number 3 - 1617
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administered intravenously over a period of 15 minutes. Each pa-
tient received five doses of cither daclizumab (1 mg per kilogram
of body weight, ta 3 maximum of 100 mg per dosc) or placebo
(0.2 mg of polysorbste 80 per milliliter in 67 mM phosphare
bufter). The first dose was admiinistered within 24 hours belore
transplantation, with subscquent doses given two, four, six, and
cight weeks after transplancation,

Primary and Secondary End Points

The primary cnd point of the study was the incidence of biop-
sy-confirmed acure rejection within the first six months afier
rransplantation. All patients wirh an unexplained rise in the serum
Creatining CONCENtAtion or one or more symproms of acute re-
jestion (fever, pain over the graft, or a decrease in urinary volume)
were required to undergo a renal biopsy within 24 hours after the
imitiation of antircjestion therapy, which consisted initially of in-
teavenous methylprednisolone (7 myg per Kilogram per day) for
three days 'The histalegie diagnosis of rejection was based on the
presence of acute tubulicis or vasculins and was made by the pa-
thologist at cach institution. Paticnts were considered to have
presumptive dejection if they received a course of antirejecrion
therapy in the absence of hisrologic confirmazion of rejection.
The diagnosis of any subscqucnt cpisodes of rejection in patients
presenting with renal dysfunction was based on clinical eriteria,
such as the absence of evidence of neplirotoxicity or of urinary
tract obstruction or infection, with a biopsy for confirmation pee-
farmed at the investigator’s discrerion.

Sceondary end points included paticat survival and graft sur-
vival at one year, the time to the fisst episude of acute rejection,
the number of acute rejection episndes per patient, the nced for
antilymphocyte therapy (OKT3 or polyclonal antichymocyte glob-
ulin) because of glucocorticoid-resistant rejection (defined 15 the
absence of 4 response 10 intravenous mechylprednisolone pulse
therapy), graft function (as indicated by the serum creatinine con-
zenrcation and glomerular filtration rare), snd the cumulartive
dosc of prednisone in the first six months after ransplantation

Pharmacokinetic Measurements

Blood samplcs were collected immediately before and after (for
trough and peak concentrations, respectively) the first and filth
infusions of daclizumab or plazcbe and on days 70 and 84 afeer
transplantation. A sandwich enzyme-linked immunosorbent assay
was used to measure daclizunab in serum.i2

In 20 consccutive patients at onc U.S. center (University of
California, San Frangisco), lymphocyte analysis was performed to
derermine the saruration of the interleukin-2-rezepror a chain,
with the use of methods reported previously,!?

Glomerular Filtration Rate

The glomerular filtration rare was measured in all patients with
functioning grafts six months after rransplancation. Measare-
ments were based an ichexol, radioisotope, or inulin clearance,

Statistical Analysis

Differences in catcgorical variables berween the two groups
were determined with the use of the Mantel-Haenszel test (with
stratification accurding 1o center), Differences in the time 1o rhe
first biopsy-confirmed episode of rejection were detcemined with
the use of the log-rank test (with stratification according to cen-
ter). The log-rank rest was also used to analyze the time t graft
failure (or death with a functioning ygraft) because of the small
number of events reported. Kaplan-Meier estimates of tiie prob-
ability of paticnt survival and graft sucvival and the cumulative
probability of biopsy-confiemed rejection were plotted over time.
Differences in the number of presumptive or biopsy-confirmed
rejection episodes per patient in the (irst six months were ana-
lyzed with a normal regeession model, The serum creatinine con-
centrations, glomerular filceation rates, and cumulative doges of
prednisone administered during the first six months afier trans-

162 -+ January 15, 1998
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plantation in the two groups were compared with the use of the
Wilcoxon rank-sum test. Logistic-regression analysis was used to
determine the effects of various factors on the probability of bi-
opsy-confinned rejection. Proportional-hazards analysis was used
1o determine the effects of various factors on the time © biopsy-
zonfirmed rejection. The results of lymyphocyte and interleukin-
2-recepror assays were caompared with the use of Student’s t-test.
All statistical rests were twa-sided,

All patienrs randomly assigned to a treatment group wers in-
cluded in the primary analyses of efficacy and safety, according 1o
the intention-to-trent principle. Values are reported as means =3D.

RESULTS

A toual of 260 patients were encolled in the study:
134 patients were assigned to the placebo group,
and 126 to the daclizumab group. The two groups
were simular with respect to age, sex, race, cause of
end-stage renal discase, presence or absence of pan-
¢l-reacuve antu-HLA antibodics, number of HLA-
DR mismartches berween donor and recipient, and
duration of cold i1schemia for the graft (Table 1).

All patients received ar least one dose of the study
drug, and 107 of the patients in the placebo group
(80 percent) and 107 of those in the daclizumab
group (85 percent) reccived all five doses. Graft
function was dclayed in 39 patients in the placebo
group (29 percent) and 27 patients in the daclizu-
mab group (21 percent). The early use of prophy-
lactic antilymphocyre therapy for delayed graft func-
tion led to the discontinuation of the scudy drug in
nine patients in the placebo group (7 percent) and
nine in the daclizumab group (7 percent).

Efficacy

Daclizumab prophylaxis resulted in 2 significant
reduction in the incidence of biopsy-documented
acute rejccrion during the first six months after
rrausplantation (22 percent, vs, 35 percent in the
placebo group; P=0.03; odds ratio, 0.5; 95 percent
confidence interval, 0.3 to 0.9) (Table 2). The pro-
portion of patients wicth presumprive or biopsy-con-
firmed acure rejection and the number of rejecuon
cpisodés per patient were also lower in the daclizu-
mab group, and the time to the first rejection was
longer. There was a wend toward a reducton in the
number of patients with two or more rejection epi-
sodes and the number receiving antlymphocyte prep-
arations for severc rejecrion in the daclizumab group.
The benefcial cffect of daclizumab was not influ-
enced by delayed graft function, inigal use of other
antilymphocyte therapies, or exclusion of patients
who did not receive all five infusions of the study
drug (data not shown).

The paticnt-survival rates ac onc year were 98 per-
cent in the daclizamab group and 96 percent in the
placebo group (Table 3). The grafe-survival raes in
the daclizumab and placebo groups were 95 and 90
percent, respectively, None of the patients in the da-
clizumab group but three of those in the placebo
group dicd of infections: onc cach of aspergillosis,

Bl Exhibit 1002
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L

TasLe 1. Base-LiNE CHARACTEMSTICS OF RENAL-ALLOGRART

——E i p STS

RECImENTs. ™
Pusctoo Dacuzumas
CHARAGTERIETIC (N=134) (N =126)
ARe — 4 47213 +7=13
Sex — po. of patients (%)
Male 81 (ﬂn} 74 (59‘]
Feniale 53 (30) 52 (+1)
Race or cthiic group —
no, of pariems (%)
White Bl (80) B+ (47)
Black 27 (20) 24 (12)
Orlicr 26(19) 18 (18)
Cause of renal failure -~
ho, of patients (%)
Glomerulonephritis 30 (30) 33 (26)
Didbetes mellitus 29 (22! 32 {2%5)
Herediary or polycysiic kidney disease 20 (15) 24 (19)
Hypertension 19 {14) 18 (14)
Other 26 (19) 19 (15)
Panel-reactive serum angbodies —
no, of patients (%)T
n-10% 121 (90) 113 (89)
11-49% 10 (7) 12 (10)
50-100% 3(2) 1(L)
No. of HLA-DR mismacches -
nop. of patients (%)
22 (16) 19 (15)
1 62 (46) 49 (39)
2 0 (30) 50 (40)
Gran culd-ischicima rine — hre 21=9 2=8

*Plus—ininus values are means =SD, Percentages way nor sum ey 100
beauuse of rounding.

tPancl-reactive antibodics are anv-HLA aniibodics that have a tytotoxic
elfecr on lympliocyres obained from a panel of donocs fram the general
population.

$Data were migsing For some paticits.

Rt

TasLe 2. ACUTE REfEcTION EPISODES 1N THE FIRST Six MONTHS
AFTER RENAL TRANSTLANTATION IN THE PLACERO
AND DacrLizumas Grours.

PLacése  Daclzumas
ReiEcTiON IN=134) (N=126) P Vaiue
One or more biopsy-confirned 47 (35) 28 (22) 0.03
episodes — no. of paticats (%)
One or more biopsy-confirmed or 52 (30) 12 (25) 0.0¢
presumplive episodes — na. of
patients (%)
Two or more hiopsy-confinned or 18 (13) °2(7) 0.08
presumptive cpisodes — no. of
paticurs (¥)
Mean no. of episudes/patient 0.6 0.3 0.01
Time ta fust episode — days* 30x27 7589 0.008
Episode requiring ancilymphocyte 19 (14} 10 (8) 0.09

therupy = 1o, of patients (%)1

* Plus-mimnus valucs are means TS0,

taadlymphocyte theripy consisted of OKT3 ar polyelonal antichy-
mocyte globutin.
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T T e e

TaeLe 3, CauUses oF DEATH AND RENAL-GRAFT
FAILURE AT ONE YEaR 18 THE PLACERO
aND Dacuizusias GROUS.

Puacero Dacuzumas
Cauge IN=134) iIN=120)
no. of patiants (%)
Death 5 (4) 3(2)
Intection pr lymplioma 3{2) 1
Cardiovasenbar cavgs 1(1) 0
Pulmonary embahsm 1(1) 1
Intracerebral bleeding Q (1)
Sulehic 0 1)
Graft filluce 13 (10) & (%)
Death 5(4) 3(2)
Rejection 3(2) LD
Technical sause 4(3) 2(2)

Primary nenfuaction 1 0

coccidioidomycosis, and pscudomonas sepsis, One
patent in the daclizamab group died of lymphoma.

The mean serum creatinine concenwrations six
months after transplantation were the same in the
two groups (1.7 0.7 mg per deciliter [150%60 pmol
per liter]). The mean glomerular filtration rate was
55%23 ml per minute in the daclizumab group and
52%22 ml per minute in the placebo group. The av-
erage daily doscs of prednisone and cyclosporinc did
not differ between the groups at any time during the
study, nor was there a difference in the mean wrough
whole-blood cyclosporine concentrations at any time.

Adverse Events

The administration of daclizumab was nor associ-
ared with any immediare side effects. There was no
significant difference in reported adverse cvents be-
tween the two groups (Table 4). One patient in the
placebo group and two patients in the daclizumab
group had lymphoma during the first year after
rransplantation.

Pharmacokinetic Data

Pharinacokineric data were available for 92 pa-
tients in the daclizumab group. The mean serum
half-life of dachzumab was 20 days.

Circulating Peripheral-Blood Lymphocytes
and Interleukin-2 a-Chain Receptor

There were no differences in absolute lymphocyte
numbers berween the placebo and daclizumab groups
before transplantation or for six months afrerward.
Circulating CD3 + cell concentrations and T-cell sub-
groups were not measured, because they were not
affccted by daclizamab therapy in an earlier srudy."?
There was a significant decrease in the percentage
of circulanng lymphocytes thar srained with ant-

Volume 338 Number 3 - 163
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Tagle 4. ADVERSE EVENTS aT Six MONTHS
IN THE PLACERO AND DacL1zZUman Grotrs.

Pracgso
IN=134)

Dacuzumap

Aoverse EvEnts IN=126)

na. of patienrs (%)

Serious evenc” 13 (10} &(5)
Fever 16 (12) 11(9)
Sepsis and bacteremia 9(7) +(3)
trenmonia 4 (3) 3(2)
Fungal infection 37 (20) 2 (17

Fuigania 2(1) o

Loeal infection 25 (19) 21 (17)
Lacal infectiant 70 (52) E9 (47)
Celhulicis and wound %(3) 7(6)

mfection
Urinary rrct infecdan 44 (35) 34 (27
Other 35 (28) 36 (2%)
Any viral inrectiont 32 (24) 29 (23)
Viremia 12(9) 12 (10}
Local infection 21 (18) 20 (16}
Cyromicgiloving 13 (10) 15 (1)
infection
Viremia 14 (7) 12 (10)
Tissuc wizction 4{3) 3(2)

*Sesious adverse evenes were defined as complications
other than death or rejecuon thar prolonged or required
hospiralization and were possibly of probubly relared tw the
study drug.

fSome patienrs Ladl mors than ane type of infection,

CD25 antibody starting 10 hours after transplanta-
tion and lasting up 1o four months in the dacliza-
mab group (data not shown). Similarly, there was a
significant decrease in the percentage of circulating
lymphocytes thar stained with the fluorescein-conju-
gated antibody 7g7, which binds to an interlcukin-2
a-chain-receptor epitope distinet from the cpitope
recognized by daclizumab and refleets roral interleu-
kin-2a-recepror expression (data not shown).

DISCUSSION

We found that the patients receiving daclizumab
in addition to maintenance therapy with three im-
munosuppressive agents had a lower frequency of
biopsy-confirmed acure rejecrion in the first six
months aftér transplantation than the patiears re-
ceiving placebo with the three immunosuppressive
agents, In addinon, the time to the first episode of
acute rejection was significancly prolonged, and the
mean number of episodes per patienr significantly
reduced in the daclizumab group, These results were
obrained without a concomitant increase in infec-
tious complications or cancers. The efficacy of da-
clizamab is probably related ro its selective targer,
the a-chain component of the high-affinity interleu-
kin-2 recepror, which 15 present almost exclusively

164 + January 15, 1998
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on acrivated T cells, Use of the drug thus spares oth-
cr immunocompetent ¢clls,?

Only 10 percenr of daclizumab is composed of
murine sequences, which are from the antigen-bind-
ing regions of the parent antibody. These sequences
are inserted into human immunoglobulin with the
use of molecular biologic techniques.* Our study
highlights the advantages of this type of antibody,
including its prolonged serum half-life, approaching
thar of human IgG, and the absence of functional
immunogenicity associated with irs use. 131619.20

The exact mechanism or mechanismis of action of
daclizumab are not known, A likely mechanism is that
it binds to circulating lymphocytes with incerleukin-2
a-chain reccptors but does not acrivate the receprors,
and the cells therefore have no free interleukin-2
a-chain receptors available for acnvation by intercu-
kin-2. In addirion, the decline in the percenrage of
circulating lymphocytes expressing CD25 (measured
by staining with 7g7 antibody) withour an accompa-
nying decrease in the absolute number of lympho-
cytes suggests thar the expression of interleukin-2 re-
ceprors is down-regulated or the shedding of the
daclizumab-bound interlcukin-2 @ chain is increased.

In conclusion, when added to therapy with cyclo-
sporine, azathioprine, and prednisone, daclizumab
reduces the frequency of acute rejection and im-
proves shert-term graft survival in renal-transplanc
recipients,

Supposted by ¢ grant fram Hoffmann-Laltoche.

We ave indebied 1o Dy, Theras A, Waldonarnn for hit contribu-
tion £o the deveiopynent of daclizumalb, and to Mi, Peygy Millar jor
der ascistance $5 the preparvation of the masseripe,

APPENDIX

In‘addition a the auchors, the following, investigators participated in the
Duclizemab Triple Therapy Study Group: Vicroria General Hospive!, Hali-
Jux, N5, Conadn — B, Kibeet, Huddings Hepiral. HudAinge, Swuden —
G. Tydan; Univerrity of Minnesora, Minmcapalis - - A, Matas; Beth Irrael
Deneoness Medizal Ceveer, Baston — M. Sluapiru; Tasmpa Ganeral Hospisal,
Tampu, Flu, — G. Chan; Vaneouver General Honnrad, Vaneouvey; B.C,
Cunadi — I Keown; Universiey of Cadifornin, Sun Franeisco — M, Laniz;
Univerigy of Albsrea, Edmonion, Alss, Cannds — K. Solex; and Hoff
wmann-Lalomne, Nutley, N.J. -= A, Lin, 1. Patel, K. Nicforch, A. Wolitzky,
and [, Hakumi.
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Application No. Applicalsll{s}

08/146,206 Carter et al
Interview summ ary Examiner Group Art Unit
MINH TAM DAVIS 1642

All participants (applicant, applicant’s representative, PTO personnel):

(1) MINH TAM DAVIS (3)
(2) Wendy Lee (4)
Date of Interview Dec 11, 2001

Type: a)l Telephonic b)[] Video Conference

c)C] Personal [copy is given to 1) applicant 2)[] applicant's representative]

Exhibit shown or demonstration conducted: d)[| Yes e)X] No. If yes, brief description:

Claim(s) discussed:

Identification of prior art discussed:

Agreement with respect to the claims f)[L] was reached. g)[] was not reached. h)C] 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 aliowable,

(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.)

)Xl 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 WRITTEN REPLY TO THE LAST OFFICE ACTION MUST
INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP section 713.04). I 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. 5. Patent and Trademark Office
PTO-413 (Rev. 03-98) Interview Summary Part of Paoer léol.
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BRAW SEQUENCE LISTING DATE: 12/11,/2001
PATENT APPLICATION: US/08/146,206C TIME: 13:58:59

Input Set : A:\p0709pl.txt
Output Set: N:\CRF3\12112001\H146206C.raw

SEQUENCE LISTING

1 apw 1w g

1600

EsS

e
&3

e 47!

W--> 3 SEQUENCE LISTING
5 (1) GENERAL INFORMATION:
7 (1) 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 (A) ADDRESSEE: Genentech, Inc.
16 (B) STREET: 1 DNA Way ERED
17 (C) CITY: South San Francisco EN
18 (D) STATE: California
19 (E) COUNTRY: USA
20 (F) ZIP: 94080
22 (v) COMPUTER READABLE FORM:
23 (A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk
24 (B) COMPUTER: IBM PC compatible
25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS
26 (D) SOFTWARE: WinPatin (Genentech)
28 (vi) CURRENT APPLICATION DATA:
c--> 29 (A) APPLICATION NUMBER: US/08/146,206C
C-=-> 30 (B) FILING DATE: 17-Nov-1993
31 (C) CLASSIFICATION:
33 (vii) PRIOR APPLICATION DATA:
34 (A) APPLICATION NUMBER: 07/715272
35 (B) FILING DATE: 14-JUN-1991
37 (viii) ATTORNEY/AGENT INFORMATION:
38 (A) NAME: Lee, Wendy M.
39 (B) REGISTRATION NUMBER: 40,378
40 (C) REFERENCE/DOCKET NUMBER: P0709P1
42 (ix) TELECOMMUNICATION INFORMATION:
43 (A) TELEPHONE: 650/225-1994
44 (B) TELEFAX: 650/952-9881
45 (2) INFORMATION FOR SEQ ID NO: 1:
47 (1) SEQUENCE CHARACTERISTICS:
48 (A) LENGTH: 109 amino acids
49 (B) TYPE: Amino Acid
50 (D) TOPOLOGY: Linear
52 (x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
54 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
55 1 3 10 D K.
57 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn
58 20 4 30
60 Thr Ala Val Ala Trp Tyr Glp Gln Lys Pro Gly Lys Ala Pro Lys
6l 35 40 45
63 Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser
64 50 55 60

fila JOACHENOthald\VerH 1489060 htm
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66
67
69
70
72
73
75
76
78
80
81
82
83
85
87
88
90
91
93
94
96
a7
99
100
102
103
105
106
108
108
111
113
114
115
1186
118
120
121
123
124
126
127
129
130
132
123
135
136
138

Arg Phe Ser
Ser Ser Leu
His Tyr Thr

Ile Lys Arg

RAW SEQUENCE LISTING DATE: 12/11,/2001
TIME: 13:5B:59

PATENT APPLICATION: US/08/146,206C

Input Set : A:\p0709pl.txt
Output Set: N:\CRF3\12112001\H146206C.raw

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

Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys G
80 85

Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys V
a5 100

Thr

109

(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Glu Val Gln
L

Gly Ser Leu

Asp Thr Tyrx

Glu Trp Val

Ala Asp Ser

Leu Val Glu Ser Gly Gly Gly Leu Val Gln P
5 10

Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn I
20 25

Ile His Trp Val Arg Gln Ala Pro Gly Lys G
35 40

Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr A
50 55

val Lys Gly Arg Phe Thr Ile Ser Ala Bsp T
65 70

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala

80 85

Thr ala val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly

95 100

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr val

110 115

(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala

5 10

Gly Asp Arg vVal Thr Ile Thr Cys Arg Ala Ser Gln Asp

20 25

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala

35 40

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Vval

50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu

65 70

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys

80 85

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys

file://CA\CrfANMthald\VerH1448206C htm
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hr Ile
I5
1n Gln
90
al Glu
105

ro Gly
15
le Lys
30
ly Leu
45
rg Tyr
60
hr Ser
75
Glu Asp
90
Phe Tyr
105
Ser Ser
120
Ser val
15
val Ser
30
Pro Lys
45
Pro Ser
60
Thr Ile
75
Gln Gln
90
val Glu

1Lagv & w7/
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139
141
142
144
lae
147
148
149
151
153
154
156
157
159
160
162
163
165
166
168
169
171
172
174
175
177
15758
180
181
182
184
186
187
189
190
192
183
195
196
158
199
201
202
204
205
207
208
210
212

RAW SEQUENCE LISTING
PATENT APPLICATION:

Input Set

Ile Lys Arg Thr

(2) INFORMATION FOR SEQ ID NO: 4:

Glu

k |
Gly
Asp
Glu
Ala
Lys

Thr

Tyr

(2) INFORMATION FOR SEQ ID NO: 5:

Asp

1
Gly
Thr
Leu
Arg
Ser
His

Ile

(2) INFORMATION FOR SEQ ID NO: 6:

109

95

US/08/146,206C

. A:\p0709pl.txt
Output Set: N:\CRF3\12112001\H146206C.raw

I3

100

(1) SEQUENCE CHARACTERISTICS:

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

(xi)
val

Ser
Tyr
b <]
Asp
Asn
Ala

Phe

SEQUENCE DESCRIPTION:

Gln
Leu
Ala
Val
Ser
Thr
Val

Asp

Leu
Arg
Met
Ala
val
Leu
Tyr

Val

Val
5
Leu
20
Ser
a5
Val
50
Lys
65
Tyr
80
TYyr
a5
Trp
110

Glu Ser Gly
Ser Cys Ala
Trp Val Arg
Ile Ser Glu
Gly Arg Phe
Leu Gln Met
Cys Ala Arg

Gly Gln Gly

SEQ ID NO:

Gly Gly
10
Ala Ser
25
Gln Ala
40
Asn Gly
55
Thr Ile
70
Asn Ser
85
Asp Arg
100
Thr Leu
11%

(i) SEQUENCE CHARACTERISTICS:

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

(xi)
Ile

Asp
Ala
Leu
Phe
Ser
Tyr

Lys

SEQUENCE DESCRIPTION: SEQ ID NO:

Val
Arg
Val
Ile
Thr
val
Thr

Arg

Met
val
Ala
i
Gly
Gln
Thr

Ala
109

Thr
5
Ser
20
Trp
35
Ser
50
Asn
65
Ala
80
Pro
95

Gln Ser His
Ile Thr Cys
Tyr Gln Gln
Ala Ser Phe
Arqg Ser Gly
Glu Asp Leu

Pro Thr Phe

Lys Phe
10

Lys Ala
25

Lys Pro
40

Arg Tyr
55

Thr Asp
70

Ala Val
85

Gly Gly
100

(i) SEQUENCE CHARACTERISTICS:

file://CACrf3\Outhold\VsrH146206C htm

Leu
Gly
Pro
Ser
Ser
Leu
Gly

vVal

Met
ser
Gly
Thr
Phe
Tyr

Gly
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Val
Phe
Gly
Asp
Arg
Arg
Gly

Thr

Ser
Gln
His
Gly
Thr
Tyr

Thr

DATE:

Gln
Thr
Lys

Thr

Asp

Ala
Ala

vVal

Thr
Asp
Ser
val
Phe
Cys

Lys

12/11/2001

TIME: 13:58:58

Pro
Phe
Gly
YT
Asp
Glu
val

Ser

Ser
val
Pro
Pro
Thr
Gln

Leu

105

Gly
15
Ser
30
Leu
45
TYT
60
Ser
75
Asp
90
Ser
105
Ser
120

val
15
Asn
30
Lys
45
Asp
60
Ile
75
Gln
S0
Glu
105

J‘-IE\J‘JUI ]
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213
214
215
217
219
220
222
223
225
226
228
229
231
232
234
235
237
238
240
241
243
245
246
247
248
249
251
254
256
258
259
260
261
262
264
267
269
271
272
273
274
275
277
280
282
284
285
286
287

Glu

1
Ala
Asp
Glu
Asp
Ser

Thr

Ala

(x1i)
Val

Ser
Thr
Trp
Pro
Asn
Ala

Met

RAW SEQUENCE LISTING

PATENT APPLICATION:

Input Set :

A:\p0709pl.txt

Us/08/146,206C

DATE:

12/11/2001

TIME: 13:58:59

Output Set: N:\CRF3\12112001\H146206C.Taw

(A) LENGTH: 120 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear
SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Gln
Leu
Tyr
Ile
Lys
Thr
Val

Asp

Leu
Lys
Ile
Gly
Phe
Ala
Tyr

Tyr

Gln
5
Leu
20
His
33
Arg
50
Gln
65
Tyr
80
Tyr
95
Trp
110

Gln Ser Gly Pro Glu Leu
10

Ser Cys Thr Ala Ser Gly
25

Trp Val Lys Gln Arg Pro
40

Ile Tyr Pro Thr Asn Gly
55

Asp Lys Ala Thr Ile Thr
70

Leu Gln Val Ser Arg Leu
85

Cys Ser Arg Trp Gly Gly
100

Gly Gln Gly Ala Ser Val
115

(2) INFORMATION FOR SEQ ID NO: 7:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27 base pairs

(B) TYPE: Nucleic Acid

(C) STRANDEDNESS: Single

(D) TOPOLOGY: Linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
TCCGATATCC AGCTGACCCA GTCTCCA 27

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 base pairs

{(B) TYPE: Nucleic Acid

(C) STRANDEDNESS: Single

(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
GTITTGATCTC CAGCTTGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

22 base pairs

(B) TYPE: Nucleic Acid

(C) STRANDEDNESS: Single

(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
AGGTSMARCT GCAGSAGTCW GG 22

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 24 base pairs

(B) TYPE: Nucleic Acid

({C) STRANDEDNESS: Single

file: //C\NCrFNOutholdAVerH 1 442060 htm
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Val
Phe
Glu
Tyr
Ala
Thr
Asp

Thr

Lys
Agn
Gln
Thr
Asp
Ser
Gly

Val

Pro
Ile
Gly
Arg
Thr
Glu
Phe

Ser

Gly
15
Lys
30
Leu
45
Tyr

Ser

75
Asp

90
Tyr
105
Ser
120

IC-IE\I'TUJ r
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288
290
293
295
297
298
299
300
301
303
306
308
310
311
312
313
314
316
319
321
323
324
325
326
327
329
332
334
336
337
338
339
340
342
345
347
349
351
352
353
354
355
357
360
362
364
365
366
367

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:\CRF3\12112001\HB146206C.raw

(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
(2) INFORMATION FOR SEQ ID NO: 11;
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
GTAGATAAAT CCTICTAACAC AGCCTATCTG CAAATG.36
(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36
(2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS;
(A) LENGTH: 36 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(%xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36
(2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50
ATATCCGTAG ATAAATCC 68
(2) INFORMATION FOR SEQ ID NO: 15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Lirnear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:
CTATACCTCC CGTCTGCATT CTGGAGTCCC 30
(2) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 107 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

file://CACrfNOnthold\VerH146206C htm
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VERIFICATION SUMMARY DATE: 12/11/2001
PATENT APPLICATION: US/08/146,206C TIME: 13:59:00

-Input Set : A:\p0709pl.txt
Output Set: N:\CRF3\12112001\H146206C.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:]

fila:/IC\ nthnl er m
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12-12-01 11:48am  From=Genentech Legal : +1 650 852 8881 T-282 P.001/012 F-366

Genentech Legal Department

1 DNA Way
South San Francisco, CA 94080
650-225-2830
Fax: 650-952-9881/9882

FAX TRANSMISSION COVER SHEET

Date: 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, 18385
Attorney Docket No.: PUO708P]

Sender: Anna Kan for Wendy Lee

YOU SHOULD RECEIVE IS PAGE(S), INCLUDING THIS COVER SHEET. IF YOU DO NOT
RECEIVE ALL THE PAGES, PLEASE CALL 650-225-2830.

The cocumentd accompanying thia racginile Lransmizegion ecentain [pfesmacion trom GENENTECH, INC. whleh 35 cenlidectial o
privilegad, This information 13 jptended only for tae 1ndividvsl or encicy named on this tcansmizclon sheat. 1L you are not the
incendod veclpient, De awarm ThaC 4ny dieclosure, copying, dlécribution, or usm of the contents of This Texed information isg
acriectly prohibitca. If you have received thiz facgimilé In error: pleana not)Ty us by tclopheng Jenadletely so that wa Qan
#t¥ange for the paturr of the criginal cocumants To us and the retransaizaion of thom o the angended recipient.

Dear Examiner Davig,

Pursuant to your request, attached are courtesy copies ¢f the IDS
Transmittals and PT0-1449 Forms filed on August 1, 1885 and February 1,
1999. We understand that you have the cited references but, if not, let us
know and we will be happy t¢ provide further copies.

Kindly send us initialed copies of the PTO-1449 Forms for the IDSs filed on
the following dates. The reference nos. are noted below in parentheses.

08/02/97 (refs. 100-207)
08/24/98 (refs. 215-224)
02/01/99 (refs. 225-262)
03/09/99 (ref. 263)
0B/30/01 (ref. 264-265)

Very truly vours,
Genentech, Inc.

(e (Ao

Anna Kan for Wendy Lee

Received from < +16509529881> at 12/42/01 2:55:22 PM [Eastern Standard Time)
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12-12=01 {1:50am  From-Genentech Legal
B - . e

Patent Docket PO709P!

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Art Unit: 1642
Paul J. Carter et al, : Examiner: J. Reeves

Serial No.: 08/146,206

-:. ‘ II‘;.-IT' l..-. ;' ;:IéE“R\-'.ﬂCl By -" AR '-.‘.
1" hariby. conity NattniG camaspondanes (s bainghand dalivered In Aenvalope !

Filed: November 17, 1993

'n..
."I K ; AL ',_
" o kP Il of YT 2
—— t Ly et 4 TG e =
s ” ol d

For: METHOD FOR MAKING HUMANIZED
ANTIBODIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner of Pafents
Washington, D.C. 20231
Sir:

Applicants submit herewith patents, publications or other information (attached hereto and
i~v2d on the aftached Form PTO-1449) of which they are oware. which they believe may be
maoterial to the examination of this application and in respect of which there may be a duty to
disclose in aecordance with 37 CFR §1.56.

This Information Disclosure Staferment:

(@ (0 accompanies the new patent application submitted herewith. 37 CFR §1.97(q),

(b) 0 s filed within three months after the filing date of the application or within three

meonths after the date of entry of ine national stage of a PCT application as set forth
in 37 CFR§1.491.

(© 0 asfarasis known to the undersigned, is filed before the malling date of a first Office
action on the merits.

(@ 0 isfiled ofter 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 far as Is known to the
undersigned, prior to the mailing date of either a final rejection or o notice of
aliowance, whichever occurs first, and Is gecomponied by elther the fee ($240) set
forth in 37 CFR §1.17(p) or @ statement as specified in 37 CFR §1.97(e). as checked
below. Should any fee be due. the U.S, Patent and Trademark Office is hereby
authorized to charge Deposif Account No. 07-0630in the amount of $240.00 to cover
the cost of this Information Disclosure Statement. Any deficiency or overpayment

Received from < #6500529881 > at {22101 2:55:22 P [Eastern Sandard Time]__
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should be charged or credited 6 this deposit account. A duplicate of this sheetis

enclosed.

(e)g s filed after the mailing date of either ¢ final rejection or a notice of dllowance,
whichever occurred first, and is accompanied by the fee (§130) set forth in 37 CFR
§1.17() and o statement as specified in 37 CFR §1.97(e). as checked below. This
document is to lbe comsidered as a petition requesting considerafion of the
information disclosure statement. The U.S. Patent and Trademark Office s hereby
authorized to charge Deposit Account No. 07-0430in the amount of $130.00 fo cover
the cost of this Information Disclosure Statement. Any deficiency or overpayment
should be charged or credited to this deposit account. A duplicate of this sheet is
enclosed.

M s filed ofter the malling date of a final rejection, but a request to withdraw the
finality thereof uncier 37 CFR § 1.129(q) was submitted on August 24, 1998, The U.S.
Patent and Trademark Office is hereby authorized to charge Deposit Account No.
07-0630 to cover the cost of this Information Disclosure Statement Ih the event that

any fees are due. A duplicate of this sheet is enclosed.

(f either of boxes (d) or () is checked above, the following statement under 37 CFR §1.97(e)
may need ta be completed.) Thi undersigned states that:

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

0 No item of information contained in this Information disclosure stotement was cited
in @ communication mailed from a foreign pafent office in a counterpart foreign
application and, 1o the knowledge of the undersigned after making reasonable
inquiry, was known 1o any individual designated in 37 CFR §1.56(c) meare thon three
months prior to the: filing of this Information disclosure statement.

Alist of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).
A copy of the items on PT(O-1449 is supplied herewith:
(x) each ( none () only those listed below:

A concise explanation of relevance of the items listed on PTO-1449 is:
(x) not given

a given for each listed item
0 given for only non-Einglish language listed item(s) (Required)

0 In the form of an English language copy of a Search Report from a foreign patent

Recelved from < 16500529881 > at 12/12101 2:55:22 PM [Eastern tandard Time]
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office, issued in a counterpart application, which refers 1o the relevant portions of
the references.

The Examiner is reminded that a “conclse 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 "matedal” pursuant to 37 CFR §1.56, it is notintended fo constitute an admission that any patent,
publication or ofher information referred to therein Is "prior art” for this invention unless specifically
designated as such.

In accordance with 37 CFR §1.97(g). the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made or that no other material information as
defined in 37 CFR §1.55(q) exists. It is submitted that the Information Disclosure Staternent is in
compliance with 37 CFR §1.98 anci MPEP §&09 and the Exarniner is respectfully requested to consider
the listed references.

Res ech'ully submitted,

Date: January 29, 1999

Wendy M Lee
RReg. No. 40,378

1 DNA Way
S0. San Franeisco, CA 94080-499()

Phone: (650) 225-1994
Fax: (650) 952-9881

Received from < +16508529881 > at 12/12101 2:35:22 PM [Eastern tandard Time]
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In re Application of: Paul J. Carter el al. Dockel No.: 709F1
Serial No.: 08/146,206 By: Wendy M. Lew
Filed On: 17 Navember 1993 Reg. No.:

Mailed On: 1 August 1355
The lollowing has been received in the U.S. Palent Office on Ihe dale stamped:

—  Amendment/Response __  US. Patent Application
. Extensien of Time Reques! (dup) — RuleB0 . Rueg2
— Communication/Transmitta) Letter {dup) ——  Declaration/Power of Aty
—  Notica of Appeal {dup) o Assignment
—  Issue Fee Transmitial Farm Recordalion Form/Fee
X Information Disclosure Stalement (Supplemental) —— Dmwings: _ Sheels
i Form 1449 with _3 _References e Informal ___ Formal
Cenificate of Mailing —— Sequence Lisling & Diskefte
_ Centificate of Express Maifing —_ PCT Patenl .ﬁp;glh!icn
Express Mail Label No.:
_X_ Qther: Limited Recognilion
In re Application of: Carter
et il ;;"' J. Carter etal Docket No.: 7061

Filed On: 17 November 1993 By: Wendy M. Lee
Mailed On: 1 August 1095 Reg. No.:

The foliowing has baen received in tha U.8. Palent Office on the aate slamped:

-=— AmendmentResponse

> - e US. Patent Appiication

= Communication/Tansmittal Letter {oup) muomp_‘ o

g s oo awer of Atty

:Z_.: Issvo Fea Trqmmdu Form Recordation Form/Fee

X opfésn Drawings: __ Shects

3 Informal __ Foma)

s Sequence Listing & Diska
FCT Patent Apsiication "

.4
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iy FH PATENT DOCKET 709P1

'

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Art Unit: 1806

Examiner: D. Adams

Paul J. Carter et al.
Serial No. DB/146,206

Filed: 17 Novermber 1993

ANTIBODIES

)
)
)
)
)
)
)
)
For: METHOD FOR MAKING HUMANIZED )
)
)
)
)
)
)
)
)

SUPPLEM AL INF ION DISCLOSURE STATEM

BOX DD
Honorable Commissioner of Patents >
end Trademarks /

Washington, D.C. 20231
/Z//j /D 7

Sir:

Applicants submit herewith patents, publications or other information (attached hereto and listed
on the artached Form PT0-1448) of which they are aware, which they believe may be material to the
examination of this application and in respeet of which there may be a duty to disclose in accordance
with 37 CFR §1.56.

This Intormation Disclosure Statement:

{a) [I accompanies the new patent application submitted herewith. 37 CFR §1.97(a).

{b) [1 is filed within threa months after the filing date 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.

(e) (] as far as is known to the undersigned, is filed befare the mailing date of a first Office
action on the merits,

(d) [X] 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 far as is known 1o the
undersigned. prior to the mailing date of either a final rejection or a notice of allowance,
whichever occurs first, and is a anied by ei f 10) se1 forth in 37 CFR
§1.17(p) or a certification as specified in 37 CFR §1.97(e), as checked below. Should
any fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge
Deposit Account No. 07-0630 in the amount of §210.00 to cover the cost of this

Received from < +16509520881 > at 12/12/01 2:55:22 PM [Eastem Standard Time)
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Information Disclosure Statement. Any deficiency or overpayment should be charged

or credited to this deposit account. A duplicate of this sheet is enclosed,

(e) [1 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 ($130) set forth in 37 CFR
§1.170i)(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 the information
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized ta
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 to this deposit account. A duplicate of this sheet is enclosed.
[if either of boxes (d) or (e} is checked above, the fallowing "certification™ under 37 CFR
§1.97(e) may need 10 be completed.] The undersigned certifies that:

] Each ftem of information contained in the information disclosure statement was cited
in a8 communication mailed from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this information disclosure
statement.

M No item of information contained in this information disclosure sratement was cited in
a communication mailed from a foreign patent office in & counterpart foreign application
or, to the knowledge of the undersigned after making reasonable inquiry, was known
1o any individual designated in 37 CFR §1.56(c) more than three months prior to the
filing of this information disclosure statement.

A list of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).
A copy of the items on PTO-1449 is supplied harewith:
[X] each [] none [] only those listed below:

Those patentls) or publication(s) which are marked with an asterisk (*) in the attached PT0O-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 PT0O-14489 is:
[X] not given

M given for each listed item

{1 given for only non-English language listed itéem(s) [Required]

(1 in the form of an English language copy of a Search Report from a foreign patent office,
issued in & counterpart application, which refers to the relevant portions of the
references.

Received from < +16509529881 > at 12/12/01 2:55:22 PM [Eastem Standard Time] .
827 of 1033 Bl Exhibit 1002



MIZ-M 11:48am  From=Genentech Legal +| 680 852 9881 T-282 P.005/012 F-366

- T

08/146,206 Page 3

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior
art "may be nothing mere than identification of the particular figure or paragraph of the patent or
publication which has some relation to the claimed invention,” MPEP 5603.

While the information and references disclosed in this Information Disclosure Statement may
be "material” pursuant to 37 CFR §1.56, it is not intended 1o constitute an admission that any patent,
publication or other information referred to thereln is "prior art” for this invention unless specifically
designated as such.

In accordance with 37 CFR §1.971(g), the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made 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 §608 and the Examiner is respectiully requested to consider the listed
references.

A capy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization
of the undersigned to prosecute the sbove-mentioned application. The original of this document is on
file in the Office of Enroliment and IDiscipline.

Date: August 1, 1995 By:

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-19384

Fax: (415) 952-9881

Received from <+16509529881 > at 12/12/01 2:55:22 PM [Eastern Standard Time]
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In re Application of: Paul J. Carter el al. Dockel Na.: POT03P1
Serial No.: 08/146,206 By: Wendy M. Lee
Flied On; Novernber 17, 1893 Reg. No.: 40,378
Hand Defivered On: __ Febryary 1988

The following has been received in tha U.S, Palent Office on the date stamped:

X Information Disclosure Siatemenm

X Form 1449 with 38 _ References
_&_ Communication with Exhibit A and twa priotlty documens
_X_ Cenificale of Hand Dativery
hmﬁm#m-‘-%ﬂal
T N146,205 Docke; Ng - P —_—
/ ng"%“mrﬂ.rm By: Wendy \, Lgg
| & February 1999 Reg. No.: 40,378
ol .
wmmwmmuswmﬂcﬁmmmmpm
X .
o émm il
T Sommunleaiion yif Em A2 w0 prorty documenis
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FORM PTO-1449 U.S. Dept. of Commerce Atty Docket No. Serial No.
PO705P1 08/146,206
Applicant

LIST OF DISCLOSURES CITED BY APPLICANT e g

(Use several sheets If necessary) Filing Date Group
17 Nov 1983 1806

Patent and Trademark Office

U.S. PATENT DOCUMENTS

nitials IDocumem Number Date Name Class Subclass Filing Date
225 | 5,714,350 03.02.98 |to ec al. 13.01.95
226 | 5,821,337 13.10.96 Carter et al.

FOREIGN PATENT DOCUMENTS

T Translation
nitials Documant Number Date ' Country Class Subclass Yes Na
22T |0 460 167 Bl 1l.12.91 EPQ

228 |0 515 596 AL 23.12.92 |EPO

229 |0 592 106 a) 13.04.94 EPO

230 |120,694 03.10.84 EEQ

2311 |125.023 AL 19.11.84 EPO

232 |36B.6R84 16.05.590 EPO

233 |94/11509 25.05.94 PCT )

234 [wO B9/09622 PCT

235 |wD P2/311383 0?.0?.92 PCT

236 |2 188941 ' 14.10.87 |UNITED XTNGDOM

QOTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.)
"Biosym Technologice- in New Froduccs, Chemical Design ALtomation 4° |December 1088

237

"Folygen Corporation® in New Produccts, Chemical Design Automacion 3- (November 1388)
238

Adesr et al,, ‘Humanizacioh ©f The mMuring anci-buman CDJ monoclonal antibody OKIJ° Hun Ancsbed, |
215 [Hvbridomag 5:41-47 (1994)

Chothia et al., 'Pranciples of procLelin-protein recognition® Neture F56-J0C-108 (1975)

240

Chocthia et al., 'Transmission of conformational change in inswlin- NALLLE J02:500-508 (1063)
241

CTozti et al., "1di0oCOpE Deécermining Regions OF @ Mouse Monoclo Entibody ts Humanized Versions®
242 |I.Mol. Biol, 235:53-60 (1594)

Touto er al., "Anti-BA4b Monoclonal Ancibody Mos HUMANIZACZon Using & Novol FDB1CLiORAL CONSensus andg in
243 [Vive and in Vitro Characterization® Cancer Ressaxch Supplemenc 55:1717-1722 (1555)

Couro et al., -Hwnenizacion of KCAG3, AN Anti-Human Carcinoma ANtibody® Hybrigdpoms L3:215-210 (1094)
244

Ellis et &#l,, "Engineere E3-CO3 cnoclona tibodies tor Immunotherapy ©f Multiple Myeloma*
245 |[Iauznel eof Tmuunology pps.- 925-937 (1325)

Hieter et al., "Evolurion of Human Immunoglo An egion Genes” B
246 [257:1516-1522 (1982)

Lesk, x:.-:h‘:u M.. "How Ditferent AMino Acid Sequences Determine Similar PrOCEin StructuTes: The SLLUcCTure |
247 |and Bvolutienary Dynamics of che Clobine~ I _Mel. Biol. 136:225-270 (1380)

Bxaminer Date Gonsidered

*Examiner. Initial f refersnce considered, whether or not citation is in conformance with MPEP 609; draw line th tati
if not in conformance and not considered. Include copy of this form with next communication fo appii w line through citalion

Received from < #16509529881> at 12/12/01 2:95:22 PM [Eastern Standard Time] / /) W&
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FORM PTC-1449 1J.8. Dept. of Commerce Atty Docket No. Serial No.
Patent and Trademark Office  F—mo - it
$ Applicant
LIST OF DISCLOSURES CITED BY APPLICANT Cartexr et al.
; [~ Filing Date Group
Vs amaniatosts Fnacassan} 17 Nov 1993 1808

OTHER DISCLOSURES (Including Authar, Title, Date, Pertinent Pages, etc.)

Matsumura et =L.. "Lydrophobic stabilizatien an T4 lysozyme Oercermined direccly Dy multiple
248 |substitutions of Ile 3" Magupc 334:408-410 (1988)

|Morrison, 5. L.. "Irénsiectomasd Provide Novel ChAimeric ANCIDOGLE@s- SClence 228:1202-12D07 {Sepr_mer 20, |
249 [18B5)

AkarLani €L ai., "HUNMGDLZAGLION P8 XOWSE ents-human IL-J receptor antibody 8-Bl0- Protein Eneinccrins
Z50 |j7:435-443 (19941

OhRtomo et al.. "Humanization OF Mouse ONS-Mal Antibofy with the ALd 0f Hybrid Variable Regions-
251 [Melecular Immupoloey 32:407-416 (1995)

Fadlan ©t @l., “Hodel-Burlding Studies of Antigen-Binding Sites: L[he Haopten-Dinding Site OF MOPG-315°
353 {C.5, Haybor Svmn, Ouant. Biol, 21:627-637 (1977)

Rodrigues et =1., "Engineering a rumanized bispecific P(ab’ )y Fragment for imoroved binding te T celle”
253 |Int. J. Cancer (Suppl.} 7:45-50 (1992)

Sha et al., "A Heavy-Chain Grafted Antibody Lhat Recognizes che Jumor-AsS5oc.oied TAGTZ ANTigen Canger.
252 |Biotherapy 5:341-345 (1594)

Tempast et al., ridentilication of Iramework residues reguired to restore antigen bindiag duzing |
255 [reshaping of & moneclenal antibody against the glycoprotein oB of human cytomegalovirus® Int, J. Biol,
im 17:37+-42 (1995)

Tramontano, "Structural Decerminants ot che Conformations of Medium-Sized LOOpE in Proteins” PXoLeins

256 |[6:382-334 (1983}

Ushayams ¢t &l., A Moneclenal Ancibedy (ANTI-Tac) Reactive with Accivated and Funcctionally Mature Human
257 |7 Cells" Journal of Immunoloagy 126:1303-1397 (1681)

vinceenrl &t al._ . 'In:erleuk:l.n-?-ﬁ.ecepEor BElockade wWith Daclizumab to Prevent ACGLS Rejection in Renal
258 |Transplantation* New Engl, J. Med, 33B:161-165 (1998)

Vitetta et al., -Redesigning Nature s FOLSONG Lo CIEaLE ANCLI-TUMOY NEBOCALS" SCience 238:1109B8-1104 (1987

259
|waTdmarm et al., "Incerleukin 7 Receptor (Tac Antigen] EXpression an BILV-1-3ssociaced Adulc T-relT
260 |Leukemia~ Cancer Research 45:4559s5-4562a (1985)

Waldmann, Thomas A.. 'The SEXUGLUREG, FWNCLion, and EXpression of Incterleukin-2 Reéceptors on Normal and

261 {Maligmant Lymphocytes* Science 232:727-732 (1986)

Wi et al., “"An Analysis ot the Seguernces of the variable Regions of Bence Jones Pr-n:.e:.ns and Mveloma
262 |Light Chaine and Their Implicacions £for Aatibody Complemencarity* =
132:211-250 (1370)

Examiner Date Considered

| Examiner; Initial 1 reference considered, whelhar or not Ciallon 18 In confomance with TPER 609; draw [i
if not in conformance and not considered. Include copy of this form with next eommunication (o appl?c: ine through edation
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UNITED STATES PaTENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMEHRCE
United States Matent and Trademark Office
Address; COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D/C. 20241
WWW L8 L. g

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 12/1872001

GENENTECH, INC. | EXAMINER |
| DNA WAY DAVIS, MINH TAM B
SOUTH SAN FRANCISCO, CA 940804990
| ART UNIT ] CLASS-SUBCLASS |
1547 510387300

DATE MAILED: 12/18/2001

APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR - ] ATTORNEY DOCKET NO. | CONFIRMATION NO I
0R/146,206 11/17/1993 PAUL J. CARTER 709P1 3992

TITLE OF INVENTION: METHOD FOR MAKING HUMANIZED ANTIBODIES

I TOTAL CLAIMS l APPLN. TYPE [ SMALL ENTITY I ISSUE FEE PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE ]
82 nonprovisional NO 51280 50 $1280 03/18/2002

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

T ON THE MERITS 1S CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION I8 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.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above. If the SMALL Ifthe SMALL ENTITY is shown as NO:
ENTITY is shown as YES, verify your current SMALL ENTITY
status:

A. If the status is changed, pay the PUBLICATION FEE (if required) | A, Pay TOTAL FEE(S) DUE shown above, or
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 the status is the same, pay the TOTAL FEE(S) DUE shown B. [f applicant claimed SMALL ENTITY status before, or is now
above. claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status,
See 37 CFR 1.27.

1I. PART B - FEE(S) TRANSMITTAL should be completed and retumed to the United States Patent and Trademark Office (USPTO) with
your [SSUE FEE and PUBLICATION FEE (if required), Even if the fee(s) have already 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 B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

11I. All communications regarding this application must give the application number. Please direct all communications prior 1o issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees, It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3

PTOL-85 (REV. 07-01) Approved for use through 01/31/2004.
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‘Complete and mail this form, together with applicable fee(s), to: Box ISSUE FEE

Assistant Commissioner for Patents
Washington, D.C. 20231

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 4 should be completed
where appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new comespondence address; and/or (b) indicating a separate "FEE ADDRESS" for
mantenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any comections or use Block 1) Note:: The certificate of mailing below can only be used for domestic
mailings of the Fee(s) Transmittal. This certificate cannot be used for any

I PART B - FEE(S) TRANSMITTAL

7590 12/18/2001 other accompanying papers. Each additional paper, such as an assignment
GENENTECH, INC. or formal drawing, must have its own certificate of mailing.
oikieDulad I hereb ify that thi ?ﬂ(ififglfe i N‘_laillJI!g being deposited with th
creby certify that this Fee(s) Transminal is being deposited with the
SOUTH SAN FRANCISCO, CA 940804990 United Stales Fostal Service with sufficient postage fofﬁrs?class mail in an
gn{}celopg bacclldresscd to the Box Issue Fee address above on the date
indicate ow.
{ Deposilor's name)
(Signature)
[Drate)
1 APPLICATION NO. [ FILING DATE l FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. CONFIRMATION NO.
08/146,206 11/17/1993 PAUL J. CARTER 709P1 3992
TITLE OF INVENTION: METHOD FOR MAKING HUMANIZED ANTIBODIES
[_ TOTAL CLAIMS I APPLN.TYPE [ SMALL ENTITY I ISSUE FEE I PUBLICATION FEE I TOTAL FEE(S) DUE l DATE DUE
82 nonprovisional NO 51280 50 51280 03/18/2002
| EXAMINER | ART UNIT | cuass-suscLass |
DAVIS, MINH TAM B 1642 530-387300
1. Change of corrcsfpondcncc address or indication of "Fec Address" (37 2. For printing on the: patent front page. list (1)
CFR 1,363). Use of PTO form(s) and Customer Number are recommended,

the names of up 1o 3 registered patent attomeys
or agents OR, altlermatively, (2) the name of a
0 Change of correspondence address (or Change of Correspondence single firm (having as a member a registered 2
Address form PTO/SB/122) attached. attorney or agent) and the names of up to 2

[ "Fee Address" indication (or “Fee Address" Indication form feg_is‘ewd PALERL BUUETIEYS OF AgEOLs; If no name 3
PTO/SB/47) antached. is listed. no name will be printed.

but not required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriaie when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover, Completion of this form 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 on the patent) 1 individual [ corporation or other private group entity O government
4a. The following fee(s) are enclosed: 4b. Paymenl of Fee(s):
O dssue Fee 3 A check in the amount of the: fee(s) is enclosed.
1 Publicatior Fee [ Payment by credit card. Forrn PTO-2038 is attached.
5 : 0 The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, 10
O Advance Order- #of Copies Deposit Account Number (encFose an extra copy of this form).

The COMMISSIONER OF PATENTS AND TRADEMARKS is requested to apply the Issue Fee and Publication Fee (if any) to the application identified above.
{Authorized Signature) (Dare)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted Irom anyone
other than the applicant; a registered aulomcg or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary
depending on the needs of the individual case. Any comments on the amount of time required
to camplete this form should be sent 1o the Chiefl Information Officer, United Stales Patent
and Trademark Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box lssue Fee,
Assistant Commi for Pat Y Washington. D.C. 20231

Under the Paperwork Reduction Act of 1993, no %ersons are required to respond 1o a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
Page 2 of 3

PTOL-85 (REV. 07-01) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE
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Unitep Stares Patent anp Trapemark OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United Stotes Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMAIIKS
Washingron, D.C, 20231
e Lo gaY

l APPLICATION NO. ] FILING DATE [ FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. [ CONFIRMATION NO. ]
08/146,206 11/17/1993 PAUL J. CARTER 70971 3902
7500 12/18/2001 [ EAEMINER I
GENENTECH, INC. DAVIS, MINH TAM B
| DNA WAY
SOUTH SAN FRANCISCO, CA940804990 I ART UNIT | paperNUmBER |
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 application 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 Information
Retrieval (PAIR) system. (http://pair.uspto.gov)

Page 3 of 3
FTOL-85 (REV. 07-01) Approved for use through 01/31/2004.

834 of 1033 Bl Exhibit 1002



_ .

Application No. Applia‘_ 1t(s)

08/146,206 i Carter et al
Notice of Allowability S Tt Ui
MINH TAK: DAVIS 1642

--The MAILING DATE of this communication appears on the cover sheet with the correépandence 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.

THIS NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at
the initiative of the Office or upan patition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.XI This communication is responsive to interview on 12/11/01

2, The allowed claim(s) is/are 43-105, 7113-128, renumbered as 7-82

3.0 The drawings filed on are acceptable as formal drawings.

4.[] Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
al O Al b)J Some* . c)[] None of the:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.

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

*Certified copies not received:

5. ] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT

EXTENDABLE FOR SUBMITTING NEW FORMAL DRAWINGS, OR A SUBSTITUTE OATH OR DECLARATION. Fhis-thessanprrirperied
5 oErEte Tt QU R RbAES QR THEBEPT OF=8loL0GIGALMATER-is-axtendable-urde B 1-136(a).

6. Note the at‘téched EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION (PTO-152) which gives
reason(s) why the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
7.0 Applicant MUST submit NEW FORMAL DRAWINGS
(a) including changes required by the Notice of Draftsperson's Patent Drawing Review (PTO-948) attached
1) ] hereto or 2)X to Paper No. 72

(b) ] including changes required by the proposed drawing correction filed , which has been
approved by the examiner.

(¢)U including changes required by the attached Examiner's Amendment/Comment or in the Dffice action of
Paper No.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings. The
drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

8.L1 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any reply to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES CODE/SERIAL
NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER and DATE of
the NOTICE OF ALLOWANCE should also be included.

Attachment(s)

1 [ Notice of References Cited (PTO-832) 2 [ Notice of Informal Patent Application (PTO-152)

3[] Notice of Draftsperson's Patent Drawing Review (PTO-948) 4 Interview Summary (PTO-413), Faper No. = =

5[X Information Disclosure Statement(s) (FTO-1449), Paper Nois), 4£ M 6] Examiner's Amendment/Comment

700 E:atmipt?r's Comment Regarding Requirement for Deposit of Biological B[] Examiner's Statament of Reasons for Allawance
ateria

8[| other

U. &, Patent and Trademark Office

PTO*S? {R . 01 '01] i WAL, ilitw art anar n
& NoteR 85 or163% Part af Panar i &)%l{bit 1002
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Application/Control Number: 08/146,206 Page 2
Art Unit: 1642

EXAMINER'S AMENDMENT

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:

Claim 114. Delete “zr}od’t' and replace it with - }pfo ---

e

Delete “tynly and replace it with - in the /ndlng affinity ---

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 Page 3
Art Unit: 1642

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
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08/146,206
Patent and Trademark Office pma_gpl :
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LIST OF DISCLOSURES CITED Carter et al.
(Use several sheets if necessary) Filing Date Group
17 Nov 1993 1642
U.S. PATENT DOCUMENTS
Fxaminer
initﬁls Document Number Date Name Class Subclass Filing Date
‘: v(m 263 | 5,834,598 (10@93 Lowman et al. 30 399
z OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.)
i : Rhodes, P., "Recombinant antibodies trom CHO cells" ABSTR PAP_AM CHEM SOC [(Abstract No. 60 from the
rhl) 265 |199th American Chemical Society National Meeting held in Boston, MA April 22-27, 1990) 199(1-2):BIOT &0
(Apr 1590)
SEP 0 6 2001
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X P0709P1 08/146, 206
Patent and Trademark Office -
Applicant
LIST OF DISCLOSURES CITED BY APPLICANT Carcer et al.
(Use several sheets if necessary) Filing Date Group
17 Nov 1993 1806
U.S. PATENT DOCUMENTS
Xaminer
nitiajs Document Number Date Name Class Subclass Filing Date
\TN.' 225 | 5,714,350 03.02.98 [Co et al. b 3¢ 6 7.6 | 13.01.95
L' 226 | 5,821,337 13.10.98 Carter et al. j‘“g‘p gg?' 3
FOREIGN PATENT DOCUMENTS
Examiner, Translation
niti Document Number Date Country Class Subclass Yes Na
227 [0 460 167 B1 11.12.91 | EPO
‘ 228 |0 519 596 Al 23.12.92 |EPO
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OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.)

237

”ﬁ:nsym Technologies' 1in New Products, Chemical Design Automation 3" [December 19HB)

238

"Polygen Corporation" in New Products, Chemical Design Automation 3" (November 1588}

239

Adair et al,, "Humanizatlon ol the murine anti-human CD.J monoclonal antibody OKT3" Hum. Antibod.
Hybridomas 5:41-47 (1994)

240

Chothia et al., "Principles of protein-protein recognition' Natbure 256:/05-708 (1975)

241

Chothia et al., "Transmission of contormational change in insulin" Nature 302:500-505 [1983)

242

Cortl et al., "Idiotope Determining Regions of a Mouse Monoclonal Antibody and Its Humanized Versions'

J. Mol. Biol. 235:53-60 (1994)
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Couto et al., "Anti1-BA46 Monoclional Antibody Med Humanization Using a Novel Positional Consensus and in
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Couto et al., "Humanization of KC4G3, an Anti-Human Carcinoma Antibody" Hybridoma 13:215-219 (1994)
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Ellis et al.,
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“Evolution of Human Tmmunoglobulin K J Region Genes" The Jourpal of Biclogical Chemistry

257:1516-1522 (1982)

247

Lesk, Arthur M., "How Different Amino Acid Sequences Det.ermine Similar Protein Structures: The Structure
and Evolutionary Dynamics of the Globins" J, Mol, Biol. 136:225-270 (1980}
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'-9 : TPatent Docket POTO9P1

THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Axt Unit: 1642 ! (OD[W

Paul J. Carter et al. Examiner: Minh-Tam Davis

Serial No.: 08/146,206 Date of Mailing of PTOL 85 entitled
"Notice of Allowance and Issue Fee Due"

Filed: November 17, 1993 December 18, 2001

For: METHOD FOR MAKING
HUMANIZED ANTIBODIES

TRANSMITTAL OF NEW DRAWINGS TO CORRECT INFORMALITIES
WITHIN THREE MONTH PERIOD OF RESPONSE SET IN NOTICE
OF ALLOWABILITY (PTOL 37)

BOX ISSUE FEE

Agsistant Commissioner of Patents
Washington, D.C. 20231
Sir:

1. To correct the informalities in the drawings as noted in the Draftsman's objections on
PTO-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 before this expiry date.
octfully submitted,

JENTECH, INC.

Date: March 18, 2002 By:

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

R

09157

PATENT TRADEMARK OFFICE
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$TR
E IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 'O’L
q-

In re Application of
Paul 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 Cen' ficato
Washington, D.C. 20231 AUG 97 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 to Deposit Account No. 07-

0630. Acceptance of this Certificate of Correction is respectfully requested.

Respectfully submitted,
GENENTECH, INC.

L4
Date: August '\ ©- . 2002 By: W

. Wendy M. Lee
Reg. No. 40,378
Telephone No. (6560) 225-1994

MRS wo 27 1R

09157 =

PATENT TRADEMARK OFFICE
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UNITED S}~ _. _...«I ANDTRADEMA  OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : U.S. 6,407,213 Bl
DATED : June 18, 2002
INVENTOR(S) : Carter et al.

Itis certified that error appears in the above-identified patent and that said Letters Patent is
her3by corrected as shown below:

In column 88, cl% line 63, plea-se delete "63" and insert therefor --79--.

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

Wendy M. Lee

JAIERMARM A

09157

PATENT TRADEMARK OFFICE

Form PTO1050(amended)
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NOTICF RE: CERTIFICATES OF COIGRION

DATE g";QS@Q—__ fPapcr No.: f“ =
TO : Supervisor, Art Unit lé#cgz

SUBJECT : Certificate of Correction Request in Patent No.: é % E QZ J 3

A response Lo 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, should the
patent read as showan in the certificate of correction? No new matter should be introduced, nor should ¢l
scope or meaning of the claims be changed.

See (ed 174s. ; 1
| & Olgon

PLEASE COMPLETE THIS FORM AND

RETURN WITH FILE, WITHIN 7 DAYS,

TO CERTIFICATES OF CORRECTION BRANCH - PK 3-915/922
PALM LOCATION 7580 - TEL. NO. 305-8309

ITEMNK YOU FOR YOUR ASSISTANCE!

Note your decision, regarding the changes requested in the Request for Certificate of Correction,
placing a check mark (+) in the box that reflects your decision, which corresponds to the question checke

above.

YES D NO D Comments below

DComments Eéﬁcc{: é‘!/_{é (Lt fgn
Ty . Mt 774 PHVCS
Rl g 5
A B 1 A0 F)‘.‘-‘..".'.‘T;‘IE:/U
TEC5oCoY i 2502 ALyt v =
Supervisor Art Unit

FTOL-306 (REV. 202) U.S. DEPARTMENT OF COMMERCE Patent and Trademark O
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UNITED STATESQTENT AND TRADEMARK OFF]CE.,
CERTIFICATE OF CORRECTION

PATENT NO. :6,407,213B1 Page 1 of 1
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
hereky 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 Palent and Trademark Office
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE #Ys

Docket No: 22338-80060  RECEIVED

Patent No.: 6,407,213 Assignee: Genentech, Inc. SEP 12 2006

[ssued: June 18, 2002 Unit: OPLA TECH CENTEH 1600/2900

Application No: 08/146,206

CERTIFICATE OF MAILING - 37 CFR. §1.10
For: METHOD FOR MAKING HUMANIZED EXPRESS MAIL LABEL NO.ER 736919973 US

ANTIBODIES — Application for § 156 Patent | hereby certify this correspondence is being deposited with the U.S.

Term Extension Postal Service with sufficient postage as “Express Mail - Post Office to
Addressee” addressed to: Mail Stop Patent Ext., Commissioner for
Patents, U.S. Patent and Trademark Office, P.Q. Box 1450, Alexandria,

~ Mail Stop Patent Ext. VA 22313-1450, on the date shown below.
Commissioner for Patents }l Pl Bosatiats A!E' 25, Lok,
P.O. Box 1450 Signature Printed Name Date

"+ Alexandria, VA 22313-1450

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

Dear Sir:

Applicant, Genentech, Inc., hereby submits this application for extension of the term of
United States Letters Patent 6,407,213 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 et al.) by
virtue of an assignment of such patent to Genentech, Inc., recorded June 28, 1994, at Reel 7035,
Frame 0272.

A ¥ Identification of the Approved Product [§ 1.740(a)(1)]

The name of the approved product is LUCENTIS™. The name of the active ingredient of
* LUCENTIS™ is ranibizumab. Ranibizumab is a recombinant humanized monoclonal IgG;
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, et al,
Application Under 35 U.S.C. § 156 Page 2

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

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

F Date of Approval for Commercial Marketing [§ 1.740(a)(3)]

LUCENTIS™ 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 1gG, antibody antigen-binding fragment produced by an
E. coli expression system, It contains human framework regions (FRs) and the
complementarity-determining regions (CDRs) derived from a murine antibody
that binds to VEGF.

(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

LUCENTIS™ approval letter, provided as Attachment B.

-~ Statement Regarding Timeliness of Submission of Patent Term Extension Request
[§ 1.740(2)(S)]

Applicant certifies that this application for patent term extension is being timely

" submitted within the sixty (60) day period permitted for submission specified in 35 U.S.C. §
156(d)(1) and 37 C.F.R. § 1.720(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, et al.
Application Under 35 U.S.C. § 156 Page 3

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

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

(a)  Names of the inventors: Paul J, Carter and Leonard G. Presta.
(b) Patent Number: 6,407,213 (“the *213 patent™)

(c) Date of Issue: June 18, 2002

(d)  Date of Expiration: June 18,2019

7. Copy of the Patent for Which an Extension is Being Sought [§ 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 [§ 1.740(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 reexamination proceeding.
9. Statement Regarding Patent Claims Relative to Approved Product [§ 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 M.P.E.P. acknowledges, § 1.740(a)(9) does not
require an applicant to show whether or how the listed claims would be infringed, and thai this
question cannot be answered without specific knowledge concerning acts performed by third
parties. As such, these comments are not an assertion or an admission of Applicant as to 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.

863 of 1033 Bl Exhibit 1002



U.S. Patent No. 6,407,213
Carter, ef al.
Application Under 35 U.S.C. § 156 Page 4

(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. § 1.740(a)(9), the following
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 IgGl
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 kilodaltons 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.

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 HCL, 10% o, 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 Fab in Complex with Antigen.”' The Chen ef al. article
discusses the lineage of the ranibizumab antibody fragment. In this respect, the
article states that “[a] murine monoclonal antibody, A.4.6.1, was found to block
VEGF-dependent cell proliferation in viiro 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] See p. 866, left col.,
§]1. The abstract explains that the authors affinity-matured Fab-12 and obtained
Fab fragment Y0317, 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 er al. article
also describes the humanized structure of ranibizumab. See, e.g., Figure 1.

' 293:865-881 (1999) (Attachment F)
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U.S. Patent No. 6,407,213
Carter, ef al.
Application Under 35 U.S.C. § 156 Page 5

WO 98/45331 (Figures 1A, 1B, 10A, 10B, provided as Attachment G)
also provides sequence data for the heavy and light chain variable domains of
Y0317, 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, humlIl. WO 98/45331 confirms 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,) and positions 49, 69, 71, 73, 76, 78,
and 94 in the heavy chain (Vy).*

(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:

L 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),
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 — “FAb fragments with specificity for the antigen
are specifically encompassed within the term ‘antibody’ as it is defined,
discussed, and claimed herein.” *213 at col. 24, lines 13-18. Ranibizumab, being

2 Compare sequence data for the heavy and light chain variable domains of Y0317 (Figs. 10A-

10B), A.4.6.1 (Figs. 1A-1B) and humlIII (Figs. 1A-1B) as set forth in WO 98/45331,
provided as Attachment G.
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¢

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, and Vy domains of ranibizumab
include human framework substitutions at positions 4L, 46L, 49H, 69H, 71H,
73H, 76H, 78H and 94H.> Of these, substitutions at positions 4L and 69H are
among those recited in the Markush group of claim 1. Figures 1A-1B of WO
98/45331, provided as Attachment G, show the heavy and light chain variable
domains of sequences of the same import antibody (“A4.6.1”) used to design
ranibizumab on the lines above the variable domains of the Fab-12 sequence and
the Kabat consensus sequences (“humlII”).* The A4.6.1 antibody is a murine
monoclonal antibody; its sequence is therefore “non-human.” See, e.g., Chen et
al. Figures 10A-10B of WO 98/45331, provided as Attachment G (and Figure |
of Chen et al.), show the variable domains of the Y0317 sequence. When the
heavy and light chain variable domains of A4.6.1, Y0317 and humlIl are aligned,
the framework substitutions noted above are apparent utilizing the Kabat
numbering system.

In each of the V. and Vj 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 LUCENTIS™ label, provided as
Attachment A,

Ranibizumab thus meets the limitations of dependent claim 29.

3

4

See WO 98/45331 at Figures 1A-1B (humlll) and 10A-10B (Y0317).

The residues in a human Ig 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) IND Effective Date [35 U.S.C. § 156(g)(1)(B)(i); 37 C.F.R. § 1.740(a)(10)(i)(4)]

The date that an exemption under § 505(1) 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. § 156(g)(1)(B)(i); 37 C.F.R,
§ 1.740(a)(10)(i)(B)]

The BLA was submitted by Genentech to the FDA on December 29, 2005. The
BLA was assigned number BL# 125156/0. A copy of the letter from the FDA
acknowledging receipt of the BLA and reflecting the BLA submission date is
provided in Attachment .

(d)  BLA Issue Date [35 US.C. § 156(g)(1)(B)(ii); 37 C.F.R. § 1.740(a)(10)(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)(11)]

Pursuant to 37 C.F.R. § 1.740(a)(11), the following provides a brief description of the
activities of Genentech, Inc. 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)(11), 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 (rhuFab 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 Il human trials and Phase 1] 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 Il meeting.

- Beginning in approximately March 2003, and continuing at the time of this
application, Phase III 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. § 1.740(a)(12)]

(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;

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

(i1i)  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,

LUCENTIS™;

(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 § 156(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 LUCENTIS™ and the issuance of the "213 patent. The period was
determined as follows.

(1) 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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(ii)

(iii)

(iv)

(v)
(vi)
(vii)

(viii)

(ix)

Exemption under FDCA § 505(i)
became effective October 7, 1999

Patent was granted June 18, 2002

Biologics License Application (BLA)
under PHSA § 351 was filed December 29, 2005

BLA was approved June 30, 2006

The 213 patent was granted during the period specified in

§ 156(g)(1)(B)(i) (i.e., the period from the date of the grant of the
exemption under § 505(1) of the FDCA until 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 (1/2 of 1289 days or 644
days).

The patent was granted prior to the start of the period specified in

§ 156(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 § 156(b)
therefore includes a component equal to the total number of days in that
period that are after the BLA was submitted (184 days).

The period determined according to § 156(b), (c)(2), and (g)(1) 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

LUCENTIS™) is 828 days.
The *213 patent will expire on June 18, 2019.
The date of approval of the approved product is June 30, 2006.

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

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.

The number of days in the regulatory review period determined pursuant
to § 156(g)(1)(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
which the patent may be extended is limited by the fourteen-year rule of
§156(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. § 156(g)(6)(C) does not

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

Pursuant to 37 C.F.R. § 1.740(a)(13), 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 |§ 1.740(a)(14)]

Our check in payment of the fee prescribed in 37 C.F.R. § 1.20(j) 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)(14)]

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.
§ 1.740(b). Applicant also provides herewith two further copies of the application for the
convenience of the Office, pursuant to M.P.E.P. § 2763.

Sincerely,

Poteer_

effrely P. Kushan
Attorney for Applicant
Registration No. 43,401

Sidley Austin LLP
1501 K Street, N.W.
Washington, D.C. 20005

Dated: August 5 , 2006
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HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed
to use LUCENTIS safely and effectively. See full
preseribing information for LUCENTIS.

LUCENTIS™ (ranibizumab injection)
Initial U.S, Approval: 2006
cecrmmvessases=es [INDICATIONS AND USAGE---ssecaaaeacannas

LUCENTIS is indicated for the treatment of patients with
neovascular (wet) age-related macular degeneration ().

---------- DOSAGE AND ADMINISTRA TION---+eessersacs

¢ FOR OPHTHALMIC INTRAVITREAL INJECTION
ONLY (2.1)

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

*  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 to an approximate 5-letter (1-line) loss of visual
acuity benefit, on average, over the following 9 months.
Patients should be evaluated regularly (2.2).

FULL PRESCRIBING INFORMATION: CONTENTS*
1 INDICATIONS AND USAGE
2 DOSACE AND ADMINISTRATION
2.1 General Dosing Information
221 Dosing
2.3 Preparation for Administration
24 Administration
25  Stability and Storage
DOSAGE FORMS AND STRENGTHS
4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections
4.2 Hypersensitivity
5 WARNINGS AND PRECAUTIONS
5.1  Endophthalmitis and Retinal
Detachments
5.2 Increases in Intraocular Pressure
5.3 Thromboembolic Events
6 ADVERSE REACTIONS
6.1  Injection Procedure
6.2  Clinical Studies Experience - Ocular
Events
6.3  Clinical Studies Experience — Non-
Ocular Events
6.4 Immunogenicity
7 DRUG INTERACTIONS
8 USE IN SPECIFIC POPULATIONS

U.S. BLA (BL125156) Ranibizumab injection
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---------- --DOSAGE FORMS AND STRENGTHS==ess=2=
. 10 mg/mL single-use vial (3)

®  QOcular or periocular infections (4.1)
®  Hypersensitivity (4.2)

wemmmemeeec - WARNINGS AND PRECAUTIONS----ccaceeees

®  Endophthalmitis and retinal detachments may occur
tollowing intravitreal injections. Patients should be
manitored during the week following the injection (5 1),

®  Increases in intraocular pressure have been noted within
60 minutes of intravitreal injection (3 2).

cermmnmncrmmeaanas: ADVERSE REACTIONS - -eeemememmeiannas
The most comman adverse reuctions (reponed > 6% higher in
LUCENTIS-treated subjects than contral subjects) are
conjunctival hemorrhage, eye pain, vitreous floaters, increased
intraocular pressure, and intraocular inflammation (6.2},

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

See Scction 17 for PATIENT COUNSELING
[INFORMATION.

8.1  Pregnancy
8.3  Nursing Mothers
8.4  Pediatric Use
8.5 Geriatric Use
8.6  Patients with Renal Impairment
8.7  Patients with Hepatic Dystunction
10 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2 Pharmacodynamics
12.3 Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis,
Impairment of Fertility
14 CLINICAL STUDIES
14.1 Study | and Study 2
14.2 Study 3
16 HOW SUPPLIED/STORAGE AND
HANDLING
17 PATIENT COUNSELING INFORMATION.
* Sections or subsections omitted from the Full Prescribing
Information are not listed.

Genentech, Inc.
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USACGE
LUCENTIS is indicated for the treatment of patients with
neovascular (wet) age-related macular degenerauion.

2 DOSAGE AND ADMINISTRATION

21 General Dosing Information
FOR OPHTHALMIC INTRAVITREAL INJECTION ONLY.

2.2 Dosing
LUCENTIS 0.5 mg (0.05 mL) is recommended to be
administered by intravitreal 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 are not feasible. Compared to continued
monthly dosing, dosing every 3 months will lead to an
approximate S-letter (I-line) loss of visual acuity benefit, on
average, over the following 9 months. Patients should be
cvaluated regularly [see Clinicid Studies (14.2)],

2.3 Preparation for Administration

Using aseptic technique, all (0.2 mL) of the LUCENTIS vial
contents are withdrawn through a 5-micron 19-gauge filter
needle attached 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 needie
should be replaced with a sterile 30-gauge x |/2-inch needle
for the intravitreal injection. The contents should be expelled
until the plunger tip is aligned with the line that marks

0.05 mL on the syringe.

24 Administration

The intravitreal injection procedure should be carried out
under controlled aseptic conditions, which include the use of
sterile gloves, a sterile drape, and a sterile 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 clevation in intraocular pressure and for
endophthalmitis. 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 to report any
symptoms suggestive of endophthalmitis without delay.

Each vial should only be used (or the treatment of a single eye.
[f the coniralateral eye requires treatment, 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
populations that have been studied (e.g., gender, elderly).

U.S. BLA (BL125156) Ranibizumab injection
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2.5 Stability and Storage

LUCENTIS should be refrigerated at 2°-8°C (36°-46°F). DO
NOT FREEZE. Do not use beyond the date stamped on the
label, LUCENTIS vials should be protected from light. Store
in the original carton until time of use,

3 DOSAGE FORMS AND STRENGTHS
Single-use glass vial designed to deliver 0.05 mL of
10 mg/mL.

4 CONTRAINDICATIONS

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

4.2 Hypersensitivity

LUCENTIS is contraindicated in patients with known
hypersensitivity to ranibizumab or any of the excipicnts in
LUCENTIS.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments
Intravitreal injections, including those with LUCENTIS, have
been associated with endophthalmitis and retinal detachments.
Proper aseptic injection technique should always be used
when administering LUCENTIS. In addition, patients should
be monitored during the week following the injection to
permit early treatment should an infection occur [see Dosaye
and Administration (2.3, 2.4) and Patient Counseling
Information (17)].

52 Increases in Intraocular Pressure

Increases in intraocular pressure have been noted within

60 minutes of intravitreal injection with LUCENTIS.
Therefore, intraocular pressure as well as the perfusion of the
optic nerve head should be monitored and managed
appropriately [see Dosage and Administration (2.4)].

53 Thromboembolic Events

Although there was a low rate (<4%) of arterial
thromboembolic events observed in the LUCENTIS clinical
trials, there is a theoretical risk of arterial thromboembolic
events following intravitreal use of inhibitors of VEGF [see
Adverse Recactiony (6.3)).

6 ADVERSE REACTIONS

6.1 Injection Procedure

Serious adverse events related to the injection procedure have
occurred in < 0.1% of intravitreal injections, including
endophthalmitis [see Warnings and Precaiiony (5.1)],
rhegmatogenous retinal detachments, and iatrogenic traumatic
cataracts,

6.2 Clinical Trials Experience — Ocular Events
QOther serious ocular adverse events observed among
LUCENTIS-treated patients occurring in <2% of patients

Genentech, Inc.
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included intraocular inflammation and increased intraocular
_pressure [see Wurnaigs and Precuutions (3.1, 3.2)).

The available safety data include exposure to LUCENTIS in
B74 panents with neovascular age-related macular
degeneration in three double-masked, controlled studies with
dosage regimens of 0.3 mg (375 patients) or 0.5 mg

(379 patients) administered monthly by intravitreal injection
(Studies 1 and 2) [see Clinical Stiehies (14.1)] and dosage
regimens of 0.3 mg (59 patients) or 0.5 mg (61 patients)
administered once a month for 3 consecutive doses followed
by a dose administered once every 3 months (Study 3)

|see Clinicul Stucdies (14.2)].

Because clinical trials are conducted under widely varying

conditions, adverse reaction rates observed in one clinical trial
of a drug cannot be directly compared with rates in the clinical
trials of the same or another drug and may not reflect the rates

observed in practice.

Table | shows the most frequently reported ocular adverse
events that were reported with LUCENTIS treatment. The
ranges represent the maximum and minimum rates across all
three studies for control, and across all three studies and both
dose groups for LUCENTIS.

6.3 Clinical Trials Experience — Non-Ocular Events
Tuble 2 shows the most frequently reported non-ocular
adverse events with LUCENTIS treatrment. The ranges
represent the maximum and minimum rates across all three
studies for control, and across all three studies and both dose

groups for LUCENTIS

Table 2

Adverse Event LUCENTIS Control
Hypertension/elevated 23%-5% 23%-8%
blood pressure
Nasopharyngitis 16%-5% 1 3%-3%
Arthralgia 11%-3% 9%-0%
Headache 1 5%-2% 10%-3%
Bronchitis 10%-3% 8%-2%
Cough 10%-3% 1%-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 infection 9%-4% 8%-5%
Influenza 10%-2% 5%-1%
Arthritis 8%-0% 8%-2% -
Dizziness 8%-2% 10%-2%
Constipation 7%-3% 8%-2%

Table 1

Adverse Event LUCENTIS Control
Conjunctival hemorrhage 17%-43% 66%-29%
Eye pain 371%-171% 33%-11%
Vitreous floaters 32%-3% 10%-3%
Retinal hemorrhage 26%-15% 56%-37%
Intraocular pressure increased | 24%-8% 7%-3%
Vitreous detachment 22%-1% 18%-13%
Intraocular inflammation 18%-5% 11%-3%
Eye irritation 19%-4% 20%-6%
Calaract 16%-5% 16%-6%
:;:::gn body sensation in 19%-6% 14%-6%
Lacrimation increased 17%-3% 16%-0%
Eye pruritis 13%-0% 12%-3%
Visual disturbance 14%-0% 9%-2%
Blepharitis 13%-3% 9%-4%
Subretinal fibrosis 13%-0% 19%-10%
Ocular hyperemia 10%-5% 10%-1%
Maculopathy 10%-3% 11%-3%
Visual acuit
anss dmim : 17%-4% 24%-10% -
Detachment of the rerinal
pigment epithelium %1% 13%-3%
Dry eye 10%-3% 8%-5%
Ocular discomfort 8%-0% 5%-0%
Conjunctival hyperemia 9%-0% 7%-0%
Posterior capsule
opaciﬁcaﬁo:s g I%-U%
Retinal exudates 9%- | % 11%-3%

U.S. BLA (BL125156) Ranibizumab injection

The rate of arterial thromboembolic events in the three studics
in 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 |.1% of patients (5 out of 441) in
the control arms of the studies. In the second year of Study |,
the rate of arterial thromboembolic events was 3.0% of
patients (14 out of 466) in the combined group of patients
treated with 0.3 mg or 0.5 mg LUCENTIS compared with
3.2% of patients (7 out of 216) in the control arm [see
Warnings und Precautions (5.3)].

6.4 [Immunogenicity

The pre-treatment incidence of immunoreactivity to
LUCENTIS was 0%-3% across treatment groups. After
monthly dosing with LUCENTIS for 12 to 24 months, low
titers of antibodies to LUCENTIS were detected in
approximately 1%-6% of patients. The immunogenicity data
reflect the percentage of patients whose test results werc
considered positive for antibodies to LUCENTIS in an
electrochemiluminescence 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 with the highest levels of
immunoreactivity were noted to have iritis or vitritis.

7 DRUG INTERACTIONS
Drug interaction studies have not been conducted with

LUCENTIS.

Genentech, Inc.
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LUCENTIS intravitreal injection has been used adjunctively
with venieporfin photodynamic therapy (PDT). Twelve of 105
(11%) pauents developed serious intraocular inflammation; in
10 of the 12 patients, this occurred when LUCENTIS was
administered 7 days (+ 2 days) after verteporfin PDT,

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C. Animal reproduction studies have not
been conducted with ranibizumab. [t 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 if
clearly needed.

8.3 Nursing Mothers

It is not known whether ranibizumab is excreted in human
milk. Because many drugs are excreted in humaa 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

In the contrelled clinical studies, approximately 94%
(822/879) of the patients randomized to reatment with
LUCENTIS were > 65 years of age and approximately 68%
(601/879) were = 75 years of age. No notable difference in
treatment 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 analysis after
correcting for creatinine clearance.

8.6 Patients with Renal Impairment

Mo 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 the
population pharmacokinetic analysis 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 renal
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 to 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 of 2 patients injected. With an escalating
regimen of doses beginning with initial doses of ranibizumab

U.S. BLA (BL125156) Ranibizumab injection
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injection 0.3 mg, doses as high as 2.0 mg were tlerated in
15 of 20 patients.

i1 DESCRIPTION

LUCENTIS™ (rambizumab injection) is a recombinant
humanized 1gG1 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 kilodaltons 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.

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% polysorbate 20, pH 5.5.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

Ranibizumab binds to the receptor binding site of active forms
of YEGF-A, including the biologically active, cleaved form of
this molecule, VEGF,\g. VEGF-A has been shown to cause
neovascularization and leakage in models of ocular
angiogenesis and is thought 1o contribute 1o the progression of
the neovascular form of age-related macular degeneration
(AMD). The binding of ranibizumab to VEGF-A prevents the
interaction of VEGF-A with its receptors (VEGFR1 and
VEGFR2) on the surface of endothelial cells, reducing
endothelial cell proliferation, vascular leakage, and new blood
vessel formation.

12.2 Pharmacodynamics

Neovascular AMD 15 associated with foveal retinal thickening
as assessed by optical coherence tomography (QOCT) and
leakage from CNYV as assessed by fluorescetn angiography.

In Study 3, foveal retinal thickness was assessed by OCT in
118/184 patients. OCT measurements were collected at
baseline, Months 1, 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 | and decreased further
at Month 3, on average. Foveal retinal thickness data did not
provide information useful in influencing treatment decisions
[see Clinical Studies (14.2)).

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

123  Pharmacokinetics

[n 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 | day,

Genentech, Inc.
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the serum concentration of ranibizumab declined in parallel
with the vitreous concentration. In these animal studies,
systemic exposure of ranibizumab is more than 2000-fold
lower than in the vitreous.

In patients with neovascular AMD, following monthly
intravitreal administration, maximum ranibizumab serum
concentrations were low (0.3 ng/mL to 2.36 ng/mL), These:
levels were below the concentration of ranibizumab (11 ng/mL
to 27 ng/mL) thought to be necessary to inhibit the biological
activity of VEGF-A by 50%, as measured in an in vitro cellular
proliferation assay. The maximum observed 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 concentrations of 1.5 ng/mL are
predicted to be reached at approximately | day after monthly
intravitreal administration of LUCENTIS 0.5 mg/eye. Based
on the disappearance of ranibizumab from serum, the estimated
average vitreous elimination half-life was approximately

9 days. Steady-state minimum concentration is predicted to be
0.22 ng/mL with a monthly dosing regimen. In humans, serum
ranibizumab concentrations are predicted to be approximately
90,000-fold lower than vitreal concentrations.

13 NONCLINICAL TOXICOLOGY

13.1 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 fertility have been
conducted.

i4 CLINICAL STUDIES

The safety and efficacy of LUCENTIS were assessed in three
randomized, double-masked, sham- or active-controlled
studies in patients with neovascular AMD. A total of

1323 patients (LUCENTIS 879, Control 444) were enrolled in
the three studies.

14.1 Study 1 and Study 2

In Study |, patients with minimally classic or occult (without
classic) CNV lesions received monthly LUCENTIS 0.3 mg or
0.5 mg intravitreal injections or monthly sham injections.
Data are available through Month 24. Patients treated with
LUCENTIS in Study 1 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: 1) monthly LUCENTIS 0.3 mg
intravitreal injections and sham PDT; 2) monthly LUCENTIS
0.5 mg intravitreal injections and sham PDT; or 3) sham
intravitreal injections and active verteporfin PDT, Sham PDT
(or active verteporfin PDT) was given with the initial
LUCENTIS (ar sham) intravitreal injection and every

3 months thereafter if fluorescein angiography showed
persistence or recurrence of leakage. Data are available
through Month 12. Patients treated with LUCENTIS in

U.S. BLA (BL125156) Ranibizumab injection

Study 2 received a mean of 12 total treatments out of a
possible |13 from Day O through Month 12.

In both studies, 1he primary efficacy endpoint was the
proportion of patients who maintained vision, defined as
losing fewer than 15 letters of visual acuity at 12 months
compared with baseline. Almost all LUCENTIS-treated
patients (approximately 95%) maintained their visual acuity.
34%-40% of LUCENTIS-treated patients experienced a
climically significant improvement in vision. defined as
gaining 15 or more letters at 12 months, The size of the lesion
did not significantly affect the results. Detailed results arc
shown in the tables below,

Table 3
Outcomes at Month |2 and Month 24 in Study |
LUCENTIS Estimated
Qutcome Sham 0.5 mg Difference
Measure Month n=238 n =240 (95% CI)*
Loss of Month 12 62% 95% 2%
<15 (26%, 39%)
letters in | Month 24 53% 90% 317%
visual (29%, 44%)
acuity
(%)"
Gain of Month 12 5% 34% 29%
>15 (22%..35%)
letters in Month 24 4% 3% 29%
visual (23%. 35%)
acuity
(%)
Mean Month 12 -10.5 +7.2(14.4) 17.5
change in (16.6) (14.8,20.3)
visual Month 24 -14.9 +6.6 (16.5) 21.1
acuity (18.7) (18.1.24.2)
(letters)
(SD)"

* Adjusted estimate based on the stratified model.

» p<00l.

Genentech, inc.
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Table 4
Outcomes at Month [2 in Study 2
Verteporfin LUCENTIS Estimated
Ourcome PDT 0.5 mg Difference
Measure n=143 n= 140 (95% CI)*
Loss of 64% 96%. 33% (25%, 41%)
< |5 letters
in visual
acuity (%)"
Gain of 6% 40% 35% (26%, 44%)
215
letiers in
visual
acuity (%)°
Mean 9.5 (16.4) +11.3(14.6) 21.1(17.5, 24.6)
change in
visual
acuity
(letters)
(SD)*

* Adjusted estimate based on the stratified model.

" p<0.0I.

Figure 1

Mean Change in Visual Acuity from Baseline
to Month 24 in Study | and to Month 12 in Study 2
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Patients in the group treated with LUCENTIS had minimal
observable CNV lesion growth, on uverage. At Month 12, the
mean change in the total area of the CNV lesion was

0.1-0.3 DA for LUCENTIS versus 2.3-2.6 DA for the control
arms.

The use of LUCENTIS beyond 24 months has not been
studied.

142  Study3

Study 3 was a randomized, double-masked, sham-controlled,
two-year study designed to assess the safety and efficacy of
LUCENTIS in patients with neovascular AMD (with or
without a classic CNV component). Data are available
through Month 12. Patients received LUCENTIS 0.3 mg or
0.5 mg intravitreal injections or sham injections once a month
for 3 consecutive doses, followed by a dose administered once
every 3 months. A total of 184 patients were enrolled in this
study (LUCENTIS 0.3 mg, 60: LUCENTIS 0.5 mg. 61; sham,
63): 171 (93%) completed |2 months of this study. Patients
treated with LUCENTIS in Study 3 received a mean 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 Figure 2). After an initial increase in visual acuity
(following monthly dosing), on average, patients dosed once
every three months with LUCENTIS lost visual acuity,
returning to baseline at Month 12, In Study 3, almost all
LUCENTIS-treated patients (90%) maintained their visual
acuity at Month 12.

Figure 2
Mean Change in Visual Acuity from Baseline to
Month 12 in Study 3
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16 HOW SUPPLIED/STORAGE AND HANDLING
Each LUCENTIS carton, NDC 50242-080-01, contains one
2-cc glass vial of ranibizumab, one 5-micron,

19-gauge % 1-1/2-inch filter needle for withdrawal of the vial
contents, one J0-gauge x 1/2-inch injection needle for the
intravitreal injection, and one package insert [see Dosave and

Genentech, Inc.
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Administraiion {2.4)). 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
patient should seck immediate care from an ophthalmologist
[see Warningy cnd Precawtiomys (5.1)).

LUCENTIS™ (ranibizumab injection]

Manufactured by: 8277700
Genentech, Inc. LL1404
| DNA Way 4833801
South San Francisco, CA 94080-4990 FDA Approval Date:
June 2006
©2006 Genentech,
Inc.

U.S. BLA (BL125156) Ranibizumab injection Genentech, Inc.

) 882 of 1033 Bl Exhibit 1002



883 of 1033 Bl Exhibit 1002



/: DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
;-,"h :

Food and Drug Administration
Rockville, MD 20852

BLA 125156

Genentech, Inc.

Attention: Robert L. Garnick, Ph.D.

Senior Vice President, Regulatory Affairs, Quality & Compliance
| DNA Way

South San Francisco, California 94080-4990

Dear Dr. Garnick:

We have approved your biologics’ license application for Lucentis (ranibizumab injection)
effective this date. You are hereby authorized to introduce or deliver for intreduction into
interstate commerce, ranibizumab injection under your existing Department of Health and
Human Services U.S. License No. 1048. 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 7 " heeeeee oo o oooes ]

LB 1 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 10 mg/mL single use glass vials,

We acknowledge receipt of your submissions dated December 29, 2005, and January 31,
February 10, 17, 21, and 24, March 17, 23, and 31, April 10, and 28, May 5, 10, 25 (2),
26 (2),and 31, and June 1, 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 patency” 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 |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 formulated drug product. The dating period for ranibizumab drug
substance shall be [P =—] 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 21 CFR 610.2.
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 submit 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 Lucentis, or in the manufacturing facilities.

All applications for new active ingredients, new dosage forms, new indications, 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 the pediatric study requirement for this application.

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

1.

2.

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

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 1, 2013.

. To detect and characterize immune responses to ranibizumab:

a. Develop and validate a confirmatory assay capable of detecting both [gG and IgM
isotype responses.

b. Develop and validate an assay to detect neutralizing anti-ranibizumab antibodies.
The assay methodology and validation reports: September 28, 2007.
To characterize further the immune response to ranibizumab, serum samples collected
in studies FVF2587g, FVF2598g, FVF3192¢g 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 submission of final study report: September 30, 2008.
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The following are Postmarketing Studies that are not subject to reporting requirements of
21 CFR 601.70:

5. To revise release specifications, shelf-life specifications and in-process limits for
ranibizumab drug substance and drug product after ] ‘“nmercial manufacturing runs
to reflect increased manufacturing experience.

These revisions to the Quality control system, the corresponding data from the [ *!
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 lon Exchange
* Chromatography (IEC) to demonstrate that the corrective actions taken at
to address the atypical accelerated stability profile observed in the Lucentis 2005
qualification campaign have been sufficient.

Specifically, a one time stability study consisting of 2 **centis Drug Product launch
lots are placed at 40°C and tested by IEC at S —————months. These m”
Lucentis Drug Product lots are derived from the following:

e [ETof these Lucentis Drug Product lots are manufactured from distinct lots of

° At least [BH *F these EREsE——3 |ot5 are aliquoted and used to manufacture
N *)icentis 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 following designators to
label prominently all submissions, including supplements, relating to these postmiarketing study
commitments as appropriate:

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

For each postmarketing study subject to the reporting requirements of 21 CFR 601.70, you must
describe the status in an annual report on postmarketing studies for this product. The status report
for each study should include:

= information to identify and describe the postmarketing 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.c.
number enrolled to date and the total planned enrollment), and

» arevised schedule if the study schedule has changed and an explanation of the basis
for the revision.

As described in 21 CFR 601.70(e), we may publicly disclose information regarding these
postmarketing studies on our Web site (hup:/www.fda vov/cder/pinc/default.htm), Please refer
to the April 2001 Draft Guidance for Industry: Reports on the Status of Postmarketing Studies —
Implementation of Section 130 of the Food and Drug Administration Moderization Act of 1997
(see http://www . fda.cov/cber/edins/post040401.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 Administration, 5901-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.tda.gov/medwatch/report/mmp.hun.

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 21 CFR 600.14. You should
promptly identify 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, 11919 Rockville Pike, Rockville, 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 letter 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
submitted 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 promotional claim or claim of superiority over other products
unless you have substantial evidence to support that claim.

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

If you have any questions, call Lori M. Gorski, Project Manager, at (301) 796-0722,

Sincerely,

Mark J. Goldberger, M.D., M.P.H,
Director

Office of Antimicrobial Products

Center for Drug Evaluation and Research

Enclosure
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METHOD FOR MAKING HUMANIZED
ANTIBODIES

CROSS REFERENCES

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 07/715,272 filed Jun. 14, 1991 (abandoned)
which application is incorporaled herein by reference and Lo
which application priority is claimed under 35 USC §120.

FIELD OF THE INVENTION

This invention relales to methods for the preparation and
use of variant antibodies and finds application particularly in
the fields of immunology and cancer diagnosis and therapy.

BACKGROUND OF THE INVENTION

Naturally occurring anlibodies (immuooglobulins) com-
prise two heavy chains linked together by disulfide bonds
and two light chains, one light chain being linked to each of
the heavy chains by disulfide bonds. Each heavy chain has
at one end a variable domain (V) followed by a number of
constant domains, Each light chain bas a variable domain
(V) al one end and a constant domain at its other end, the
constant domain of the light chain is aligned with the first
constant domain of the heavy chain, and the light chain
variable domain is aligned with the variable domain of the
heavy chain. Particular amino acid residues are believed 1o
form an interface between the light and heavy chain variable
domains, sce c.g. Chothia et al., J. Mol. Biol. 186:651-663
(1985); Novolny and Haber, Proc. Nail. Acad. Sci USA
82:4592-4596 (1985).

The constant domains are not involved directly in binding
the antibody to an antigen, but are involved in various
effector funclions, such as participation of the aatibody in
anlibody-dependent cellular cylotoxicily. The variable
domains of each pair of light and heavy chains are involved
directly in binding the antibody to the antigen. The domains
of patural light and heavy chains have the same general
structure, and cach domain comprises four framewark (FR)
regions, whose sequences are somewhal conserved, con-
nected by three hyper-variable or complementarity deter-
mining regions (CDRs) (see Kabat, E. A_ et a., Sequences of
Proteins of Immunological Interest, National Institutes of
Health, Bethesda, Md., (1987)). The four framework regions
largely adopt a fi-sheel conformation aad the CORs form
loops connecting, and in some cases forming part of, the
P-sheet structure, The CDRs in each chain are held in close
proximity by the framework regions and, wilh the CDRs
from the other chain, contribute to the formation of the
antigen binding site.

Widespread use has been made of monoclonal antibodies,
particularly those denved from rodents including mice,
however they are frequently antigenic in human clinical use.
For example, a major limitation in the clinical use of rodent
monoclonal antibodies is an anti-globulin response during
therapy (Miller, R. A_ et al, Blood 62:988-995 (1983);
Schroff, R. W. et al., Cancer Res. 45:879-885 (1985)).

The art has attempted to overcome this problem by
constructing “chimeric” antibodies in which an animal
anligen-binding variable domain is coupled to a human
constant domain (Cabilly et al., U.S. Par. No. 4,816,567;
Morrison, 8. L. et al., Proc. Natl. Acad. Sci. USA
81:6851-6855 (1984); Bouliaonne, G. L. et al., Nature
312:643-646 (1984); Neuberger, M, S. el al., Nature
314:268-270 (1985)). The term “chimeric™ antibody is used
herein to describe a polypeptide comprising at least the
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antigen binding portion of an antibody molecule linked to at
least part of anoiber protein (typically an immunoglobulin
constant domain).

The isotype of the buman constant domain may be
selected to tailor the chimeric antibody for participation in
anlibody-dependent cellular cytotoxicity (ADCC) aod
complement-dependent cytatoxicity (see e.g. Bruggemann,
M. et al.,J. Exp. Med, 166:1351-1361 (1987); Riechmann,
L. et al., Mature 332:323-327 (1988); Love et al., Methods
in Enzymology 178:515-527 (1989); Biadon et al,, J. Exp.
Med. 168:127-142 (1988).

In the typical embodiment, such chimeric antibodies
conltain about oae third rodent (or other non-buman species)
sequence and thus are capable of eliciling a significant
anti-globulin response in humans. For example, in the case
of the murine anti-CD3 antibody, OKT3, much of the
resulting anti-globulin response is direcled agains! the vari-
able region rather than the constant region (Jaffers, G. J. et
a., Transplantaiion 41:572-578 (1986)).

In a further effort to resolve the antigen binding functions
of antibodies and to minimize the use of heterologous
sequences in human antibodics, Winter and colleagues
(Jones, P. T. et al., Nature 321:522-525 (1986); Riechmann,
L. et al., Nature 332:323-327 (1988); Verhoeyen, M. et al.,
Science 239:1534-1536 (1988)) have substituted rodent
CDRs or CDR sequences for the corresponding segments of
a human antibody. As used herein, the term “humanized”
antibody is an embodiment of chimeric antibodies wherein
subslantially less than an intacl human variable domain has
been substituted by the corresponding sequence from a
non-human species. In practice, humanized aatibodies are
typically human antibodies in which some CDR residues
and possibly some FR residues are substituted by residues
from analogous sites in rodent antibodies.

The therapeutic promise of this approach is supported by
the clinical efficacy of a humanized antibody specific for the
CAMPATT-1 antigen with two non-Hodgkin lymphoma
patients, one of whom had previously developed an anti-
globulin response to the parental rat antibody (Riechmann,
L.etal, Nature 332:323-327 (1988); Hale, G. et al., Lancet
£:1394-1399 (1988)). A murine antibody to the interleukin 2
receptor has also recently been humanized (Queen, C. et al.,
Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)) as a
potential immunosuppressive reagent. Additional references
related to humanizatioo of antibodies include Co et al., Proc.
Natl Acad. Sci. USA 88:2869-2873 (1991); Gorman et al.,
Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991); Daugh-
erty el al.,, Nucleic Acids Research 19(9):2471-2476 (1991);
Brown et al.,, Proc. Natl. Acad. Sci. USA 88:2663-2667
(1991); Junghaos et al, Cancer Research 50:1495-1502
{1990).

In some cases, substitutiog CDRs from rodent antibodies
for the buman CDRs in buman frameworks is sufficient to
transfer high antigen binding affinity (Jones, P. T. et al,
Nature 321:522-525 (1986); Verboeyen, M. et al.,, Science
239:1534-1536 (1988)), whereas in other cases it bas been
necessary to additionally replace one (Riechmann, L. et al.,
Nawre 332:323-327 (1988)) or several (Queen, C. et al,
Proc. Natl Acad. Sci. USA 86:10029-10033 (1989)) frame-
work region (FR) residues. Sece also Co et al., supra.

For a given antibody a small number of FR residues are
anticipaled lo be importanl for antigen binding. Firstly for
example, certain antibodies have been shown lo contain a
few FR residues which directly contact antigen in crystal
structures of antibody-antigen complexes (e.g., reviewed in
Davies, D. R. et al., Anrt. Rev. Biochemn. 59:439—-473 (1990)).
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Secondly, a number of FR residues have been proposed by
Chothia, Lesk and colleagues (Chothia, C. & Lesk, A. M., J.
Mol Biol. 196:901-917 (1987); Chothia, C. et al., Nature
342:877-883 (1989), Tramootano, A. ¢t al, J. Mol. Biol
215:175-182(1990)) as critically affecting the conformation

- |
235:177-182 (1987), Slamon, D. J. ¢t al., Science
244:707-712 (1989)). Furthermore, the extent of amplifica-
tion is inversely correlated with the observed median patient
survival time (Slamon, supra, Science 1989).

3 ; : > $  The murine monoclonal antibody known as muMAb4DS
of particular CDRs and thes their oontribution o 30tigen eyl B, M, ¢t 4l,, Cancer Res. 50:1550-1558 (1990),
Z’g:"%ﬁ;ﬁ;%mﬂ%%fﬁ e e directed against lhe extracellular domain (ECD) of

b alse Broai ahad, T B Aabincan. o et p185"5% gpecifically inhibits the growth of tumor celi lines

. il x 25 y overexpressing, p185”%"? in monolayer culture or in soft
variable domain (either Vi, or V) may contain glycosyla- agar (Hudziak, R. M. et al., Molec. Cell. Biol 9:1165-1172
tion sites, and thal this plycosylation may improve or abolish (18939)- Lok 4 R' et‘ al .S:::ience 2 49 1'552_1 5;5 5 (1990))
antigen bis}ding. Pluckthas, ﬁiorech_ﬂo!agy 9:345-91 MuMﬁ,Lb‘tDPS ,also has tl;: potential of ;:nhancing tumor r.'eli
8338” ‘gfﬁ:cg:iltb:;% ;'15:;' ﬂf;zd;zg‘;:]?gjfoz; .H;Szg)s sensilivily to tumor pecrosis faclor, an important effector
Sox et al,, Proc. Natl. Acad, Sci. USA 66:975-982 (1970); ,s ?:;’i;;“al; E::ﬁﬁg%ﬂ?;ﬂ?ﬁ ix{m:;dcg “c;ﬁo(t}ox;)c:;y
Masgni <t al.. Ann. Rev. Immunol 6:535-554 (1983).  \icns fnmunology 8:333-395 (1968)). Thus muMABADS
Orqmmly_r, h_owevcr. glycosylauon has go influence on the has poteatial for clinical intervention in and imaging of
antigen-binding properties of an antibody, Pluckthun, supra, carcinomas in which pl8S7E%* is overcxpressed, The
(991). RIS, g . muMAbADS and its uses are described in PCT application

The three-dimensional structure of immuaoglobulin 20w 89/06692 published Jul. 27,1989, This surine antibody
chains has been studied, and crystal structures for intact was deposited with the ATCC 'md designated ATCC CRL
immunoglobulins, for a variety of immunoglobulin 10463. However, this antibody may be immunogenic in
fragments, and for antibody-antigen complexes have been BTt '

Publisl;ccﬁig(g;.g.,g?aul;; al:iflour'l:zajlnaf B:'al’a?ca!aihem; It is therefore an object of this iovention lo provide
gg E 4280?5-7&19?’;); S:Eal z[l:l:: P:;i ﬁgi :Ea ¥) gz: 2 methods for the preparation of antibodies which are less
USA 71:4298-4302 (1974); Epp el al., Biochemisiry 14(22)  Antigenic o bumans thao noo-humian aniibodics but have
:4943-4952 (1975); Marquart et al.,, J. Mol Biel. Traaed iz Didhig a0l ol catactoniiics and scliy
141:369-391 (1980); Furey et al.,J. Mol. Biol. 167:661-692 es;
(1983); Snow and Amzel, Protein: Structure, Function, and 3 115 a further object of this invention 1o provide methods
Genetics 1:267-279, Alan R. Liss, Inc. pubs. (1986);  for the efficient humanization is of antibodies, Le. selecting
Chothia and Lesk,J. Mol. Bol. 196:901-917 (1987); Chothia ~ Pon-human amino acid residues for importation into a
et al., Narure 342:877-883 (1989); Chothia et al., Science ~ human antibody background sequence i such a fashion as
233:755-58 (1986); Huber el al, Nature 264:415-420  to rctain or improve the affimty of the non-bumao dooor
(1976); Bruceoleri et al., Nature 335:564-568 (1988) and ,; antibody for a given antigen.
Nature 336:266 (1988); Sherman et al., Journal of Biologi- It is another object of this invention to provide humanized
cal Chemistry 263:4064-4074 (1988); Amzel and Poljak,  antibodies capable of binding p18575%2,
Ann. Rev. Biochem. 48:961-67 (1979); Silverton et al., Proc. Other objects, features, and characteristics of the present
Natl. Acad. Sci. USA 74:5140-5144 (1977); and Gregory et invention will become apparent upon consideration of the
al., Molecular Immunology 24:821-829 (1987). It is known 45 following description and the appended claims.
that the function of an antibody is dependent on its three
dimensional structure, and that amino acid substitutions can SUMMARY OF THE INVENTION
change the three-dimensional structure of an antibody, Snow The objects of this invention are accomplished by a
and Amzel, supra. It has previously been shown that the method for making a humanized antibody comprising amino
aatigen :i:diug 3E“ity_°£ & 'l:iumanized lm“Ibodyo:ml]libe 45 acid sequence of an imporl, non-human antibody and a2
increased by mutagenesis based upon molccular modelling buman antibody, comprising the steps of:
(Riechmann, L. et al., Nature 332:323-327 (1988); Queen, . bt Tt : y

g > o ; g the amino acid sequences of at least a portion
8,9865‘3); L, Proc. Nael. Acad, Sci. USA 86:10029-10033 of an mmport antibody variable domain and of a con-

Humanizin : y . : ! sensus variable domain;

; e anul_aody u_wlh rfztcnho:! DAfAhlgP affinityrfor sa b. identifying Complementarity Determining Regio
antigen and other desired biological activities is al present i CDR ying 4 g Yy ihe 3 JEHIE dglhu
difficult to achieve using cumently available procedures. ( ) ey o SRS T8 X TR S e
Methods are needed for rationalizing the seleclion of sites huma}] v.anable -domam o e .
for subslitution in preparing such antibodies and thereby c. substituting an import CDR amino acid sequence for
increasing the efficicocy of antibody humanization. 55 [h'j corresponding human CDR amino acid sequence;

The proto-oncogene HER2 (human epidermal growth d. aligning the amino acid sequences of a Framework
factor receptor 2) encodes a protein tyrosine kinase Region (ER) of the import antibody and the corre-
(p185"F"2) that is related 1o and somewhat homologous to sponding FR of the couscasus antibody;
the human epidermal growth factor receplor (see Coussens, e. identifying import antibody FR residues in the aligned
L. et al, Seience 230:1132-1139 (1985), Yamamolo, T. et 60 FR sequences that are non-homologous to the corre-
al., Namure 319:230-234 (1986); King, C. R_ et al., Science sponding consensus antibody residues;

229:974-976 (1985)). HER2 1s also known in the ficld as f. determining if the non-homologous import amino acid
c-erbB-2, and sometimes by the name of the ral homolog, residue is reasonably expected to have at least one of
neu. Amplification and/or overexpression of HER2 is asso- the following effects:
ciated with multiple human malignancies and appears to be 65 1. non-covalently binds antigen directly,
integrally involved in progression of 25-30% of human 2. interacts with a CDR; or
breast and ovarian cancers (Slamon, D. ). et al,, Science 3. parlicipates in the V-V, interface; and
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g. for any non-homologous import antibody amino acid
residue which is reasonably expecled to have at least
one of these cffects, substituting that residue for the
corresponding amino acid residue in the consensus
antibody FR scquence.

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 elfects identified in step (f), retaining the
consensus residue.

Additionally, in certain embediments the method of this
invention comprises the feature wherein the corresponding
consensus anlibody residues identified in step () above are
selected from the group consisting of 4L, 35L, 36L, 38L,
431, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 661, 67L, 68L,
69L, 70L, 71 L, 73L, 85L, 87L, 98L, 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
(utilizing the numbering system set forth in Kabat, E. A, et
al., Sequences of Proteins of Immunological Interest
(National Institutes of Health, Bethesda, Md., 1987)).

In certain embodiments, the method of this inveantion
comprises the additional steps of secarching either or both of
the import, non-human and the 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 activily of the anli-
body (i.e., determining if the glycosylation site binds to
antigen or changes a side chain of an amino acid residue that
binds to antigen, or if the glycosylation enhances or weakens
antigen binding, or is important for maintaining aotibody
affinity). If the import sequence bears the glycosylation site,
it is preferred to substitute that site for the corresponding
residues in the consensus human if the glycosylation site is
reasonably expected to be important. If only the consensus
sequence, and oot the import, bears the glycosylation site, it
is preferred to eliminate that glycosylation site or substitute
therefor the corresponding amino acid residues from the
impori sequence.

Another embodiment of this invention comprises aligning
impon antibody and the consensus antibody FR sequences,
identifying import antibody FR residues which are non-
homologous with the aligned consensus FR sequence, and
for each such non-homologous import antibody FR residue,
determining, if the corresponding consensus antibody resi-
due represents a residue which is highly conserved across all
species at that site, and if it s so conserved, prepanng a
humanized antibody which compriscs the conscosus anti-
body amino acid residuc at that site,

Certain alternate embodiments of the methods ol this
invention comprise obtaining the amino acid sequence of at
least a portion of an import, non-human antibody variable
domain having a CDR and a FR, obtaining the amino acid
sequence of at least a portion of a consensus antibody
variable domain having a CDR and a R, substituting the
nou-human CDR for the human CDR in the consensus
antibody variable domain, and then substituting an amino
acid residue for the consensus amino acid residue at at least
one of the [ollowing sites:

a. (in the FR of the variable domain of the light chain) 4L,
350, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L,
65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L,
98L, or

b. (in the FR of the variable domain of the heavy chain)
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H,
60H, 67H, 68H, 69H, T0H, 73H, 74H, 75H, 78H, 91H,
92H, 93H, and 103H.
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ln preferred embadiments, the non-CDR residue substituted
al the consensus FR sile is the residue found at the corre-
sponding location of the non-human antibody.

Optionally, this just-recited embodiment comprises the
additional steps of following the method sieps appearing at
the beginning of this summary and determining whether a
particular amino acid residue can reasonably be expected to
have undesirable effects.

This invention also relates to a humanized antibody
comprising the CDR sequence of an import, non-buman
antibody and the FR sequeace of a human antibody, wherein
an amino acid residue within the human FR sequence
located at any one of the sites 41, 35L, 36L, 381, 431, 44L,
46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 691, 70L,
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 has been substituted by another residue. In
preferred embodiments, the residue substituted al the human
FR site is the residue found at the corresponding location of
the non-buman antibody from which the non-buman CDR
was obtained. In other embodiments, no humano FR residue
other than those set forth in this group has been substituted.

This inveation also encompasses specific bumanized anti-
body variable domains, and isolated polypeptides having
homology with the following sequences.

1, SEQ. ID NO. 1, which is the light chain vanable
domain of a2 humanized version of muMAb4D35:
DIOMTOSPSSLSASVGDRVTITCRASQD-
VNTAVAWYQQKPGKAPKLLIYSASFLES-
GVPSRFSGSRSGTDFTLTISSLQPEDFA-
TYYCQQHYTTPPTFGQGTKVEIKRT

2. SEQ. ID NO. 2, which is the heavy chain vanable
domain of a humanized version of muMAbB4DS):
EVQLVESGGGLYOPGGSLRLSCAASGFNIK
DTYIHWVRQAPGKGLEWVARIYPTNGYTRY
ADSVKGRFTISADTSKNTAYLQMNSLRAED
TAVYYCSRWGGDGFYAMDVWGQGTLVTVSS

In another aspect, this invention provides a consensus
antibody variable domain amino acid sequence for use in the
preparation of bumanized antibodies, methods for oblaining,
using, and storing a compuler represenlation of such a
consensus sequence, and computers comprising the
sequence data of such a sequence. In one embodiment, the
following consensus antibody variable domain amino acid
sequences are provided:

SEQ. ID NO. 3 (light chain): DDIOMTQSPSSLSAS-
VGDRVTITCRASQDVSSYLAWYQQKPGKAPKLL
I'YAASSLESGVPSRFSGSGSGTDFTLTISSLQP
EDFATYYCQQYNSLPYTFGQGTKVEIKRT, and

SEQ. ID NO. 4 (heavy chain): EVQLVESGGGLVQPG
GSLRLSCAASGFTFSDYAMSWVROQAPGKGL
EWVAVISENGGYTRYADSVKGRFTISADTSKNT
AYLOMNSLRAEDTAWYCSRWGGDGFYAMD
VWGQGTLVTVSS

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the comparison of the V, domain amino
acid residues of muMAb4DS5, huMAb4DS, and a consensus
sequence (F1G. 1A, SEQID NO. 5, SEQ. ID NO. 1 and
SEQ. ID NO. 3, respectively). FIG. 1B shows the compari-
son between the V,, domazin amino acid residues of the
muMAb4DS5, huMAb4DS5, and a consensus sequence (FIG.
1B, SEQ ID NO. 6, SEQ. ID NO. 2 and SEQ. ID NO. 4,
respectively). Both FIGS. 1A and 1B use the generally
accepted numbering scheme from Kabat, E. A, et al,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md. (1987)). Inboth FIG. 1A
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and FIG. 1B, the CDR residues determined accordiog to a
standard sequence definition (as in Kabat, E. A. et al,,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987)) are indicated by
the first underlining beneath the sequences, and the CDR
residues determined accordi:;f to a structural definition (as
in Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901-917
(1987)) are indicated by the second, lower underliaes. The
mismalches between genes are shown by the vertical lines.

FIG. 2 shows a scheme for humanization of muMAb4DS

8

The murine monoclonal antibody known as muMAb4DS
(Fendly, B. M. et al., Cancer Res. 50:1550-1558 (1990)) is
directed against the extracellular domain (ECD) of
pl85R2_ The muMAb4DS5 and its uses are described in
PCT application WO 89/06692 published Jul. 27, 1989. This
murine anttbody was deposited with the ATCC and desig-
nated ATCC CRL 10463. In this description and claims, the
terms muMAb4DS, chMAb4DS and huMAb4DS represeat
murine, chimerized and bumanized versions of the mono-

V, and V,, by gene conversion mulagenesis. 10 clonal antibody 4DS5, respectively.

FIG. 3 shows the inhibition of SK-BR-3 proliferation by A humanized antibody for the purposes herein 1s an
MAb4DS variants, Relative cell proliferation was deter-  immunoglobulin amino acid sequence variant or fragment
g:}ll"legsas ‘i"fg“bfga(;{"dz‘&} 5 M.etal, Molecf. C‘%H‘]p“:" thereof which is capable of binding e 2 predetermined
i ~1172 (1983)) and data (average of triplicate antigen and which comprises a FR region having substan-

eterminations) are presented as a percentage of results with ¢ ally th : id Fatl : lobulin
unireated cultures for muMAb4DS (@), huMAbR4DS5-8 (O) VSN AES ARG S MAITEE OF 2 MU IO 0N
and luMAb4D5-1 (03). and a CDR having substantially the amino acid sequence of

FIG. 4 shows a stereo view of a-carbon fracing for a @ fon-buman immusoglobulin.
model of huMAb4D5-8 V, and V,,. The CDR residues Generally, a humanized antibody has one or more amino
(Kabal, E, A. et al., Sequences of Proteins of Immunological acid residues introduced into it from a source which is
!’errg).ﬂ (Nalinnal Institutes of Hcal:tl:l, Bl}ll{}c&dl, Md., 20 non-human. These non-human amino acid residues are
1987)) are shown in bold and side chains of Vi, residues feEeritd to-hercin-as “MmGrr™ tésh . -

e port” residues, which are typically
"(:Z:”.I::g% SA)TE; essgz;:nl_ﬂz Aad Yy veldies Y55 plus ROG laken from an “import” antibody domain, particularly a

FIG. 5 shows an amino acid sequence comparisan of Vy ;mabl;, d_c; ::m '-mP:i’jﬂ rcstdu_.eﬁ, ;:‘:quenceu,:l ot ;nl{bo!:ily
(top panel) and V,, (lower panel) domains of the murine ,; 25 @ ¢esired afinily ancyor speciicily, or oiher desicable
anti-CD3 monoclonal Ab UCHT1 {muxCD?3, Shalaby et al., anlibody biological activity as discussed herein.

4. Exp. Med. 175, 217-225 (1992) with 2 humamized varian| In general, the humamzed antibody will comprise sub-
of this antibody (huxCD3v1). Also shown are consensus stantially all of at least one, and typically two, variable
sequences Emost commonly occurring residue or pair of  domains (Fab, Fab', F(ab'),, Fabc, Fv) in which all or
residucs) of the most ab““.‘{“‘ human subgroups, namely 4 Substantiaily all of the CDR regions correspond to those of
: alS: dl&“aizﬂé” ipgthgrqgl:ngg?;;ﬁg:ﬁ;?ﬁmﬁ? a non-human immunoglobulin and all or substantially all of
nological Interest, 5 edition, National Institutes of Health, e #55. ieiiods d0s i_‘tlzgzc uE4 i‘:g}aﬂ .lgmu'mgi?b"hn
Bethesda, Md., USA (1991)). The light chain sequences—  CORSensus sequence. humanized antibody optimally
muxCD3, huxCD3v1 and huKl—correspond to SEQ.ID.  also will comprise at least a portion of an immunoglobulia
NOs 16, 17, and 18, respectively. The beavy chain o constant region (Fc), typically that of a human immunoglo-
sequences—muxCD3, buxCD3v1 and huxl—correspond (o bulin. Ordinarily, the antibody will contain both the light
SEQID.NOs 19, 26, and 21, respectively. Residues which chain as well as at least the variable domain of a heavy
differ between muxCD3 and huxCD3v1 are identified by an chain. The antibody also may include the CH1, hinge, CH2,
a;:;:risk (*). whereas those whjsh rli{gcé I;clwcsin hurt_lanig.;;l CH3, and CH4 regions of the heavy chain.

and consensus sequences are ideoiified by a sharp sigo (#). . ; .

A bullet (+) denotes that a residue at this position has been 40 _The humanized antibody will be selected from any class
found o contact antigen in one or more crystallographic ~ Of immunoglobulins, includiag IgM, 1gG, IgD, IgA and IgE,
structures of antibody/antigen complexes (Kabat et al,  2nd any isotype, including IgGl, 1gG2, IgG3 and lgG4.
1991; Mian, 1. S. et al,,J. Mol Biol 217, 133-151 (1991)). Usually the constanl domain is a complement fixing constant
The location of CDR residues according to a sequence domain where il is desired that the humanized antibody
definition (Kabal et al,, 1991) and a structural definition 4 exhibit cylotoxic activity, and the class is typically 1gG,.
(Chotbia and Lesk, supra 1987) are shown by 2 line and Where such cylotoxic aclivily is not desirable, the constant
carats (7) beneath the sequences, respectively. domain may be of the IgG, class. The humanized antibody

FIG. 6A compares murine and humanized amino acid may compnse sequences from more than one class or
sequences for the heavy chain of an anti-CD18 antibody.  isotype, and selecting particular constant domains 1o apti-
H52H4-160 (SEQ. ID. NO. 22) is the murine sequence, and 59 mize desired effector functions is within the ordinary skill in
pH52-8.0 (SEQ. ID. NO. 23) is the bumanized heavy chain the ar.
scquence. pH52-8.0 residue 1438 is the final amioo acid in . )
the variable heavy chain domain V,,, and residue 144A is the SDEER o UR JeLIouR {3 R b et ol Mlfiey meed
first amino acid in the coostant heavy chain domain C faik Vetolipoid precwely 1 i pard sl seqvieaoes; & 4/ 3is

FIG. 6B compares murine and h?lmanized amino ':cid wipost COR or the consmius FR. miy. be mulaganidcd by

ucu-ces s [}ﬂ: lisht chaia of an anti-CD1R satibody. =5 substitution, inserlion or deletion of at least one residue so
:gllﬁ-ISB (SEQ IE)g NO. 24) is Mic muirine sequence an)(; that the CDR or FR residue at that site does not correspond
pllSl—gﬂ (SEQ- iD NO- ‘25) is the humanized llghl (;ham to eilber the consemsus or the impol'l aulihody, Such
sequence. pH52—9.D residue 128T is the final amino acid in mutations, however, will not be extensive. Usually, at least
the light chain variable domain V,, and residue 129V is the 75% of the humanized antibody residucs will correspond to
first amino acid in the light chain constant domain C,. 60 l;bf;e ofdthe pmnt;l Fb*: and CDRhscq;;;:cs, more often

. and most preferably greater than ;
DEIAILED DESCRETION OF THE In general, humanized antibodies prepared by the method
INVENTION { Jaud’pn P :
- of this invention are produced by a process of analysis of the
Definitions parental sequences and various conceptual humanized prod-

In general, the following words or phrases have the 65 ucts using three dimensional models of the parental and
indicated definitions when used in the descrption, examples, bumanized sequences. Three dimensional immunoglobulin
and claims: models are commonly available and arc familiar to those
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skilled in the art. Computer programs arc available which
illustrate and display probable three dimensional conforma-
tional structures of selected candidate immunoglobulin
sequences. Inspection of these displays permits analysis of

10

about 2.5-3.2 Angstroms of one another that bear opposile
charges, for example a lysinyl and a glutamyl pairing. A
hydrogen bond could be expected to form between the side
chains of residue pairs such as seryl or threonyl with aspartyl

the likely role of the residues in ‘h"-. functioning 0? the 5 or glutamyl (or other hydrogen accepling residues). Such
candidate immunoglobulin sequence, ie., the analysis of  pairings are well known in the protein chemistry art and will
residues that influence the ability of the candidate immuno-  be apparent to the artisan upon three dimensional modeling
globuh-n 1o bind _1ts antigen. ’ oy of the candidate immunoglobulin.

].I“Idues that influence aahge bmdl_n § are defined i be Immunoglobulin residues that affect the interface between
residues that are substantially responsible for the antigen 4 heave and Hebt chiie virtible fest (“the V,~V
affinity or antigen specificity of a candidate Jeavy g : i repians S S
: el ok s : interface™) are those that affect the proximity or onientation
iaisiiapiabusa; o 1 Otslve of 3, deRAtiyE Selist Tl of the two chains with respect lo one apother. Certain
invention is directed Lo the selection and combination of FR reatiuas fovolvad dn dnte rclfain Satéractions am‘ Qieady
residues from the consensus and imporl sequeace so that the . :
desired immunoglobulin characteristic is achieved. Such 15 koo, tq inchuce Vy residues 34, 36, 38, 44, 46, 57. 89, 91.
desired characteristics include increases in affinity and 7 L2 e L Ao e

ches i Fe 100, and 103 (utilizing the nomenclature setforth in Kabat et
greater specificity for. the larget antigen, aithough it is al., Sequences of Proteins of immunological Interest
conceivable thal in some circumstances the opposite effects (l‘wfalinnZI Institutes of Health, Bethesda, Md gl 987)). Addi-
might be desired. ln general, the CDR residues are directly Gichal sealducs aze nevwl 'ds,l'.ifiﬁd b l,h B0 4y h 5
and most substantially involved in influencing antigen bind- T oy Ui L0 PRy S L e
i : : and include 43L, 85L, 43H and 60H. While these residues
ing (although not all CDR residues are so involved and indfiested e 1o oeiv. b licabl .
therefore need not be substituted into the conscnsus o l'cau] i) cmf yl‘hi By 2L Appucabe auus:n}sp;
sequepce). However, FR residues also have a significant cm; - lh"lpm‘mm ° bl 9, mvcﬂ:.gu: 10_( ! a;' do y
effect and can exert their influence in at least three ways: e “;S. it Teaa 5'! “‘:ﬁc (t; = AONG [hm
They may noncovalently directly bind to antigen, they may 5 interchain interactions are selected for substitution into the
intetact with CDR residues and they miay affec! the iaterfice consensus sequence. It is believed that hc_rclofore_no human-
between the heavy and light chains. lzefldanhbr;dy:dasfbeen prepared mtl:t ;:d intrachain-affecting

A residue that noncovalently directly binds 1o antigen is i 'ecl b S S ¥ e S s o
one lhat, by three dimensional analysis, is reasonably Since “,15 not enurely‘poss:blc. lo pfedm?“ adv?noe what
expected to goncovalently directly bind to aatigen. 3 the exact impact of a gwcn_su!?snmuan will be it may be
Typically, it is necessary to impuie the position of antigen Tecrpsiy D make the s_ubsumuou a"dA“fMy Kt candidate
from the spatial location of neighboring CDRs and the  2Atibody for the desired characteristic. These steps,
dimensions and structure of the targe! antigen. In general, however, are per se routine and well within the ordinary skill
only these humanized antibody residues that are capable of ~ OF the arl )
forming salt bridges, hydrogen bonds, or hydrophobic inter- 35 CDR and FR residues are determined according to a
actions arc likely to be involved in noo-covalent antigen ~ Standard sequence definition (Kabat et al., Sequences of
binding, however residues which have atoms which are Proteins of Immunological Interest, Natiopal Inslilules of
separaled from antigen spatially by 3.2 Angstroms or less !‘Iealth, B_elhesda Md. (1987), and a structural definition (as
may also non-covalently interact with antigen. Such residues in Chothia and Lesk, J. Mol. Biol 196:901-917 (1987).
typically are the relatively larger amino acids having the side 4 Where these two methods result in slightly different identi-
chains with the greatest bulk, such as tyrosine, arginine, and ~ fications of a CDR, the structural definition is preferred, but
lysine. Antigen-binding FR residues also typically will have the m.sidues !dcutLﬁcd by the sequence definition l?lcllfod are
side chains thaf are onented into an envelope surrounding ~ considered important FR residues for determination of
the solvent oriented face of a CDR which extends about 7 ~ Which framework residucs to import inio a consenosus
Angstroms into the solvent from the CDR domain and aboul 44 Stquence.

7 Angstroms on either side of the CDR domain, again as Throughout this descrption, reference is made to the
visualized by three dimenstonal modeling. nmumbenng scheme from Kabat, E. A, et al., Sequences of

A residue that interacts with a CDR generally is a residue Proteins of Immunological Interest (National lostitutes of
that either affects the conformation of the CDR polypeptide ~ Health, Bethesda, Md. (1987) and (1991). In these
backbone or forms a noncovalent bond with a CDR residue sg compendiums, Kabat lisis many amino acid sequences for
side chain. Conformation-affecting residues ordinanly are  antibodies for each subclass, and lists the most commonly
those that change the spalial position of any CDR backbone  occumring amino acid for each residue position in that
atom (N, Ca, C, O, CB) by more than about 0.2 Angstroms.  subclass. Kabat uses a method for assigning a residue
Backbone atoms of CDR sequences are displaced for ~ number to each amino acid in a listed sequence, and this
example by residues that inlerrupt or modify organized ss meibod for assigning residuc numbers has become standard
structures such as beta sheets, helices or loops. Residues that in the field. The Kabat numbenng scheme is followed in this
can exert a profound affect on the conformation of neigh-  description.
boring sequences include proline and glycine, both of which For purposes of this invention, to assign residue numbers
are capable of introducing bends into the backboae, Other to a candidate antibody amino acid sequence which is not
residues that can displace backbone atoms are those that are g included in the Kabat compendium, one follows the follow-
capable of participating in salt bridges and hydrogen bonds. ing steps. Genperally, the candidate sequence is aligned with

A residue that interacts with a CDR side chain is one that any immunoglobulin sequence or any consensus sequence in
is reasonably expecied to form a noncovalent bond with a Kabat. Alignment may be done by hand, or by computer
CDR side chain, penerally either a salt bridge or hydrogen using commonly accepled computer programs; aa0 example
bond. Such residues arc identified by three dimensional 65 of such a program is the Align 2 program discussed in this
positioning of their side chains. A salt or ion bridge couldbe  description. Alignment may be facilitated by using some
expecied to form between two side chains positioned within amino acid residues which are commoo to most Fab
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sequences. For example, the light and heavy chains each
typically have two cysteines which have the same residue
numbers; in V, domain the two cysteines are typically al
residue numbers 23 and 88, and in the V,, domain the two
cysteine residues are typically numbered 22 and 92. Frame-
work residues generally, but not always, have approximately
the same number of residucs, however the 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 to which it is aligned, typically suffixes are added to
the residue number o indicate the insertion of additional
residues (see, e.g. residues 100abede in FIG. §). For candi-
date sequences which, for example, align with a Kabal
sequence for residues 34 and 36 but have no residue between
them to align with residue 35, the number 35 is simply not
assigned to a residue.

Thus, in humanization of an impor variable sequence,
where one cuts out an entire buman or consensus CDR aod
replaces it wilh an impori CDR sequence, (a) the cxact
number of residues may be swapped, leaving the numbering
the same, (b) fewer impont amino acid residues may be
introduced than are cut, in which case there will be a gap in
the residue numbers, or (c) a larger number of amino acid
residues may be introduced then were cut, in which case the
numbering will involve the use of suffixes such as 1002bede.

The terms “consensus sequence” and “consensus anti-
body" as used herein refers to an amino acid sequence which
comprises the 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
many specics. A “consensus” sequence, structure, or anti-
body 1s undersiood to encompass a consensus buman
sequence as described in cerlain embodiments of this

s

10

12
the Vi consensus domain has the amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSW

VROAPGKGLEWVAVISENGGYTRYADSVKGRFT

ISADTSKNTAYLOMNSLRAEDTAVY YCSRWGGD

GFYAMDVWGQGTLVTVSS (SEQ. 1D NO. 4).

These sequences include consensus CDRs as well as
consensus FR residues (see for example in FIG. 1).

While not wishing to be limited to any particular theories,
it may be that these preferred embodiments are less likely to
be immunogenic in an individual than less abundant sub-
classes. However, in other embodiments, the consensus
sequence is derived from other subclasses of human immu-
noglobulin variable domains. In yel other embodiments, the
consensus sequence is derived from human constant
domains.

Identity or homology with respect to a specified amino
acid sequence of this invention is defined berein as the
percentage of amino acid residues in a candidale sequence
that are identical with the specified residues, after aligning
the sequences and introducing gaps, if necessary, lo achieve
the maximum percent homology, and not consideriog any
conservalive substitutions as part of the sequence identity.
None of N-terminal, C-terminal or internal extensions,
deletions, or insertions into the specified sequence shall be
construed as affecting homology. All sequence alignments
called for in this invention are such maximal homaology
alignments. While such alignments may be done by hand
using conventional methods, a suilable computer program is
the *“Align 2" program for which prolection is being sought
from the U.S. Register of Copyrights (Align 2, by
Genentech, Inc., application filed Dec. 9, 1991).

“Non-homologous™ import antibody residues are those
residues which are not identical to the amino acid residue at
the analogous or corresponding location in a consensus

inveation, and to refer to an amino acid sequence “fhich ¥ mﬁ?' adher) i Amgoch Sud st Scquente oy
compiacs e F"%t, Brequently o SR g agld veslhiex The term “computer representation” refers to information
al e_acb location in all hu:_nan meunug_lo!.)uhnslnf any which is in a form that can be manipulated by a computer.
pa.lr!icular subclass or subunit stmcturc. This jevention pro- The act of storing a computer representation refers to the act
v;d!:.s i buman Structures aud conSCASUS SIUCIIEES 4 of placing the information in a form suitable for manipula-
which consider other species in addition to human. lion by a computer.
The subunit structures of the live immunoglobulin classes This invention is also dirccted to novel polypeptides, and
in humans are as follows: in cerlain aspects, isolated novel humanized anti-p185™%*
antibodies are provided. These novel anti-pl85™€%% anti-
45 bodies are sometimes colleclively referred to herein as
. > - buMAb4DS, and also sometimes as the light or heavy chain
e Sy Cha i | - Testseio SRR R vanable domains of huMAB4DS, and are defined herein to
15G T B gorh  (yara), (rh) be any polypeptide sequence which possesses a biological
TgA a ola2 worh o (OaK).°, (@ah,) property of a polypeptide comprising the following polypep-
IgM I nane korh (kg (ids)s 50 lide ence:
- O A g DIQMTQSPSSLSASVGDRVTITCRASODVNTAVAWY
QOKPGKAPKLLIYSASFLESGVPSRFSGSRSGT
(" may cqual 1, 2, or 3) DFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTK
VEIKRT (SEQ. ID NO. 1, which is the light chain
In preferred embodiments of an IgGyl buman consensus 55 variable domain of huMAb4DS); or
sequence, the consensus variable domain sequences are  EVQLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHW
derived from the most abundant subclasses in the sequence VRQAPGKGLEWVARIYPTNGYTRYADSVKGRFT
compilation of Kabat el al., Sequences of Proteins of Immu- ISADTSKNTAYLOQMNSLRAEDTAVY YCSRWGGD
naological Interest, National Institutes of Health, Bethesda GFYAMDVWGQGTLVTVSS (SEQ. ID NO. 2, which is
Md. (1987), namely V, x subgroup [ and Vy, group Il In 69 fhe heavy chain variable domain of huMAb4DS).
such preferred embodiments, the V, consensus domain has “Biological property”, as relates for example lo anti-
the amino acid sequence: p185"™" for the purposes herein means an in vivo effector
DIQMTQSPSSLSASVGDRVTITCRASQD- or antigen-binding function or actvily that is directly or
VSSYLAWYQQKPGKAPKLLIYAASSLES- indirectly performed by huMAb4DS5 (whether in its native or
GVPSRFSGSGSGTDFTLTISSLQPEDFA- 65 denatured conformation). Effecior functions include
TYYCQQYNSLPYTFGQGTKVEIKRT (SEQ. ID NO. p1857E" binding, any hormonal or hormonal antagonist
3); activily, any milogenic or agonist or antagonisi activily, any
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cytoloxic aclivity. An antigenic function means possession
of an cpitope or antigenic sile that is capable of cross-
reacting with antibodies raised against the polypeptide
sequence of huMADB4DS,

14

preferably at least 80%, still more preferably at least 85%,
even more preferably at 90%, and most preferably 95%,
with the huMAb4DS amino acid sequence. Preferably, a
nucleic acid molecule that hybndizes to the huMAb4DS

Biologically active huMAb4D5 is defined herein as a 5 pucleic acid contains at least 20, more preferably 40, and
polypeptide that shares an effector function of uMAB4DS.  mogt preferably 90 bases. Such hybridizing or complemen-
A principal known cfffcég function of buMAb4D5 is its tary mucleic acid, however, is further defined as being novel
ability to bind m p1_85 b2 | = ) under 35 U.S.C. 102 and unobvious under 35 US.C. 103

Thus, the biologically active and antigenically active aver any prior arl nucleic acid.

PMARADS pobpepdes s, b, el of a1, ™ Sinent condhons e s i (1) oy v o
entire translated nucleotide sequence of huMAbB4DS; mature Sdrepgi am::: bigh ;esmperalt!re e washm% IEOBzzglgplc.
huMAb4DS; fragments thereof having a consecutive 0.015 M NaCl/0.00 M sodmn_] c_llra'lcl(]/l Bl 4 al
sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid 0 C-+ (2) employ during hybridization a denaturing agent
residues comprising sequences from muMAb4DS plus resi- su_ch as formamldf:, for example, 50?6 (volivol) .formamlde
dues from the human FR of huMAb4DS: amino acid 15 With 0.1% bovige scrumalbumin/0/1% Ficoll/0/1%
sequence variants of huMAb4DS wherein an amino acid  Polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH
residue has been inserted N- or C-terminal Io, or within, 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42° C; or
huMAb4DS5 or its fragment as defined above; amino acid  (3) employ 50% formamide, 5xSSC (0.75 M NaCl, 0.075 M
sequence variaats of luMAb4DS5 or its fragment as defined sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
above wherein an amino acid residue of huMAb4DS or its 20 sodium pyrophosphate, 5xDenhardt’s solution, sonicated
fragment as defined above has beeo substituted by another  salmon sperm DNA (50 g/ml), 0.1% SDS, and 10% dextran
residue, including predetermined mutations by, eg., site-  sulfate at 42 C,, with washes at 42 C. in 0.2x88C and 0.1%
directed or PCR mutagenesis; derivatives of huM Ab4D5 or SDs.

ils fragments as defined above wherein huMAb4DS or its The term “control sequences” refers 1o DNA sequences
fragments have been covalent modified, by substitution, 25 necessary for the expression of an operably linked coding
chemical, enzymalic, or other appropriate means, with a sequence in a particular host organism. The control
moiety other than a naturally occurring amino acid; and sequences that are suitable for prokaryotes, for example,
glycosylation variants of huMAb4DS (insection of a glyco- include a promoter, optionally an operalor sequence, a
sylation site or deletion of any glycosylation site by deletion, ribosome binding site, and possibly, other as yet poorly
insertion or substitution of suitable residues). Such frag- 30 understood sequences. Eukaryotic cells are known fo utilize
ments and vananls exclude any polypeptide heretofore promolers, polyadenylation signals, and eohancers.
identified, including muMAb4D35 or any known polypeptide Nucleic acid is “operably linked” when it is placed into a
fragment, which are anticipatory order 35 U.S.C. 102 as well functional relationship wilh another nucleic acid sequence.
as polypeptides obvious thereover under 35 U.S.C. 103. For example, DNA for a presequence or secretory leader is

An “isolated” polypeptide means polypeptide which has 35 operably linked to DNA for a polypeptide if it is expressed
been identified and separated and/or recovered from a com- as @ preprotein that participates in the secretion of the
ponent of its natural environment. Conlaminant components polypeptide; a promoter or enhancer is operably linked lo a
of its natural environment are materials which would inter- coding sequence if it affects the lranscription of Lhe
fere with diagnostic or therapeutic uses for the polypeplide, sequence; or a ribosome binding site is operably linked 1o a
and may include enzymes, hormones, and other proleina- 40 coding sequence if it is positioned so as 1o facilitate trans-
ceous or nonproleinaccous solutes. In preferred lation. Generally, “operably linked” means that the DNA
embodiments, for example, a polypeptide product compris- sequences being linked are contiguous and, in the case of a
ing huMAB4DS5 will be purified from a cell culture or other seorelory leader, contiguous and in reading pbase. However
synthetic environment (1) to greater than 95% by weight of enhancers do pot have to be contiguous. Linking is accom-
protein as determined by the Lowry method, and most 45 plished by lipation at convenient restriction sites. If such
preferably more than 99% by weight, (2) to a degree sites do mot exist, then synthetic oligonucleotide adaptors or
sufficient to oblain at least 15 residues of N-terminal or linkers are used in accord with conventional practice.
internal amino acid sequence by use of a gas- or liquid-phase An “exogenous” element is defined herein to mean
sequenator (such as a commercially available Applied Bio- nucleic acid sequence that is foreign to the cell, or bomelo-
systems sequenator Model 470, 477, or 473), or (3) to 50 gous to the cell but in a position within the host cell aucleic
bomogeneity by SDS-PAGE under reducing or nonreducing  acid in which the element is ordinarily not found.
conditions using Coomassie blue or, preferably, silver stain. As used herein, the expressions “cell,” “cell line,” and
Isolated huMAb4D5 includes huMAb4DS5 in situ within “cell coliure” are used interchangeably and all such desig-
recombinant cells since al least one componeat of the nations include progeny. Thus, the words “iransformants”™
huMAb4DS natural environment will not be presenl. 55 and “transformed eells” include the primary subject cell and
Ordinarily, however, isolated buMAb4D5 will be prepared cultures derived therefrom without regard for the number of
by at least one purification step. transfers. It is also understood that all progeny may not be

In accordance with (his invention, huMAb4D5 nucleic precisely identical in DNA content, due to deliberale or
acid s RNA or DNA containing greater than len bases that inadverient mutations. Mutant progeny that have the same
eacodes a biologically or antigenically active uMAb4D5, is 60 [unction or biological activity as screeped for in the origi-
complementary lo nucleic acid sequence encoding such nally traosformed cell are included. Where distinct desig-
huMAb4DS3, or hybridizes to nucleic acid sequence encod-  nations are intended, it will be clear from the context.
ing such huMAb4D35 and remains stably bound to il under “Oligonucleotides” are short-length, single- or double-
stringent conditions, and comprises nucleic acid from a  stranded polydeoxynucleotides that are chemically synthe-
muMAb4DS CDR and a human FR region. é5 sized by known methods (such as phosphotriester,

Preferably, the buMAb4DS nucleic acid encodes a  phosphite, or phosphoramidite chemistry, using solid phase
polypeptide sharing at least 75% sequence identity, more techniques such as described in EP 266,032 published May
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4, 1988, or via deoxynucl¢oside H-phosphonate intermedi-
ales as described by Froehler et al., Nucl Acids Res., 14;
5399-5407 [1986]). They are then purified on polyacryla-
mide gels.

The technique of “polymerase chain reaction,” or “PCR,”
as used herein generally refers to a procedure wherein
minute amounts of a specific piece of nucleic acid, RNA
and/or DNA, are amplified as described in U.S. Pat. No,
4,683,195 issued Jul. 28, 1987. Generally, sequence infor-
malion from the ends of the region of interest or beyond
needs to be available, such that oligonuclectide primers can
be designed; these primers will be identical or similar in
sequence to opposite strands of the template (o be amplified.
The 5' terminal nucleotides of the two primers may coincide
with the ends of the amplificd material. PCR can be used to
amplify specific RNA sequences, specific DNA sequences
from total genomic DNA, and cDNA transcribed from total
cellular RNA, bacleriophage or plasmid sequences, etc. See
generally Mullis et al., Cold Spring Harbor Symp. Quant.
Biol,, 51: 263 (1987); Erlich, ed, PCR Technology,
(Stockion Press, N.Y., 1989). As used herein, PCR is con-
sidered (o be one, but not the only, example of a nucleic acid
polymerase reaction method for amplifying a oucleic acid
test sample, comprising the use of 2 known nucleic acid
(DNA or RNA) as a pnimer and utilizes a nucleic acid
polymerase to amplify or generate a specific picce of nucleic
acid or to amplify or generate a specific piece of nucleic acid
which is complementary to a particular nucleic acid.

Suitable Methods for Practicing the [nvention

Some aspects of this invention include obtaining an
import, non-human antibody variable domain, producing a
desired humanized antibody sequence and for humanizing
an antibody gene sequence are described below. A particu-
larly preferred method of chapging a gene sequence, such as
gene conversion from a non-human or consensus sequence
into a humanized nucleic acid sequence, is the cassette
mutagenesis procedure described in Example 1,
Additionally, methods are given for obtaining and producing
antibodies generally, which apply equally to native non-
buman antibodies as well as to humanized antibodies.

Generally, the antibodies and aatibody variable domains
of this invention are conventionally prepared in recombinant

25

L
i
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cell culture, as descnbed in more detail below. Recombinant
synlbesis is preferred for reasons of safety and economy, but
it is known lo prepare peptides by chemical synthesis and to
purify them from natural sources; such preparations are
included within the definition of amtibodies herein.

Molecular Modeling

An integral step in our approach to antibody humanization
is construction of computer graphics models of the import
and humanized apubodies. These models are used Lo deter-
mine if the six complementarity-determining regions
(CDRs) can be successfully transplanted from the import
framework to a human ooe and to determine which frame-
work residues from the import antibody, if any, need to be
incorporated into the humanized antibody in order to main-
tain CDR conformation. In addition, analysis of the
sequences of the import and humanized antibodics and
reference to the models can help to discern which frame-
work residucs are unusual and thereby might be involved in
anligen binding or maintenance of proper antibody structure,

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

The consensus structure of one embodiment of this inven-
tion was built in five steps as descnbed below.

Step 1

Seven Fab X-ray crystal strucures from the Brookhaven
Protein Data Bank were used (entries 2FB4, 2RHE, 3FAB,
and 1 REI which are human structures, and 2MCP, 1 FBJ,
and 2HFL which are murine structures). For each structure,
prolein mainchain geometry and hydrogen booding patterns
were used to assign each residue to one of three secondary
structure types: alpha-helix, beta-strand or other (i.c. non-
helix and non-strand). The immunoglobulin residues used in
superpositioning and those included in the consepsus struc-
ture are shown in Table 1.

TABLE [

B

Used in Superpositioning and Those Included in the
Cansensus Structure

Ig* 2FB4 2RHE 2MCP  3FAB 1FB]  ZHFL  IREl  Coosensus®
Vyk domain
2-11
18-24  1B-24 1925 1824 19-75 1935  19-25 16-27
3237 3439 3944 32-37 32-37 3237 3338 3339
41-49
60-66  62-64 67-72 5366 60-65  60-65  61-66 59-77
6974 T1-76 76-81  69-74 69-74  69-74 075
83-88  86-%0 91-95  84-B8 84-88 8488  85-89 82-91
101-105
RMS® 0.40 0.60 053 054 0.48 0.50
Vy; domiain
18
18-25 18-25 1825 18-25  18-25 17-23
34-39 3439 3439 3430 3439 3341
45-52 46-52  46-52 46-52 4552 45-51
57-61 50-63 5660 57-61  57-61 57-61
68-71 70-73  6§7-70 6871  68-T1 66-71
78-84 BO-86 77-83 78-84 V-84 7582
92-99 94-101 91-58 62-99  92-99 88-94
102-108
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TABLE I<ontinued
L globulin Residues Used in Superpositioning snd Those Included in the
Consensus Structure
g 2FB4  IRHE  2MCP  3FAB  IFB]  2HFL  1RE[  Consensus®
RMS® 0.43 0.85 0.62 091
RMS? 091 0,73 077 092

*Four-letter code for Protein Data Bank file.

*Residue numbers for the crystal structures are taken from the Protein Data Bank files. Residue

numbers for the consensus strd

e aie secording to Kabal et al.
“Root-mean-square devialion in

Step 2 3 deviant bond lenglhs and angles to assume a standard
Having identificd the alpha-helices and beta-strands in (chemically acceptable) geometry. See Table 11
each of the seven structures, the structures were superim-
posed on one another using the INSIGHT computer program TABLE 11
(Biosym Technologies, San Dicgo, Calif.) as follows: The
2FB4 structure was arbitrarily chosen as the template (or 2° Average Bond Lengths and Angles for “Average” (Before) and
reference) structure. The 2FB4 was held fixed in space and Energy-Minimized Consenses (After 50 Cycles) Structures
the other six structures rotated and translated in space so that Statie
their common secondary structural elements (i.e. alpha- dard
helices and beta-strands) were oniented such that these VoK Vik Vi Vy Geo-
common elements were as close in position 1o one another 25 before alter before after metry
as possible. (This superpositioning was performed usiog A @) ) A) A
accepled mathematical formulae rather than acrually physi- N—Ca 1459(0012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449
cally moving the structures by hand.) CoC 1.515(D.012) 1.523(0005) 1.507(0.033) 1542{0.005) 1.522
o Cn 12880049 1537000%) 12820089 1335(0008) 1355
With the seven structures hus superimposed, for each 20 £ ko i, i :
residue in the template (2FB4) Fab one calculates the SERR | acnmee INED I sty e
distance from the template alphacarbon atom (Ce) 1o the ) ) ) Q) S
analogous Ca atom io each of the other six superimposed C—N—Co  1235(43) 1238(11) 1253(a.6) 1240(1.1) 1219
stracuires.. This wsults i o bls of CaeCo disances for (00" e Goosasy, mas, 100508 - 110]
each residue position in the sequence. Such a table iS 35 o0 N 1166(40) 166012) 117.6(52) 16608) 1166
necessary in order to determine which residue positions will O=C—N 123.1(4.1) 123.4(0.6) 1222(49) 1233(0.4) 1229
be included in the consensus model. Generally, is if all N—Ca-CB  1103(21) 109.8(0.7) 110.6(25) 109.8(0.6) 109.5
Ca-Ce: distances for a given residue position were S1.0A,  OFCaC 111424 1110.7) 11.2(22) 111106 11
that position was included in the consensus structure. If for
a given position only one Fab crystal structure was >1.0 A, 40 Values in parentheses are standard deviations. Note that
the position was included but the outlying crystal structure while some bond length and angle averages did not change
was pol included in the next step (for this position only), o appreciably after energy-minimization, the corresponding
general, the seven P-strands were included in the consensus standard deviations are reduced due to deviant geometries
structure while some of the loops connecting the fi-strands, assuming Standard values after energy-minimization. Stan-
e.g. complementarity-determining regions (CDRs), were not 45 dard geomelry values are from the AMBER foreefield as
included in view of Ca divergence. implemented in DISCOVER (Biosym Technologies).
Step 4 The consensus structure might conceivably be dependent
For each residue which was included in the consensus upon which crystal structure was chosco as the templatc on
structure after step 3, the average of the coordinates for which the others were superimposed. As a test, the entire
individual mainchain N, Ca, C, O and CP aloms were 50 procedure was repealed using the crystal structure with the
calculated. Due to the averaging procedure, as well as worst superposition versus 2FB4, ie. the 2HFL Fab
variation in bond length, bond angle and dihedral angle structure, as the new template (reference). The two consen-
among the crystal structures, this “average” structure con- sus structures compare favorably (root-mean-squared devia-
tained some bond lengths and angles which deviated from  tion of 0.11 A for all N, Ca and C atoms).
standard geometry. For purposes of this invention, “standard 55 Note that the copsensus structure only includes mainchain
geometry” is understood to include geometries commonly (N, Ca, C, O, CB atoms) coordinates for only those residues
accepted as typical, such as the compilation of bond lengths which are part of a conformation common 10 ali seven X-ray
and angles from small molecule structures in Weiner, S. J. et crystal structures. For the Fab structures, these include the
al., J. Amer. Chem. Soc., 106: 765-784 (1984). common f-strands {(which comprise two B-sheets) and a few
Step 5 60 non-CDR loops which connect these B-strands. The consen-
Ino order to correct these deviations, the final step was 1o sus structure does not include CDRs or sidechains, both of
subject the “average” slructure to 50 cycles of energy  which vary in their conformation among the seven struc-
minimization (DISCOVER program, Biosym Technologies) nuires. Also, note that the consensus struclure includes only
using the AMBER (Weiner, S. 1. et. al.,J. Amer. Chem. Soc., the V, and V,, domains.
106: 765-784 (1984)) parameter set with only the Ca 65  This consensus structure is used as the archetype. It is not
coordinates fixed (i.e. all other atoms are allowed to move) particular to any Species, and has only the basic shape
(energy minimization is described below). This allowed any without side chains. Starting with this consensus siructure
913 of 1033 Bl Exhibit 1002
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the model of any import, human, or humanized Fab can be
construcled as follows. Using the amino acid sequence of the
particular antibody V, 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 on the basis of known Fab crystal struc-
tures (sec the Background seclion for publications of such
crystal structures) and rotamer libraries (Ponder, J. W. &
Richards, F. M., J. Mol. Biol. 193: 775-791 (1987)). The
model also is constructed so that the atoms of the sidechain
are posilioned so as to not collide with other atoms in the
Fab.

CDRs are added to the model (now having the backbone
plus side chains) as follows. The size (i.e. number of amino
acids) of each import CDR is compared to canonical CDR
structures tabulated by Chothia et al., Nature, 342:877-883
(1989)) and which were derived from Fab crystals, Each
CDR sequence is also reviewed for the prizsence or absence
of cenain specific amino acid residues which are identified
by Chothia as structurally important: e.g. light chain resi-
dues 29 (CDR1) and 95 (CDR3), and heavy chain residues
26,27, 29 (CDR1) and 55 (CDR2). For Light chain CDR2,
and heavy chain CDR3, only the size of the CDR is
compared to the Chothia canonical structure. If the size and
sequence (i.e. inclusion of the specific, structurally impor-
tant residues as denoted by Chothia et al.) of the import CDR
agrecs 1o size and has the same structurally imporant
residues as those of a canonical CDR, then the mainchain
conformation of the import CDR in the model is taken to be
the same as Lhal of the canonical CDR. This means that the
impont sequence is assigned the structural configuration of
the canonmcal CDR, which is then incorporated in the
evolving model.

30
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In 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 sequences.
Next a model is geperated for these sequences using the
methods described above. In certain embodiments of this
invention, the consensus human sequences are derived from
the most abundant subclasses in the sequence compilation of
Kabat et al. (Kabat, E. A. el al., Sequences of Proteins af
Immunological Interest (National Institutes of Health,
Bethesda, Md., 1987)), namely V, k subgroup 1 and V,,
group 11, and have the sequences indicated in the definitions
above.

‘While these sieps may be taken in different order, lypi-
cally a structure for the candidate humaanized antibody 1s
created by transferring the al least one CDR from the
non-human, import scquence into the consensus human
strueture, after the entire corresponding human CDR has
been removed. The humanized antibody may contain human
replacements of the pon-human import residues at positions
within CDRs as defined by sequence variability (Kabat, E.
A. et al,, Sequences of Proteins of Immunological Interest
(National Institutes of Health, Bethesda, Md., 1987)) or as
defined by structural variability (Chothia, C. & Lesk, A. M.,
J. Mal. Biol 196:901-917 (1987)). For example,
huMAb4DS5 cootains human replacemenis of the
muMAb4DS residues at three positions within CDRs as
defined by sequence variability (Kabat, E. A. et al,
Sequences of Proteins of Immunological Interest (Nalional
lnstitutes of Health, Bethesda, Md., 1987)) but pot as
defined by structural variability (Chothia, C. & Lesk, A. M.,
J. Mol Bol 196:901-917 (1987)): V,-CDR1 K24R,
V,-CDR2 R54L and V,-CDR2 T568.

Differences between the non-buman import and the
human consensus framework residues are individually
investigaled io determine their possible influence on CDR

However, if no matching canonical CDR can be assigned 35 sonformation and/or binding to antigen. Investigation of
for the import CDR, then one of twa options can be  gych possible influences is desirably performed through
exercised. flrsl. using a program such s INSIGHT (Biosym modeling, by examination of the characteristics of the amino
Technologies), the Brookhaven Protein Data Baok can be ;54 a¢ particular locations, or determined experimentally
searched for loops with a similar size o that of the impodt  1h,qph evaluating the effects of substitution or mutagenesis
CDR and these }oops can be_evaluated a5 possible confor- 40 p particular amino acids.
mations for the import CDR in I:he :.l'mdel: Minimally, such In certain preferred embodiments of this invention, a
loops must exhibit a conformation in which no loop atom humanized antibody is made comprising amino acid
ﬂvcijlaps with other protein aloms. Sccond, one can use sequence of an import, non-human antibody and a human
avatl_lablel' programs which callculan- p0§51516 lLO?ji y antibody, utilizing the steps of:
conformalions, assuming a given loop size, using methods 4 = . : ;
.E,;:;E;)s described by Bruccoleri et al., Nature 335: 564-568 o z‘;t:;mffpf; ﬁ&ﬁ;‘iﬁiﬁfgﬁ;ﬂ :‘:‘;‘:E?f‘;"nrf

When all CDRs and sidechains have been added to the b se:sutsfh 1_Lmancvanatl)],c doma:m. D - ;
consensus structure to give the final model! (import, human 3 (lCI;?l; r;ign = ::?g ::’;Zu;"sy_ f;i“?“m“rgt R;g‘t?]”
or humanized), the model is preferably subjected to energy 50 b able o i e m‘_ ERE GRS
minimization usiag programs which are available commer- O L e e
cially (c.g. DISCOVER, Biosym Techaologies). This tech- ¢, Sabalitudiing 2n import COR. aminn acid sequencs for
pique uses complex mathematical formulae to refine the the corresponding human CDR amino acid sequeace;
model by performing such lasks as checking that all atoms d. aligning the amino acid sequences of a Framework
are within appropriate disiances from one another and 55 Region (FR) of the import antibody and the corre-
checking that bond lengths and angles are within chemically sponding FR of the conscnsus antibody;
acceptable limits. ¢. identifying import antibody FR residues in the aligned

Models of a humanized, import or human antibody FR sequences that are non-homologous (o the corre-
sequence are used in the praclice of this invention to sponding consensus antibody residues;
understand the impact of sclected amino acid residues of the 6o f. determining if the non-homologous import aming acid
activily of the sequence being modeled. For example, such residue is reasonably expected to have at least one of
a model can show residues which may be important in lhe following elfects:
antigen binding, or for maintaining the conformation of the 1. non-covalently binds antigen directly,
antibody, as discussed in more detail below. Modeling can 2. interacts with a CDR; or
also be used to explore the potential impact of changiog any 65 3. participates in the V, -V, interface; and
amino acid residue in the antibody sequence. g- for any non-homologous import antibody amino acid
Methods for Obtaining a Humanized Antibody Sequence residue which is reasonably expected to have at least
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one of these cffects, substituting that residue for the
corresponding amino acid residue in the consensus
antibody FR sequcace.

Optionally, one determines if any non-homologous resi-
dues identified in step (e) are exposed on ihe surface of the
domain or buried within it, and if the residue is exposed but
has none of the effects identified in step (F), one may retain
the consensus residue.

Additionally, in certain embodiments the comesponding
consensus antibody residues identified in step (e) above are
selected from the group cousisting of 4L, 35L, 36L, 38L,
431, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L,
69L, 70L, 71 L, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H,
58H, 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, el al., Sequences of Proteins of
Immunological Interest (Natiopal lnstitutes of Health,
Bethesda, Md., 1987)).

In preferred embodiments, the method of this invention
comprises the additional sieps of scarching cither or both of
the import, non-human and the consensus variable domain
sequences for glycosylation siles, determining if the glyco-
sylation is reasonably expected to be important for the
desired antigen binding and biological activity of the anti-
body (ie., determining if the glycosylation site binds lo
antigen or changes a side chain of an amino acid residue that
binds to antigen, or if the glycosylation enhances or weakens
antigen binding, or is important for maintainiog antibody
affinity). if the import sequence bears the glycosylation site,
it is preferred to substitute thal site for the corresponding
residues in the consensus human sequence if the glycosy-
lation site is reasonably expected to be important. If only the
consensus sequence, and not the import, bears the glycosy-
lation site, it is preferred to eliminate that glycosylation site
or substitute therefor the corresponding amino acid residues
from the impor! sequence.

Another preferred embodiment of the methods of this
invention comprises aligniog import antibody and the con-
sensus antibody FR sequences, identifying import antibody
FR residues which are non-homologous with the aligned
consensus FR sequence, and for each such non-homologous
import antibody FR residue, determining if the correspond-
ing consensus anlibody residue represents a residue which is
highly conserved across all species at that site, and if it is so
conserved, preparing a bumanized aotibody which com-
prises the consensus antibody amino acid residue at that sile.

In certain alterate embodiments, one need pot utilize the
modeling and evaluation steps described above, and may
instead proceed wilh the sleps of oblaining the amino acid
sequence of at least a portion of an import, non-human
antibody variable domain having a CDR and a FR, obtaining
the amino acid sequence of at least a portion of a consensus
human antibody vanable domain having a CDR and a FR,
substituting the non-human CDR for the human CDR in the
consensus human antibody variable domain, and then sub-
stituting an amino acid residue for the consensus amino acid
residue at at least ope of lhe following sites:

a. (in the FR of the varizble domain of the light chain) 4L,
35L, 36L, 38L, 43L, 44L, 58L, 461, 62L, 63L, 64L,
65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L,
98L, or

b. fin the FR of the variable domain of the heavy chain)
2H, 4H, 24H, 36H, 37TH, 39H, 43H, 45H, 49H, 58H,
60H, 67H, 68H, 69H, T0H, 73H, 74H, 75H, 76H, 78H,
91H, 92H, 93H, and 103H.

Preferably, the non-CDR residuc substinuted at the consen-
sus FR site is the residue found at the corresponding location
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of the non-human antibedy, If desired, one may utilize the
other method steps descnbed above for determining whether
a particular amino acid residue can reasonably be expected
lo have undesirable effects, and remedying those effects.

If after making a humanized antibody according o the
sleps above and lesting ils achivity one is not salisfied with
the humanized antibody, one preferably reexamines the
potential effects of the amino acids at the specific locations
recited above. Additionally, it is desirable (o reinvestigate
any buned residues which arc reasonably expected 1o affect
the V,-V,, interface but may not directly affect CDR
conformation. Il is also desirable lo reevaluale the human-
ized antibody utilizing the steps of the methods claimed
herein.

In certain embodiments of this invention, amino acid
residues in the consensus human sequence are substituted
for by other amioo acid residues. 1o preferred embodiments,
residues from a particular non-human import sequence are
substituted, however there are circumstances where it is
desired to evaluale the effects of other amino acids. For
example, if after making a humanized antibody according to
the steps above and testing ils activily one is not satisfied
with the humanized aotibody, one may compare the
sequences of other classes or subgroups of human
antibodies, or classes or subgroups of antibodies from the
particular non-human species, and determine which other
amino acid side chains and amino acid residues are found at
particular locations and substituting such other residues.
Auntibodies

Certain aspects of this 1nvention are directed lo patural
antibodies and (o monoclonal antibodies, as illustrated in the
Examples below and by antibody hybridomas 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 nalive
antibodies as well as humanized and chimeric antibodies. As
used herein, the term “antibody” includes the aatibody
variable domain and other separable antibody domains
unless specifically excluded,

In accordance with certain aspects of this invention,
antibodies to be humanized (import antibodies) are isolated
from contiouous hybrid cell lines formed by the fusion of
antigen-primed immune lymphocyles with myeloma cells.
in certain embodiments, the antibodies of this invention are
obtained by routine screening, Polyclonal antibodies to an
anligen geoverally are raised in animals by multiple subcu-
taneous (sc) or intraperitoneal (ip) injections of the antigen
and an adjuvant. It may be useful to conjugate the antigen or
a fragment containing the larget amino acid sequence (o a
protein that is immuoogenic in the species to be immunized,
e.g., keyhole limpel hemocyanin, serum albumin, bovine
thyroglobulin, or soybean trypsin inhibitor using a bifunc-
tional or derivatizing agent, for example, maleimidabenzoyl
sulfosuccinimide ester (conjugation through cysleine
residues), N-hydroxysuccinimide (through lysine residues),
glutaraldehyde, succinic is aohydride, SOCI,, or
R'N=C=NR, where R and R? are different alkyl groups.

The route and schedule of the host animal or cultured
antibody-produciog cells therefrom are generally in keeping
with established and conventional techniques for antibody
stimulation and production. While mice are frequenily
employed as the test model, it is conlemplated that any
mammalian subject including human subjects or antibody-
producing cells obtained therefrom can be manipulated
according to the processes of this invention to serve as the
basis for production of mammalian, iocluding human,
bybrid cell lines.
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Animals are typically immunized against the immuno-
genic conjugates or derivatives by combining 1 mg or 1 ug
of conjugate (for rabbits or mice, respectively) with 3
volumes of Freund’s complete adjuvant and injecting the

24

Fab fragmeats) which bypass the generation of monoclonal
antibodies are encompassed within the practice of this
invention. One extracts anlibody-specific messenger ANA
molecules from immune system cells taken from an immu-

solution intradermally at multiple sites. One month later the 5 pized animal, transcribes these into complementary DNA
animals are boosied with ¥ 10 Yo the original amount of  (:DNA), and clones the CDNA iato a baclerial expressions
conjugate in Freund’s complete adjuvant (or other suitable system. Oune example of such a technique suitable for the
adjuvant) by s{ubcutancuus injection at multiple sites. 7 to 14 practice of this invention was developed by researchers at
days later animals alrs"" ble":} and the sr_.lrum B assafcd for  Scripps/Stratagene, and incorporates a proprietary bacte-
‘[',““gc“ Liter. Animals are boosted until the Uler plateaus. , o Jbooe Jambda vector sysiem which contains a leader
referably, the animal is boosted with the conjugate of the e AR ot e S bR T m e et gl
same antigen, bul conjugated to a different protein and/or ll?q - . P P il grb
through a different cross-linking agent. Conjugates also can e periplasmic space (between the bacierial N RN
be made in recombinant cell culture as protein fusions. Also, and the cell W&“) or to be secreted. Qﬂl‘- can rapidly generate
aggregating agents such as alum are used to enhance the and screen greal oumbers ‘uf functional FAb fragments tror
immune response. 15 those which bind the antigen. Such FAb fragments with
After immunization, monoclonal antibodiesare prepared  specificity for the antigen are specifically encompassed
by recovering immune lymphoid cells—typically spleen  Within the term “antibody™ as it is defined, discussed, and
cells or lymphocytes from lymph node tissue—from immu-  claimed herein.
nized animals and immontaliziog the cells in conventional Amino Acid Sequence Variants
fashion, e.g. by fusion with myeloma cells or by Epstein- 20 Amino acid sequence variants of the antibodies and
Bacr (EB)-virus transformation and screening for clones  polypeptides of this invention (referred to in herein as the
expressing the desired antibody. The hybridoma technique targel polypeptide) are prepared by iniroducing appropriale
described originally by Kohler and Milstein, Eur J. fmmu- nucleotide changes into the DNA encoding the targel
nol, 6:511 (1976) has been widely applied to produce hybrid ~ polypeptide, or by in vilro synthesis of the desired 1argel
cell lines that secrete high levels of monoclonal antibodies 25 polypeptide. Such variants include, for example, humanized
against many specific antigens. variants of non-human antibodies, as well as delctions from,
It is possible to fuse cells of one species with another: or insertiops or substitutions of, residues within particular
However, it is preferable that the source of the immunized amino acid sequences. Any combination of deletion,
antibody producing cells and the myeloma be from the same insertion, and substitution can be made to arrive at the final
species. 30 construct, provided thal the final conslruct possesses the
The hybrid cell lines can be maintained in cullure in vitro desired characteristics. The amino acid changes also may
in cell culture media. The cell lines of this invention can be alter post-translational processes of the target polypeptide,
sclecled and/or maintained in a composition comprising the  such as chaoging the numbér or position of glycosylation
continuous cell line in hypoxanthine-aminopierin thymidine sites, altening any membrane anchoring characleristics, and/
(HAT) medivm. lo fact, once the hybridoma cell Line is 35 or allering tbe intra~cellular location of the target polypep-
established, il can be maintained on a variety of nutntionally tide by inserting, deleting, or otherwise affecting any leader
adequate media. Moreover, the hybrd cell lines can be sequence of the native targel polypeptide.
stored. and preserved in any number of conventional ways, [n designing amino acid sequence varianls of target
including freezing and storage under liquid nitrogen. Frozen  polypeplides, the location of the multation site and the nature
cell lines can be revived and cultured indefinitely with 40 of the mutation will depend on the larpet polypeptide
resumed synthesis and secretion of monoclonal antibody. characleristics) to be modified. The sites for mutation can be
The secreled antibody is recovered from rissue culture  modified individually or in senes, e.g., by (1) substituting
supematant by conventional methods such as precipitation, first with conservative amino acid choices and then with
[on exchange chromatography, affinity chromatography, or more radical selections depending upon the results achieved,
the like. The antibodies described herein are also recovered 45 (2) deleting the target residue, or (3) inserting residues of the
from hybridoma cell cultures by conventional methods for ~ same or a different class adjacent to the located site, or
purification of IgG or IgM as the case may be that heretofore combinations of options 1-3. In certain embodiments, these
bave been used to purify these immunoglobulins from choices are guided by the methods for creating humanized
pooled plasma, e.g. ethanol or polyethylene glycol precipi- sequences set forth above.
tation procedures. The purified antibodies are sterile filltered, 50 A useful method for identification of certain residues or
and oplionally are conjugated to a detectable marker such as regions of the target polypeptide that are preferred locations
an enzyme or spin label for use in diagnostic assays of the for mutagenesis is called “alanine scanning mutagenesism”
antigen in test samples. as described by Cunningham and Wells (Science, 244:
While routinely rodent monoclonal antibodies are used as 1081-1085 [1989). Here, a residue or group of targel resi-
the source of the import antibody, the invention is nol 55 dues are identified (e.g., charged residues such as arg, asp,
limited to any species. Additionally, techniques developed his, lys, and glu) and replaced by a oecuiral or negatively
for the production of chimerie antibodies (Morrison et al., charged amino acid (most preferably alanioe or polyalanine)
Proc. Natl. Acad. Sei, 81:6851 (1984); Neuberger et al.,  to affect the interaction of the amino acids with the sur-
Nature 312:604 (1984); Takeda et al, Nature 314:452 rounding aqueous environment in or outside the cell. Those
(1985)) by splicing the genes from a mouse anlibody mol- 60 domains demonstrating functional seosiuvily to the subst-
ecule of appropriate antigen specificity together with genes  tutions then are refived by introducing further or other
from a human antibody molecule of appropriate biological variants at or for the sites of substitution. Thus, while the site
activity (such as ability to activate buman complement and for introducing ap amino acid sequence variation is
mediate ADCC) can be used; such antibodies are wilhin the  predetermined, the nature of the mutation per se need not be
scope of this invention. 65 predetermined. For example, to oplimize the performance of
Techniques for creating recombinant DNA versions of the a mutation at a given sile, ala scanning or random mutagen-
antigen-binding regions of antibody molecules (known as  esis may be conducted at the target codon or region and the
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expressed target polypeptide varnants are screened for the
oplimal combination of desired activity.

There are two principal variables in the construction of
amino acid sequence vanants: the location of the mutation
site and the nature of the mutation. ln general, the location
and nature of the mutation chosen will depend upon the
target polypeptide characieristic to be modified.

Amino acid sequence deletions of antibodies are generally
not preferred, as maintaining the generally configuration of
an antibody is believed to be necessary for its activity. Any
deletions will be selected so as to preserve the structure of
the target antibody.

Amino acid sequence insertions include amino- and/or
carboxyl-terminal fusions ranging in length from one resi-
due to polypeptides containing a hundred or more residues,
as well as intrasequence insertions of single or multiple
amino acid residues. [ntrasequence insertions (i.e., inser-
tions within the farget polypeptide sequence) may range
generally from about 1 to 10 residues, more preferably 1 to
5, mosl preferably 1 to 3. Examples of terminal insertions
include the target polypeptide with an N-terminal methionyl
residue, an artifact of the direct expression of targel polypep-
tide in bacterial recombinant cell culture, and fusion of a
heterologous N-terminal signal sequence to the N-terminus
of the target polypeptide molecule to facilitate the secretion
of the mature larget polypeptide from recombinant host
cells. Such signal sequences generally will be obtained from,
and thus homologous to, the intended host cell species.
Suitable sequences include ST1I or lpp for E. coli; alpha
factor for yeast, and wviral signals such as herpes gD for
mammalian cells.

Other insertional variants of the target polypeptide
include the fusion to the N- or C-terminus of ihe target
polypeptide of immunogenic polypeptides, e.g., bacterial
polypeplides such as beta-lactamase or an enzyme encoded
by the E. coli trp locus, or yeast protein, and C-terminal
fusions with proteins having a long half-life such as imrmu-
ooglobulin constant regions (or other immunoglobulin
regions), albumin, or ferritin, as deseribed in WO 89/02922
published Apr, 6, 1989,

Another group of variants are amino acid substitution
variants. These variants have at least ope amino acid residue
in the targe! polypeptide molecule removed and a different
residuc inscricd in its place. The sites of greatest interest for
substitutional mutagenesis include sites identified as the
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-chain
bulk, charge, and/or hydrophobicity. Other sites for substi-
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helical conformation, Ib) the charge or hydrophobicity of the
molecule at the target site, or () the bulk of the side chain.
Naturally occurring residucs are divided into groups based
on common side chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gin, his, lys, arg;

(5) residucs that influence chain orientation: gly, pro; and

(6) aromatic: trp, Lyr, phe.

Noo-conservative substitutions will entail exchanging a
member of one of these classes for another. Such substituted
residues may be introduced into regions of the target
polypeptide that are homologous with other antibodies of the
same class or subclass, or, more preferably, into the non-
homologous regions of the molecule.

Any cysleine residues nol involved in maintaining the
proper conformation of targel polypeptide also may be
substituled, generally with serine, to improve the oxidative
stability of the molecule and prevent aberrant crosslioking.

DNA encoding amino acid sequence variants of the larget
polypeptide is prepared by a variety of methods known in
the ant. These melhods include, but are not limited to,
isolation from a natural source (in the case of naturally
accurring amino acid sequence varianis) or preparation by
oligooucleotide-mediated (or sile-directed) mutagenesis,
PCR mutagenesis, and cassette mutagenesis of an earlier
prepared varant or a non-variaol version of the targel
polypeplide. A particularly preferred method of gene con-
version mutagenesis is described below in Example 1. These
techniques may utilized target polypeplide nucleic acid
(DNA or RNA), or nucleic acid complementary (o the target
polypeptide nucleic acid.

Oligonucleotide-mediated mutagenesis is a preferred
method for preparing substitution, deletion, and insertion
variants of targel polypeptide DNA. This lechnique is well
known in the art as described by Adelman et al.,, DNA, 2: 183
(1983). Briefly, the target polypeptide DNA is altered by
hybridizing an oligonucleotide encoding the desired mula-
lion to a DNA template, where the template is the siogle-
stranded form of a plasmid or bacteriophage containing the
unaltered or native DNA sequence of the target polypeptide.
After hybridization, a DNA polymerase is used (o synthesize
an entire second complementary strand of the template that
will thus incorporate the oligonucleotide primer, and will
code for the selected alteration in the targe! polypeplide
DNA.

Generally, oligonucleotides of at least 25 pucleotides in

tution are described infra, considering the effect of the so length are used. Ao optimal oligonucleotide will have 12 to
substitution of the antigen binding, affinity and other char- 15 nucleotides that are completely complementary to the
acleristics of a particular target antibody. template on either side of the nucleotide(s) coding for the
Other sites of interes{ are those inm which particular mulation. This ensures that the oligonucleotide will hybrid-
residues of the target polypeplides obtained from various ize properly to the single-siranded DNA template molecule.
species are identical. These positions may be important for 55 The oligonucleotides are readily synthesized using tech-
the biological activily of the target polypeptide. These sites, niques known 10 the art such as that described by Crea et al.
especially those falling within a sequence of at least three (Proc. Natl Acad. Sci. USA, 75: 5765 [1978]).
other identically conserved sites, are subslituted in a rela- Single-stranded DNA template may also be generated by
tively conservalive manner. If such substitutions result in a  denaturing double-stranded plasmid (or other) DNA using
change in biological activity, then other changes arc intro- 60 standard techniques.
duced and the products screened until the desired effect is For alteration of (he native DNA sequence (1o generate
obtained. amino acid sequence variants, for example), the oligonucle-
Substantial modifications in function or immunological otide is hybridized 1o the single-siranded remplate under
identity of the target polypeptide are accomplished by suitable bybridization conditions. A DNA polymerizing
selecting substitutions that differ significantly in their effect s5 enzyme, usually the Klenow fragment of DNA polymerase
on maintaining (a) the structure of the polypeptide backbone 1, is then added to synthesize the complementary strand of
in the area of the substitution, for example, as a sheet or the template using the oligonucleotide as a primer for
917 of 1033
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synthesis. A beteroduplex molecule is thus formed such that
one strand of DNA encodes the mutated forn of (he larget
polypeptide, and the other strand (the original template)
encodes the nalive, unallered sequence of the target polypep-
tide. This heteroduplex molecule is then transformed into a
suitable host cell, usually a prokaryote such as E. coli
JMI101. After the cells are grown, they are plated onto
agarose plates and screened using the oligonucleotide primer
radiolabeled with 32-phosphate to identify the baclerial
colonies that contain the mutated DNA. The mutated region
is then removed and placed in an appropriate vector for
protein production, generally an expression vector of (he
type typically employed for transformation of an appropriate
host,

The method described immediately above may be modi-
fied such that a homoduplex molecule is created wherein
both strands of the plasmid contain the mutation(s), The
modifications are as follows: The single-stranded oligo-
nucleolide is annealed 1o the single-stranded template as
described above, A mixture of three deoxyrnibooucleotides,
deoxyriboadenosine (dATP), deoxynboguanosine (dGTF),
and deoxyribothymidine (dTTP), is combined with 2 modi-
fied thio-deoxyribocytosine called dCTP-(aS) (which can be
obtained from Amersham Corporation). This mixture is
added 1o the template-oligonucleotide complex. Upon addi-
tion of DNA polymerase 10 this mixture, a strand of DNA
identical 1o the templale except for the mutated bases is
generated. In addition, this new strand of DNA will contain
dCTP-(a8) instead of dCTP, which serves 1o protect it from
restriction endonuclease digestion.

Afier the template strand of the double-stranded hetero-
duplex is nicked with an appropriate restriction enzyme, the
template slrand can be digested with Exolll nuclease or
another appropriale nuclease past the region that contains
the site(s) 1o be mutagenized. The reaction is then stopped to
leave a molecule that is only partially single-stranded. A
complete double-stranded DNA homoduplex is then formed
using DNA polymerase in the presence of all four deoxyri-
bonucleotide triphosphates, ATP, and DNA ligase. This
homoduplex molecule can then be transformed into a suit-
able host cell such as E. coli IM101, as described above,

DNA encoding target polypeptide varants with more than
one amino acid to be substituted may be generated in one of
several ways. If the amino acids are located close together
in the polypeptide chain, they may be mutaled simulta-
peously 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 than about ten amino acids), it is more difficult to
generale a siogle oligonucleotide that encodes all of the
desired changes. lostead, one of two altemative methods
may be employed.

In the first method, a separate oligonucleotide is generated
for each amino acid 1o be substituted. The oligonucleotides
are then annealed to the single-stranded template DNA
simultancously, and the second strand of DNA that is
synthesized from the template will encode all of the desired
amino acid substitutions.

The allernative method involves two or more rounds of
mutagenesis (o produce the desired mutant. The first round
is as described for the single mutants: wild-type DNA is used
for the template, an oligooucleotide encoding the first
desired amino acid substitution(s) is annecaled lo this
templale, and the heteroduplex DNA molecule is then pen-
eraled. The second round of mutagenesis utilizes the
mutated DNA produced in the first round of mutageaesis as
the template. Thus, this template already contains on¢ or
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more mutations. The oligopucleotide cocoding the addi-
tional desired amino acid substilution(s) is then anncaled 1o
this template, and the resulting strand of DNA now eocodes
mutations from both the first and second rounds of mutagen-
esis. This resultant DNA can be used as a template in a third
round of mutagenesis, and so on.

PCR mutagenesis is also suitable for making amino acid
varianis of target polypeptide. While the following discus-
sion refers to DNA, it is understood that the technique also
finds application with RNA. The PCR lechnique generally
refers to the following procedure (see Erlich, supra, the
chapter by R. Higuchi, p. 61-70): When small amounts of
template DNA arc used as siarting material in a PCR,
primers that differ slightly in sequence from the correspond-
ing region in a template DNA can be used lo penersle
relatively large quantities of a specific DNA fragment that
differs from the templale sequence only at the positions
where the primers differ from the template. For introduction
of a mutation into a plasmid DNA, one of the primers is
designed to overlap the position of the mutation and to
conlain the mutation; the sequence of the other primer must
be identical to a stretch of sequence of the opposile strand of
the plasmid, but this sequence can be located anywhere
along the plasmid DNA. It is preferred, however, that the
sequence of the second primer is located within 200 nucle-
otides from that of the first, such that in the end the entire
amplificd region of DNA bounded by the primers can be
easily sequenced. PCR amplification using a primer pair like
the one just described resulls in a population of DNA
fragments that differ a1 the position of the mutation specified
by the pnmer, and possibly al other positions, as template
copying is somewhal error-prone.

If the ratio of template o product matenial is extremely
low, lhe vast majority of product DNA fragments incorpo-
rate the desired mutation(s). This produc! material is used to
replace the corresponding region in the plasmid that served
as PCR 1emplate using standard DNA technology. Mutations
al separale positions can be introduced simultaneously by
cither using a mutant sccond primer, or performing a second
PCR with differeot mutant primers and ligating the two
resulting PCR fragments simultaneously to the vector frag-
ment in a three (or more)-part ligation.

In a specific example of PCR mutagenesis, template
plasmid DNA (1 pg) is lincarized by digestion with a
restriction endonuclease that has a unique recognition site in
the plasmid DNA outside of the region (o be amplified. Of
this material, 100 ng is added 10 a PCR mixture containing
PCR buffer, which contains the four deoxynucleotide tri-
phosphates and is included in the Gene Amp® kits (obtained
from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville,
Calif.), and 25 pmole of each oligonucleotide primer, to a
final volume of 50ul. The reaction mixture is overlayed with
35 ul mineral oil. The reaction is depatured for 5 minutes at
100° C., placed briefly on ice, and thea 1 gl Thermus
aquaticus (Taq) DNA polymerase (5 units/u, purchased
from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville,
Calif) is added below the mineral oil layer. The reaction
mixture is then inscrted inlo a DNA Thermal Cycler
(purchased from Perkin-Elmer Cetus) programmed as fol-
lows: 2 min. at 55° C., then 30 sec. at 72° C,, then 19 cycles
of the following: 30 sec. at 94° C., 30 scc. at 55° C,, and 30
sec. at 72° C.

Al the end of [he program, the reaction vial is removed
from the thermal cycler and the aqueous phase transferred to
a new vial, extracted with phenol/chloroform (50:50:vol),
and ethanol precipilated, and the DNA is recovered by
standard procedures. This material is subsequently subjected
to the appropnate treatments for insertion into a vector.
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Another method for preparing varianls, casselle
mutagenesis, is based on the techuique described by Wells et
al. (Gene, 34: 315 [1985]). The starting material is the
plasmid (or other vector) comprisiog the target polypeptide
DNA to be mutated. The codon(s) in the target polypeptide
DNA to be mutated are identified. There must be a unigque
restriction endonuclease site on each side of the identificd
mulation site(s). If no such restriction sites exist, they may
be gencrated usiog the above-described oligonucleotide-
mediated mutagenesis method to introduce them at appro-
priate locations in the target polypeptide DNA. Afier the
restriction siles have been introduced into the plasmid, the
plasmid is cut at these sites lo linearize it. A double-stranded
oligonucleotide encoding the sequence of the DNA between
the restriction sites bul containing the desired mulation(s) is
synthesized using standard procedures, The two strands are
synthesized separately and then hybnidized together using
standard techniques. This double-stranded oligonucleotide is
referred to as the cassette. This cassette is designed o have
3' and 5' epds that are compatible with the ends of the
linearized plasmid, such thal it can be directly ligated to the
plasmid. This plasmid now contains the mutaled target
polypeplide DNA sequence.

Insertion of DNA into a Cloning Vehicle

The cDNA or genomic DNA encoding the target polypep-
tide is inserted into a replicable vector for further cloning
(amplification of the DNA) or for expression. Many vectors
are available, and selection of the appropriate vector will
depend on 1) whether it is to be used for DNA amplification
or for DNA expression, 2) the size of the DNA lo be inserted
into the vecior, and 3) the host cell 1o be transformed with
the vector. Each vector contains various componenis
dependiog on its function (amplification 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 more of the following: a sigoal sequence, an
onigin of replication, one or more marker genes, an enhancer
element, a promaoter, and a Iranscription termination
sequence.

(2) Signal Sequence Component
In general, the signal sequence may be a component of the

wector, or it may be a part of the target polypeptide DNA that
is inserted into the vector.

The targel polypeptides of this invention may be
expressed not only directly, but also as a fusion with a
heterologous polypeptide, preferably a signal sequence or
other polypeplide having a specific cleavage site at the
N-terminus of the mature protein or polypeptide. In general,
the signal sequence may be a compoaent of Lthe 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 targel polypeptides with aoy native signal sequence
deleted and replaced with a helerologous 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
nol recognize and process (he native larget polypeptide
signal sequence, the signal sequence is substiluted by a
prokaryotic signal sequence selected, for example, from (he
group of the alkaline phosphatase, penicillinase, Ipp, or
heat-stable enterotoxin 11 leaders. For yeast secretion the
native target polypeplide signal sequence may be substifuted
by the yeast invertase, alpba factor, or acid phosphatase
leaders. In mammalian cell expression the native signal
sequence is salisfactory, although other mammalian signal
sequences may be suitable.
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(b) Origin of Replication Component

Both expression and cloning vectors cootain a nucleic
acid sequence that enables the vector to replicate in one or
more selected host cells. Generally, in cloning vectors this
sequence is one that enables the vector to replicate indepen-
dently of the host chromasomal DNA, and includes origins
of replication or autonomously replicating scquences. Such
sequences are well known for a vanety of bacteria, yeast,
and viruses. The origin of replication from the plasmid
pBR322 is suitable for most Gram-negative bacteria, the 2u
plasmid origin is suitable for yeast, and various viral origios
(SV40, polyoma, adenovirus, VSV or BPV) are useful for
cloning vectors in mammalian cells. Generally, the origin of
replication component is not needed for mammalian expres-
sion vectors (the SV40 origin may lypically be used only
because it contains the early promoter).

Mosl cxpression vectors arc “shuttle” vectors, i.c. they are
capable of replication in at least ope class of organisms bui
can be transfected into another organism for expression. For
example, a vector is cloned in E. coli and then the same
vector is transfected inio yeast or mammalian cells for
expression even though it is not capable of replicating
independently of the host cell chromosome.

DNA may also be amplified by insertion into the host
genome. This is readily accomplished using Bacillus species
as hosts, for example, by including in the vector a DNA
sequence that is complementary to a sequence found in
Bacillus genomic DNA. Transfection of Bacillus with this
vector results in homologous recombination with the
genome and inserlion of the target polypeptide DNA.
However, the recovery of genomic DNA encoding the target
polypeptide is more complex than that of an exogenously
replicated veclor because restriction enzyme digestion is
required to excise the target polypeptide DNA.

(<) Selection Geoe Component

Expression and cloning vectors should contain a selection
gene, also Lermed a selectable marker. This gene encodes a
protein necessary for the survival or growth of transformed
host cells grown in a selective culture medium. Hosl cells
not transformed with the veclor containing the selection
gene will not survive in the culture medium. Typical selec-
tion genes eocode proleins that (a) confer resistance o
antibiotics or other toxins, ¢.g. ampicillin, neomycin,
methotrexate, or tetracycline, (b) complement auxotrophic
deficiencies, or (c) supply critical nutrients not available
from complex media, e.g. the gene encoding D-alanine
racemase for Bacilli.

One example of a selection scheme utilizes a drug lo
arrest growth of a host cell. Those cells that are successfully
transformed with a heterologous gene express a protein
conferring drug resistance and thus survive the selection
regimen. Examples of such dominant selection use the drugs
neomycin (Southero et al, J. Molec. Appl. Genet., 1: 327
[1982]), mycophenolic acid (Mulligan et al., Sciences 1422
[1980]) or hygromycin (Sugden et al., Mol Cell. Biol, 5:
410-413 [1985]). The three examples given above employ
bacterial genes under eukaryolic control to convey resis-

_ tance to the appropriate drug G418 or neomycin (geneticin),

xgpl (mycopheaolic acid), or hygromycin, respectively.
Another example of suitable scloctable markers for mam-
malian cells are those that enzble the identification of cells
compelent 1o take up the target polypepude nucleic acid,
such as dihydrofolate reductase (DHFR) or thymidine
kinase. The mammalian cell transformants are placed under
selection pressure which only the transformants are uniquely
adapted to survive by virtue of having taken up the marker.
Seleclion pressure is imposed by culturing the transformants

919 of 1033

Bl Exhibit 1002



US 6,407,213 Bl

31

under conditions in which the cooccaniration of selection
ageot in the medium is successively changed, thereby lead-
ing to amplification of both the selection gene and the DNA
that encodes the targel polypeptide. Amplification is the
process by which genes in greater demand for the production
of a protein crilical for growth are reiterated in tandem
within the chromosomes of successive generations of
recombinant cells. Increased quantities of the target
polypeptide are synthesized from (he amplified DNA.

For example, cells transformed with the DHFR selection
gene are first identified by culturing all of the transformants
in a culture medium that contains methotrexate (Mlx), a
competitive antagonist of DHFR. An appropriate host cell
when wild-type DHFR is employed is the Chinese hamster
ovary (CHO) cell line deficient in DHFR activity, prepared
and propagated as described by Urlaub and Chasin, Proc.
Natl. 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
comprising the expression vectors, such as the DNA encod-
ing the target polypeptide. This amplification technique can
be used with any otherwise suitable host, e.g., ATCC No.
CCL61 CHO-K1, notwithstanding the presence of endog-
enous DHFR if, for example, a mutant DHFR gene that is
highly resistant to Mix is employed (EP 117,060).
Allernatively, host cells (particularly wild-type hosts that
contain endogenous DHFR) transformed or co-transformed
with DNA sequences encoding the targel polypeptide, wild-
type DHFR protein, and another selectable marker such as
aminoglycoside 3' phospholransferase (APH) can be
selected by cell growih in medium containiog a selection
agent for the selectable marker such as an aminoglycosidic
antibiotic, ¢.g., kanamycio, neomycin, or G418. See U.S.
Pat. No. 4,965,199,

A suitable selection gene for use in yeast is the trpl gene
present in the yeast plasmid YRp7 (Stinchcomb el al,
Nature, 22: 39[1979]; Kingsman et al., Gene, 7: 141 [1979];
or Tschemper et al., Gene, 10: 157 [1980]). The trpl gene
provides a selection marker for a mutant strain of yeasl
lacking the ability to grow in iryptophan, for example,
ATCC No. 44076 or PEP4-1 (Jones, Genetices, 5: 12[1977]).
The presence of (he trpl lesion in the yeast host cell genome
then provides an effective environment for detecting trans-
formation by growth in the absence of tryptophan. Similarly,
Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are
complemented by known plasmids bearing the Leu2 gene.

(d) Promoter Component

Expression and cloning vectors usually contaio a pro-
moter that is recognized by the host organism and is oper-
ably linked to the larget polypeptide nucleic acid. Promoters
are untranslated sequences located upstream (5') to the start
codon of a structural gene (generally within about 100 1o
1000 bp) that control the ranscription and Iranslation of a
particular nucleic acid sequence, such as that encoding the
target polypeptide, to which they are operably linked. Such
promoters typically fall into two classes, inducible and
constitutive. [nducible promoters are promoters that initiate
increased levels of trapscriplion from DNA uwader their
control in response 10 some change in culture conditions,
e.g. the presence or absence of a nutrient or a change in
temperature. At this time a large number of promoters
recognized by a varety of potential host cells are well
known. These promoters are operably linked to DNA encod-
ing the target polypeptide by removing the promoter from
the source DNA by restriction enzyme digestion and insert-
ing the isolated promoter sequence into the vector. Both the
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nalive target polypeptide promoter sequence and many
heterologous promoters may be used lo direct amplification
and/or expression of the target polypeptide DNA. However,
heterologous promoters are preferred, as they generally
permil greater transcription and higher yields of expressed
target polypeptide as compared to the native target polypep-
tide promoter.

Promoters suitable for use with prokaryotic hosts include
the B-lactamase and lactose promoter systems (Chang et al.,
Nature, 275: 615 [1978); and Goeddel et al., Nature, 281:
544 [1979]), alkaline phosphatase, a tryptophan (irp) pro-
moter system (Goeddel, Nucleic Acids Res., 8: 4057 [1980]
and EP 36,776) and hybrid promoters such as the tao
promoter (deBoer et al., Proc. Natl Acad. Sci, USA, 80:
21-25 [1983]). However, other known bacterial promoters
are suitable. Their pucleotide sequences have been
published, thereby enabling a skilled worker operably to
ligate them 1o DNA encoding the targel polypeplide
(Siebenlist et al,, Cell, 20: 269 [1980]) using linkers or
adaptors to supply any required restriction sites. Promoters
for use in bacterial systems also generally will contain a
Shine-Dalgarno (S.D.) sequence operably linked 1o the DNA
encoding the target polypeptide.

Suitable promoting sequences for use with yeast hosts
include the promalers for 3-phosphoglycerate kinase
(Hitzeman et al., J. Biol. Chem., 255: 2073 [1980]) or other
glycolytic enzymes (Hess el al.,J. Adv. Enzyme Reg., 2: 149
[1968); and Holland, Biochemistry, 17: 4900 [1978]), such
asconolase, glyceraldehyde-3-phosphate dehydrogenase,
hexokinase, pyruvale decarboxylase, phosphofructokinase,
glucose-6-phosphate 1somerase, 3-phosphoglycerale
mulase, pyruvale kinase, triosephosphate isomerase, phos-
phoglucose isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters
having the additional advantage of transcription conirolled
by growih conditions, are the promoter regions for alcohol
dehydrogenase 2, isocylochrome C, acid phosphatase, deg-
radative enzymes associaled with nilrogen metabolism,
metallothionein, glyceraldehyde-3-phosphate
dehydrogenase, and enzymes responsible for maltose and
galactose utilization. Suitable vectors and promoters for use
in yeast expression are further described in Hitzeman et al.,
EP 73,657A. Yeast enhancers also ate advantageously used
with yeast pramoters.

Promoter sequences are known for cukaryotes. Virtually
all eukaryolic genes have an AT-rich region located approxi-
mately 25 to 30 bases upstream from the site where tran-
scription is initiated. Another sequence fouand 70 to 80 bases
upstream from the start of transcription of many genes is a
CXCAAT region where X may be any nucleotide. At the 3'
end of most eukaryotic genes is an AATAAA sequence thal
may be the signal for addition of the poly A tail to the 3' cnd
of the coding sequence. All of these sequences are suitably
inserted into mammalian expression vectors.

Target polypeptide transcription from veciors io mamma-
lian host cells is controlled by promolers oblained from the

genomes of viruses such as polyoma virus, fowlpox virus
{UK 2,211,504 published Jul. 5, 1989) adenovirus (such as
Adenovirus 2), bovine papilloma vinus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and most
preferably Simian Virus 40 (§V40), from beterologous
mammalian promolers, .g. the actin promoter or an immu-
noglobulin promoter, from heat-shock promoters, and from
the promoter pormally associated with the target polypeplide
sequence, provided such promoters are compatible with the
host cell systems.

The early and late promoters of the SV40 virus are
conveniently obtained as an SV40 restriction fragment that
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