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. HIGH AFFINITY HUMAN MONOCLONAL ANTIBODIES SPECIFIC FOR RSV F-PROTEIN
BACKGROUND OF THE INVENTION
5 Respiratory syncytial virus (RSV) is 2 Parmixovirus of the Pneumovirus genus
which commonly infects the upper and lower respiratory tract. It is so contagious that
by age two, a large percentage of children have been infected by it. Moreover, by
age four, virtually all humans have an immunity to RSV,

Typically, RSV infections are mild, remaining localized in the upper

10  respiratory tract and causing symptoms similar to a common cold which require no
extensive treatment. However, in some subjects, e.g., immunosuppressed individuals
such as infants, elderly persons or patients with underlying cardiopulmonary diseases,
the virus may penetrate to the lower respiratory tract requiring hospitalization and
breathing support. In some of these cases, RSV infection may cause permanent lung

15  damage or even be life threatening. In the United States alone, RSV results in about
90,000 hospitalizations each year, and results in about 4500 deaths.

RSV appears in two major strain subgroups, A and B, primarily based on
serological differences associated with the attachment glycoprotein, G. The major
surface glycoprotein, i.e., the 90kD G protein, can differ up to 50% at the amino acid

20  level between isolates Johnson et al, Proc, Natl, Acad, Sci. (1987), 84, 5625-5629.
By contrast, a potential therapeutic target, the 70kD fusion (F) protein, is highly
conserved across different RSV strains, about i.e., 89% on the amino acid level
Johnson et al, J, Gen, Virol.(1988), 69, 2623-2628, Johnson et al, ], Virol. (1987),

Y 10, 3163-3166, P.L. Collins, Plenum Press, NY (1991), 103-162. Moreover, it is

25 known that antibodies elicited against F-protein of a given type are cross-reactive with

the other type.
The F-protein is a heterodimer, generated from a linear precursor, consisting
of disulfide-linked fragments of 48 and 23 kD respectively Walsh et al, J. Gen. Virol,
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known RSV treatments only treat the symptoms of RSV infection and include the use
of aerosolized bronchodilators in patients with bronchiolitis and corticosteroid therapy
10  in patients with bronchiolitis and RSV pneumonia.

To date, RSV vaccines intended to boost antiviral protective antibodies have
been largely unsuccessful. For example, a vaccine based on formalin-inactivated RSV
that was tested approximately 25 years ago, induced antibodies that were deficient in
fusion inhibiting activity Murphy et al, Clinical Microbiology (1988), 26, 1595-1597,

15 and sometimes even exacerbated the disease. This may potentially be explained to the
inability of the formalin inactivated virus to induce protective antibodies. While high
antibody titers were measured in vaccine recipients, specific protective titers were
Iower than in the control population. This may be because formalin inactivated RSV
does not display the necessary conformational epitopes required to elicit protective

20 antibodies.

While there is no known effective RSV vaccine to date, there exists some
clinical evidence that antibody therapy may confer protection against RSV infection in
susceptible individuals, and may even clear an existing RSV infection. For example,
it has been reported that newborn infants show a low incidence of severe

25 bronchiolitis, which is hypothesized to be attributable to the presence of protective
maternal antibodies Ogilvie et al. J. Med Virol (1981), 7, 263-271. Also, children
who are immune to reinfection exhibit statistically higher anti-F-protein titers than
those who are reinfected. Moreover, intravenous immune globulin (IVIG) prepared
from high titer RSV-immune donors reduces nasal RSV shedding and improves

30 oxygenation i 1. Anti, Viral A, hemoth (1987), 31, 1882-
1886. Also, recent studies have suggested that the virus can be fought and lung



BACKGROUND OF THE I NVENTION 5 Respiratory syncytial virus (RSV)
Is a Parm xovirus of the Pneunovirus genus whi ch commonly infects the
upper and lower respiratory tract. It is so contagi ous that by age
two, a large percentage of children have been infected by it. Moreover, by
age four, virtwelokyezsd | humans have an immunity to RSV. PCT/US96/10070
Typically, RSV infections are mld, remaining |localized in the upper 10
respiratory tract and causing synptonms simlar to a cormmon cold which
require no extensi ve treatnent. However, in some subjects, e.g.,

I mmunosuppr essed i ndi vi dual s such as ipnfants, elderly persons or
patients with underlying car di opul nonary di Seases, the virus may

penetrate to thegy #;ﬁneﬁ eq Ui N i tal.i ' and
br eat hi ng support sone ot¥ elélé&égé %&dqgﬂ]{%%&%@
permanent | ung 18 s ehal; eweEngis M mgga),azppgsuLn3opg MainieH
States al one, R§Y.| 0 t(1993)’ 3299?57%0% 7R ” .

and results in
strai*n subgr oupResehroh) (1984),83, rrsm, Sibeb a I(mf@aiagduiéser ences

associ at ed with t t achyent .glyco L’Otl G The surface
gl ycopr ot ei \r,:% lél?f Inf ﬂga?)ﬁfl 50% at the am no
acid 20 level bet vl Ok@fﬁ@&dﬁhﬁé&&ﬁ ! tha ket

(1987), 84, 5625-5629. 5 By contrast, g pot g!thlaf)d)‘\ﬁ5 g%eu?‘l C ?ar get,

t he 70kD f usi on newahﬁwstaanbpdlqmw egmfey protection ggainw ﬂiSé’doraweosleadalf éxistingt RSV
strains, about IRS% inf3834.0 1r8}% ,]‘(8

Gen. Virol.(1988), %19 262g0ég%nﬁﬁ%ohnson&g ﬂ{g ous e %g@gg%odmhave

10, 3163- 3166, Pe@mmtn@mmtgmwmmfeummmq;omaeetﬁmxshemnawer i t

s 25 knowp Mﬁ?&? { a: given type
are Cross- reactlve wth™ ?932’ 55 %—Pi& inis

a heterodi ner, &esponseseNirits dnfectioh 'clm.iorp,resspnend@hl(mg), 85-1o4g)f
di sul fide-li nkeg‘l;or W&%l%nubo%w%q ‘?F-l]gr%termegpﬁg ! \z/u% Xhown 5?21;3 cgcly mJ'

Gen. Virol,
both ir vitro and in vivo RSV models Tempest et al, Bio/Technology, (1991), 9, 266-
271, Crowe et al, Proc. Nafl. Acad. Sci, (1994), 91, 1386-1390, Walsh et al,

15  Infection and Immunity, (1984), 43, 756-758, Barbas III, et al, Proc. Natl, Acad. Sci,
(1992), 89, 10164-10168, Walsh, et al. J. Gen. Virol. (1986), 67, 505-513. Antibody
concentrations as low as 520-2000 pg/kg body weight have been reported to result in
almost instant recovery in animal studies Crowe et al, Proc. Natl. Acad. Sci, (1994),
91, 1386-1390. Moreover, these monoclonal antibodies have been disclosed to

20  neutralize both A and B strains, including laboratory strains and wildtype strains.
These antibodies were administered either by injection Groothuis et al, The New
England J. Med. (1993), 329, 1524-1530, Siber ¢t al, . Infectious Diseases (1994),

169, 1368-1373 or by aerosol Crowe et al, Proc. Natl, Acad, Sci. (1994), 91, 1386-
1390.

25 Two different types of potentially therapeutic monoclonal antibodies to the
RSV F-protein have been previously described in the Iiterature, humanized murine
antibodies Tempest et al, Biol. Technology, (1991) 9, 266-271, or true human
antibodies (Fab fragments) Barbas III, et al, Proc. Natl. Acad. Sci. (1992}, 89
10164-10168. Humanized murine antibodies were generated by CDR grafting a

30  cross-strain neutralizing murine anti-F-protein antibody onto a generic human Fc, as
well as structural areas of the variable part. The human Fab fragments were
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Antibody therapy can be subdivided into two principally different activities:

(i) passive immunotherapy using intact non-labeled antibodies or labeled antibodies

20 and (ii) active immunotherapy using anti-idiotypes for re-establishment of network
balance in autoimmunity.

In passive immunotherapy, naked antibodies are administered to neutralize an
antigen or to direct effector functions to targeted membrane associated antigens.
Neutralization would be of a lymphokine, a hormone, or an anaphylatoxin, i.e., C5a.

25 Effector functions include complement fixation, macrophage activation and
recruitment, and antibody dependent cell mediated cytotoxicity (ADCC). Naked
antibodies have been used to treat leukemia Ritz et al, S.F. Blood, (1981), 58, 141-
152 and antibodies to GD2 have been used in treatments of neuroblastomas Schulz et
al, Cancer Res, (1984), 44:5914 and melanomas Irie et al., Proc. Nail. Acad, Sci.,

30 (1986, 83:8694. Also, intravenous immune gamma globulin (IVIG) antibodies with
high anti-RSV titers recently were used in experimental trials to treat respiratory
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(1984), 44:5914, Miller et al, Blood (1981), 58, 78-86, Lanzavecchia et al, J. Edp.

Med, (1988), 167, 345-352, Sikora et al, Br. Med. Bull, (1984), 40:240, Tsujisaki et

15  al. Cancer Research (1991), 5§1:2599, largely because the generation of rodent

monoclonal antibodies uses well characterized and highly efficient techniques Kdhler

et al, Nature, (1975), 256:495, Galfre et al. Nature, (1977), 266:550. However,

while rodent monoclonal antibodies possess therapeutic efficacy, they can present

|bod|es may

restrictions and disadvantages relative to human antibodies. For example, they often
20  induce sub-optimal stimulation of host effector functions (CDCC, ADCC, et.).

Also, murine antibodies may induce human anti-murine antibody (HAMA) responses

Schroff et al. Can, Res. (1985, 45:879-885, Shawler et al, J. Immunol, (1985),

135:1530-1535. This may result in shortened antibody half-life Dillman et al. Mod.

(1986), 5, 73-84, Miller et al, Blood, (1983), 62:988-995 and in some instances may
25  cause toxic side effects such as serum sickness and anaphylaxis.

In some subiects, e.g., heavily immunosuppressed subjects (e.g., patients
subjected to heavy chemical or radiation mediated cancer therapy Irje et al, Proc.
Natl, Acad. Sci, (1986), 83:8694, Dillman et al, Mod. {1986), 5, 73-84, Koprowski
gt al. Proc. Nafl, Acad, Sci, (1984), 81:216-219), use of murine monoclonal

30 antibodies causes limited negative side effects. By contrast, in patients with normal



These anti bodi es were adm ni stered either by injection Goothuis et al, The
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particul arly  This is because the understanding of the reqmrements for optimal antigen recognition
and affinity is not yet fully understood. Also, the human framework and the mouse
CDR regions often interact sterically with a negative effect on antibody activity.

Moreover, such antibodies sometimes still induce strong HAMA responses in patienis.

15 Human antibodies present major advantages over their murine counterparts;
they induce optional effector functions, they do not induce HAMA responses and host
antigen-specific antibodies may lead to identification of epitopes of therapeutic value
that may be too subtle to be recognized by a xenogeneic immune system Lennox et al,
"Monoclonal Antibodi 'i linical Medicine," 1. : i (1982).

20 While buman antibodies are highly desirable, their production is complicated
by various factors including ethical considerations, and the fact that conventional
methods for producing human antibodies are often inefficient. For example, human
subjects cannot generally be adequately immunized with most antigens because of
ethical and safety considerations. Consequently, reports of isolation of human

25 monoclonal antibodies with useﬁil affinities, > 10° molar to specific antigens are few

c I, Can , (1988), 48, 4348-4353. Also, isolation of anti-viral
human monoclonal antibodies from donor primed cells has proved to be unwieldy.
For example, Gorny reported that only 7 of 14,329 EBV transformed cultures of
peripheral blood mononuclear cells (PMBC's) from HIV positive donors resulted in

30 stable, specific anti-HIV antibody producing cell lines Gorny et al, Proc, Natl, Acad,
Sci. (1989), 86:1624-1628.
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PCT/ US96/ 10070 1gGs. Few of these human annbodles have moved to clinical trials Drobyski et al,
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Med. may possess sub-optimal qualities. Moreover, since these approaches exploit the
testing donor primed B cells, it is clear that these cells are not an optimal source for
rescue of useful monoclonal antibodies.

Recently, generation of human antibodies from primed donors has been
15  improved by stimulation with CD40 resulting in expansion of human B cells
Banchereay et al, F. Science (1991), 251:70, Zhang et . J. Immunol, (1990), 144,
2055-2960, Tohma et al, J. Immunol. (1991), 146:2544-2552 or by an extra in vitro
booster step primer to immortalization Chaudhuri et al, Cancer Supplement (1994),
73, 1098-1104, This principle has been exploited to generate human monocional
20 antibodies to Cytomegalovirus, Epstein-Barr Virus (EBV) and Hemophilus influenza
with cells from primed donors (42-44), with a significantly higher yield than obtained
with other methods (32).
Moreover, to address the limitations of donor priming, immunization and
cultivation ex vivo of lymphocytes from healthy donors has been reported. Some
25  success in generating human monoclonal antibodies using ex homine boosting of PBL
cells from primed donors has been reported Maeda et al, Hybridoma (1986), 5:33-41,
Kozbor et al, I. Immunol. (1984), 14:23, Duchosal et al, Nature (1992, 355:258-262.
The feasibility of immunizing in vitro was first demonstrated in 1967 by Mishell and
Dutton Mishell et al, J, Exp. Med (1967), 126:423-442 using murine lymphocytes.
30 1In 1973, Hoffman successfully immunized human lymphocytes Hoffman et al, Nature
(1973), 243:408-410. Also, successful primary immunizations have been reported



(1993), 329, 1524-1530, K. MlIntosh. The New England J. Med. (1993), 329,
1572- 1573, J.R Goothuis. Antiviral Research, (1994), 23, 1-10,
Siber et al. J. Infectious 5 D seases (1994), 169, 1368-1373.

The therapeutic efficacy of a nonoclonal antibody depends on factors

I ncl udi ng, e.wo9s4tszanount, reactivity, specificity and cl BEBUSK/108T¢

anti body bound to the antigen. Also, the in vivo half-life of the
antibody is a significant therapeutic factor. 10 Still

anot her factor which may significantly affect the therapeutic potential of
antibodies is their species of origin. CUrLgntIy, nmonocl onal anti bodi es
used for I mmunot her apy are al nost exclusively of rodent origin Schul z

et al, Cancer %ﬁ;%hmﬁmﬁﬁégmd%% gg-} 81), 58,

78-86, Lanzavecc 2, Sikora

et al. Br. Med.144c573; Swlm_ﬁ_ﬂﬂlﬂm.ﬁﬂu(ﬂﬁh 1541106%-1084; Kommtsucet gl ats ear ch
it bbdi o5 usecAEy Aipky A56C Gy éﬁa&%ﬁﬁf é‘ﬁr B4 A Gk AHRLRGR.
anti bodi es use Ve

et al Nature, ((98%) 583253(1999 tofils Strkend bt (19(7&)913; 17836 FB0336d
However, non

ef fi cacy, tt?ey ?%nbrté%g °bm C%C#’%‘Bqﬁ‘ B ‘ ' e
humsmI anti bod:c eAmlefd’a?ﬁQlaml @7f-57 N Boe@bi ggDccng Immdalgel%m-lamml
stimulation o st effectar

murine anti bOdIE&wQ{‘I‘mgb lﬁgﬁgﬁl ggqu A h
Schroff et al. &ERp75285 Widsde? ,

(1985) , | TEPT R Naspergy ol :
hal f-l1ife Dill nmgmmmm (19§/3129$.637-5€5 al . Bl ood,

EM@MLM
1983), 62 8- t cts
Such ns ser s.ﬁ%%%i%‘ (g SToep bl ftapdfi wombociBpkifa pitbles (1) pafits?
e.g., heavily iBoameretpladecimmunol HPBB'S 547( 86-35.,Bms.ﬂedx_ﬂum._&ﬂmm ected to

Nl Acad. C%L.i&%@%ﬁ%% A e o g i DT
Kopr owski Robeits etcal pokniz&on, i , Féchi
cont Pis{'?”?ﬁ' pab wg%rdewﬂ?#»?@é”rﬁfs GG L 9, 1, 5 (5o O

In virro immunization offers considerable advantages, e.g., easily reproducible

)?9 2’95-2§3 L
r%ened ant’i y

immunizations, lends itself easily to manipulation of antibody class by means of
appropriate cultivation and manipulation techniques Chaudhuri et al, Cancer
Supplement (1994), 73, 1098-1104. Also, there is evidence that the in vivo tolerance
to self-antigens is not prevalent during 1VI Boerner et al, I. Immunol. (1991), 147:86-
20 95, Brams et al, J. Immunol. Methods (1987), 98:11. Therefore, this technique is
potentially applicable for production of antibodies to self-antigens, e.g., tumor
markers and receptors involved in autoimmunity.
Several groups have reported the generation of responses to a variety of
antigens challenged only in vitro, e.g., tumor associated ahtigens (TAAs) Boerner et
25  al, J. Immunol. (1991), 147:86-95, Borrebaeck et al. Proc. Natl, Acad, Sci, (1988),
85:3995. However, unfortunately, the resulting antibodies were typicaily of the IgM
and not the IgG subclass McCabe et al, Cancer Research (1988), 48, 4348-4353,
et al nti ridomas, (1990}, 1:15 and secondary (IgG) responses
have only been reported with protocols using lymphocytes from immunized donors.
30 Therefore, it would appear that these protocols only succeed in inducing a primary
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or hyperactive inmune systens, murine antibodies, at |east for sone disease
conditions may exhibit imted efficacy. tn an effort to

obvi ate |i m tvedpsapes20f muri ne nonocl onal anti bodi es, rRENOPRIS/ATE  DNA

t echni ques have been applied to produce chineric antibodies 5 Morri son
et al. Proc. Natl. Acad. Sci. (1984), 81:216-219, Boul i anne et al. Nature,
(1984), 312, 644-646, humani zed antibodies by "CDR grafting” Ri echmann et
al . Nat ure(1984), 332, 323-327 and "yeneered" anti bodi es by

substitution of specific surface residues with other amino acids to

alleviate or e ‘t;@ﬁeggﬁgé W I ugh such
ant i bodi es havkexhégen succ ssf Fﬂ,i“é‘f“u‘“n‘.z"ga‘}“f ﬁfoMﬁ‘ E&p .

| munol . Meth ¢esp&ips. 25: 191, they have proven cunbersorre to produce

This i s because the nder st gndi of th qu| | anjigen
recogni tion 0 FYATE 8"“ 8?“";" {;"gﬁ?fil é)kf‘gﬁ ?’Pft: hunan
f r amewor k ?nd mmnmwm variables Bﬂavﬂe;gh(geﬁerﬂfﬁwbremaﬁbﬁém&vﬁ ﬁrdu&gk gumlm th a
negative effect on an .actiyvi reov C nt i bodi es
sonetimes stil F“"Pﬂ?}ﬂ‘lai ”f—ﬂm%@ﬁ&%@!ﬂ%éﬁg%f@ &I%

Human anti bodi gmnR @@? H@@@Qm@ggpgem%el ﬁfgf]ﬁ Hxﬁﬂg?ﬁhe(lgmn'qgrmtt S;

t hey induce optional fector functions hey 0 not I nduce HANA responses
and host 38%h iThisrhas sesulted i thevisplstien efhyraan menpelonal antibodiestspecific for of
epitopes of th w@%&”ﬁ%&l | zed
by a xenogenei g&ﬁﬁﬁune Syste enn 13?591?%7%-550?:‘\(}2 qg‘r\l’tell%f&%vlég’gg‘ggs in

dinical Medi chples cellsnddso, thi&mlcharmwciﬁsmmo@by which de nov\hi | e hunan

Vari ous. T alfor Sttty B3 Plsts by Bh indleRE N B Wi SRR $CH B,

conventi onal AMMM;)(IQ%)QG;JST-&Q. human anti bodi es are often

adequat el y. | mmuni 2 cHORPYe TRIBES gt pahelanveaBa of IVE g efachey B opea ot

consi der at i ons meiods afelsenérkly remarba:aﬁn‘e df thd fakd (A infmune GBI gtow innonocl onal
anti bodi es with us fuI affl nitie #ie 10[err nol.ar, to specific antigens

are few ers, in SH‘“ in viyg ggyming] gentors POSSERIRg a 5| o,
i sol ation ¢of aﬂi:ee-mﬂeaémal structﬁkﬁ'i?é‘foﬁﬁdl‘%{h@r&ﬂ'eexﬁ&ﬁﬁdg% Sdtivk pRatesiena primed

cells has proved to be unw el dy For exanpl e, Gorny reported that
only 7 of 14, 3yDMPRRIESPONTRf g‘,h%dhmpmpn@gngfstmcmres °°‘BE"FSP

mononucl ear cellfy sufRfded)byf dnfien gﬂr&ea elwmrkeé%eﬁ&é&amy goﬁglof or oc.

stable, specific anti-H'V anti roduci ng cell I1nes
Nat| . Acad. immunologists to compare the slte of antigen-specific activation of B-cells.

An alternative to the natural splenic environment is to "recreate” or mimic

20  splenic conditions in an immunocompromised animal host, such as the "Severe
Combined Immune Deficient” (SCID) mouse. Human lymphocytes are readily
adopted by the SCID mouse (hu-SCID) and produce high levels of immunoglobulins
Mosier et al, Nature (1988), 335:256, McCune et al, L. Science (1988), 241, 1632-
1639. Moreover, if the donor used for reconstitution has been exposed to a particular

25 antigen, a strong secondary response to the same antigen can be elicited in such mice.
For example, Duchosal et al. Duchosal et al, Nature (1992), 355:258-262 reported
that human peripheral blood B-cells from a donor vaccinated with tetanus toxoid 17
years prior could be restimulated in the SCID environment to produce high serum
levels, i.e., around 10, They further disclosed cloning and expression of the genes

30  of two human anti-TT antibodies using the lambda and the M13 phage combinatorial
library approach Huse ¢t al, R.A. Science (1989), 246:1275 from the extracted human
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To date, nost human anti-tunor anti bodi es have been generated from
peri pheral bl ood |ynphocytes (PBLs) Irie et al, Br. J. Cancer, (1981),

44: 262 or . wologamsz dr ai ni ng | ynph node | ynphocytes Schl onPGI/US6/1007 OC.
Nat|. Acad. Sci. (1980), 77:6841-6845, Cote et at. Proc. Natl. Acad.
Sci. (1983), 80:2026-2030 fromcancer 5 patients. However, such

anti bodi es often react with intracellular, and thus t herapeutically
usel ess antigens Ho et al. In Hybridoma Tec_rig}ci)l ogy. Ansterdam (1988),
37-57 or are of the IgMclass MCabe et al ncer Research (1988), 48,

4348-4353, a cl aaf;s, Ofl‘hé‘?égg@v@% eWiafithities OF fie a%Bbédnészér PR abx Wm%gbd

tunors than ese human anti bodi'es have noved
clinical trials Ewﬁyysnhlsemotacbql rqqmred Ror©r pﬁmdsplﬂamdatm pield(wB ey, lowonly

1190- 1196, suggezs{:ll i &Eﬁgrobm 'ﬁ%?ncyggmﬁt‘%%%o My possess

sub-opti mal qual’ reove sSin ese approe'lle?ﬁes exploit the
testing donor pri nedmemﬁdrbsprevmﬂilﬁtlxellmmusm mhmd;asehlbrsbearmlmd farn

opti mal sour for rescu f . us ona antj b

Recent |y, gerc?:r m&fh‘ﬁ‘fmo@ﬁ@f'ﬂc?me@mf It%ﬂ? hefﬁl&{i&‘ig Easb%tgff ‘1@"
i nproved by sti refficiéntlyprivy by dctinglion StEHIDE athods it ,m,.z.,u gel | s
Banchereau et al Ci_enc 1991), 251:70, han et al ol
(1990), 144, 09{329%*3 2?3% (h@man@s cages inyolves, Sripwe tomgbes bacterial

146: 2544- 2552 OranfiYend" 150, the répoMid SePum mer WQ&% n?rthéﬁt?-ﬂcﬁﬁ LAkl Fnﬁdelare
i mortalization Chaudhuri et al. Cancer | enen

1098- 1104. Thi s Significantly lowes shapawhat Wwb@smwddahmmwmmimm
20 anti bo sto tor.'%%sl& h';@ ﬁ%ﬂ | us
I nfl uenza 4 W t h%@pﬁﬂﬁ?ﬂ%#" gﬁg?@ !5‘53@25(@ ¥ \ﬂjgﬁgl&g’gﬁ? Bh’t |y
hi gher yiel d t haantibasty-riespogses can be followed by induction of secondary antibody responses in
hu-SCID mice using naive human lymphocytes. However, use of both of these
protocols are substantially restricted. In the first protocol, primary responses are

induced in hu-SCID mice into which human fetal liver, thymus and lymph nodes have

15  been surgically implanted. However, this method is severely restricted by the limited
availability of fetal tissue, as well as the complicated surgical methodology of the
protocol McCune et al, L. Science (1988), 241, 1632-1639. In the second protocol,
lethally irradiated normal mice were reconstituted with T- and B-cell depicted human
bone marrow and SCID mouse bone marrow cells Lubin gt al, Science, (1991),

20 252:427. However, this method is disadvantageous because it requires a four month
incubation period. Moreover, both protocols result in very low antibody titers, i.e.,
below 10%.

Also, Carlson et al. Carlsson et al. J, Immunol. (1992), 148:1065-1071
described in 1992 an approach using PBMCs from an antigen (tetanus toxoid) primed

25 donor. The cells were first depleted of macrophaﬁes and NK cells before being
subjected to a brief in vitro cultivation and priming period prior to transfer into a
SCID mouse. The hu-SPL-SCID mouse was then boosted with antigen. This method
was reported to result in average TT specific human IgG titers of = 10/ in the hu-
SPL-SCID serum, with up to 5 x 10° reported.

30 Production of human monoclonal antibodies further typically requires the
production of immortalized B-cells, in order to obtain cells which secrete a constant,



wi th other nethods (32). Moreover, to address the limtations

of donor primng, imunization and cul ti vat i on ex vivo of |ynphocytes
from heal thy donors has been reported. Sone 25 success in generating
human nonocl onal anti bodi es using ex hom ne boosting of- PBL cells
fromprinmed degpssseisas been reported Maeda et al. Hybri doma pCtaRkey10070
5:33-41, Kozbor et al. J. Immunol. (1984), 14:23, Duchosal et al,

Nat ure (1992, 355:258-262. The feasibility of immunizing in vitro was
first denonstrated in 1967 by Mshell and Dutton Mshell et al. J,

Exp. Med (1967), 126:423-442 using nurine I¥rrphocyt es. 30 In 1973, Hoffman
successful 'y i muni zed human | ynphocyt es Ho man et al, Nature

(1973), 243 40855l pebbfon SHERASHSY el ks BRRbR kiuRBieli2ve been

reported
PCT/ US96/ 10070 Immortalization nﬁmusymghmqllyeﬁfeb&dmyme oPfoar apprbachesy Luzzati et

| J. Exp. Med, 4: 573 M Siti | . Med,,
?1981) 154: 1069 &é%i"’)%%{"’%ﬁg 0 "‘PH’F “ma“%‘legelfﬂfg%‘. a%)ﬂﬁ@r%“?bm

| munol . (1986)fd18ﬁred’r35tﬁéﬁx%fusﬁnL aind @V) edmbifatdridlimmanogiobulia gene library( 1989) ,
68: 325 (1989§ ILls Strike et al. J. |nmunol. (1978) :1789- 1803 and
5 spleens, th@c ‘i"ceé'r obtai ned fromtrauma Ho et al. In Hybrl doma
Technol ogy, ANBR rtﬂ&\ﬁfbﬁﬂa%%§has BeknTubed m&sssmn%ﬁi a fibmbet- of lrEFER4D HJamly
(1991), 147:86- 95 Ho et al . _I'mmunol 1353831 383
Wassernman et alf f&"“%%ﬁﬁ‘?@!‘“%l’ﬁwe&@@é)es my, et gl Proos Natia Aca Sei

al, J. Imunol . gdviegdn-14289 212 §5 . ?}H od
Hybr| domas (1993) 4, 4?- rans et a 199?) 2%?%523 321 Thex'ﬁhi m&ée

(1993), 4, 57- 6% thit@pproxispaely poe oWrw%@Q/Btcp&hmpm m&medpﬂopmerem
Soerner et oyt bR MR A BBt bbb 120
4, 57- antibody, clone poorly and cease making antibody after several months of culturing.
Heterofusion Carrol. et al, J. Immunol. Meth. (1986), 89:61-72 is typically favored
for producing hybridomas which secrete high levels of IgG antibody. Hybridomas are
also easy to clone by limiting dilution. However, a disadvantage is the poor yield,
15 ie., < 1 hybridomas per 20,000 lymphocytes B 1, J. Immunol. (1991),
147:86-95, Ohlin. et al, C.A K. Immunology (1989), 68:325, Xiu-mei et al, Hum.
Antibod. Hybridomas (1990), 1:42, Borrebaeck C.A.K. Abstract at the "Second
ternational Confe "on "H tibodies and Hybridomas.” April 26-28,
1992, Cambridge, England. Combining EBV transformation followed by heterofusion
20  offers two advantages: (i) human B-cells fuse more readily to the fusion partner after
EBV transformation, and (ji) result in more stable, higher producing hybridomas
Ohlin, et al, Immunology (1989), 68:325, Xiu-mei, et al, Hum. Antibod. Hybridoma;
(1990), 1:42, Borrebaeck C.A.K. Absract at the "Second International Conference”
Antibodies an ridomas.” April 26-28, 1992, Cambridge, England.
25  The advantage of the final technique, i.e., combinatorial immunoglobulin gene library

technique is the fact that very large libraries can be screened by means of the M13
Fab expression technology Huse, et al. Science (1989), 246:1275, William Huse,
dy Engineering: A Practi ide, Borrebaeck C.A.K.. ed. 5:103-120 and that
the genes can easily be transferred to a production celt line. However, the yield is
30 typically extremely low, on the order of 1 per 370,000 clones Duchosal, et al, Nature
(1992), 355:258-262, |



65, McRoberts et al, "In Vitro Immunization in Hybridoma Technol ogy".

El sevi er, Anst erdam (1988), 267-275, Lu et al, P. Hybridoma (1993),
12, 381-389. 15 In vitro immuni zation offers considerabl e
advant ages, e.g., easily reproducible I mmuni zations, |lends itself
easily to manwpuwkaszsen of anti body class by neans of mqmm&wmmwne

cul tivation and mani pul ati on techni ques Chaudhuri et al. Cancer
Suppl ement (1994), 73, 1098-1104. Also, there is evidence that the in vivo

t ol erance to self-antigens is not preval ent during | VI Boerner et al.
J. Immunol. (1991), 147:86- 20 95, Brans gt al. J. Immnol. Methods
(1987), 98:11. Therefore, this technique |§ potentlally appllcable

for production of ar, le L& Jfﬂe?&#oy&mﬂﬁ%ﬂﬁaﬁtﬁt&t’mo&y ers

and receptors involve vera groups Eave
reported the gequedugingdunmah mmdon&lasnuodxea, ingpartiztilar afitibodies spesificitg RSV,

chal | enged onl assomate ant i TAAs) .Bo rner et
25 al, J. my’f’(ﬂ’n’gqg E”fglé'ﬂ% TEOYeTy ftdp, m@fe‘?ﬁ%m S Acad.
Sci . (1_988) spec1fc85> taeﬁsv Pkpwwavmglémﬁwah@ihg affinktg, spesifitity 4 effector
ant i bodi es P of t he I% not fhe |1gG subcl ass M Cabe
et al. Canc %&%‘QP ﬁ‘ M%Hhiemﬁd also be highlyflesigbles|  Hum

Ant i bod. Hybr| domas, (1990) 1 15 and secondary (1gGQ responses have

only been reported Wi t h protocol s usi ng | hoc tes frominmmni zed donors.
30 Therefore, it would appear QRS i M|y succeed in

i nducing a primary ' T
PCT/ US96/ 10070 It is an object of t}{gn%g{tﬂ)g?té%mwde 1mproved methods for producxélg

i Mmune r espons &uman aptbndiesof dighditers whichi are dpecifici to desiredgotigensit i on of recal |
responses. It is a more specific object of the invention to provide a novel method for

10 producing high titer human antibodies which comprises (i) antigen priming of naive
human splenocytes in vitro, (ii) transferral of in vitro antigen primed splenocyte cells
to an immunocompromised donor, e.g., a SCID mouse, and (iii) boosting with
antigen.

It is another specific object of the invention to provide improved methods for

15 producing human monoclonal antibodies which are specific to respiratory syncytial
virus (RSV), and in particular the RSV fusion (F) protein. :

It is another object of the invention to provide an improved method for
producing EBV immortalized B-cells which favors the formation of EBV immortalized
B-cells which predominantly secrete IgG.

20 It is a more specific object of the invention to provide an improved method for
producing EBV immortalized human B-cells which predominantly secrete IgG’s which
comprises:

)] antigen priming of naive human splenocytes in vitro;

@) transferral of such in vitro antigen primed naive splenocytes to an

25 immunocompromised donor, e.g., a SCID mouse;

(ii) - boosting the immunocompromised donor with antigen;

(iv) isolation of human antibody producing B-cells from the antigen
boosted immunocompromised donor, ¢.g., SCID mouse; and

)  EBV transformation of said isolated human antibody producing B-

30 cells.



Al so, research has been conducted to systematically analyze cultivation and
| mruni zation variables to devel op a general protocol for effectively
i nduci ng human 5 nonocl onal antibodies in vitro Boerner. J. |nmunol.

(1991) 147:86-95, Brans et al. Hum Anti bod. Hybridomas (1993), 4,
47-56, Lu et -aWwoeki@sis doma (1993), 12, 381- 389. Thi s heer/usssaoored i n
the isolation of human nonocl onal anti bodi es specific for ferritin

Boerner et at. J. Imunol. (1991), 147.86-95, induced by IVl of naive human
spleen cells. Also, this research has resulted in a protocol by which de
novo 10 secondary (1gG responses may be iig_duced entirely in vitro Brans
et al. Hum Anti bod. Hybridomas (1993)7 4, 57-65.

However, despite the i L Gl of
such ot hods ades SRbE0NGA of heiRARbE B RoRke hole plrifonfion} fuitie ®
cellssgrow in EBV tramsfarinfedciumaniB-cells tobtatned éoseSCID Byicecwhiitls pretiominantlyi vo
germ nal centers osg.essi r}gga 15 three-di nensional structure are found in
the spleen duri rfﬁaf"ﬁ UERR Y Shhases of an i mune response. These

t hree= di mensi onal st muigtaliner sHEIHIE bisectIE te\iaventior to ?@did@novel compésitions
surrounded by antlt%g,g\-presentl ng cells which are believed by the majority

of i mmnol 9Btining EBV tmmpfarraed umay B-gelisrwhich prodomiapntly; secreteJwman g6 sn
of B-cells. /,\g%ﬁ{ “Bﬁ{sjn e to the natural splenic environnment
is to "recreate' r%(;ucerglrwg dtgo eni g conditions in an inmunoconprom sed
ani mal host, such as®he " Sentiger priming ofmgivei hugan splesoeyted vigoent " ( SCl D)
nouse. Human | ynphocyées arg [ S rfnrré‘aﬁ&g

(hu-SCI D) and producgﬂ)hi gh ﬁ%‘\gfgﬁ?@% r?sun%%a’gﬂ%ghﬁﬁésa% SQPEF@%S&?
Nat ure (1988), ZBEn@t@pcdvipfomised tnialal dénor,SegerSCIDLIAGSE;, 241, 1632-

1639. Moreovgr, if t donoy, used. .far reconstitution has been e dto a
particul ar ant i 3@1 a é?‘f’ﬁ th§ éE‘SWB&W‘PF‘EE‘E%in%‘%’“{’]o&Pﬁ’% es%néef;%ﬁoa g
can be elicited with antigen;m ce. For exampl e, Duchosal et al. Duchosal
et al. Nature (1992),. 355:258-262 reported t hat_h ri pher al

bl ood B-cells from a(’d'gnor VQ’@E?‘hS{E\ %Wb?@tﬁﬂ%‘qg&'ﬁwﬁ‘e i?'t"o"i"ears
prior could be ryostdithiimionprniisedontt, 3] SOIDTRduse: andr oduce hi gh serum

| evel s, i.e., around 10[err% They further disclosed cloning and expression
of the genes 30 of o huKBY tansformationnfispiddsalated byman angBodyPRENCINERr t he
ML3 phage cogbi naji@ri al | i brary approach Huse et al, R A Science

(1989), 246:1275 fromthe extracted human . .
It is another specific object of the invention to produce RSV neutralizing

human monoclonal antibodies having an affinity to the RSV F-protein of < 2 x 10°
Molar.
It is still another object of the invention to provide EBV immortalized cell
20 lines which secrete RSV neutralizing human IgG monoclonal antibodies having an
affinity to the RSV F antigen of < 2 x 10° Molar.

1t is 2 more specific object of the present invention to provide two EBV
immortalized cell lines, RF-2 and RF-1, which respectively secrete human monoclonal
antibodies also referred to as RF-2 and RF-1 which neutralize RSV in vivo and each

25  possess an affinity for the RSV F-protein of < 2 x 107 .

It is another object of the invention to transfect eukaryotic cells with DNA
sequences encoding the RF-1 or RF-2 heavy and light variable domains to produce
transfectants which secrete human antibodies containing the variable domain of RF-1
or RF-2.

30 1t is a more specific object of the invention to provide transfected CHO cells
which express the RF-1 or RF-2 heavy and light variable domains.
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cells. The reported antigen affinities of the antibodies were in the
10[err]-10[err]/ M range. However, this protocol required donor prinmed
cell s and t hewt slgthspas very | ow, only 2 cl ones were obCHUSSBd0d70 oM a
library of 370, 000 cl ones. Therefore, previously the

hu- SPL- SCI D nouse has only been utilized for 5 produci ng human

nonocl onal anti bodies to antigens wherein the donor has either been
efficiently prinmed naturally or by vaccinahhgn.Stahli et al, Methods in
Enzynol ogy (1983), 92, 26-36, which in nost cases involves exposure to

viral or bacteri al : | . R ' evel s
usi ng the hu-SC D anI|t %@%%e &g%ﬁles‘ﬁ““@@g%{?%g‘trf@éﬁ%i“ﬁgé“ #ﬁnat S
typi cal | y achi eashnbpyiadministerinigi aotherapeuticaliyodr prophylactid@ally effective amount of

Addi tionally, t protocol s have been descri.bed.by which. i nductd of
primary anﬁgﬁd’&’fpﬁlﬁlﬁiﬁg’@g %@B‘éﬂqﬂaﬁ?ﬁ%ma’h@ %mﬁcgﬂ%&k&condary
anti body responBpgoteifi and which exibitld K €6t the ROV Faprowsn SLRED x| [0yt es.
However, use of both of these , protocol s are substanti al Iwe tricted.
In the fi rst® prot ocdt 1 ap?‘PWﬁ%Q‘EJSﬂsqgéh%\“é"m‘mm treat QF event -E%CB"H%e
i nto which humegyridak By ahmwmdgfwmpaméﬂgyﬂwg@%ﬁmh%ﬁeé@p a%ﬁﬁlbof RF-

surgically inplanted. However, 'this netho erely restricted by the

limted avhir BErd o a/hwpars mpraclanakantibodysexprassed in 8 trapsfecterheikaryptie gell
ical meth . . ' 88),
surgical me Od%igﬂ %éﬁﬂm B expressdd i fa,ﬁﬁblel\{ﬁ%‘fmﬁgfgrf;ﬁomhs o?cnﬁg F R(plé’.l )

241, 1632-1639. e second protoco i . _lrradrated norma
m ce were reconsti t Ut canpthehobject ofi thednveakipn teprovide sladgines: for treatinghomme nar r ow

and SCI D noyse : ’ i A ' , aa?] .

252: 427. I—|()1'\/\€ve$ff‘z Oé?'ft]lﬁgNr?e%geghélmzwt#ggg‘\?ﬁ'&ﬁe?g%%égé"@%fiu% | '?%%%‘?Yes a four
mont h i ncuéffactivmampeunt ofihurvior monaeignabantibogiesospecific o the REM Fiproteier y | ow
antibody titers, L. e, 1Q[.err] Al SO . on et
al . Carlsson ethaé'fn,g %]Kﬂ%ﬁ%gkp%ﬁifggé?,°fi%§:ﬁb%95@‘llﬁt71wm°h “e"?’alé’g??‘lr & in
é992 an ﬁpproiaf:ﬁzrusinr@fnfﬁﬂﬁﬁs:ahﬁmmphgmf utipaly é?@%mrgwmdkiprmﬁge? 25
onor. The cells were.first depLeted o rophages NK. cel.l s before
bei ng Subj cct diismare PRARE phiec of LB YOG I ProRdE YAKINES (Fn aFaas Poc
prior to trpsfprevénting RSV infectiorSwhich ¥bmpfise altherapeutiGifly ¥@réphyRidtecallyas t hen
boosted with ag en. This was repor. aver age

| T specific hu poyng Pgﬁg‘?log" RE 2 humap W%%Cl;’ﬂ%? antibodies g!ptnr_eg%qgl ferum
With up to 5 x fiMsRictell euRRPSHcRI) which contains and expresses DNA sequences encoding the
variable heavy and light domains of RF-1 or RF-2, in combination with a
pharmaceutically acceptable carrier or excipient.
20 1t is another object of the present invention to provide a method for diagnosis
of RSV infection by assaying the presence of RSV in analytes, e.g., respiratory fluids
using human monoclonal antibodies which possess an affinity for the RSV fusion (F)
protein or < 2 x 10° molar.
It is still another object of the invention to provide novel immunoprobes and
25  test kits for detection of RSV infection which comprise human monoclonal antibodies
specific to the RSV F-protein, which possess an affinity for the RSV F protein of
< 2 x 10® molar, which antibodies are directly or indirectly attached to a suitable
reporter molecule, e.g., an enzyme or a radionuclide. In the preferred embodiment
these human monoclonal antibodies will comprise RF-1 or RF-2 or recombinant
30 human monoclonal antibodies produced in eukaryotic cells, e.g., CHO cells, which
are transfected with the variable heavy and light domains of RF-1 or RF-2.



30 Producti on of human nonocl onal antibodies further typically

requires the production of imortalized B-cells, in order to obtain
cells which secrete a constant, WO 96/ 40252
PCT/ US96/ 10070 -11-

i deal |y per maRggbsgdzed! y of the desired human nonocl onal antpdar0ss%sso070
Imortalization of B-cells is generally effected by one of four approaches:
(i) transformation with EBV, (ii) nmouse-hunman heterofusion, (iii) EBV
transformation foll owed by heterofusion, and (iv) conbinatori al

I mmunogl obul in gene library 5 t echni ques EBV
transformati on has been used successfully |ﬂsa nunber of reports, mainly

for the generation of anti-H . Natl. Acad.
Sci. (1989), 86: 1624- 1672 ; P 1991),

146: I4~|325b32 The mai U‘Paquatd tamnnon in m@brbmm: @mwnu%nmbﬁtgy t@fl?»@i’neﬁibﬁﬁ ¥or200
B-cel | s becones transforne wever,. EBV 10 tr orned cells are

typical Iy unst afRakingfiuman antibodics tp.detired agtieens; Py tigens inolved i34y ¢l one
poor |y and ceaswpwlaﬂa ﬁ@itmemcbfda{e&@dn 1% iirtin RN Eonifiofi ! Thilil AEthods

Het er of usi on_Carrol : . I'mmunol. Meth. (1986), 89:61-72 is t?‘/pl cally
favor ed 5 fspmpnmnrgpﬁmmimge bwmashspleneeysesain irgh tnaasfeml ofitt ¢gG

anti body; Hybri g&m t3h fiflef %Lm yn+d h.%g?
However, a di sadvant age%ftgo ?Wgﬂg%or y?‘g%(ng%ﬂf . eé.&, egzrxfo yibrl orra’s per
20, 000 | ynphocyeds, 88&IRanouse,t and boosting Isaichimaiuno¢ong@dmised donor with ZnBgend5,
Ohlin. et al. C A K ;lﬁ
Ant i bod. Hybri domas &ggg{g@,{@%{, orr aec‘é?’%ﬂﬁalﬁ%%b?u%g‘&aépﬁﬂl E%T'yéxe“éond
| nt er nati onal C{BB¥) immetitalined B-Mtawhtkhtfahmi thespradudtibly Off cello which"sediptel IgGs
26- 28, 1992, Canbridge. En I ni n ransf
ol | oned by het n 3] s fuse
fol lowed by fet EPBPESRE a3gsen P&F‘g %&8&%‘ in wirggs ﬁ‘aﬂﬁ%"@éﬁ f
nmore readi |y toréduRardtisvitio ﬂﬂfg&ﬂlﬁﬁm@d §]ﬁénocytes to an immunocompromised donor, €.g., a
SCID mouse; boosting the immunocompromised donor with antigen; isolating human
antibody secreting B-cells, preferably IgG secreting, from the antigen boosted
immunocompromised donor, e.g., SCID mouse; and EBV transformation of said
15  isolated human antibody secreting cells.

The present invention more specifically relates to improved methods for
making human antibodies to RSV, in particular the RSV fusion (F) protein which
exhibit high affinity to RSV F-protein and which also neutralize RSV infection, as
well as the human monoclonal antibodies which result from these methods. This is

20  preferably effected by priming of naive human splenocytes in vitro with 11-2 and
optionally the RSV F-protein; transferral of the resultant in vitro primed splenocyte
cells to an immunocompromised donor, e.g., a SCID mouse, and boosting with RSV
F-protein to produce human B-cells which secrete neutralizing anti-RSV F-protein
human antibodies having high affinity to the RSV F-protein, i.e., < 2 x 10° molar,

25 The resultant B-cells are preferably immortalized so as to provide a constant
stable supply of human anti-RSV F-protein monoclonal antibodies. In the preferred
embodiment B-cells are isolated from the antigen boosted SCID mouse and
transformed with EBV virus to produce EBV transformed human B-cells which
predominantly secrete human IgGs.



EBV transformation, and (ii) result in nore stable, higher producing

hybri domas Ohlin. et al. Imunol ogy (1989), 68:325, Xiu-nei, et al,
Hum Anti bod. Hybri domas (1990), 1:42, Borrebaeck C A K Absract at
the "Second International Conference" on "Human Anti bodi es and

Hybri domas, " AyodeoRa- 28, 1992, Canbridge, England. 25  TheCHusw108e of
the final technique, i.e., conbinatorial immunoglobulin gene library
technique is the fact that very large libraries can be screened by neans of
the ML3 Fab expression technol ogy Huse, et al Science (1989),

246: 1275, WIIliam Huse, Antibody Engiggeering: A Practical GQuide,
Borrebaeck C. A K . ed. 5:103-120 and that the genes can easily be

transferred to a propusd bR arethkn tlol&t too"!@légt\’l?ﬂy tfaﬁ&oﬁﬁhﬁ'déll'hﬁe@@hxcﬁ F&k&é' ly

extrenely low, on the order of 1 per 37 ones Duchos Nat ur e
(1992), 355: 25chuh@m monoclonal antibodi® teging higpatfinity to RSV F-protein, i.e. <107 and

PCT/ US96/ 10070 -12-
Thus, based on grﬁfeerq,bgf e%;glxhbo' ﬁn? I's apparent that nore efficient methods
for produci ng warmmvémmhlsamﬁlatbmh the use of guols antSREVF-proteirbnans

specific to RSV, beh I .advant a Mor e It 1s also

et tnat pasional RibHECas heabaE SHbt PR c e el 5 dieemosic azen R,

tswoeri or bi nfl: nssaéﬁ?méxubje@mﬁousiem aﬂdne%%mrofhgmaniﬂéﬂﬁdwrﬁns t han
0ose curren y ayall a U, esira

onS e, O THE Rbadies hjch exhibi high ainity the,RYY 1oty DassRss 8K o

provi de i nproveghy #Ri ROVF-profeiP60LUE kNG molar, Wammxs%rﬂeh@memv% vikglh titers

which are specific to desired anfigens. nore specific
obj ect of the iThesefore;thase ammeslereadmimmﬂeasmwlwmxc and therapeunc agents

10  for preventing or treating RSV infection given the fact that the RSV F-protein is a
surface protein which is highly conserved across different RSV isolates. Also, given
the high affinity and specificity of the subject human monoclonal antibodies to RSV F-
protein, they also may be used to diagnose RSV infection.

More specifically, the present invention provides two particular human

15 monoclonal antibodies to the RSV F-protein, i.e., RF-1 and RF-2, as well as
recombinant human antibodies derived therefrom, which are preferably produced in
CHO cells, which cells have been transfected with DNA sequences encoding the
variable heavy and light domains of RF-1 or RF-2. These antibodies are particularly
useful as prophylactic and/or therapeutic agents for treatment or prevention of RSV

20  infection. Moreover, these antibodies are useful as diagnostic agents because they
bind the RSV F-protein with high affinity, i.e., each possess affinity for the RSV
F-protein of < 2 x 10°, They are especially useful as therapeutic agents because of
their high affinity and specificity for the RSV F-protein, and their ability to effectively
neutralize RSV infection in vitro.

25 RIEF DESCR N OF TH UR
Figure 1 depicts immunoblot of F protein with anti-F protein hu-SPL-SCID
sera: Notice (A) and denatured (B) F protein was run in SDS-PAGE and transferred
to nitrocellulose by Western blot. Nitrocellulose strips were reacted with positive
control mouse anti-F protein MAb (lanes 1A and 1B), negative control hu-SPL-SCID



10 producing high titer human anti bodi es which conprises (i) antigen

primng of naive human spl enocytes in vitro, (ii) transferral of in
vitro antigen prined splenocyte cells to an i mmunoconprom Sed donor,
e.g., a SCID nouse, and (ii) boosting with anti gen. It is

anot her speci Woessahgsect of the invention to provide inprove@CRESHHGE70f or 15
produci ng human nonocl onal anti bodi es which are specific to respiratory
syncyti al virus (RSV), and in particular the RSV fusion (F) protein.

It is another object of the invention to provide an inproved nethod for
producing EBV imortalized B-cells which fgwors the formation of EBV

I mortalized B-cells which predom nantly secrete 1gG 20

5 @ more speci i Gtk 4Rnd S8PRL ARGPOSPIDWidIE RS RECH nan@md

for produci ng EBV i nnorta urman B-cel
secrete | gG s \faneh3A and B&rﬁsr(imgs;#t and 4B) and #4 (lares ¥5A andéma gen primng of

" Vitro ant i gen pr iiaie Aelishifmmetuareeeres of 5D eo BRSPS GRS C,

e.g., a SCl D nuantieF protein. Uninfected (lafi)iahd RS Veinfested ﬁiﬁuheellsrwetammrvﬁﬂi sed

or oduct ng BceiFON AR PREPLAETR aivusd 76 aplFof iR IR sath ARG hPo Hiisiee

e.g., SC D nouseds revedled GAH IgG-FITC. (V) EBV transformation of said
i sol at ed human anti tizog&{_egr oducing B-, 30 Lls WD 96/ 40252
PCT/ US96/ 10070 depicts the” reactivity of punﬁed RF-1 and RF-2 to plastic bopgd

ICE) ) { Z | ﬁlnﬁtg her  qiffifify puiificd TSV PM{RtEIO "THeGredttiOiY BEa RT¥BhceARMA I KNS serum,
LN, is also recorded. The ELISA plate was coated with 50 ng RSV F-protein.

10 Figure 4 depicts IEF of RF-1 (lane 2) and RF-2 (lane 3) human MAb purified
from tumor cell supernatants. IEF was performed on a pH gradient of 3-10. Lane 1
represents the pi standards.

Figure 5 depicts indirect Immunofluorescence flow cytometry assay of HEp-2
cells and HEp-2-cells infected with RSV, 1x10°, incubated with various amounts of

13 RF-1 and subsequently with a FITC-labeled GAH IgG. The relative average intensity
of the ehtire population is recorded.

Figure 6 depicts NEOSPLA vector used for expression of human antibodies.
CMV = cytomegalovirus promoter. BETA = mouse beta globin major promoter.
BGH = bovine growth hormone polyadenylation signal. SVO = SV40 origin of

20  replication. N1 = Neomycin phosphotransferase exon 1. N2 = Neomycin
phosphotransferase exon 2. LIGHT = Human immunoglobulin kappa constant
region. Heavy = Human immunoglobulin gamma 1 or gamma 4 PE constant region.
L = leader. SV = S$V40 polyadenylation region.

Figure 7a depicts the amino acid and nucleic acid sequence of the variable

25  light domain of RF-1.

Figure 7b depicts the amino acid and aucleic acid sequence of the variable
heavy domain of RF-1.

Figure 8a depicts the amino acid and nucleic acid sequence of the variable
light domain of RE-2.

30 Figure 8b depicts the amino acid and nucleic acid sequence of the variable
heavy domain of RF-2,



EBV transfornmed human B-cells obtained from SCID m ce which predom nantly

secrete human 1gG s. It is a nore specific object of the

i nvention to provide novel conpositions 5 cont ai ni ng EBV transforned
human B-cells which predom nantly secrete human IgGs - produced by a
met hod conpr i Swoos6/40252 (1) antigen primng of nPCT/USIGNOMT

spl enocytes in vitro; (i) transferral of resulting in
vitro antigen prined naive splenocytes to an i mmunoconprom sed ani mal
donor, e.g., a SCID nouse; 10 (rii) boosting the
|nnunoconpron1sed ani mal donor, e.g., SC D _fgpuse, wi th antigen;

(iv) I sol ati on of human antlbody prodUC|ng B—cells fromthe antigen
boost ed i nmmunoconpr o

EBV transformation o?i@gigd [ ahgag‘ht?rrzg%%ltl y pro ﬂ%“uc?ngf e]i%ll%)e‘?ls.

It is another sphainf ﬂmelutd’pemumcetmd thenknemin kappa constaotidonmirRgquenee r al i zi ng

human nonocl onal ant ll_podl haV| an af f.ini 0 the RSV F-prot .9
[err] 2 x 10[err] the aiting’aci a"‘{ i(ucﬁ?cégﬁﬁqu%pﬁg} ‘g"t:) J'E?vyof
the invention t@hﬁhpﬂﬂdﬁeﬁhﬁﬂnﬂﬂﬂhﬁﬁidlﬁﬁﬁn%kdma?&nsthﬂtﬁbﬁaﬂke@hn&ecr ete RSV

neutralizi ng_human | gl onal nt| bod| es avi, nge affinity to
the RSV F anfi gen of epicts the maip Sequence. ¢ js a nore

speci fic object of th"igtﬁé §9 d ctk@dh@rﬂitkﬁnyft& NEQSPIJ&VE&%@: f&iMred to as NSKE1
imortalized cell ljines, RE-Z2 and RF-1, Wwhich respecti vel y secrete human

nonocl onal copfaningJhe &F-hpucieie agid saquence and Juman parpmelcgustant damaim set
neutralize RSV igguy in/fi gadeh 25 possess an affinity for the RSV
F-protein of [err] 2 X err It is another ect of the
i nvention to transfeé‘@gt@a 1% dapidtxthe amine asid andDaleic acid segmcm#:@s%%diﬁhmg

the RF-1 or 1687 2h %ﬁa*“&@g%deh%&tgpﬁg‘ﬁtﬁﬁkﬁ’%%ﬁam Hroduce

t ransf ect ants whi secr et I'ning the variable domain
of RF-1 or RF- Figu3®11b depicts the aminceacibarsl mysleid dcid segignee df the RF12 heavy

5 ey o) P A et b B, 1 55 (1 Lo
Figure 11c depicts the amino acid and nucleic acid sequence of the human
gamma/constant domain.
15 Figure 12 depicts schematically the NEOSPLA expression vector, referred to
as NSKG1 containing the RF-2 nucleic acid sequences and human gamma/constant
domain sequences set forth in Figures 11a-11c.

DETAILED DESCRIPTION OF THE INVENTION
As discussed, the present invention provides a novel highly efficient method
20 for producing human monocional antibodies to desired antigens, preferably antigens
which are involved in a human disease condition. Antigens involved in a human
disease condition typically will be surface antigens which comprise suitable
therapeutic targets for antibodies. For example, this includes surface proteins of
viruses and antigens expressed on the surface of human cancer cells. In the preferred
25 embodiment, the surface antigen will comprise the fusion protein (F-protein) of RSV,
Human disease conditions includes by way of example viral infections, e.g.,
RSV, papillomavirus, hepatitis, AIDS, étc., cancer, bacterial infections, yeast
infections, parasite infection, e.g, malaria, etc. Essentially, human disease conditions
are intended to embrace any human disease condition potentially preventable or
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It is another object of the invention to treat or prevent RSV infection in
humans by administering a therapeutically or prophylactically effective

anmount of wo¥sossaut ral i zi ng hurman nonocl onal anti bodi es RUTTUSPE 10T
specific to the RSV F-protein and which exhibit a Kd for the RSV
F-protein of [err] 2 x 10[err] nolar. 5 It is a nore specific
object of the invention to treat or prevent RSV infection in humans by

adm ni stering a therapeutically or prophylagiically effective anount of RF-
1 or RF-2 or a human nonocl onal anti body expressed in a transfected

i'gnt  domai ne. ofe#gtia B diR At o ik BoR5E6R Bitbols LA o £ DiicRF

i nvention to pramtigde vacci nes for treati ng or 10 preventing RSV infection
whi ch conprise a thegape l.acticall effectiv nount
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conprise a therapeutically or prophylactically fective amount of
RF-1 or RF-2 or besarsarpri fligepypred tkat Sheccombination oéa\ewrm pown methods for

hcodi ng. the.  BodBlhE nEfp stobls SR AmARMCKRIRS RIS RS
conbi nati on wi t \very enhanced pimgempmﬁa mspdnsesacdwnammwmmﬁgm apwelbacvgsyent .
ﬁgt hod for é? ag H@ t@erg P‘fium%:?hﬁé%;l é"rﬁ’ogﬁ? §€ﬁ% ‘é@;@%‘? %L%ﬁ@&if#g@? of RSV
in anal ytes, e. fas bees $mindathatrthisfcombihation resultsis unprebadested highsedoodaxy
oo oS o, BORae e Hinih 46 ol 4 HEpTSHy PR, 0 RS
i nvention to pr mdnosa@mlnugmmﬁﬁaeaf aivé c2lls int SCID deidt spedifie aﬁtm)ept i on of
P O e 0 o o AR ey o B b5
([ﬂe: ;1: hg dxt gqg e; l’l}llgth@fiﬁfy anthipelifiay mqﬁm BaRtIBOHAGFrbduced in SPerinadtdily
hyperactive immune animals. It has also been found that when using naive spleen
cells, to obtain such unexpected results it is necessary to challenge with antigen both
in vitro and after introduction into the resultant hu-SPL-SCID mouse, Also, it is
preferable but not essential to introduce additional fresh non-primed spleen cells to the
20  hu-SPL-SCID donor just prior to antigen boosting. This has been found to result in
still further enhancement of the antibody response.
The present invention was developed after an optimal in virro primary and
boosting protocol for the generation of secondary responses from naive human spleen
cells had previously been disclosed Brams et al, Hum. Antibod, Hybridomas (1993),
25 4, 57-65. The protocol Brams et al, Hum. Antibod, Hybridomas (1993), 4, 57-65
was found to provide for antigen specific IgG responses about 2 to 10 times higher
than obtained from cultures subjected to one antigen challenge. This in vitre
immunization (IVI) protocol was developed and optimized using very different
antigens, i.e., horse ferritin (HoF), calmodulin, prostate specific antigen (PSA),
30 mouse igG, transferrin, Xeyhole Limpet Hemocyanine (KLH) di-nitro phenyl (DNP)
bound to T-cell dependent protein carriers and RSV fusion (F) protein,



reporter nolecule, e.g., an enzyne or a radionuclide. In the preferred

enbodi nent t hese human nonocl onal anti bodies wll conprise RF-1 or
RF-2 or reconbi nant 30 human nonocl onal anti bodi es produced i n eukaryotic
cells, e.g., CHO cells, which are transfected with the vari abl e heavy
and |ight donaiweosesos¥-1 or RF-2. WO 96/ 40252  PCTNUS96/10070

PCT/ US96/ 10070 -15-

BRI EF DESCRI PTI ON OF THE | NVENTI ON The present invention in
its broadest enbodinents relates to novel nethods for maki ng human

anti bodies to desired antigens, preferably gﬁt_i gens involved in
prophyl axis, treatnent or detection of a hunan di sease condition. These

rethods 5 * compr i SCeBiIF R Thabal sRoNAS il BTG AELABOCISILA o L1 O

transferral of the resdltant rn vitro antigen prime

to an i mmunoconpdayn sfter injmngls started it aptigenS6pdtherwithatolopdud spledni dells fed d

I NMunNoco romse The resent . nvent i on
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al so relates to et dsltmg'%g ﬂ%ﬂ%&w@p@?tetpﬁl@d ed“‘PEﬁW

i mortalized B- cpl’otoeol\mgxehhe‘mmrﬁflbb&tddr@dg&t p0sutd, afi@ abeSeqifV ﬁ%b&ﬁﬁg
lgGs 10 co | Si g: Fant igen primng of naive human spl enocyt es in vitr

transferral Bsultant in vitro antigen prined splenocytes to an

i nmunoconpr oni sed donTHese éxperimerits further &h&sﬁ%ﬂ&ﬁm ﬂ%@‘iﬁl&ﬂs %Fe tga timal

I mmunoconpr om sed donar with anti isolatin anti 39
secreting B-cel I%’“’cﬁéﬂm xﬂeq»g@? uding traymay and g’S?‘rfﬂlmS aByicgatmast mesiphetal

| mmunoconpr om s elostPIyf oo?teﬁ (PB: QC)‘I ?Ton‘ﬁ&qslﬁ%\rll§rﬁmﬁ_ﬁﬁ)%ﬂb g said

15 isolated human antib secr et resent
i nventi on nore sipfesior Mdﬂﬂ%ﬂotboﬁaa@sen-@emfpm&penhesremw cdepletlon or naki ng

human anti bo@ esyeliGaiBaNon bpmﬁ%flﬁlgyéﬁﬁpo%glﬁ reulted mn m%nox( re)spgzrseost w
4. Immunol, (1991), 147:86-95. Also, these experiments indicated that for a given
spleen cell preparation and antigen, that there exists a unique optimal antigen
concentration.

Therefore, having established an optimal in virro primary and boosting

15 protocol for generation of secondary responses from naive human spleen cells; it was
conceived to test this protocol in combination with previous in vive methods for
producing human monoclonal antibodies, i.e., the SCID mouse. ¥t was unknown
prior to testing what effect, if any, administration of antigen primed spleen cells
would have on the resultant production of human monoclonal antibodies to a given

20  antigen by the SCID mouse or the ability of human lymphocytes to be maintained
therein. However, it was hoped that this would provide for enhanced antigen boost
and enhanced expression of the in vitro antigen primed naive spleen cells.

In this regard, it has been previously reported that human lymphocytes can
establish themselves and remain alive for several months in SCIDs McCune et al,

25  Science (1988), 241, 1632-1639, Lubin et al, Science (1991), 252:427. However, as
noted, surpa previous methods using SCIDs or human monoclonal antibodies to
antigens have used cells from donors previously exposed to the antigen either
naturally or by vaccination and have typically not resulted in high human antibody
titers.

30 Quite surprisingly, it was found that combination of in vitro primary and
boosting protocol for generation of secondary responses from human naive spleen



exhibit high affinity to RSV F-protein and which also neutralize RSV

I nfection, as wel | as the human nonocl onal anti bodi es which result
fromthese nmethods. This is 20 preferably effected by primng of naive
human spl enocytes in vitro wth I1-2 and optionally the RSV

F-protein; trowsdsmogsal of the resultant in vitro primed spl eQDUSWA0070
cells to an i munoconprom sed donor, e.g., a SCID nouse, and boosting with

RSV F-protein to produce human B-cells which secrete neutralizing
anti-RSV F-protein human anti bodi es having high affinity to the RSV
F-protein, i.e., [err] 2 x 10[err] nolar. ) The resul tant

B-cells are preferably immortalized so as 0" provi de a const ant

stabl e supply QfubgaRn g GIRRAISPHA, S RIL REsCHD iddf)

preferred enod ] ‘ ‘orht'he ‘anti gen boost €d
SCl D- nouse and resulted in symcmi&mrm:iltm emaﬁded/by hxghlycmgmﬁnamnm/smﬁn 4¢Gr ned

gg;rzgzg-zcel | s %ﬁp%ﬁsestothexg{n?u ?zri]?xgn&rﬁ l}/ secrete human | gGs. WO

PET / USQG{ I10070 o Further, it was also (lhscovered that the co]{nbinatx%n of tlhlesel methods\-/fhﬁﬁngh
These cell s .ar e to select EBY transforned ce i nes iCc
secrete . 3}?& ﬁ%ﬁﬁ‘%&ﬁ%&l“s &8 MOdplARgEMHARK ng high affinity to RSV
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The present invention also relates to the use of such anti-RSV F-protein

human 5 rmnc?é%‘mfoarﬁliabwdn@wwxanmaamm%spawépémmhw actic, as

wel | as diagnostic rﬁfgge i\"ﬁﬁﬁé t in the
generation of hunanqgngﬂ%@mo%egr mutbeliod gl es g;ﬁ tgg&ﬁ?n g a‘%afll nity
to the RSV F- prmewmﬁhvmmmom@smgbescﬂamouse. for the RSV F-protein
of [err] 2 10[ err] in vitro.

Ther ef or e, liéhese ant( ﬁghﬁ@? wé’wﬁmafﬂgﬁﬂgh{ ihg ?yphyl actic and

t her apeutic agents ) u’ée)ofm-bumhbpﬁmgalwnt%eauwgnmnemﬂtsdﬁ highesy iantibody he

fact that the tars ofprt?ge% sgecxts ic responses in the hu-SPL-SCID mice;

(v) the hu-SPL-SCID in mouse is preferably boosted with antigen emulsified in
an adjuvant, e.g., Freunds Complete Adjuvant (FCA) and/or Alum;

15 " (vi) killing or neutralization of NK cells, whether of murine or human origin
surprisingly has no benefit on antibody production. However, it was found that use
of the SCID-beige mouse, an NK low line, as the host for the in virro primed cells,
provides for a superior response when boosting is effected using a combination of
adjuvants, i.e., FCA and Alum.

20 (vii) spleens, but not lymph nodes of = % of the hu-SPL-SCID mice were
enlarged up to 25 times compared to normal SCIDs. Moreover, of these up to two-
thirds of the cells in such spleens tested positive for normal human lymphocyte
membrane markers.

More specifically, the subject method comprises priming naive human

25  splenocytes in vitro, for about 1 to 10 days, preferably about 3 days with antigen,
transferral of the primed cells to a SCID mouse, and subsequently boosting the mouse
with antigen about 3 to 14 days later, preferably about 7 days later. This has been
demonstrated to result in high antigen specific IgG responses in the sera of the
resultant hu-SPL-SCID mouse from about day 24 onwards. Typically, the serum end-

30 dilution titers are about 10% (half maximal responses at approximately 50 mg IgGlml)
using a naive antigen, horse ferritin and 107 (half maximal responses at approximately



surface protein which is highly conserved across different RSV isol ates.
Al so, given the high affinity and specificity of the subject human
nonocl onal antibodies to RSV F- protein, they also may be used to
di agnose RSV infection. More specifically, the present

i nvention provivoessdseo particul ar human 15  nonocl onal ant i FFERSEEIPY ¢ he
RSV F-protein, i.e., RF1 and RF-2, as well as reconbi nant human
anti bodi es derived therefrom which are preferably produced in CHO
cells, which cells have been transfected with DNA sequences encodi ng the
vari abl e heavy and |ight domains of RF-1 orapRF-2. These antibodies are
particul arly useful as prophylactic and/or therapeutic agents for

treatment or pr %’ﬁgg%@m%h%}( 11! rbspbise i MbuceltbwiaOY efral dntigene i.8/) thefusions

are useful as diag tic agents because thetgq bi nd the RSV F-protein
wi th high affi nipreteiniof RSV.edicis e dased fonjthase yesply tf@hemﬂwesponsesm% Bt ei n

of [err] 2 x 10[erk]. Y, cially useful as therapeutic agents
because of ‘{W"F %i;&gﬁt%?rﬁ%?g and specificity for the RSV F-protein,
and their ability toAsfrotst, ioptingl inductiomef the desined amdhwdy Tésponse gequires SNNZED .

25 Rl EF | PTI. - T I '
Figure 1 depisct schﬂlﬁ?ﬁ?ﬁBBP’&Ei‘“&““ ﬁ%srs%%%é %w@%%: g’nﬁﬁf E %J(?'F ?k%(gbﬂus%cﬁb
sera: Notice (A warsodomsd thatll-2 B) ndcessargtdating iawitro priming, ARG HANTES andi IL-6
transferred tqQ nitrocel |l ul gse, tern plot, N trocell ul o { ps
were reacted w tﬂ"ﬁ@%‘?“'@é \?8“""““‘3“83&8%{2&5#%&" d pespanssdp ﬁhelt\lﬂf\bj%’gﬁ 1A

and 1B), negati vguieNiMéteovts; SEID RicbAstitution is facilitatedBub Gast AatTdependent on
PCT/ US96/ 10070 -1

serum anti-TT (|eonexmitant intaperitpneahadmipisiption ofintadigted aljoggneis brmhg@lzea- from

mce #6 10 It was further discovered that there was significant variation in the antibody
responses from one spleen to another. For example, some spleens required
concomitant administration of antigen and fresh autologous spleen cells on day 10 for
generation of antigen specific antibody responses. Also, it was found that the level of
antibody responses varied somewhat in different hu-SPL-SCID mice. However, based

15  on the teachings in this application, one skilled in the art can readily select suitable

condit{ons s0 as to produce an optimal antigen specific antibody response to a given
antigen.

For example, by testing several different spleen preparations for their ability to
produce specific antibody in culture, e.g., after ten days of in virro immunization, one

20  can identify the highest responder. Moreover, since large numbers of cells are
prepared and frozen from each spleen, it is possible to set up a new in vitro
immunization for three days from the selected spleen and follow up with transfer in
SCID mice. By contrast, other cellular materials, e.g., peripheral blood cells are not
amenable to such optimization, given the fairly limited amount of PBL’s recoverable

25 from one donor in a single transferral.

As previously noted, in contrast to previous reports, it was found that for the
present method, when peripheral blood cells were used, neutralization of human NK
activity had no effect on spleens. Moreover, neutralization of SCID NK cells with
complement fixing anti-asialo GMI antibodies decreased antigen-specific IgG

30  responses. By contrast, use of the SCID/beige mouse, a strain with reduced NK cell



(lanes 3A and 3B), #3 (lanes 4A and 4B) and #4 (| anes #5A and 5B).

Figure 2 depicts inmunofl uorescence of HEP-2 cells with hu-SPL-SCI D sera
and-F protein. Uninfected (left) and RSV-infected HEp-2 cells were reacted
with 5 serum from hu-SPL-SCI D nouse #6 diluted 1:50 taken 15 days after
boost. Bi ndi ngo9640252vas reveal ed GAH | gG FI TC. FCTHUS%/1®78epi ct s
the reactivity of purified RF-1 and RF-2 to plastic bound affinity
purified RSV F-protein. The reactivity of a reference human anti-RSV serum
LN, is also recorded. The ELISA plate was coated with 50 ng RSV F-protein.
10 Figure 4 depicts IEF of RF-1 (_lzg_ne 2) and RF-2 (lane 3) hunman
MAb purified fromtunor cell supernatants. |EF was perforned on a pH

gradi ent of 3-j SL%@ rdvide for sit cg,ﬁs,r] loef kBAREHEY
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cel s and HEp- Zo®etmal SCiPected with RSV, 1x10[err], incubated with various
el ati ve aver age | P Samepgiy. 160 M5B B, ndach BT sl plmSfgnset
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. I ogl
regi on. Heavy =VPISPYES atentrnsics ot eells 1puavenpusly dias geyarbeon Wi egi on.

L = | eader. SVrEpo?Morp%&@%?é/ihﬁﬁ 01 jig?fil Rilman 1gG was detectedfih WY Mods® depi cts
the amino acid and nucleic acid sequence of the variable 25 |ight domain
serum

of RF-1. Figure 7b depicts the amno acid and nucleic acid

sequence ofjgt he var iyaR)eals found BRfhe rlgﬁﬂ’fgdggﬁéfcoﬁl:ehém%o}g'ls directly cgrrgla@h%ﬁ? 8a

depicts the am™no acid and nuclelc ac ence o e varia
| i ght dommin oftheypumber ®f transferred huringeelle  For chiapiple, sepapalation oHSGBsdvasnd

nucleic acid seByeRts, 8% 1095 V' fhed spleen celliSANY i} QB {erlleritinedly, and

virtually 100% when 5 x 107 in virro primed spleen cells were injected
intraperitoneally. One skilled in the art can, based on the teachings in this

15  application, select an optimal number of injected in vitro primed spleen cells. In
genera!; this will range from about 10* to about 10* cells, more preferably about 10¢
to 10° cells, and most preferably at least about 107 to 107 cells.

It was also found that the antibody response is affected by the presence of the

particular adjuvant. More specifically, it was observed that maximal human antibody

20  responses were achieved when the hu-SPL-SCID mice were boosted with antigen
emulsified in Complete Freund’s adjuvant (CFA) or using CFA and Alum together.
Tests in hu-SPC-SCID boosted with ferritin showed that CFA was a better adjuvant
than Alum, eliciting 33 mg and 13 mg/ml human IgG respectively. Combination of
CFA and Alum did not improve response in SCID. However, use of these adjuvants

25  in SCID/beige-hu (which mice comprise a mutation resulting in reduced NK cell
activity) results in 8-10 fold increase in IgG production compared to CFA alone.
However, it is expected that other adjuvants, or combinations thereof, may also
produce similar or even enhanced results. The highest total human IgG concentrate
using Complete Freund’s adjuvant and Alum together was about 10 mg/ml, and the

30 specific highest IgG concentration was about 500 ug/ml monoclonal antibody
equivalent.
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Figure 9a depicts the amno acid and nucl eic acid sequence of the RF-1

| i ght chain, the | eader sequence, and the human kappa constant domain
sequence. wo96r40252 Figure 9b depicts the am no acid andPEL/Es*i@7&ci d
sequence of the RF-1 heavy chain, a | eader sequence, and the human
gama/ const ant domai n sequence. 5 Fi gure 9a depicts the human
constant domai n sequence. Figure 10 depicts schematically the
NEOSPLA vector, referred to as NSKE1 ggntaining the RF-1 nucleic acid
sequence and hurran gama/ const ant domai n set forth in Figures 9a-9c.
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the occasional tumors in some animals. These human cells were atmost exclusively B

and T-cells, with a small amount of CD14* cells, mostly monocytes, in the enlarged
15  spleens.

Thesc results were determined by flow cytometry investigating spleen, lymph
nodes, liver and peritoneum. In those cases that the human splenocytes repopulated
the spleen, it was found that the spleens were often enlarged, up to 25 times the size
of native SCID spleens. The human cells constituted up to about 30% of the total

20  number of cells in the spleen when measured immediately after extraction, with the
remainder of unknown origin. However, after 3 days in culture, a majority of
surviving cells were found to be of human origin as the cells bound antibodies and
exhibited no cross reactivity with mouse lymphocytes.

It was further observed that the reconstituted mice could be divided into two

25  groups, those with normal size spleens and those with enlarged spleens. Hu-SPL-
SCID mice with enlarged spleens, i.e., 25 times normal size had human IgG levels
approximately 150 times higher than those with normal spleens, and the level of
antigen specific human IgG was approximately 10,000 higher in those with normal
size spleens which were treated similarly. It was also found that the relative affinity

30 of the antigen specific response increased throughout the response, indicating that a
higher percentage of the total immunoglobulin pool was comprised of antibodies



RSV, papillomavirus, hepatitis, AIDS, etc., cancer, bacterial infections,
yeast I nfections, parasite infection, e.g, malaria, etc. Essentially,
human di sease conditions are intended to enbrace any human di sease
condition potentially preventable or MO 96/ 40252
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treatable by the adm ni stration of human nonocl onal anti bodies specific to

a particular anti gen. The subj ect nmethod for producing
human nonocl onal anti bodi es essentially i nvol ves the conbination of in
vitro primng of naive human spl een cells, ansferral 5 of these spleen
cells to i mmunoconprom sed donors, i.e., SC nice fol | owed by
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preferabl e but nettraliging RSVain Wreo.i Mhe prisar imadiion RABEr Frowass Mewody fored
spleen cells topf hefacture of such human monoclonal antibodies to the RSV F-protein.

In general, such human antibodies are produced by in vitro immunization of
naive human splenocytes with RSV F-protein, transferral of such in vitro immunized

15 buman splenocytes. into an immunocompromised animal donor, i.e., 2 SCID mouse,
boosting said animal with RSV F-protein, and isolation of human B cells therefrom
which secrete human monoclonal antibodies to the RSV F-protein, immunization of
said human B cells, and cloning of said immunilized B cells to select cells which
secrete human monoclonal antibodies having a high affinity to RSV F-protein,

20  preferably at least 107 molar and more preferably < 2 x 10® mofar.

As discussed, it has been discovered that the combination of in vitro
immunization, in particular of human splenocytes, i.e., which have or have not been
previously exposed to the RSV F-antigen and transferred to an immunocompromised
animal donor, i.e., SCID mouse which is then boosted with RSV F-protein antigen

25  affords significant advantages relative to conventional methods for making human

antibodies in SCID mice. Namely, it provides for very high antibody titers, i.e., the
highest anti-F protein titers being about 107, high IgG concentrations, i.e., about
3 mg/ml for the highest responders. Moreover, this method allows for the production
of human antibodies having highly advantageous combinations of properties, i.c.,

30  which exhibit both high affinity to the RSV F-protein and which moreover display
substantial in vitro neutralizing activity.



20 hu- SPL- SCI D donor just prior to antigen boosting. This has been found
to result in still further enhancenent of the antibody response.

The present invention was devel oped after an optimal in vitro primary and
boosti ng protocol for the generation of secondary responses from naive
human spl een wooeguegf! | S had previously been di scl osed Branmpcessinoo7oium
Anti bod. Hybridomas (1993), 25 4, 57-65. The protocol Brans et al. Hum
Anti bod. Hybridomas (1993), 4, 57-65 was found to provide for antigen
specific 1gG responses about 2 to 10 tinmes higher t han obtai ned from
cultures subjected to one antigen challengéﬁ_This in vitro

I mruni zation (1Vl) protocol was developed d optim zed using very

di fferent antige caInDdulln €rostate
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cel I's from t onsippticable dgainsta brode saristp vt differenb@ild and laboralosy RSV s’txafns,l bathict i on
of antigen-gpeci nses. Moreover, depletion or 10 neutralization
of any cel I@I ff'b ?@ﬁ? Wed I n |nfer|or responses Boerner et al.

Given these results, i.e. the high affinity of the subject antibodies to the RSV
F-protein, which comprises a surface protein expressed on the surface of RSV
infected cells, as well as ability to effectively neutralize the virus, and to inhibit
fusion of virally infected cells, the subject human monoclonal antibodies should be

15  suitable both as therapeutic and prophylactic agents, i.e., for treating or preventing
RSYV infection in susceptible or RSV infected subjects. As noted, RSV infection is
particularly prevalent in infants, as well as in immunocompromised persons.
Therefore, the subject monoclonal antibodies will be particularly desirable for
preventing or treating RSV infection in such subjects.

20 Moreover, given the human origin of the subject monoclonal antibodies, they
are particularly suitable for passive immunotherapy. This is because they likely will
not be subject to the potential constraints of murine monoclonal antibodies, i.e.,
HAMA responses and absence of normal human effector functions. In fact, based on
the characterization of the subject human monoclonal antibodies (described in .

25  examples infra), it would appear that both RF-1 and RF-2 exhibit substantially greater
in vitro neutralization activity and ability to inhibit fusion of previously infected RSV
cells than previously disclosed murine or chimeric anti-F protein antibodies and
human Fab fragments derived from recombinational libraries. Also, given their
human origin it is expected that such neutralization activity will be maintained upon in

30  vivo administration.



J. I'mmunol (1991), 147:86-95. Al so, these experinents indicated that for a
gi ven spl een cell preparation and antigen, that there exists a unique
optimal antigen concentrati on. Ther ef ore, having
established an optimal in vitro primary and boosting 15- protocol for

generation of weegkg@ss Y responses from nai ve human spl een cepdiussiooms
conceived to test this protocol in conbination with previous in vivo

met hods for produci ng human nonocl onal antibodies, i.e., the SC D
nouse. It was unknown prior to testing what effect, if any,
adm ni stration of antigen primed spleen cells woul d have on the

resul tant production of human nonocl onal artfbodies to a gi ven 20 antigen
by the SCI D nouse or ,the abjlity of . K humqan hocytes to be .mj ntai ned
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ol S boans T8y o1 Mere seecificaly, the, Bibiegiman mowsional entibedissoithe RRE hu- 501 D

cells Brans
nodel F-protein are produced by obtaining human splenocytes, e.g., from a trauma or ITP

source, which are then primed in vitro. This essentially comprises culturing said
naive human splenocytes in vitro in the presence of a sufficient amount of 11-2 and
optionally RSV F-protein to induce immunization, also referred to as antigen priming.
15 In general, the amount of RSV F-protein that may be used ranges from about 1 to 200
ng/ml RSV protein, more preferably 10 to 100 ng/ml, and most preferably about
40 ng/ml of RSV F-protein.
The in vitro culture medium will preferably also contain lymphokines, in
particular IL-2 and optionally IL-4 and IL-6. The amount thereof will be amounts
20  which provide for immunization and the desired production of antibody producing
cells. For example, in the case of IL-2, an amount ranging from about 5 to 200
IU/ml, and more preferably from about 10 to 50 TU/m!, most preferably 25 IU/ml is
suitable.
This culture medium will also contain other constituents necessary to maintain
25  the viability of human splenocytes in culture, e.g., amino acids and serum. In the
examples, a culture medium containing IMDM supplemented with 2mM glutamine,
2mM sodium pyruvate, non-essential amino acids, 25 IU/ml IL-2 and 20% fetal caif
serum was used. However, one skilled in the art, based on the teachings in this
application, can vary the culture medium using routine optimization.
30 The in vitro immunization step will be effected for a time sufficient to induce
immunization. In general, the cells will be cultured in the presence of RSV F-protein



resulted in synergistic results as evidenced by highly significant antigen

specific 1gG responses to the inmunizing antigen.

Further, it was al so discovered that the comnbi nation of these nethods
(using 5 horse ferritin (HoF) as a nodel antigen) that: (1)
i ntroduction Glogiezs Vitro imuni zation step prior to transdeusséom SCl Ds
S essential for reliably inducing significant antigen-specific
responses; (ii) human cells nust be transferred into the
peritoneumto achi eve opti onal mai nt enance of human spl enocytes in the
SCI D nouse; 10 (Fii1) optimal in ? tro cultivation is about three
days; (iv) use of IL-2 and op onaIIy IL 4 or IL-6 in vitro
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using a naive anti g&Her Hovge imewpization. BIRRSMOFrptrinarmmunized o1 H%Fpedr%‘ﬁonses
at approxi 8t elhiman splenocytes are then introduced into an immunocompromised donor, i.e., a

SCID mouse. This is preferably effected by intraperitoneally administering the RSV
F-protein primed human splenocytes into SCID mice. The number of such
splenocytes which is administered will typically vary from about 10* to 10 spleen
cells, with about 107 to 10* spleen cells being preferred. The number of such cells is

20  that which results in the desired reconstitution, i.e., SCID mice which produce
recoverable concentrations of human antibodies specific to the RSV F-protein.
Preferably, such spleen cells will be suspended in HBSS at a concentration of about
8 x 10® cells/ml prior to administration.

After intraperitoneal transferral of splenocytes, the SCID mice are then

25  boosted with the RSV F-protein. This is effected at a time sufficiently proximate to
the transferal of splenocytes such that the desired production of human anti-RSV
F-protein antibodies is realized. In general, this may be effected 3 to 14 days after
transferral, and optimally about 7 days after transferral. Preferably, said antigen
administration will be effected intraperitoneally. The amount of RSV F-protein

30 administered will range from about 1 to S0 ug and preferably about 1 to 10 pg. In
the examples, 5 ug protein was administered. However, the amount and time of
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5 nm lg@m) when a recall response is induced with a viral antigen, i.e.,
t he fusion protein of RSV. It is expected based on-these results t hat
simlar resporwodsqszs: be obt ai ned usi ng ot her anti genspPCI/US96/10070

As noted, optinmal induction of the desired antibody response requires
antigen 5 chal l enge of the human cells both in vitro and in vivo in the

hu- SPL- SCI D nouse. |t was al so found that IL-2 is necessary during in
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based 15 on twu\tmc:haymeesmgma:ea%oamﬂnlsamnmxy &gxggﬁgg} & Op{.%,nng? art can

readily select suitable conditions so as to
antigen speci f i Tesuli i body response to a given anti gen.

For exanple, by testjAf& se¥sl stﬂigfé‘;t]rt?‘af%@f&ﬁﬂeea?@ ﬁﬁféﬁrég C{Hﬁg{eﬁé?ﬁc{]@ﬁndays

ability to produce s eC| I'n cu ure,
of in vitro i rm38RR destesnfor burmarclzgG crmamtrademand gmtt-ﬁprdmlglamshodyemﬂndhme

Mor eover, sjqiCegl: r and froze from
each spl eenwl HZ‘E‘%&‘{S}W"?‘ é&gﬁ gaﬂﬁ)g%“iqs e’ﬂo ge“"ag° i for
t hree days from&bmefhmharﬂgﬁﬂeeeﬁngmdlsfol I ow up with transfer in

SCID mice. By contr t het cel r eri peri pheral bl ood
cells are not alghé%%ﬁp 15pQyex %@ﬁ“ﬁcﬁt }S‘Hgaﬁ%@?ﬁ’sﬁﬂ’é“$§§‘?’?’§/ limited
anount of PBL' santibody titeesideveldped lafgé%ti&ﬁihaﬂ@ﬁﬁfs whictPprovide laSzdoll 36 bf 2l -

As previously ted, ontrast to preyious reports, it was found that for
t he pr esenﬁ‘l M‘,@&f n%)é‘?qspt%q’éfa b, Shese QTS angrpeoveEsd by excision

neutral i zati%on mfdehktﬁi_il& doliditions, smﬁllétcbl\l 'sﬁépeﬁ%s Afe frepaRad, 298 tRPLAS AR then
Moreover, neutr ala.vlhz IIIC? Qult%];ed.sciln[zhe Ex:n%lés? thV\eA cells are washed with IMDM containing
2% fetal calf serum, and the cells cultured in suspension of 10° cells/ml in T-25 flasks
containing IMDM with 10% FCS, However, such culturing conditions may be varied
by one skilled in the art.
20 These cells are then immortalized preferably using EBV. Immortalized cells
which secrete anti-F protein antibodies are then identified by known methods, e.g.,
ELISA. As noted, this method has been demonstrated to result in the identification of

two distinct human monoclonal antibodies which specifically bind RSV F-protein, i.e.

RF-1 and RF-2. However, based on the teachings in their application, in particular
25  the examples, other human monoclonal antibodies to the RSV F-protein having similar
properties may be obtained by one skilled in the art absent undue experimentation.
These antibodies are distinct given the fact that most were generated in two different
experiments, using different SCID mice. The cell lines which express RF-1 and RF-2
have been maintained in culture for prolonged time, i.e., about 18 and 16 months
30  respectively; dividing with an approximate doubling time of about 36-48 hours. The



conpl enent fixing anti-asialo GM antibodi es decreased antigen-specific 1gG
30 responses. By contrast, use of the SCl D/ beige nouse, a strain with

reduced NK cel | V\D 96/ 40252
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| evel s di d pr.owiodssbmse significantly increased antigen speC|l‘¢‘ttUS!'ngl070
responses conpared to normal SCI D. Additionally, two

i mruni zation routes, intravenous (1V) and intraperitoneal (IP) were
conpared for their ab| lity to provide for reconstitution of SCID mce,
i.e., 5 mai ntenance of spleen cells therg P‘ and the production of hunman
anti bodies. It was found that the peritoneumwas the optinmal site of
cell transfer s 2 1t r reCsE\;\kld

i ntravenously hggednever bgg% tra ort: (1)s ér\qe)éu ‘léeabodﬁ)t@ popg?actulﬁg §§
more than 0.01 [a¢0§ g/lﬁﬁcdﬂamlrgw\gﬁ'mﬂheddaﬁct ed in the nouse serum

10 It was als hat the.resultant, | co ra irectly
correlated with %st‘ﬁ mw ??‘%lﬁ%r E%IB Jhﬁﬂyégﬁ@e&*@?f’e‘ga‘?@ e,
repopul ation ¢ of Hatf-hiximaisbinding to B-piotalh éNERISA 410).6and 1ing/ni réspectiveiy)afid spl een
cells were i o Lntr eruoneal!;‘ gg wrt,u:illly 100% when 5 x
10[err] in vi cF"ﬁ W&‘M’f t3:5iand 88 wapectively. | ¢ raperi toneal | y.
One skilled In the armom ihé&%n&f&ésf&hﬂaﬂ%ﬁﬂﬁntyfbﬂ:@ksvﬁﬁ

application, select an optinmal nunber of injected i'n vitro pri rred 'spl een

cells. In Smﬁépﬂly, f@frﬁ&-lm dissogiatien eanstantfion BF-11 45 defermned by tplagmon
10 | | | d
m)[s'?r[)]r e?:razl yrfg‘% Feast out S"ingmfneji%ﬁfuﬂ?er r] ce %%%‘&]ﬁ’{:ﬁ# s an

was al so found tsimﬂadm@‘gb.rwha@od;e;ermm@bmmum midresolarimetry ac¢ozdipg @s&hmaof

tnra]gi mal hurran ant %gr(é%@‘@?ég%%%g“zsa\?g@e %ﬁb‘gvbe Il%igﬁst ﬁgsﬁngth g?;} D
m ce were boosted w tAdditionaliyg these antibodies have been demonstrated to effectively bind RSV
infected cells, while not binding normal human cells tested, e.g., respiratory tract
lining (HEp-2, a laryngeal epidermoid caréinoma, CCL 23), liver (HepG2, a human
hepatoma cell line, HB 8068), lymphoid tissue, SB, a human B lymphoblastoid cell
15  line, cat. no. CCL 120 and HSB, a T lymphoblastoid line, cat. no. CCL 120.1, and
prostrate (LNCaP.FGC, a human prostrate adenocarcinoma line, cat. no. CRL 1740).
Significantly, both RF-1 and RF-2 both have been shown to exhibit substantial
in vitro RSV viral neutralization. This was demonstrated in two different assays
{described in greater detail infra), i.e., an infection neutralization assay effected by
20  pre-reacting the virus with purified monoclonal antibody prior to its addition to cells
(which measures ability of antibody to inhibit virus infectivity) and a fusion inhibition
assay which measures the ability of the monoclonal antibody to inhibit virus growth
and expansion after virus entry into the cell.
Mqreover, as discussed in greater detail infra, both RF-1 and RF-2 inhibited
25  virus infection of twelve different isolates at concentrations respectively ranging from
about 30 ng/ml to 1000 ng/ml. Thus, RF-2 apparently performs better than RF-1,
yielding to 50% virus inhibition (ED50) at concentrations which are about 1.25 to 10
times Jower than RF-1.
By contrast, higher concentratioqs of monoclonal antibody are required fo
30 inhibit fusion and viral antigen expression in previously infected cells, with RF-1
being about 5 to 10 times more potent than RF-2. Moreover, both RF-1 and RF-2



enul sified in Conplete Freund' s adjuvant (CFA) or using CFA and Al um

t oget her. Tests in hu-SPC SCI D boosted with ferritin showed that CFA
was a better adjuvant than Alum eliciting 33 ng and 13 ng/ M human
| gG respectively. Combination of CFA and Alum di d not i nprove

response i n S¥bBeaddszever, use of these adjuvants 25 in SCPEruss6ae7mU
(which mce conprise.a nutation resulting in reduced NK cell
activity) results in 8-10 fold increase in I gG production conpared to CFA

al one. However, it is expected that other adjuvants, or conbinations
t hereof, may al so produce simlar or_gven enhanced results. The
hi ghest total human | gG concent rate Sing Conpl ete Freund' s adj uvant

and Al um t oget f?ﬁerﬁ n I gﬂ@gt | gG
concentration Mkﬁs %‘er ria/ niksgr wﬁrﬁ&gﬁé%%ggb%ﬂh uAvaI ent.
WO 96/ 40252 RSV, 'I‘ype A prototype RS Long. Thus, the ir vitro results md:cate that the subject
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Using this net hlglglaﬂntp?pchpﬂ il"inHo‘B? '}]ﬂ’c%ed“%ﬁ?,gfﬁr%ﬂ”%}’ﬁ{‘ﬁ %%%ﬁ?%‘gﬂgﬁé@g
corrpar abl e t o thyediffelent RSVCcktriains gtk of TypenR @oatype Bl‘pibbtyfpe MRdlisoiged i n terns

hu SPL- SCI D eila];lllfg’lflt‘}/ﬂ r“ﬁaﬁ‘g"b%&}/%?and uflynﬁg‘{ F‘;P%F'g ?ﬁ%‘éﬁﬁ’*{?‘héel | s
fromtissues hiTHeréfore wlvslmcusv thatthk §iBfect éonocldaap@lnbsdxémrfhé REViF-prdtdi®W Or

ferritin-negatiyve tissues, and recoq{@l zed both natural ferritin as
vel | as denat urtipd %?PP’ESFWeﬁ’ﬁP’éPPP@g VnEBFYein. These results are extrenely

unexpect ed both {n 304 bibaieds HREREHuir nitAlbie aAbddRS Br FR6RbiAA Holnah
t al ne

human anti bodies o reover, sim results are obtai ned
using differ entmhemg%mtammg the variable heaama@fl llighi sequenges therefrom (preparation at

the mouse o cosenle WM (& by bl bt apl brosiy Botc dgbfes B frd 3R AN
found in the blR$WV infettion bynpassiveaidibodynthetapy. |In panticyler, ¢he DN sequennst | gen,
encoding these DNA variable domains may be incorporated in IDEC’s proprietary
expression vector which is depicted in Figure 2. This version is substantiaily
described in commonly assigned U.S. Serial No, 08/379,072, filed on January 25,
15 1995, herein incorporated by reference. This vector constant human constant domain,

for example, human gamma 1, human gamma 4 or a mutated form thereof referred to
as gamma 4 PE, (See U.S. Serial No. 08/379,072, incorporated by reference herein.)
In general, this will comprise administering a therapeutically or prophylactically
effective amount of the subject human monoclonal antibodies to a susceptible subject

. 20 or one exhibiting RSV infection. A dosage effective amount will preferably range
from about 50 to 20,000 pg/Kg, more preferably from about 100 to 5000 pg/Kg.
However, suitable dosages will vary dependent on factors such as the condition of the
treated host, weight, etc. Suitable effective dosages may be determined by those
skilled in the art.

25 The subject human monoclonal antibodies' may be administered by any mode
of administration suitable for administering antibodies. Typically, the subject
antibodies will be administered by injection, e.g., intravenous, intramuscular, or
intraperitoneal injection, or more preferably by aerosol. As previously noted, aerosol
administration is particularly preferred if the subjects treated comprise newborn

30 infants.



bet ween 25% and 33% of the cells were of human origin in enlarged spl eens

and in t he occasional tunors in sone aninmals. These human cells were
al nost exclusively B and T-cells, with a small anount of CDl4[err]
cells, nmostly nonocytes, in the enlarged 15 spleens. - These
results were ewpssg0asped by flow cytonetry investigating spl eerusdssnensh
nodes, liver and peritoneum In those cases that the human spl enocytes

r epopul at ed the spleen, it was found that the spleens were often
enlarged, up to 25 tines the size of native SCID spleens. The hunman
cell's constituted up to about 30% of the tggpal 20 nunber of cells in the
spl een when neasured i medi ately after extraction, wth the r emai nder

of unknown ori gin. I-p(?ﬁ., ; : ' ﬁmﬂgj | ected
surviving cells were o&%&o?%?%@fbgg‘eﬁgyrgn orcie%tlk&ﬁﬂggwte e cg Ishg%gén?iff

anti bodi es and by known:mithbds, aing known pharmacestical catyiers and excipisats! \Suitdblcyt es.
It was further v th h onstit.ute LC ul.d be divided into
two 25 gr oups 83%% ?ﬁgﬁ)‘?ﬂgﬁ‘fg f@‘{d% 3” Z"@Yﬁ#@&%‘%ﬁ@ﬂ Bﬁ%é‘emf‘f"ﬂf“’e’w ged

spl eens. Hu- SPLalbumin, etcSCI D mice with enlarged spleens, i.e., 25 tines
fhose w th mrmal  sphgmees Brcpubice: e eien Hetrigh mesotyend A Rman
1 gG was appr oxi KEVehfécttd calRChdaedd Mility Bs idnAGdpribed fo? WidFRbsis of RSV Hif&diosP! eens

which were treated simlarly. It , was, also found that the _relative affinity

I
30 of the ant AWl gersmallsecomyprise taking 3 8ampies £ce- TPIPHAYRL{VId: plea PEionse,
ndicating 1Rl sipected of HAVABHSVPfikecREh AP inElbalille ik Qhtple ! WItH O Rt hitar O

was conprised o odi es
PCT/ US96/ 10070 monoclonal antibodies to detect the presence of RSV infected cells. -25-

havi ng bett bi ndi : LB St - ndj .sfemis
antigen 0 dri ve%gwg&ﬁ%d&?ﬁ?ggﬁ%&liﬂ%fdé&girhg%ﬂﬁﬁm&é %ﬁ?’?*ggant
and i ndi cat e t hwithiatrepdrten mblepulecwhith provides for detection of human monoclonal antibody

-~ RSV immune complexes. Examples of known labels include by way of example

enzymes, e.g. B-lactamase, luciferase, etc. and radiolabels.
Methods for effecting immunodetection of antigens using monoclonal _
1S  antibodies are well known in the art. Also, the subject anti-RSV F-protein antibodies
in combination with a diagnostically effective amount of a suitable reporter molecule
may be formulated as a test kit for detection of RSV infection.

MATERIALS AND METHODS
The following Materials and Methods were used in Examples 1 to 6.

20 in pre; ion and purification:
F protein was prepared essentially according to the method of Walsh et al.

J. Gen. Virol, 70, 2953-2961, (1989). Briefly, HEp-2 cells at 70% confluency were
infected with the Long strain of RSV, a lab adapted strain of the A type. After
culture for 48 hours in T-150 culture flasks in IMDM supplemented with 5% fetal

25  calf serum, 2 mM glutamine and 2 mM sodium pyruvate, the cells were lysed in a
lysing buffer of PBS containing 1% Triton X-100 and 1% deoxycholate. F protein
was purified from the crude cell lysate on an affinity column of Sephadex coupled to
a murine monoclonal anti-F antibody, B4 (a kind giﬁ from Hiroyki Tsutsumi)
(Tsutsumi et al. 1987). The column was washed extensively with lysing buffer and



possible to rescue human cells fromthe hu-SPL-SCI D and use sane for
generating 5 conbi natorial human anti body gene |ibraries thereby
resulting in human nonocl onal anti bodi es of high affinity and
specificity that may be used clinically and/or dr agnostically.
Mor e speci fi cwologozshe present invention provides novel hunpcr/usssasdronal
anti bodies to the RSV F-protein which exhibit high affinity to the RSV

F-protein, i.e., 10 [err] 2 x 10[err] nolar protein and which hunman
nonocl onal anti bodi es are capabl e of neutralizing RSV in vitro. The
present invention further provi des nethods g manuf acture of such
human nonocl onal anti bodies to the RSV F- pr3 tein. I n general,

such human anti [ ive
human spl enocyt es W t ﬁW?ﬁ“w 1 1&%@{&?}& %%e@[ﬁn%lc@g&oﬂ@.

i mmuni zed 15  Thersdwats phenantplized immediasaty wntmlrMcfhlsppHm S and dialyzed agmmor

. e., aSCID% 5dg@ostln sald aﬁx ﬁﬁVF-or tein

i solation of h éftg P'Ie ?(gurn ﬁ@ﬁ’%ﬁfi@ﬁq'ﬁﬂal
antibodi es to tiig CAE\N0.F20846)] Blpﬂotehmmdsan&aﬁama@detemmed by EIA dndthé sdlutiml | S,
and cl oni ng of sai ﬁ ]%Fﬁl | zed, el]ls to select cells which secrete

hurman monocPonafas AW TRAMANOR: o affinity to RSV F-protein, 20
preferably at |east 10[err] nolar and nore preferably [err] 2 x 10[err]

mol ar . As di scuss.ed, it has been discovered that the

conmbi nati on of & ni zation, in particular of human

spl enocytes, i.e I&Hv}ag ln@&ﬁ dicat ﬁ#&%f ¥ ﬁﬁ% to
the RSV F- antlgen a\dg trans erred to I‘r?%hmngé%%regrfﬁk bfaf ﬁ&jc
donor, i.e., hoperie prIPUH(ITR) patient. bd singleceellisuspemiin Wagpropasechby sievigen 25

o fors S'Q”AL{‘P%“%. AN sV hed o DR RKAL erpienlB B2 o SR 1O

ant i body t il0er sserum.e Red bloed cells werbw@hmﬂteddx)ﬂreaﬂnmtmﬂaiammmmenshlbadmysmbout

rosponter o, o B SRR BT, PR boos, st et pipensh wedped, 0o

ant i bodi es haviweshéd ity with sertinaganitin mamwmemfn iaéeﬂﬂrﬁdeﬁﬁg medfa , 30

L AR ol bR R T

immunijzati vh:

15 Cultures were set-up in IMDM supplemented with 2 mM glutamine, 2 mM
sodium pyruvate, non-essential amino acids, 25 ug/ml IL-2 and 10% fetal calf serum.
An antibiotics cocktail was added including 2.5 ug/ml amphotericin, 100 ug/ml
ampicillin, 100 ug/ml kanamycin, 5 up/ml chlortetracycline, 50 ug/ml neomycin and
50 pg/ml gentamicin, The cells were cultured in 6-well clusters at 3x10° cells/ml

20  with 40 ng/ml F protein. After three days, the cells were collected, washed and
resuspended in HBSS at 8x10° cells/m! for SCID reconstitution.

R itution of SCID mice:
Five to eight week old female CB17/SCID mice were reconstituted by
intraperitoneal injection of 200 ul of HBSS containing 4x107 human spleen cells
25  subjected to IVI; the mice were boosted one week later ip with 5 ug F protein in CFA
and tail bled after another 15 days. Their serum was tested for human IgG
concentration and anti-F protein antibody titer.
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As described in greater detail in the exanples, the present inventors have
i sol ated two human nonocl onal anti bodies, RF-1 which exhibits an affinity
const ant WOg/4e252t he F-protein, Ka = 10[err] M when detrrTssemooy

pl asnon resonance, and RF-2 whi ch exhibits an affinity constant of Ka
= 5 x 10[err] Mwhen determned by titration 5 m crocol orinetry. Al so,
the calculated Kd of RF-2 was 2 x 10[err] M Moreover, both of these
antibodies display in vitro virus neutraliz4sng properties at concentrations
of between 8 and 120 ng/m as well as exhibiting an ability to

i nhibit the fusRebvery g man BEIRViréhl ¢ RS Vniké ect ed cells. Significantly,

this in vitro neutralization activi i“ ' pplicabl e agai nst a broad
variety of differenttW§ HSBHQIQHW%W@WE‘%SWUSE hwnmantlbedmntm devdﬁpeﬂhe A

and B virus typgfe abdominat t v}elfbel%eg Sxcis finity
of the subject qu%tl bodi es tug'no%'s eﬂ%’g@g -egercdg%);el n, i "|5'I corrprl es a
surface prot el rﬁﬂdﬁrpﬁte(ﬂgmdmonshsnsla icélh suspensioRSWere preparcdgfﬂmzﬁeﬁsimd washed\s

:‘Nﬁls: oﬁso?bi/: raI Pﬁﬁg%t ec}Xlgié' I %%ﬂghﬁ%}'é‘gﬂ%ﬂ\#ﬂhﬂ'ﬁd ﬁgﬁgm{mhﬁ#@@ﬁﬁ%s
shoul d be 15 mdMDMI\athM% RCS.t herapeutic and prophylactic agents, i.e.

for treating or preventing RSV infection in susceptible or RSV
I nfected subjects. As not ed, RSV infection is particularly preval ent

I n I nf ant S e 1] o fif ) -: b ;‘ ;‘ wﬂm@ Thel’ ef or e, t he
subj ect monocl onal [ bQ.dI particul a desi rabl e for
preventing or treat ?ﬁ@ ?‘H’f J iapd anpi-K aggbgdi@tvgas pgrformed in ELISA.

Mor eover, gi vemdrmtljsufpt@e Plate Werd lcodtbiPovernt ﬁ%ﬁ{@n‘m ,@9&%&1@%9'1:65 t hey
are parti cufoar Ia/msw i o] e for paSSI ve | mrunot erap ause t hey
I

likely wil Derespetivelynia Opb%hxcar&pnmh@fqrapﬂaé wid blmlqedle
nmonocl onal ant iyagdpBs coﬂtatﬁmﬁ 19%1 (i:'eml ‘%ﬁwgﬁesﬁ?ﬁfﬂﬁutﬁﬁgoﬁﬂﬁﬁa% OLnl{E?é  on of

human effector functions ar ac ’r| Za
t he subj ect hum%mmﬁ@mnm@@mmmﬁm plate. ZBoundd)ummIIgG werkra),

: ';1 ://\?'t“rg ﬁggtesgl | zat |l%%lgct Y eﬁ‘%dg?%abl ﬁ%m }Pé lﬁ'ﬁﬁié@p L reat o

previ ousl y i nf d8igaw,.RSV.). Selectedéighsnterﬂmmaprsemrmwas ysedias alpositiet dfﬂntrbhﬁ or

chlmerlcatsl- n Fab fragnents derlved
fromreconbi na’lt% Fg{l Islrhgarab%gés)éjb% °‘&WB“%‘ Igﬁ:g”? «) myeiqw%gﬂ S
expect ed that <setstasdandrinltherestimatiorof the concentrdtion b€ homam1gG madnwwmnazn

antibodies respectively.
Isotyping of human antibodies:

Isotyping was performed in ELISA on F protein coated plates as described
20 above. Bound human IgG were revealed by the subsequent addition of HRP
conjugated mouse monoclonal antibodies specific for human 1, 42, 93, 44, g, « and
A chains. Positive controls were run with myeloma proteins of the (1, x), (v2, x),
(¥3, V), (4, M) or (A, )) isotype and free x and A chains.

in rifi
25 Antibodies were purified from culture supernatants on a protein A- Sepharose
4B column. Briefly, supernatants were collected, filtered through 0.2 mm filters and
supplemented with 0.02% sodium azide. Columns (gel volume approximately 0.5 ml)
were equilibrated in PBS with 0.02% sodium azide, then loaded with supernatant at
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Anot her advant age of the subject human nonocl onal antibodies is their
substanti al absence of reactivity with normal tissues. As shown infra, the
subj ect . vimmedMo2saonocl onal anti bodi es bind only to RSV iRCTASSE#0%0c| | S,
not to cell |ines representing |lynphoid tissue, |liver, prostrate or

| aryngeal epiderms. Therefore, these 5 ant i bodi es upon in vivo

adm ni stration should efficiently bind to RSV infected cells and not
to normal tissues and thereby should providgsfor neutralization of RSV

I nfection. Further based on the dlsclosed properties, I S expected that

t he subj ect REleRHR widhide OB@( I By be
used to protect SUSCEth E| e Y{ost § gg“é‘?ﬁ‘s‘ﬂ“ﬁ’ﬂe?\??ﬁ‘ @vPér@S]ﬂ
Mor e -speci fi cal IOy} M sodiva titratet bufiienepH 88, dialyzedhagainst PBSﬂImds usiog Centricm/10

F-protein are pr fro fauma
or 1 TP s S iRty 2 e et 7 FOREHD St il B

conpri ses cul turwemgregmethted with citric weid ipHh2\8 an¢ reepdliirated mith WBS with 0,025
presence of suf f.i ¢ ejat garm nt of Il 2 and optionally RSV F-protein

to induce i Nt S to as antigen primng. 15 1In
general, the anmount of RSV F- prote| n that may be used ranges from about 1

to 200 nglm _ RSV profein, nore preferably 10 to 100 ng/m, and nost
pref erably abouilmfr—f%ﬁwym of RSV F-protein. The in vitro
culture mediumw || poabdFe Rbctsia %mw @nih A7BBAIEY WAEPerfdrited in

particular I1L-2 and 0,3t ionally and I L-6. The anmount thereof will be

anounts 20  whiPelyagsy erﬁﬁaﬁﬂm(%tmm Ypgsala: Sweden, et Ne o¥bthAd®.of

antlbody pr oduci nount

Canging fr om anggB g t 102%&1? 207 A off AP Sverd [dadidiCanddaf aPl500bvotts f61b02
minutes, Standards of pi 5.8 to 10.25 were used for pi reference (...). Gels were
stained in Coomassie blue stain and destained in destaining buffer containing 25%

methanol, 68% water and 8% acetic acid.

Western Biot:
Purified F protein, both native and denatured by boiling, was migrated in a
15 10% polyacrylamide gel. The gel was blotted on a nitrocellulose sheet at 30 volts for
2 hours and 60 volts overnight. After transfer, the nitrocellulose was blocked for
1 hour at room temperature with 1% BSA and 0.1% Tween-20 in PBS. Different
strips were washed in PBS and the primary antibodies, hu-SPL-SCID anti-F protein
sera, or hu-SPL-SCID anti-tetanus toxoid negative control, or mouse anti-F protein
20  positive control, were added for 1 hour. All sera were diluted 1:500. After extensive
wash with PBS, the secondary antibody, GAH IgG- HRP for the samples and the
negative control, or GAM IgG for the positive control, was added for 1 hour. Blots
were revealed with 4-chloro-1-naphtol.

Immunofiuorescence:
25 RSV infected HEp-2 cells (4 x 10%) were fixed on glass slides using ice cold
" acetone and were reacted with 20 ul of serum diluted 1:10 or purified MAb, 2 pg/ml,
for 1 hour at 37°C. The slides were washed and the bound antibodies were revealed



lUm, and nore preferably fromabout 10 to 50 U, nost preferably 25

lUm is sui t abl e. This culture nmediumw Il al so contain
ot her constituents necessary to naintain 25 the viability of human
spl enocytes in culture, e.g., amno acids and serum In the exanpl es,

a cul ture nedvoss4n2sx ai ni ng | MDM suppl emrented with 2mM gl utRGIUSE6/10070 2mvi
sodi um pyruvate, non-essential amno acids, 25 U mM [L-2 and 20% f et al

cal f serum was used. However, one skilled in the art, based on the
teachings in this application, can vary the culture nedi um using
routine optimzation. 30 The in VAd.r o i muni zation step will be
effected for a tine sufficient to induce | mruni zation. In general,

t9 2?48 Sglzs Wi T RRmCeARYEERITE, FRBOARRRRE SE3PL 48 \ObberPédOliera fluorescence WO

PCT/ US96/ 10070 microscope. - 28-
fromabout 1 to 10 days and preferably for about 3 days. However, this wll
vary dependent, e.g., upon the particular spleen sanple. Simlarly,

one skilled in Mmmms based on the teachings in this application

and using known neth e e in
vitro imuni zation s '"rﬁ%éﬁﬂﬁep' ﬂerfls (ﬁﬁéﬂéﬁ*@%&h%ﬁaﬁg %J[llhoquﬁlg% PW

i nmuni za:1 i onS\r/]vi I(PB$ with soditinyazide 021 $)r The g&ll peliet wad%ﬁﬁsﬁende@iresmusof as to .
ensure that the en j.mmuni zed .a e ein an
not agai nst ot hé‘?c%’s"(? i’&fgﬂ"%‘? F%@E?aza‘ﬁ? agggppmﬁﬁ?‘?’&s%gtl%m ng
purified RSV pr gémhifi ngwdéfﬂx@m-l Br RR2, aAfter 1‘5‘hﬁmﬂfe§m§aﬂoﬁm%@rﬂ& dells were
parti cul ar utili t he net hod_ of Wl sh et

|, 70,
2953- 2961, 1989 waﬁh?ﬂévé Fesugpendednia iprubation fuffer F@‘M@}ﬂg ﬁs‘“ﬁ !ﬁG'EFTQ ?Q;fénofher
provi ded that Ri»k/nﬁnﬂwéﬂce qiﬁétsfmsﬁéseraie&m%&md m1mméwszn 1 man

monocl onal anti bodi es having specificity to the F-protein are

obt ﬁ.l ged All@ er dormaldehyde and angigaedrin prwmmmwn&wMQMv r econbi nant
ods
Affinity determination:
Two methods were used to determine the affinity of human MAbs to soluble F
protein: ’
In plasmon resonance, using an IASYS machine, antibody was bound
15  covalently to the wet side of a device from which the change in mass can be
determined based on the change of refraction of light shone on the dry side of the
device. Different concentrations of F-protein were added and subsequently eluted off
with a steady flow of PBS. The change in mass as a result of F-protein release from
the antibody was measured, and from the kinetics a K was determined. Ka was
20  calculated by testing the off-rate from different levels of initial saturation,
Alternatively, affinity constant was determined by micro-calorimetry according
to Wiseman et al and Robert et al., as follows: RF-2 and F protein were co-incubated
at a known concentration in a thermo-chamber at 42°C and the enthalpy change due
to the immune complex formation in the solution was measured. The reaction was
25 repeated at 50°C. The binding association constant K was calculated as a function of
temperature and enthalpy change according to Robert et al. in the following equation:

K=Kobs. eMlob;Il!.(llT- 1Tobs) , CAMR.(IIT L1 TTobs)y m Tobs)AClR



as described in U S Patent No. 5288630 i ssued on February 22, 1994.
After in vitro imuni zation, the RSV F-protein immunized or prinmed naive 15
human spl enocytes are then i ntroduced into an i mmunoconpr om sed donor,

i.e., a SCI D nouse. This is preferably effected by |ntraper|toneally
adni ni st eri ngWORGIRES\/ F-protein primed human spl enocyR@EEUSIH10870SC| D

m ce. The nunber of such spl enocytes which is admnistered w |
typically vary fromabout 10[err] to 10[err] spleen cells, with about

10[err] to 10[err] spleen cells being preferred. The nunber of such cells
is 20 that which results in the desired rgconstitution, i.e., SCID mce

whi ch produce recover abl e concentrations of human anti bodi es specific
to the RSV F-pr ghéreKobs is the :{ mbnum%ﬁthrﬁrah@%ﬂ% théem;.ta# y Rfangespended
in HBSS at a concentration o x 10[err] cells prior to

admi-ni strati on. observed expenmentamy; %tra gimen amlmettgnmmm obs; R iscthe universal gas

Thi e s ef fect o B ETE o e, AR coperimeiRy efbrtrl ol el Gt P T

of spl enocyt es shappe.t hat the desired production of human anti- RSV
F-protein antibodies is realized. In general, this my be effected 3 to 14
days after transferral and opti mally about 7 days after transferral.
Preferably, $ai Qof : slizadibn @@ayv | | be effected

i nt raperitoneal ’!““ unt ' of RS : prot adm st ered. wll nge
fromabout 1 to 50 [.E‘P' ?%D OLARYY SHeing &1%“‘*19%587’1'@11’? andyten wild type §1t he
exanpl es, 5 [erm@él%ﬁlﬂu&ﬁ&eé@&lﬂbéfﬁﬁﬂ%sptﬁ%&vﬁfmté RRreERY 7S aséld thd e

of WO 96/ 40252
PCT/ US96/ 10070 neutrali zmg capacity of anti-F protein human MAbs. Serial dilutions of humapdMAb

g D el MRS St i 50100 1) in i pRSerP UF PomBiBinif for P! ©

boosting wi k9 bmimmesat ream temperatuns; insifqd IMDMfw@cpfunmntranon plate. HEp-2
cells (5 x 10%well) were added in 100 x1 MEM and incubated for 3 days at 37°C, 5%
CO,. The plates were washed, fixed with acetone and air dried and RSV antigen was
detected by ELISA using mouse MAbs. The neutraﬁzation end point was determined
arbitrarily as the dilution which reduced antigen production by S0% compared to

15  control wells with no antibody.

Fusion inhibition titers were determined by pre incubating 100 TCIDy, RSV

Long (prototype A virus) or RS 6556 (Type B clinical isolate) with VERO cells (5 x
10%/well) in microtitration plates, for 4 hours at 37°C, 5% CO2. Various

20  concentrations of human monoclonal antibodies or controls were added to each well
and quadruplicate cultures were incubated for 6 days at 37°C, 5% CO,. Control
cultures contained virus non infected cells (negative) or infected cells in the absence
of antibody (positive). Virus growth was detected in ELISA using rabbit polyclonal
anti-F protein antisera and HRP-labelled anti-rabbit IgG. The reaction was developed

25  with TMBlue substrate (KP1, Gaithersburg, MD). Titers (ED50) were defined as the
concentration of antibody inhibiting virus growth by 50% based on regression analysis
of the MAb dose response.



e.g., Conplete Freund' s Adjuvant, Alum Saponin, etc., with Conplete
Freund's 5 Adj uvant (CFA) and Al um bei ng preferred. However, it is
expected that other known adj uvants may be substituted to obtain
substantially equival ent or even enhanced results. Af ter
antigen boost iwQg9ei4ms2 SCID mce are then bled, e.g., tail blreuussangorehei r
serumtested for human | gG concentration and anti-F protein anti body
titers. Those 10 ani mal s which exhibit the highest antibody titers and
concentration are then used for recovery of human 1gG secreting
cells. It has been di scovered fsgat SCID m ce having the

hi ghest anti-F human anti body titers devel oped | arge abdom nal tunors
whi ch provi de a good source of human anti body secreting cells.
Preferably, these tunors are recovered by excision 15 under sterile
conditions, single cell suspensions are BXAMPLEJ and the cells are then
washed and cultured. In the exanples, the cells are washed with | MDM

cont ai ni ng 2% fetal calf serum and the cells cultured in suspension
of 10[err] cel | SHB-SRIaSOIIPtitefs asks containing IMDMwi th 10% FCS.

However, such cul turi t1.ons. m e varied esklll

the art. 20 ﬁ%@@gﬂigép%g r%’F’éf&E ﬁgrﬁaq #FGPP%H%%‘B ?%{My"'gh
EBV. | mort al i zeabnditibh.s The cells wére(pfevﬁdﬁﬁhy%liu@@fdr‘tﬁe@ H@}seih Qh@ﬁ%#éﬂ@éjbﬁﬁr?r e
then identifi b met ho not ed, this nethod
has been de nstar'ét‘ggc’?’ﬁ cP’é‘é?HV‘Enqnﬁqg@“lPlﬁgrﬂfPWcaW Gﬁ“@*s were successflyi st i nct

human nonocl Ona|rewismb@dla§d; r | | Fs
RF-1 and RF-2. gr bas edgeogb?sﬁgﬁtﬁ fag%ﬁldggo@nﬂmﬁﬁqgc; cof?nfeﬂgrgtﬁ?:(s)r\{

particul ar 25 0 mg/mdin Hﬁrﬁ&ﬁlwmcﬁmmmpmm feam B Ixel(IRSV
F-protein havi “%S!Wasren No %6&%@%&:%%%8% i 0d| * protdh eex?&d# ed in

the art absent undue experinentation ese antl nct
gi ven the fact t%taﬂﬂﬁsnmm%@nEMt Bdas heen\previtiuslyeabeerved with theesupject ment s,

h;{/ggbceigaf err@lmt ar?%ié in cu oﬁ%ﬁfgﬁnirx an l#&\e%ﬁgedﬁ{a* %ﬁ%%gﬁﬁé%ﬁ%a‘ﬁ'&“EG
nonths 30  respgacitroaiitvation of therspleon ceilsao subsauentiyrantire dpecific argibbdyitenf
about 36-48 hourg.,fhem, discrepancy between these two systems may be attributed to the’
difference in the antigens involved: since humans are not naturally exposed to horse
ferritin, the IVI step involves an antigen priming of the spleen cells and induces a
15 primary response in vitro; on the other hand, virtually all humans are immune to RSV
through natural infection in early life, which leads to a permanent memory to F

protein, therefore stimulation with IL-2 alone in vitro followed by one boost in vivo is
enough to induce secondary responses.
The antisera were polyclonal, as judged from isoelectric focusing patterns (data
20  not shown). They were tested for reactivity to F protein in Western blot. Our results
showed that polyclonal human Abs did recognize soluble native F protein both in its
dimer form (140 KD} and its monomer form (70 KD); they also reacted strongly with
denatured F protein, binding specifically to the 2 subunits of 48 KD and 23 KD
{representative data in Figure 1). This$ suggests that at least a fraction of the humoral
25  response to F protein is directed against linear, non conformational epitopes of the
molecule. Immunofluorescence studies further demonstrated the specificity of the hu-
SPL-SCID sera, since immune sera, but not naive SCID mouse sera, reacted strongly
with RSV- infected HEp-2 cells (Figure 2). No reactivity was observed towards non-
infected HEp-2 cells ysed as negative control. It was concluded therefore that soluble
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specific anti body concentration is on average about 0.8 - 1 [err]g/nm in a
cul ture seeded at 0.5 x 10[err] cells/mM grown for three days.

As di scussed wooghuesz er detail infra, both RF-1 and RF- 2 arpctayse{igrok)

W th “hal f-maximal binding to F-protein in ELISA at 0.6 and 1 ng/n
respectively, and 5 exhi biting isoelectric points of about 8.8 and 8.9
respectively. Mor eover, these antibodies exhibit high affinity
to the RSV F-protein. Speci fically, fg&LRF-l t he di ssoci ation const ant
for RF-1 as determ ned by plasnon resoniance on an | ASYS machine is

about 10[err] %%E@{%Fe r@?ﬁn en
determ ned by {\I?tp}élital o@ﬁasm crocolori ge'?r%l/’%%éc on 6{? QM tO\ﬁ(gekt al .
(1989) and Robemembrangviral a8ige) expressel’ a'bmlurauy mfmmm M

Additionally, these antibodi es have been denonstrated to effectively bind

RSV infected cells, while not binding normal human cells tested, e.g.,
respiratory tract l'ining (HEp-2, apEXAMPLOE2 epidernoid carcinoma, CCL
23), liver (Hep&, a hunman hepat oma cell |ine, HB 8068), |ynphoid
tissue, SB, a human B Iyrrphobl ast0| d cell 15 line, cat. no. CCL 120 and

HSB, a T | ynphofieptfictie Bribodie: g Idhed, and prostrate
(LNCaP. FCC, human ostrate aenocar cinoma li1ne, cat. no. CRL 1740).
Signi ficant!¥, both Adtmicewithhfghangdy protesy Htepewerespentced and.hwpan eells were

substanti al harvéstedfrbth Dl ea\.rumge %&mfpi&hg Z @b Ihice iml@nasépsmtn{@t ed

in two different %s descri eater detall ., an
i nfection neutr&F di%mmslym&omab mplr@hdétmrsﬂgtmmmedmth _
purified nonocl mpaég I
measures ability o antltggg‘é n%ﬂkgﬂ?ﬁ rughlsdn%g%{&ﬁfh)sﬁwf t]fu?!l;]d(’)ur%in
i nhi bition antbgdlayasr\ﬂetedmm BLISAL Mes&)iuhnolryandfanubmhwfm to as
the cail . 10 "RET @SV Erdlshihlh vE2,, BB IORA el eer R o AR o 1
RF-1 and RF-2 i expetimesy separated by amrexiimely o mbnths\eidweere ns‘oiaaerdeﬁbmlmdwﬂhﬂs
at concentratlos ctiyvely ranging. f. out 30 fo 1

Sg D . djs & t1?q9é %ﬁyﬁave estagﬁs &b e
ng/m . Thus, Rl s, dnd are o distinet Antivagies R TR o
50% vi Irus | nhhbichaEMrdﬁBWemmaemuisraﬁllﬁnﬁom reSpectivelyg [Wdviding with dn0 10
times | ower than

ont r ast concentrations of
monocl onal ant i ERARXImA droé‘all.‘ﬂgrté‘ﬁe 9535& DB %Pmﬁ%?ﬁ%ﬂ& SRECRATAtioN It | gen
expressi on 1 peypicaly of 8.5 Nf Reinfdn & Rultsre skédedd aBD:-51x 10° cells/ml and grown for

three days.

L-.

For further characterization, both human MAbs were purified from culture

supernatants by affinity chromatography, using Protein A Sepharose columns. Both
RF-1 and RF-2 are 1gG(;,), with half maximal binding to F-protein in ELISA at 0.6

20 and 1 ng/ml respectively (Figure 3). From the migration pattern in IEF, RF-1 and
RF-2 isoelectric points were determined to be 8.8 and 8.9 respectively (Figure 4).
RP-1 and RF-2 specifically recognized RSV infected HEp-2 cells in flow cytometry
(Figure 5). The dissociation constant, Kd, for RF-1 was determined by plasmon
resonance on an IASYS machine to be in the 10"° M range. The Kd constant of RF-2

25  was determined by titration micro calorimetry, according to Wiseman et al (1989) and
Robert et al. (1989) to be 2x10° M.



being about 5 to 10 tinmes nore potent than RF-2. Moreover, both RF-1 and
RF- 2 WO 96/ 40252

PCT/ US96/ 10070 -31-

were effective against a Type B RSV, Type B prototype RS 6556, and a Type A
RSV, Type A .pwoweuszs®: RS Long. Thus, the in vitro results |iPVES¢EIhat the

subj ect human nonocl onal anti bodies may be used to treat or prevent
RSV i nfection caused by different RSV strains, both of Type A and Type
B prototype. As discussed 5 previously, the RSV F-protein is fairly well
conserved in different RSV isol ates. Iperefore, it is likely that the
subj ect nonocl onal antibodies to the RSV F-protein bind to a conserved
epi tope of RSV F-protein. AsxaAvEqssed, the subject human
nonocl onal anti bodi es or reconbi nant hunan ant i bodi es containing the

variable heavy and light sequences therefrom (preparation 10 discussed

infra) will be ¢sed BsE087 FPRAULE-frofiifl Prophylactic agents to treat or

pr event RSV TATECTT 0 "passrve antibody therapy. In particular, the
DNA sequence erRuified gntibnsias worp\soreened firgeattimidy tosa sesigs bbhumeoelidinas ed

in | DEC s proprj i t.Qr ' i | Ct i L@re 2.
This version i S&@%}J@@%{%@W&%i °§@SX‘§§B‘§H‘W‘§J§%€#§%§%‘§%M§“ @w
ool AL (e e e e s
y . IS V S nungr S | . . ,
human gamme 1, WOFSHO08 FpIAtoRy tract imng (HEP+2, p Jaryngeal epiderinpid carcipomg, Cat. ™ o
ﬁamm 4 PE. (SeNolCQL 23?[ l'i\@dr.(nbpc.i:f}l&l huriian Ghégatorhd) 6611 sy, Tat INAYHB BdE3) eNCe

Fher apett i cal | yDaBORRdRmA (8 A e B ImBhosleR Fep b N ORI, ot
human nonocl onaggseni MRHipReblstoid lifd! KGER. (VIS 130/1D) S prédtate (INCANEGEXRI biting
RSV infection. A dosage effective anmpunt referably range from

[ |
about 50 tol%,mwn[mﬁ@/aﬂgiocminempﬁ%&émbm- ERbrN&%ut 100 to 5000
[err] g/ Kg.

EXAMPLE 4

ional activity:
“To determine whether the antibodies had virus neutralizing effect in vitro, they
were subjected to two types of functional assays: Infection neutralization assays were
15  performed by pre-reacting the virus with purified MAb prior to its addition to the
cells and therefore reflect the ability of the MAD to inhibit virus infectivity; fusion
inhibition reflects the ability of the Ab to inhibit virus growth and expansion after
virus entry in the cell. The outcome of both assays was measured as the amount of
virus released in the culture after a given incubation time, as determined by viral
20- antigen titration in EIA.

' Both Abs were able to inhibit virus infection, of all twelve isolates tested, at
concentrations ranging from 30 ng/ml to 1000 ng/ml and from 8 ng/ml to 165 ng/mt,
for RF-1 and RF-2 respectively. RF-2 performed consistently better than RF-1,
yielding to 50% virus inhibition (EDS0) at concentrations 1.25 to 10 times lower than

25 RF-1. Representative data are indicated in Table IIL.
As expected, higher concentrations of MADb were required to inhibit fusion and
viral antigen expression in previously infected cells. In this assay, RF-1 was 5 to 10
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Met hods for effecting i munodetection of antigens using nonoclonal 15
anti bodies are well known in the art. Also, the subject anti-RSV F-protein

ant i bodi es in conbination with a diagnostically effective anmount of a
suitabl e reporter nol ecul e may be fornulated as a test kit for

det ecti on of vSYsdom$2ect i on. PCT/USYIIRWALS AND
METHODS The following Materials and Methods were used in

Exanples 1 to 6. 20 F protein preparation and purification:

F protein was prepared essentially according to the nmethod of Wal sh et al.
J. Gen. Virol, 70, 2953-2961, (1989). Briefyhy, HEp-2 cells at 70%

confl uency were infected wwth the Long strain of RSV, a | ab adapted

strain of the A typq-améf.tsrenmsfmmaukaewsﬁrwcuﬂ&amp&sén&JrLJz&Qscul ture
flasks in | NDM suppl errer]& mglgl 25 cal f'e? Ll r%gl ut am ne
and 2 M sodi um pyr JP%¥E WW&““E I"T°§‘“ w xq?‘é‘i buf f er of
PBS containing 1 %Mmﬂlxom?am!bmlp%:d&okwdqdlla%é,.4ﬁd§)rfmembsm was
purified fromthe creuﬂezoﬁed)lver&asﬁasmmeﬁm Afidriakligh YonSeatrati b wabdeteaitodyd e X

coupl ed to s ol A02GL 03 A dpl 80 RS e Rihel B el L O

Hi r oyKki Tsutsum) e PCol UM was Shed
extensively with | yé’?ﬁ@l’ﬁ‘ﬂff‘f"é'?“‘ in B WD 96/ 40252
PCT/ US96/ 10070 - 33-
purified F protein was eluted in 0.1 Mglycine pH 2.5, cont ai ni ng 0.1%
deoxychol at e. The eluate was neutralized imediately with 1 MTris,
pH 8.5 and di al yzed agai nst Table I
Cell line Tissue Type Tissue Labeling
HEp-2 Laryngeal epidermis -
10 RSV infected- HEp-2 | Laryngeal epidermis (RSV) ++++
SB Lymphoid -
HSB Lymphoid -
LNCaP Prostate -
HepG2 Liver -
15 Table H: Reactivity of RF-2 with various cell lines. Various cell lines were subjected to

indirect immunofluorescence labeling with RF-2, 200 npf10° cells. A Fab goat unti-
human IgG-FITC was used as second step. (-) indicates the presence of RF-2 did not
result in change of channel for the average fluorescence; (+) indicated increase of average
labeling by 0.5 log.



PBS. After the detergent was renoved on a Extacti-D gel colum (Pierce,

Rockf ord, IL, Cat. No. 20346), F protein concentration was determ ned
by EIA and the solution 5 was sterilized by ganma irradiation.

Lynphoi d cell preparation: Spl een was obt ai ned fol | owi ng
clinically i nwomsu4eszspl enectony of an idiopathic t r OFOTDSIEI0070UN pUT &

(I'TP) patient. A single cell suspension was prepared by sieving
through a netal mesh, and washed in | MDM nedi a suppl emented with 2% f et al
calf 10 serum Red blood cells were elimnated by treatnent wi th anmoni um
chloride lysing buffer for 90 seconds At 37[err]C. The white bl ood
cell enriched suspension was then washied twice with serum contai ni ng
medi a, resuspended in ice cold freezing nedia (95% FCS with 5% DVSO)
at 10[err] cells/m and frozen in liquid nitrogen until use. In
vitro imuni zation (I1Vl): 15 Cultures were set-up in | MDM

suppl enented with 2 nM glutamne, 2 mM di um pyruvate, non-essenti al
am no acids, 25 [err]g/m 1L-2 and 10% f | f serum An
antibiotics cocktail was added including 2.5 [err]g/m anphotericin, 100
[err]g/m anpicillin 100 [err]lg/m kananyci o lerrla/n
chlortetracyclipanib&y |[ err]GéidimnBeaRaciyn ang anstbody 501&@&5&1&(&@%&5% C
The cells were gulturgd in 6- V\E‘E|D| w& usters gt 3x10ferr] cel
40 ng/m F protlin_Affter three Oavs. the cdlls wefe collec é’c. vvashed a

resuspended in HBSS at| ReakRf @b Eﬁdsgdcﬁ;pei)cr SCI D| r@Cai&rige tayit]i 8857 (Type By
) eight weelk dld female |

[@Nn pien

Reconstituti on pé—SCtd-ce Eijve 10
CB17/ SCI D mi ce MeRB1rgcone®ingmit edl bydoagmt [Nt RBpPEY i t ov@gh | njjectioagmof POO
[err]] of HBSS pofitatfrg—4etotes A-SsHHeer—epH-s—2b——cybi-est-ed—o)

I VI; the mce wer &3ogst e300mgiel weFk manml id WREh B [eﬁm}’rg F protleinﬂmi n CFA
and tail bled a ottrer—t5—days—herr—serummwas—tested—for—irtmer—tg

concentrati g and anfink: B sl Jonfithila BRIy fabidicE birun grovn by 50% based on regression anslysis of

the monoclonal antibody dose-response.

PLE OMPARATIV

f R =
More than 95% of the population over 2 years of age have been exposed to,

10 and responded successfully to RSV Henderson et gl, J. Med, (1979), 300, 530-534.
Challenge of spleen cell in vitro with RSV F-protein should, therefore, result in recall
responses, and, indeed, mainly IgG responses were induced in vitro with spleen cells
(see Figure 5). The optimal antigen concentration, 40 ng/ml, was at least one order of
magnitude lower than what was observed for antigens inducing primary responses,

15 i.e. ferritin, Ilig/ml, Boerner et al, J. Immunol., 1991, 147, 86-95; Brams et al, Hum.
Antibod. Hybridomas, 1993, 4, 47-56. Therefore, it must be considered that in vitro
priming with F-protein induces secondary like responses. Several attempts to induce
significant in vitro responses to RSV F-protein failed with PBMCs and tonsil derived
cells.

20 A limited effort to generate monoclonal antibodies from in vitro primed spleen
cells resulted in several monoclonal 1gG antibodies to RSV F-protein. Most of these,
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Recovery of human cells from hu/ SCID mi ce: Two hu- SPL- SCI D
mce with high anti-F human anti body titers devel oped - | ar ge abdom nal

tunors. Tunorwos&4e2sz ecovered by excision fromsacrificed RCIFAIS96/10070 under
sterile conditions, single cell suspensions were prepared, the cells were
washed 5 with IMDMcontaining 2% fetal calf serumand cultured at

10[err]/cells mM in T-25 fl asks . in IMDMwth 10% FCS. Testing
for human 1gG and anti-F protein antibodi ega. The testing for
human | gG and ant I -F anti bodi es was perfornmed in ELISA For that

pur pose. bl at e, ERRERRIRY B et sokle b e PBLION ksl ) or F
10 protein (0 05 err respectively in O bi car bonate buffer,
pH 9.5 and bl ochewn). W|th PBS containing 1% fetal calf serum Serial
dilutions of nouse sera, culture supernatants or purified antibodies
were reacted to the plate. Bound hunman |1 gG were reveal ed by the
subsequent addition of GAH 1 gG HRP anEXMMPEBIftr at e (Sigm, ..,

Sel ected high titer human serum was used as a positive control in 15 bot h
assays and purlfled pol ycl onal hurran 119G or (y, k) nyeloma protein were
used as A A ag eSbt RRtI:on of the concentration of hurran

| gG and nonqcl onal . antLbodi es respect i ve | soty
human anti bddi es;:  Neither e RF-1 P%‘&ls‘? rg @%Fd’rgﬁiﬁfa?‘ﬁ“@?%ﬂ?
protei n coated Qkaltth BtheRENR RS gréW bestaiﬁ%ﬁsa Witk 0% e N His3swer e

reveal ed by the subsequent addi tion_of HRP conj ugat ’ed nouse

monocl onal ~ ant idwdyantageqs diepause ftaesulfy i penjaminafion °§9’e g;wﬁe{i aptjody pithing
(Xy‘z’“a'k?s 0! ke UpG, TS, o Gtk o Aol pRBo Rl R altbue B LY ¢ (L
k and [err] c hannbody necessary for doing meaningful animal model tests, which typically requires
10 up to I gram of one selected antibody, it is advantageous to transfer the genes coding
for RF-1 and RF-2 to a production vector and cell line. The present assignee, IDEC
Pharmaceuticals, Inc., has developed a very efficient eukaryotic production system
which results in the production of human monoclonal antibodies in CHO cells. This
vector .system is described in commonly assigned U.S. Serial No. 08/379,072, filed
15  January 25, 1995, and in commonly assigned U.S. Serial No. 08/149,099, filed
November 3, 1993, both of which are incorporated by reference herein. Routinely

using this system antibody gene transfected CHO cells produce around 200 mg
antibody per liter of serum free medium in spinner cultures and greater than 500
mg/liter in fermentors after amplification in methotrexate.

20 Cell culture cloned (see below) RF-2 cells, approximately 5x10°, were
subjected to RNA extraction using 2 mRNA isolation kit, Fast Tract (InVitroGen, San
Diego, California), and single stranded cDNA was prepared using an oligo-dT primer
and reverse transcriptase. An aliquot of cDNA was used as the starting material for
polymerase chain reaction (PCR) amplification of the variable region genes. PCR

25  was performed using two sets of primers. (see Table IV).



Protein A purification: 25 Anti bodies were purified fromculture
supernatants on a protein A- Sepharose 4B colum. Briefly,
supernatants were collected, filtered through 0.2 mmfilters and

suppl emented with 0.02% sodi um azi de. Colums (gel vol unme approximately 0.5

m ) wer eWegsMIasyr at ed in PBS with 0.02% sodi um azi de, PEEHS:6H88d with
super nat ant at WO 96/ 40252
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| ow speed. After extensive washing, bound human nonocl onal |1gG were el uted
I n 0.1 Msodiumcitrate buffer, pH 3.345.di al yzed agai nst PBS-azi de
using Centricon 10 filters (Amcon, , ) and sterilized by ganm

irradiation until further use. Columms lew§™e regenerated with citric
acid pH 2.5 and_re- eU|I|brated Wi th PBS wth 0.02% 5 sodi um azi de for
subsequent use. &2 3 ML 8IS ng: | soel ectric

bre casted gels' iaha”f‘??@c. a&%%%a BHD e CARGTG/OCRYPIRENG 37 C°
?;)r pglolgb Bri eL Vyz 2% {A@)g,bmﬁr LQBGP@(M@)’K@P@CCAGG&‘@A&)&A%SI’?E?LG?OA@ t s
reference (. H't%el SW@M@@?‘EQE%@%ﬁ%E@ﬁJ e stai npand
destained in deww n§ NAGWACSCETRTECTETGCEABGTGCAG®t hanol , 68% wat er and

estai ned in
S¥acetic acld.ys 5 (AGHACGOGTGTCTGGCCGAAGTGCAGCTGGTG 3

i nstant regi rim i-sense strand with Nhe 1 si
IgGl-4 (AQ)(GCCCTTGGTGCTAGCTGAGGAGACGG 3

10 in primers with Dra Il si

5" (AG),{CCAGGTGCACGATGTGACATCCAGATGACC 3°
5" (AG);CCTGGATCACGATGTGATATTGTGATGAC 3’
5’ (AG),(CCAGATACACGATGTGAAATTGTGTTGAC 3'
5 (AG),;TCTGGTGCACGATGTGACATCGTGATGAC 3’

calll B A

15 ant repi imer anti- if] i WI si
C:. 5 (AG), ,TGCAGCCACCGTACGTTTGATTTCCA(G/C)CTIT 3’

* Legend for Table IV: Synthetic oligonucleotide primers used for the PCR
amplification of human immunoglobulin heavy and light chain variable regions.
Restriction sites for cloning are underlined in bold.

20 The first set of primers was designed for amplifying the heavy chain variable
regions. It consists of one 3 primer that binds in the J region and five family-specific
5* primers that bind in the late leader and framework 1 region. A second set of
primers was designed for amplifying the Kapp variable region. It consists of one 3’
primer and four 5° primers that bind in the late leader and framework 1 regions. The

25 PCR reactions were electrophoresed on agarose gels and correctly sized 350 base pair
bands were excised. The DNA was electroeluted, cut with appropriate restriction
enzymes and cloned into IDEC’s NEOSPLA expression vector. {(See Figure 6) The



Western Bl ot: Purified F protein, both native and denatured by
boiling, was mgrated in a 15 10% pol yacryl am de gel. The gel was blotted
on a nitrocellul ose sheet at 30 volts for 2 hours and 60 volts
overnight. After transfer, the nitrocellul ose was bl ocked for 1 hour
at room tenpenedogzsesi th 1 % BSA and 0. 1% Tween-20 in PBS. PBctisseaonro
strips were washed in PBS and the primary anti bodies, hu-SPL-SCI D anti-F

protein sera, or hu-SPL-SCID anti-tetanus toxoid negative control, or
nouse anti-F protein 20 positive control, were added for 1 hour. Al sera
were diluted 1:500. After extensive h wi th PBS, the secondary

anti body, GAH IgG HRP for the sanples and t negative control, or

GAM 1 gG for the LAY or e‘ﬁﬁr%sﬁ’dﬁdtﬁ%uﬁﬁﬁ itk cofthint fhe followingier €
| - napht o 2fg]

revealed with 4- or o- I munof | uor escence:

RSV i nfected HE;CMVc-eIcybn(egalnvxm[momWr RETA monsechetanglobin guajori profestery BGH) i ce

pur i 11 ed b, 2 f SRR RN bl Fbdlsfon 5Pl 3G 7 SVl Bkl o Biliclip,

m&?eggg?dog hg N1 NeomiyCiin phiosphoamsferaseceson (1o N2 = Neomych\@lﬁﬁ;ihéﬁﬁﬁ&rase exon
P U 1
with GAH I gG@FI PcHGHT ﬁﬁwm""asloeﬂnel@mﬁta%wvé&amaeﬁwaan

fluorescence  immiheplsbutiARAmma 1 or ganiniPPELoAdRIt Yegi6i. L = leader. SV = SV40
polyadenylation region.
IDEC’s NEOSPLA expression vectors were designed for large scale
production of immunoglobulin genes (See, Reff et al, Blood, (1994), 83, 435-445,

10  incorporated by reference in its entirety). Mouse /human chimerics, primate/human
chimerics and human antibodies have been successfully expressed at high levels using
these vectors. NEOSPLA contains a neomycin phosphotransferase gene for selection
of CHO cells that have stably integrated the plasmid vector DNA. In addition,
NEOSPLA contains a dihydrofolate reductase gene for amplification in methotrexate,

15  ahuman constant light chain (either « or \) and a human constant heavy chain region
(cither 41 or y4(PE)). Gamma 4 (PE) is the human 44 constant region with 2
mutations, a glutamic acid in the CH2 region which was introduced to eliminate
residual FcR binding, and a proline. substitution in the hinge region, intended to
enhance the stability of the heavy chain disulfide bond interaction, Algre et al, J.

20  Immunol., 148, 3461-3468, (1992); Angal et al, Mol. Immunol., 30, 105-108 (1993),
both of which are incorporated by reference herein. Unique restriction sites have been
incorporated into the vector in order to facilitate insertion of the desired and light
variable regions. Reff et al., Blood, (1994), 83, 435-445.

The light chain of RF-2 has been cloned into NEOSPLA in duplicate and

25  sequenced following the method of Sanger et al. Sanger et al., Proc, Natl. Acad. Sci.
(1977), 74, 5463-5467, The kappa chain is 2 member of the kappa 2 subgroup.
Similarly, the human heavy chain variable region of RF-2 has been isolated and
cloned in front of the human 1 constant domain.

The light chain coding genes of RF-1 and RF-2 were readily cloned, whereas

30 cDNA for the genes encoding the heavy chains could not be generated using the
common Tac reverse transcriptase. However, this problem was obviated by



RSV-infected HEp-2 cells (10[err] cells/sanple) were washed w th washi ng
buffer 5 (PBS with sodium azide 0.1% . The cell pellet was resuspended

in 50 [err]l| of i ncubation buffer (PBS with sodiumazide 0.1 %
suppl enented with BSA 0.1 % containing 2 [err]g/mM RF-1 or RF-2.
After 15 m nuwedeieszibati on on ice, the cells were was peTiusgsa007o

resuspended in incubation buffer containing GAH I gG FI TC for anot her

15 mnutes on ice. After 3 washes, the cells were fixed in 1 m PBS with 1%
10 fornmal dehyde and anal yzed in a Becton-Di cki nson FACScan appar at us.
Affinity determnation: Two nethods were used to determnine the
affinity of human MAbs to soluble F pr ot ein: I n plasnon

resonance, usi ] Y ME@“ akhd oriiySan &#g‘gil \/ to
the wet side opﬁg&rcgt\k/@?éﬁﬁr omuh e’ ??eé)’c ange |E Tass ?‘gﬁregg, ibtaB Pk )

det e¥ mi ned baseproducts ¢oild-bengaperateld with prameisqrinaiily dayived Sloon¥, > fanilyegetieyy si de
of the device. JRifferent.concentrations,of FE:protei r and
subsequent |y el uted Bffaino amWetécesapgé yefec pcd Peﬂ%@“%ﬁ\é\ﬁﬁmgggﬁﬁnﬁﬁss
?s a rﬁsulk_t of Heapy ombK ibie doniatrsanay beofound (ij" Ftl%hasaﬂhhdgw,yresﬁsl timaal Sghegﬁim:land
romthe kinetics,a Klerr s det er nj ned. S.. al cul gted by |
testing t herggf fa-cl‘ddfe@f“%‘ﬁ ﬁ}‘q}%f“é‘%@ﬁt acfge%p@cs?or},\tﬁq ’(‘é’é Ia“% gﬁ}’ﬂ’ aﬁaplﬁtﬂ.e domains
Alternatively, fofRP2 indy®efsindih FiEifres'Sy £Hid"8H) 96k ivay.Cf‘FiF\ﬁéi 94-9¢TBepiok the
accordi ng to, Wseman et, al and Robert_et al., aS follows: RF-2 and F

protein were couckiqasd aut amino agid sgquenespf R @8 skprassedin the subjest NERSHanber
t 42C dth | inf 2] | [
a and the wpioRa Iy NGA ict the 1&5&&,;@;15%13 R ahf fﬂ%\&é 8{"@?“?%‘. on in

the solution was neasured. The reaction was ' The
bi ndi ng associ stongantdemainsequancesa d.cadhe humarckapps domdinaod itherhunian

et o r Qg aakinRARSE. PR SL IR i e Sk 0

PCT/ US96/ 10070 of the human gamma/constant domain. Figure 10 depicts schematically an expression

vector which provides for the expression of the sequences set forth in Figures 9a-9¢c
and thereby recombinant RF-1 in CHO cells.
Figures 11a-11a similarly depict the amino acid and nucleic acid sequences of
15 the leader sequence, RF-1 variable light, human kappa constant region, RF-2 variable
heavy, 'and human gamma/constant domain. Figure 12 depicts schematically an
expression vector which provides for the expression of recombinant RF-2 in CHO
cells.

XAMPLE 7

20 1 for cloni f EBV transformed cells:

Antibody production from EBV transformed cells continuously decrease, and
ultimately ceases. Kozbor et al., J. Immunol, (1981), 127, 1275-1280. To
immortalize the antibody production, it is therefore essential to extract the
immunoglobulin coding genes from the cells before this event and transfer those into

25  an appropriate expression system. In order to isolate the genes coding for the antigen
binding variable domains of antibodies produced by EBV transformed cells, it is
essential to ensure that the cell material is monoclonal. EBV transformed cells are,
however, very difficult to clone whether by limiting dilution or in semisolid agar.
Isoelectric focusing gel electrophoresis of protein A purified preparations of our two



- 37- where Kobs is the binding equilibriumconstant and [err]H err]

I s the enthal py change observed experinentally, at a given absol ute
tenperature, -Tobs; R is the universal gas constant (1.987) and [err]C
Is the experinentally determ ned binding heat capacity- change. 5
Conpl enent - evb@pggods2vi rus neutral i zati on assay: PCT/Oss6/408d001 at or y
strains (Long, type A and 18537, type B) and ten wild type RS Vi rus

i sol ates, which were isolated fromhospitalized infants, were used to
assess the neutralizing capacity of anti-F protein human MAbs. Seri al
di lutions of human MAb were pre incqg?ted with virus (50-100 pfu) in

the presence of conplenent for 30 10 minutes at roomtenperature, in 100

| | NDM wel}y: i er ot i i _ ) ,
Lo e 1]/ wel | ) et oriekd Sl 1 BhPRR.2, it atheost Popadapse
37[err]C, 5% antibodi¥S[inthq RF-2pregakatipe andwthecpossibifitydof dligealehalifytin theRFedne and

air dried and RSV antigen was detected by ELI SA using nouse MAbs. The
neutralization Pnt was determined arbitrarily as the dilution

whi ch rgdgced antig@y\;nimu?hiopmbwnﬁmmcnnmh_ 1eC] sezhmetsl,is:mmk.,mF kE With
no anti boady Us sjon Inhiplitlion assay.; . usi on
"nhibi tion Bit A 22552900, 5 frieE B, SRR SxBRRS Fomcosingls pylibrqushsy
Long (protot YDQixiﬂﬁié% GikftionO rTHEhuRRaR ChyoRaRell Bing [HLR4 B3 lexpre@bab3D ildat h VERO

cells (5 x 10[err]/well) in mcrotitration plates, for 4 hours at

37[err] C, 5% Copembrane wpagRtes waythat indusescB cellnio gaw. o x RONER-4Bhentishvell
anti bodies or qapd a I ' e
cultures were i ncuggkegﬁg‘fagggg%‘t@?ﬁ3%?e%5?%5%36§%}%?%%ﬁn@r%‘ﬁ%
cul tures cont aitheeBL4 BS dayanat vasivesceoncentrations, fomgB8 velis/well andfupct®h¢ cells in
t he absenc ﬁg@ﬂ' Jale! (RS k! EH&E%M o '
ELI SA usi ngor a%‘ﬁbglfpg ygonaﬁp{ Hér?%(ﬁqgg%{%o elrn anti }sa\é@}ézgﬁg&m%ﬂggel | ed
anti-rabbit | g@n aphroprietecamonnt ofdinalevel oped 25 with TMBl ue substrate
(KPI', Gaithersburg, LLer were defd t.h e and
concentration of an#gmtgﬁa%%ngrmgeoé&lﬂ‘%qgﬁ%@g%@ﬂuﬁ? specific
regressi on anallgGi sWith this padtodoh eve Mive isslated aad plonicthe cells that produce RF-1 (see
Table V) and RF-2 (see Table VI), respectively, from the original oligoclonal
15  preparations. The non-specific antibodies found in the cloning were only analyzed

with respect to isotype, and were found to be the same as the specific antibodies,
IgGlk. Based on the yield of F-protein specific clones from freezes made at various
time points during the cultivation of RF-1, as well as the amount of IgG that was
produced, it was estimated that the specific antibody made up approximately 1/20 of

20  the total antibody amount shortly after the start of the culture and disappeared after
approximately 8 months in culture. RF-2 made up a much higher part of the total
1gG, no less than 10 % at any given time. Antibody from the oligoclonal
preparations was used to generate the in vitro neutralization data, resulting in an
overestimation of the ED5O0 titers. Our affinity studies with plasmon resonance,

25  however, were not dependent on using pure antibodies. The affinity studies using
titration micro calorimetry was done with cloned material.
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EXAMPLE 1 HU- SPL-SCID titers: Fifteen SCID mce
recei ved human spleen cells froma single donor with ITP condi ti on.

The cells wemo se2520us|ly cul tured for three days in the pPETRISSEINT0 | |- 2
5 and different concentrations of soluble F protein. Al aninmals were

successfully reconstituted and, after boost with F protein, total
human 1 gG concentrations vari ed from12 [err]g/mM to 10 ng/m in the
serumand anti-F protein titers varied fro_rXbS x 10[err] to 10[err]

(Table I'). No correl ation was observed betwéen in vitro F protein exposure
and anti-F protein titer in vivo. It has been previously observed with the
subj ect 10 method, in the horse ferritin antigen system that antigen

exposure i s necessary durlng in viTableMfi tivation of the spleen cells
t o subsequent | ysdic F=N~ta¥s acltlcantibody titar o RRVIRY)
di screpancy bet _ t Wowely S epEntTRAveIR @HLY iFOMIBitOgrbWeh (%)
di ffrerence in tfhe anti gens |nvolved: since humank are not nat ural
to horse fferr'bin, he 4§ﬂ qtep |§ anti 1 i mng
spl een cells afd i nduces b 1 prli mary %onse invitr n the

hand, virtuall [al T .punant ar I nmune t \Y/ thro atural
infection in egqrly |1B phi cTT | edds téggﬁlerrranlent msnﬁymSI

protein, there oT eSO RT oWt T T a ot vurcrronowea DY one
boost in vivo ifs 3.3 en Jugrpﬁo | nduceﬂ(@@ondar respoﬁ§@§).
The anti sera e pU| yLI at—as j uugcu f-r-ormts f f atterns

exposed

(data 1.1 192 17(9) 112(58)
0.38 384 18(5) 116(30)

*Legend for Table V: Cloning of RF-1 by limiting dilution. EL4-B5 cells were plated
out at 5x104 cells/well in a flat bottomed 96 well plate. Approximately 24 hours

10  later, RE-1 cells in exponential growth were plated out on the feeder layer at the
described concentrations. After 2-3 weeks, the wells were scored for growth and for
presence of anti-F activity.



20 not shown). They were tested for reactivity to F protein in Wstern

blot. Qur results showed t hat pol yclonal human Abs did recogni ze
soluble native F protein both in its dimer form (140 KD) and its
nononer form (70 KD); they also reacted strongly with - denatured F

protein, bindwodsa@srifically to the 2 subunits of 48 KD aneCT2Ess&IDo7o
(representative data in Figure 1). This suggests that at least a fraction
of the hunoral 25 response to F protein is directed against |inear, non
conformati onal epitopes of the nmol ecul e. | munof | uor escence studies
further denonstrated the specificity of thgﬂﬁu- SPL- SCI D sera, since
| mmune sera, but not naive SCID nouse sera, reacted strongly wth
RSV- infected HEp-2 cells (Figure 2). No kvVity was observed towards
non- infected HEp-2 cells used as e control. It was concl uded

th f t hat
erelore tna cells/well | # wells | # anti-F wells (%) | # wells with growth (%) _lq_

PCT/ US96/ 10070
adequat S G ge1 for—ttre gcuc! at oot —art T ot speC| fic

F protein was a
to the mefibr and0 vir gl At | den efi@sed N nat ud3@rp) i nf ect d cells.
EXANPLE 2 IAnni E_'Frl f\"\t : yaval r\'F gnfi hnrh Q_c ral +4|rmr LC\I | | t res 5

All mce wth hifgh alﬂl- pra20in titE061008ere sacrlflcm(lsand hu cells
wer e har v dfraoamineritoneal |avage and spleens Two nice

(hu- SPL- SCI Ds# and_ fu- 120 SIPL- SCh 52 ont aneoyglgy devel oped
abdom nal solidfjiunprs that were|l i I ngle
secrgd(ggﬁ)speci fic antli(0'§3)0rot ein

cel | suspensionf The junor| cesg s
33 180 30(16.7) l 5(2.8) Il

*Legend for Table XIV: Cloning of RF-2 by limiting dilutio/n. Done as in Table
VIIL

10 In order to confirm the clinical applicability of the two human monoclonal
antibodies with in vitro virus neutralizing activity, these antibodies are further
characterized with respect to their efficacy in clearing RSV infection in two different
animal models. These preclinical performance evaluations are effected with material
produced by CHO cells transfected with the cloned genes coding for the antibodies

15  inserted into a proprietary expression vector (see Figure 6). Two antibody models,
one with intact compiement and Fc receptor binding domains, vl, and one void of
these domains, y4 (PE mutant), Alegre et al., 1,_Immunol., (1992), 148, 3461-3468;

~ Angal et al., Molecular Immunology, (1993), 30, 105-108, will be tested. The
rationale for testing 4 version is based on two considerations: (i) Anti-F-protein Fabs

20  have shown significant virus neutralizing effect in vitro Barbas et al., Proc. Natl,
Acad. Sci, (1992), 89, 10164-10168, as well as in vivo, Crowe et al, Proc. Natl,
Acad. Sci, (1994), 91, 1386-1390, albeit when administered directly into the lung, (ii)
potentially avoiding lung damage caused by effector function activation in sensitive
tissue already stressed by virus infection could be advantageous. A set of nonspecific

25  control antibodies, one 41 and one y4 (PE), will be generated from an in-house non-
specific hybridoma IgG, antibody.



anti bodies as determned in ELI SA. These tunors and anti bodies are referred
to as 10 RF-1 (SV F-protein) and RF-2. RF-1 and RF-2 were generated in
two different experiments separated by approximately two nonths and
were isolated fromindividual hu- SPL-SCID mi ce, and are thus distinct
anti bodi es; - tMeye/s2 est abl i shed t hensel ves I n cul t UPCTTORNE/IMIN ¢ t han
18 nonths and 16 nonths respectively, dividing with an appr oxi mat e
doubling time of 36-48 hours. Specific antibody concentration is 15
typically of 0.5 - 1 [err]g/ml in a culture seeded at 0.5 x 10[err]

cells/mM and grown for three days. _g3. For further
characterization, both human MAbs were purified fromculture

supernat ants by af fi paT 118 h gi bek Alsﬁgﬁﬁ%sﬁéétc"' ums.
Bot h RF-1 and T%E&%s%?e \I’vglf’?'(:igre?ia ousHSn'ldi! g ﬁa{:aljrra I ndin
aghd

F-protein in E(1%4)a$2,032-142; EE.n d1954) F17.345-350. Thism
the mgration '

determgned to W tdB&:% resepté?:?%cqvedﬁ?’ ﬁgﬁ&dﬁwﬁﬁéﬁhw}&&?ﬁu
specifically recdipg mdnbtﬁfsm vimbeload th HEpury tisste after i weebsvincybation: rEhis

bl asmon 5" st 34e Vst B, SRV Wi he g, OO Tpierd P Bifge.
The Kd const antseendfanirdal 25odel iyaspriirite mvdelaging\thé Africah ighéenthénkey CEhﬁkleﬂEt ry,

ol a M Lo W e rectiogd Ditenses 449530, 167, 553-56% "REV cgés&ﬂung(d%zggsg in the °°

PCT/ US9 6/ 10070 African green monkey, and this model’s main purpose is for evaluating the d%ﬁxage
EXAMPLE 3 Ti sSue s eC|f'|C|ty of anti-F-protein:
preventing propemes of the antibodies. The number of tests with this model will be
10  limited to test one antibody in 5 different doses. The antibody, the dose and the
infusion date relative to infection date will be determined based on the findings with

the mouse model. Lung section is examined for virus load in plaque assay and by

light microscopy for detection of lesions caused by RSV.
It will be observed if any changes in the amino acid sequence have taken place
15  during the process of stimulating and expanding the cells that produce the two
antibodies. This is done by testing with a set of PCR primers based on the CDR3
regions of the heavy chains of RF-1 and RF-2 whether the sequences of the genes
coding for RF-I and RF-2 are present in the original frozen cell material from which
the two cell lines were generated. The positive control is RF-1 and RF-2 spiked
20  source cells. The analysis foliows the principles established by Levy et al., 1989,
Levy et al., J._Exp. Med, (1989), 169:2007 and Alegre et al., J. Immunol, (1992),
148, 3461-3468; Angal et al., Molecular Immunology (1993), 30, 105-108; Foote et
al., Nature (1991), 352, 530-532; Rada et al., Proc. Natl. Acad. Sci, (1991), 88,
5508-5512; Kocks et al., Rev. Immunol. (1989), 7, 537-559; Wysocki et al., Prog,
25 Natl. Acad. Sci, (1986), 83, 1847-1851; Kipps et al., ], Exp. Med. (1990}, 171, 189-
196; Ueki et al., Exp. Med, (1990), 171, 19-34,

AMPLE




Purified anti bodies were screened for reactivity to a series of human cell

I i nes avai l abl e at ATCC by neans of indirect inmunofl uorescence assays
nmeasured by flow 5 cytonmetry (Table I1): The results showed that the
anti bodies did not bind to cell |ines representing respiratory tract

l'i ni ng ( HEp- 2wo®eMgsy ngeal epi dernoid carci noma, Cat. PET/USSEM00283) |
liver (Hep&, a hunman hepatoma cell line, Cat. No. HB 8065), | ynphoi d
tissue (SB, a human B | ynphobl astoid cell line, Cat. No. CCL 120 and

HSB, a T | ynphoblastoid |ine, cat.no. CCL 120.1) and prostate (LNCaP.FGC, a
10 human prostate adenocarci noma |ine, Cat. M. CRL 1740).
EXAMPLE 4 In Vitro functional activi%y: . ~ To determ ne

whet her th i bodi gs had nyj B4 bl ’
et her the antloot :A%Stygesﬂ%,#l’é?hn Eﬂx Pfakﬂﬁseﬂ)ﬁ!‘letr’]dp& Qxﬁﬁh& @18§%§ﬁﬂgation

were subjected t onal assays. ect’l on neu
assays were 15 per f or med GHO ploeesr expressing) thethighestrlenelsoftRF-pand RFe2l MAD
prior toits additiO@ to,t

N d_t her ef fl.ect i1t
of the MAb to inhi bi “‘Eﬁ‘F‘ﬁ?‘%rW@c‘fIﬁ%e @%?‘SH%“%&?WFFB%WM%CLsy
the ability of Chihemmmd_rrlﬂvar? i(C}M)tH%Q{)@ﬂ?thﬂmﬁ eoahanh Somay. Efellcﬂjlol. ]
virus entr n e ce tcone t assays ne e as the
amount of Vs E‘{V]Wuékés@'e{gég meffh%*??,rmegdvl@ %Fﬂ’é‘?mﬁk’](’eﬁﬁhﬁﬁgﬁﬂeon

tinme, as deterni i)SSEM 8 mitids h{j@ﬂ_ﬁdtﬁﬂéaﬁd €h5;ﬁﬁdi@é‘$01'8(ﬁ):°4xl_0‘ cells are
Both Abs were able to inhibit virus infection, of all twelve i|solates

tested, at elegimporated with 85 o8 PlsGihBNA uiingz0 BRY) 60 elestraprasiangienice and
perforned const & oet T Piego, CAY in 0P iyt dspbeabidtultried, HERF R elplranti, e
i nhi bition (ED5plasmid RNAcwilk bearestieted withPac d which sepasates thagenastexpres®d in RF- 1.
i gher - concith r SRl e iLHGEIE bolbn @ Ephishin yaed for eron i bicgfa POt ©
viral antigen eCpndiieisdior electroperation atey230nvolis,t 400 mictd faradays, i iobmas Eagh RF- 1
was 5 t0 10 gjecyroporation is plated into a 96 well dish (about 40,000 cells/well). Dishes are fed
with media containing G418 (Geneticin, GIBCO) at 400 ug/m! three days following
electroporation, and thereafter, periodically, until colonies arise. Supernatant from
15  colonies is assayed in ELISA for the presence of human IgG and for anti-F-protein
activity,

b. Amplify the expression of antibody in methotrexate.
The G418 resistant colonies producing the highest amount of immunoglobulin
are then transferred to larger vessels and expanded. The expression of the highest
20  secreting G418 clone is increased by gene amplification, by selection in 5 nM
methotrexate (MIX) in 96 well dishes. The 5'nM colonies producing the highest
amount of antibody.are then expanded and then expression ampiiﬁed again by
selection in 50 nM MTX in 96 well dishes. Following this protocol, we have
previously been able to derive CHO cells that secrete greater then 200 mgs/liter in 7
25  days in spinner culture { greater than 0.5 gram/liter in fermentors in 6 days). Human
antibody is then purified from supernatant using protein A affinity chromatography.

c.  Produce and pusify antibody.
100 mg of each antibody is generated. The selected antibody is produced in
amounts determined from the mouse model studies. Spinner flasks with selected CHO



WD 96/ 40252

PCT/ US96/ 10070 -41-
times nore potent than RF-2. Both MAb were nore effective in the Type B
prototype RS 6556 than in the Type A prototype RS Long (Table I11).

Tabl e | woseiM02srouse# [Ag] in vitro fresh cells pCrussb/gp@ro
anti-F titer

([err]g/m) 5 1 1 [err]g/m +

1, 000 10[ err] 2 1 [err]g/n +
12.3 10[ err] 3 53- 1 [err]g/m +
3, 000 10[ err] 4 1 Jerr]g/m +
8, 750 I ; / ] +
8. 150 transsih rnfa’s ih CHO-S SFM I semxgEfree mediuny (c%xedrcﬁ g}aér?ﬂﬁﬂ. 91-0456DK)
1, 500 with IX0] mMmhethotrexate are used to produce antibody ifi dhe feghinéd amounts. -
i?goo Supe]rg%?{et:alrre] harvested and ﬁlﬁered%rough a set o} Iﬂt%tgt{) %r%é?nﬁe particular
333" matetia], eandihg up with a 0.2 nm filter. The supernatant is run through a protein A

5  column with a predetermined size based on the total amount of antibody. After
washing, the antibody is eluted from the column with 0.1 M Glycine/HCI, pH 2.8,
into a neutralization buffer, 1 M Tris./HCI, pH 7.4. The elution/neutralization buffer
is exchanged extensively, = 1000 times, with sterile PBS by ultrafiltration through an
Amicon Centriprep or Centricon 30 (Cat. no. 4306 and 4209). The concentration of

10  antibody is adjusted to 2 mg/ml and sterilized by filtration through a 0.2 nm filter.
The antibody is purified and stored on ice in 2 ml cryotubes until use in animals.

MPLE

erize RF-1 an -2 i nce in RSV animal 1§:
The performance of RF-1 and RF-2 is determined using appropriate animal
15 models. The evaluation is divided into two steps, first (a) a Balb/c model, Taylor et
al., J. Immunology (1984), 52, 137-142; Crowe et al., Proc. Natl, Acad. Sci. (1994),
91, 1396-1390; Connors et al., 1, Virology (1992), 66, 7444-7451, to determine the
potency of the antibodies, as well as to determine what type of support (effector)
functions are essential for the antibody to clear the virus load. From the data gained
20  in the mouse model, one candidate is chosen for further studies in a primate model.
The primate model is an African green monkey model, Kakuk et al., J, Infectious
Diseases (1993), 167, 553-561. A primate mode! is especially suitable for confirming
that the subject monoclonal antibodies can be used to prevent virus associated lung
damage.

25 a. Test performance in mouse model,
The rodent-model we have chosen is the Balb/c mouse. This model is well
characterized, Crowe et al., Proc, Natl. Acad, Sci, (1994), 91, 1386-1390; Connors
et al., . Virology (1992), 66, 7444-7451, for studies on passive therapy studies.



10 40 ng/ m - 3, 300 5x10[err] 15

11 40 ng/ m - 554 3x10[ err]

12 1 [err]g/m - 10, 000 5x10[ err]

13 1 [err]g/m - 200 5x10[ err]

14 0 [ avopedes2 - 182 SPOaUS96i0070

15 O [err]g/m : - 3, 300 10[ err]
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-42- Table 1: Splenocytes fgpma single donor were cultured
in the presence of IL-2 for 3 days, with or without F

rotein. SCID m ' | r I :
Boost ed wi th 10 ol Tk rE B bekinhe 4 LioyioPRSV bGR yoier W lower pirways
fresh aut ol ogoudt all ages, Taylor et al., delmmurcdepy (0984) s 52, 1321142.i Apimalearedionsedtime

fo a standard o F 3B deblhelHiousEbATRAr e s Bvtomand e g 5%FRARg °°"
det er m ned to the RochesterGeneratl Hospital visadiuth igoidelines.EThese guidelines are in
5  compliance with the New York State Health Department, the Federal Animal Welfare
Act and DHHS regulations. Al procedures, including injections, virus infection,
orbital bleeding and sacrifice by cervical dislocation, are performed under penthrane
anesthesia in a vented hood.

i. . Determine effective dose of antibody and compare performance of 41
10 and y4 (PE version) of RF-I and RF-2,
Groups of 5 mice are infected by intranasal instillation of 106 Long (subgroup
A) or 10° 18537 (subgroup B) plaque forming units (PFU) of RSV in a 100 xL
volume on day 0. On day four, at peak virus titer, animals will be injected
intraperitoneally with each of the four F-protein specific monoclonal antibody
15 preparitions or control antibody. The doses tested are initially centered around a
reference dose calculated to provide a serum neutralization titer of approximately
1:300 or greater from in vitro studies. This titer has been associated with protective
levels against challenge with RSV in small animals. Dose response is evaluated by
treatment with 25, 5, 1, 1/5 and 1/25 of the reference dose. Experiments with higher
20  or lower doses are performed if warranted. Control mice are injected with an
equivalent dose of the isotype matched monoclonal antibodies, as described above.
Twenty-four hours later; day 5 is the peak of virus shedding, the mice are sacrificed.
Serum is obtained by intracardiac puncture and the nasal turbinates and lungs are
removed, weighed and homogenized in 1 and 2 ml of NMM, respectively.
25 Homogenates are titered for virus on HEp-2 cells, and virus titers expressed as
— TCID;/gm tissue. The mean titers between groups are compared to the control group
by the student t-test. Serum is obtained at the time of infection and at sacrifice for
human monoclonal antibody quantification by enzyme immunoassay and neutralization
assay. It is anticipated that the greatest reductions in virus titer will be in lung virus
30  growth since IgG isotypes are not actively secreted (in contrast to IgA) in the upper



Table I1 Cell line Ti ssue Type

Ti ssue Label i ng HEP- 2 ~ Laryngeal
epiderms 10 RSV i nfect ed- HEp-2 Laryngeal epiderms (RSV)
++++ SB . Lynphoi d

HSB . WO 96/40252 Lynphoi d pdrhéisadrooro
Prostate HepQ2 Li ver 15
Table Il: Reactivity of RF-2 with various cell lines. Various cell lines
were subjected to i ndi rect inmmunofl uorescence | abeling with
RF-2, 200 ng/10[err] cells. A Fab goat antks human 1gG FI TC

was used as second step. (-) indicates the p-resence of RF-2 did not

resul t in changspRitof@BeSndd tehBy 34 Wfdoriik foﬂﬁ#@éciﬁéffécﬂ étr}gé&ﬂ{%ecd
i ncrease of avg?ggq F)h Yageﬁang byﬂg. 5% og. ve
96 40752 * Iung virus, therapy on days 2 andfor 3 will be assessed.

PCT/ US96/ 10070 The titer of each monoclonal antibody in stock solutions and in serum from
injected animals is determined using an ELISAas described supra. RSV fusion
5  protein purified by affinity chromatography according to established methods (82) is

used in the solid phase. A separate assay for the RSV G protein will also be devised
for evaluation of mouse IgG responses to experimental RSV infection. Rabbit
antibody specific for human IgG and mouse IgG (available from Virion Systems, Inc.,
Bethesda, MD) is used to detect human monoclonal antibody or mouse antibody in the

10 ELISA.

The dose response effect of the monoclonal antibodies are determined for the
antibodies as the lowest antibody titer which reduces virus titers more than 2 log;p or
>99% reduction in virus titer. The degree of protection are correlated to the serum
antibody levels achieved at the time of sacrifice. In addition, the potential synergistic

15  effect of various combinations of human monoclonal antibodies is determined. The
results of the initial in virro studies outlined above will be used to guide the in vivo
experiments. For instance, if RF-1 and RF-2 have distinct antigenic binding sites on
the RSV F protein, combinations of the same isotype (y! or 44) may provide for
synergistic protection.

20 ii. Histological evaluation of lung tissue.

The effect of passive therapy on lung inflammation is evaluated by standard
histopathological and immunohistochemical techniques. Both peribronchiolar
infiltrates and alveolar infiltrates have been described in the mouse following either
primary or secondary infections, Conners et al, J. Virology, (1992), 66, 7444-7451.

25  Experimental animals are treated with monoclonal antibody, as described above.
Uninfected untreated control mice serve as comparisons for evaluating histological
effects. On days 5 and 8 after infect_ion, the lungs are removed and inflated with
formalin under constant filling pressure (30 cm H,0) for 30 minutes. After sectioning
and staining with hematoxylin-gosin, the degree of inflammatory infiltrate (PMN and

30  lymphocytic separately) in the peribronchiolar and alveolar areas is determined using



-43- Table 111

Ant i body Fusion Inhibition activity Antibody I nfection
Neutralization Activity ED[err] titer
ED[err] titer RS Long (Type A) RS'6556 (Type B)

MR 144 (Type WP 96i4@8637 ( Type B) RF- 1 6 6 (PGTY/S96/10070 40
ng/ m RF- 1 30 ng/ m 30 ng/ m RF- 2

3300 ng/ m 400 ng/ m RF- 2 8 ng/m 12 ng/m 5
Table I'll: EDerr] is defined as concentration of antibody inhibiting virus
growt h by 50% based on regression anal ysi s.5gf t he nonocl onal
anti body dose-response. EXAMPLE 5

( COVPARATI VE) | g standardized séstingtsySiemOfSih@ Gt SembdipattEhROME §3 2h@ v4 rivndtiGhdl | N
vitro: More_than 95% of the popul ation over 2 years of age

have been expodatibedies may fix antjactivatp sanplemeniditferentiaily, the Jungections @er son et
al. J. Med. (1 PYPS iRt nrﬁﬁélr'. vitro
with RSV F-pr o%ﬁ%s@gﬁp@%éﬁgg‘r’%fn resu tdll n recglﬁiﬂh%e& reé?)n nses,
and, indeed, nwivailaple rgtbit amiomusesChantibody (NivancSyistems; Inco Bethiehdas MBRandcel | s
(see Figuregh). | Fral t y ration, 40 ng/m, was at |east
(see Fi gure 5) el QPkdriaed Yok 450 SRR
In addition to evaluation of histological changes seen in fixed pulmonary
tissues, pulmonary inflammation is assessed by evaluation of alveolar cytology.
Groups of mice, treated as described above, are sacrificed and a bronchoalveolar
javage (BAL) performed by repeatedly infusing 3 ml PBS into the lower airway. Cell
10  counts of the BAL will be performed, and the cell type identified by staining of -

cytocentrifuge preparations.

ii. Effect of antibody therapy on the natural immune
response to infection,
In the cotton rat and owl monkey models, passive therapy of RSV infection

15  with polyclonal IgG preparations diminishes the subsequent natural antibody response
to the virus, although animals are fully protected upon re challenge, Hemming et al.,
L _Infectious Diseases (1985), 152, 1083-1086; Prince et al., Virus Research (1985),
3, 193-206, In contrast, Graham found that treated mice had both blunted antibody
responses and were susceptible to virus re challenge, Graham et al., Ped. Research

20 (1993), 34, 167-172. To assess this possibility using human monoclonal antibodies,
mice are infected with the Long strain of RSV and treated with a protective dose of
antibody on day 4, as outlined above, Controls will include infected untreated
animals, and uninfected treated animals. Mice are bied for antibody determination
every other week for 8 weeks and then every 4 weeks for an additional 8 weeks.

25 Both human monoclonal antibody and mouse antibody to the RSV F and G proteins
are determined by ELISA. In addition, the neutralization titer of the serum
determined at each time point. The contributions to neutralization by the residual
human monoclonal antibody and actively produced mouse antibody are inferred from
the ELISA results and by the results of neutralizing activity of the uninfected antibody

30 treated controls. When human monoclonal antibody is undetectable by ELISA,



magni tude | ower than what was observed for antigens inducing primary

responses, 15 i.e. ferritin, Ilig/m, Boerner et al, J. Immunol., 1991,
147, 86-95; Brans et al, Hum Anti bod. Hybridomas, 1993, 4, 47-56.
Therefore, it nmust be considered that in vitro primng with F-protein

I nduces secorma®g4i2ske responses. Several attenpts to i nduCPCTNUS96/10070
significant in vitro responses to RSV F-protein failed wiwth PBMCs and
tonsil derived cells. 20 Alimted effort to generate
nmonocl onal anti bodies fromin vitro prinmed spleen cells resulted in
several nonoclonal 1gG antibodies to RSV F; grotel n. Most of these,
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however, cross afu&aéstaé rfcgal(!)err]léedoyvxtgeﬂ\:/eegg}e strax fﬁ‘ ft&‘éﬁsda?'sn tE‘?_"iméfl{al("%esuI ts
not - shown sacrificed and the lungs and nasal tissues txtered for vxrus and compareA)\Ednkrob

C oni ng of theég&g)gs coding for RF-2: 5 Nei t her the RF-1 nor the
RF-2 clone pro significant anmpbunts of anti body. Al so, both of
these cell lines gr ilmoidesto dssessrei@i impaéttof n?&%lﬁ@anﬁ%ﬂ?%dr@y on cytotoxic T-

di sadvant agsouséelge@.a resplts in cont am nat | t he pur| fied

ant i body wi °1‘% (CEPRENt e > Qug sixewenks éﬁ?fdnfﬁc%lice

and purify ammwfsacnﬁced and sPeNVcel QAR SimBIRED Hith e TRV P S dhlys,ani mal
model tests, Whl Ch tﬁlgl CMM&S (1994), 170, 345-350. CTL activity is assessed
by standard Chromium 51 release assay using persistently infected Balb/c fibroblast
cell line (BCH4 cells) and compared to an uninfected Balb/c fibroblast line.
10 Based primarily on the effective dose studies of passive therapy of established
RSV infections, it is then determined which antibody, RF-1 or RF-2, is the most
efficacious for preventing or treating RSV infection. The choice between the v1 or
4 (PE) versions takes the lung histology studies into account, in particular whether
recruitment of complement appear to be significantly enhanced with the Clg binding
15 antibody. Massive activation of complement could potentially have adverse effects,
although enhanced vascularization that follows might increase the virus-antibody
confrontation.

c. Test performance in monkey model.
The decisive test for the selected antibody is in a primate model. We have
20  chosen the African green monkey (Cercopithecus aethiops) because it is highly
permissive for RSV, and infection leads to enhanced lung pathology and detectable
lesions, Kakuk et al., ], Infectious Diseases (1993), 167, 553-561. African green
monkeys are also readily available and not endangered. This monkey weighs between
S and 10 kgs. The highest expected maximal dose of antibody is 20 mgs/kg. Three
25  animals of each 10 kgs with 20 mgs/kg equals 600 mgs of antibody. Some wild
African green monkeys are naturally immune to RSV, and a requirement for entering
monkeys into our study is that they are serum negative to RSV,
Based on the baseline established in the mouse model, effective dose/kg and
infection time prior to therapy, a limited series of tests are performed in order to
30  establish effective dose for virus reduction, as well as to confirm whether this



10 up to 1 gram of one selected antibody, it is advantageous to transfer

t he genes codi ng for RF-1 and RF-2 to a production vector and cell
| ine. The present assignee, |DEC Phar maceuticals, Inc., has devel oped
a very efficient eukaryotic production system which results in the

producti on ofwaeaémsShonocl onal anti bodies in CHO cells. ThiRCTUSIIWHCt or
systemis described in commonly assigned U S. Serial No. 08/379,072, filed
15 January 25, 1995, and in conmonly assigned U S. Serial No. 08/149, 099,

filed Novenber 3, 1993, both of which are incorporated by reference
herein. Routinely using this system gggi body gene transfected CHO
cells produce around 200 ng anti body per liter of serumfree nmediumin

spi nner cul t ur earrafatés WithApreventibin bf RRY pathology!Gh lrn&aﬁieﬁlaf ParbrRh{iRA lifflamdt
amplification in methotrexate. 20 Cel'l culture cloned (see bel ow

RF-2 cel |'s, apptwlyemenk| (nlyang s ptraigclang (subtypecAlhisdestede Initi Hthaction

g: in?o?ni a), :aﬁghgl? ngi egs%"raén e cec{ﬁkvf/é%&b;g%gre el??(ﬂl S o go- pri mer

and reverse tr aifus bupumansibody, andianether thet redelves wirss amskeniaximal dose of the tisotype
terial f r haj tion (.P | i.fication.of .the

Var fabie redi oftaichel SoRBL a3l R dniFRS, Slerial? e Hichinehif bistdlepleaf

(se /e U‘ggg} iolo% «described abovéD MIGHke9S Imlgroups of 3 are also infected by intranaszl 5iustillatiom

PCT . . . . . e s - 490-

Tabl e |V* wigho 1) FRL phvigys: 3ix Lo shvem days pfter infection with wigps, fhenjonkeys are

(AQ [ er r ] ACGT Gsderificedandt W)( lesArE Talcéal for iral assags\dﬁ @ésttiBedoabove

(AG)[err]ACGCGTg T/.C) TGTCCCAGGT{A O CAG G ) T T AAG 3 5  Verr]3 5

(AG [err] A EWGGTGCAGCTG 3 V[err]4 5

(AQ) [ er r ] AGECGT CCTCHkrbiog -fe(phiformed essentially, as described above. Briefly, the lungs are
perfused with 10% neutral buffered formalin under constant filling pressure. The
lungs will remain in formalin for at least one week. After sectioning and staining

with hematoxylin-eosin, the slides are evaluated histopathologically according to
Kakuk et al., ], Infectious Diseases (1993), 167, 553-561. Serum samples are also be

15 taken in order to determine the titer of human are antibody to RSV in ELISA and in
Infection Neutralization assays.

EXAMPLE 10

1. Confirm tissue specificity by in vitro test on human tissue sections.
The antibody is then further tested for poteatial cross reactivity to normal
20  tissues by immunohistology studies on different frozen normal tissue sections from
two different individuals. Briefly, Cryostat microtome cuts of frozen tissues are
subjected to 3 tests: Fixation analysis, a Nitration analysis and a specificity/
distribution analysis Purified biotin labeled anti-RSV F-protein antibody in PBS with
1% BSA is added, and the slide is incubated for 30 min. in a humidified chamber at
25 200C. The slide is then washed in PBS with 1% BSA. The slide is subsequently
incubated with Avidin-HRP in PBS with 1% BSA for 30 min. HRP is allowed to
react with 3,3 diaminobenzidine-tetrahydrochloride, which forms an insoluble
precipitate stain mediated by oxidation with HRP. This will identify any potential
cross reactions of the subject human monoclonal antibodies. This test will be
30 performed by Impath Laboratories, N.Y., N.Y, and is approved by the FDA for



Vierr]5 5 (AQ [ err] ACGCGTIGICTGECCGAAGT GCAGCTGGTG 3 Heavy chain

constant region priner anti-sense strand with Nne 1 site lgd -4
(AG) [ err] GCCCTTGGTGCTAGCTAGGAGACGG 3! 10 Kappa Chain priners with Dra 111
site 1. 5' (AQG [ err] CCAGGTGCACGATGTGACATCCAGATGACC 3 2. 5'
(AG) [ er r] CCTCURPEARSNTGTGATATTGTGATGAC 3' 3. 5' PCT/US96/10070

(AG) [ err] CCAGATACACGATGTGAAATTGTGITGAC 3 4. 5'

(AG) [ err] TCTGGTGCACGATGTGACATCGTGATGAC 3! 15 Kappa constant regi on priner
anti-sense strand with Bsi W site Cerr] 5

(AG) [ err] TGCAGCCACCGTACGITTCCA(GE C) CTT 3" _s0. * Legend for Table IV:
Synt hetic oligonucleotide prinmers used for the PCR anplification of

human i mmunog! eNID), BubhEa¥ohs 0 probi g d&hﬁéd‘foi’ ﬂﬁrhﬁﬁihlﬁxaiﬁg' istology Weogcl st

Restriction sites for cloning are underlined in
set ~of prinmer s“ﬁ?ﬁé’fﬁé’gﬁg’ﬁéﬁwdaﬁﬂﬁ Fastlyighanitthe alisamafivehtargetingstidied ef RSV

regions. It CORFLGiSmOike nds inthe J region and five

famly specific gﬁ gr?nrrtlﬁarrg&t éo 1’n the late | eader and franmework
1 region. A second set of pri rrers was designed for anplifying the Kapp
vari able region. It consists of one 3 primer and four 5 primers that

bind in the late | eader and franework 1 regions. The 25 PCR reactions were
el ectrophoresed on agarose gels and correctly sized 350 base pair

bands were exci sed. The DNA was el ectroeluted, cut with appropriate
restriction enzynmes and cloned into | DEC s NEOCSPLA expression vector.
(See Figure 6) The
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NECSPLA vector used for expres L i bodi es contains the

fol | ow ng: CW = cytonegal ovirus pronoter, BETA nouse beta gl obin

maj or pr onot eVO 96040252 = bovi ne growth hornone pol yadenyPET/US618078nal
SVO = SV40 origin of replication. N1 = Neonyci n phosphoansferase exon
1, N2 = Neonycin phosphotransferase exon 5 2. LI GHT = Human

i mrunogl obul i n kappa constant region. Heavy = Human i mmunogl obul i n
gamma 1 or ganmma 4 PE constant region. L =-¢eader. SV = SV40

pol yadenyl ati on regi on. | DEC s NEOCSPLA expression vectors were
desi gned for | aClhAIMSal e production of imunogl obulin genes (See,

Reff et al, Bl ood, (}994), 8?, 435-445, 10 _incorporated by reference in
its entirety). Musely humarf* Bipgfempracional antihedy whigh specifically bindsthe RSY and

human anti bodi egusftn o@ﬁ%d%&?ﬁﬁiéé&&&n%iﬁﬁﬁﬁe%&h? hifi B! <S 246169

t hese vectors. NECSPLA contains a neonycin p otransferase ge or

sel ection melarCHO cel |'s that have st abl y integrated the plasm d vector
DNA. I n addition, NEOSPLA cont ai ns a di hydrofol ate reductase gene for
anplification in nethotrexate, 15 a human constant |ight chain (either k
or [err]) antl a hunme® constThsthuimenwpnodianah antibgdyof claim 1 whithtrneetraligés RSV
y4(PE)). Ganma !z;”(,gg) is the human y4 constant region with 2

mutations, a glutamc acid in the CH2 region which was introduced to

elimnate residual FcR binding, and a proline substitution in the
hi nge region, intended to enhance the stabjlity of the heavy chain
di sul fi de bond i nter¥ction® N"ﬂ?“e‘“@‘!"cﬁl"?l apti w'F‘ﬁ‘hﬂéG‘%Fi’“i’l@Bﬁ“ 94 R8Y 63,

(1992); Angal efusidh, préfein wichisnelected &8m the 2robBohsif3 bf RF-1, RE-B@h of which

are incorporated b%/‘ reference herein. Unique restriction sites have been

i ncor por at ed i nte§oPPiBaRtdwmap manogjprad antibedies whichicaptain; the saniable-heayy andolight

desired andid i gidmains of eithef REDI & K9l ons. Reff et al., Blood, (1994), 83,
435- 445, The light chain of RF-2 has been cloned i nto NEOCSPLA

in duplicate and 25 sequenced follow ng the nethod of Sanger et al.

Sanger et al., Proc.4Natl. 7hedmanhl W . - . .
kappa chain is a nmenber of the ’&‘Zpg‘?”?’%“ﬁbé'} ou _Zﬁcla:ﬁfb ﬁ%ﬁa@@%’nwﬁumn

heavy chain varREtl-e region of RF-2 has been isolated and cloned in
front of the human yl constant domai n. The light chain coding
genes of RF-1 and RF-2 were readily cloned, whereas
5. The human monoclonal antibody of claim 3 wherein said antibody is
RF-2,
15 6. The human antibody of Claim 3, wherein said antibody is a

recombinant antibody which contains either the human gamma 1, human gamma 4, or
human gamma 4 PE constant region.

7. Eukaryotic cells which have been transfected with DNA sequences
which encode for the heavy and light variable domains of either RF-1 or RF-2.

20 8. The cells of claim 7 wherein said eukaryotic cells are CHO cells.
9. The eukaryotic cells of claim 7 wherein said DNA sequences are

selected from the DNA sequences set forth in any one of Figures 7a, 7b, 8a, 8b, 9a,
9b, 10a or 10b.



30 cDNA for the genes encoding ¢ avy chains coul d not be generated
using the common Tac revers i“Hﬁ'ﬂclillHﬂH Hﬁl However, this probl em was
obvi at ed by : WO 96/ 4025
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substi tuti ng- WoWegs2zenperature, 70C, reverse transcrlptasePCnNUNHmWo

i ntact PCR products could be generated with prinmers primarily derived
fromVierr]2 famly genes. The ami no acid sequence and the
nucl eic acid sequence for the RF-1 |ight and heavy vari abl e domai ns
may be found in Figures 7a and 7b, respect&$ﬁly. The amino 5 acid
sequence and the nucleic acid sequence for e light and heavy vari abl e

domai ns for RI@ MY APebtatimkoRdfiRd PEIPRi Wich IERRRG hutfdn) -

Fi gures 9a-9c depict the nuclerc ac anmrno aclid sequence of RF-1
as expressed i nmpheslonabamgibodymbish|passesses an affinity for the BSVefusiom protein 65 depi ct
the | eader, var |<a? el(#tﬁgl%r and heavy, and hunman const ant donmain
sequences, i he ‘kappa domai n and the hunman 10 gama/ const ant
domain. Fi gure 9c shows the anino aci d and nucl eic acid sequence of

t he human garrma/cons ant d re 1 cts, ticall
expr essi on ~ vec lor whi &1 %'*“Fb?o I"ﬁg' %?‘fe%“é’gﬁ F%‘gg&fénces
set forth insFiggpes 9a-9c and t hereby reconbi nant RF 1 in CHO cells.

Figures 1lla-11a simlarly depict the am no acid and nucleic acid sequences
of 15 the |eader sequence, RF-1 variable light, human kappa const ant

region, RF-2 variabl f% ly a Thg%@iYXlne 3P8alﬂpf@@hgx%m@{ ﬁg‘ﬁq%%ﬁ% rgorfgur ©

12 depicts schematica ression vector t he
expressi on of rgmuprbonmﬂnglﬁFRF-l deRBZ cel |l s.
13. A method for producing human antibodies specific to the RSV fusion

(F) protein which comprises:
10 ' (Dpriming human splenocytes in vitro in the presence of IL-2;
(ii)transferring said primed human splenocytes into 2 SCID mouse;
(iii)boosting said SCID mouse with RSV F-protein; and
(iv)isolating human B cells from said SCID mouse which secrete
human monoclonal antibodies specific for the RSV F-protein.

15 14. The method of claim 13 wherein said isolated human B cells are
immortalized.
15. The method of claim 14 wherein immortalization is effected using

Epstein-Barr Virus (EBV).

16. The method of claim 15 wherein said EBV immortalized cells are
20  cloned using the mouse thyoma cell line EL4 BS as a feeder layer.

17. The method of claim 13 wherein the priming step is effected in the
presence of IL-4 or IL-6.



EXAMPLE 7 20 Devel opnment of a protocol for cloni”ng of EBV transforned

P
cells: Ant i body proc”ﬂl“ﬁﬂlﬂl rnliﬂmtr:ansf orned cells
conti nuously decrease, and pragirren . . Kozbor et al., J.

| munol . (1981), 127, 1275-1280. To I mbrtal i ze t-he anti body
producti on, | WQ9/40252r ef ore essential to extract the POTIUSYGge0IDU| | N
coding genes fromthe cells before this event and transfer those into 25
an appropriate expression system In order to isolate the genes coding for

t he antigen bi ndi ng vari abl e domai ns of antibodi es produced by EBV
transfornmed cells, it is essenti al t gaensure that the cell naterial
I s nonocl onal. EBV transforned cells are, however, very difficult to

clone whet her by |inigting i bNW @Guddbe Which @LGHRY Fo} tROMriable heavy dngfif! €CtT i C
focusing gel electrophoresis of protein A purified preparati or¥s of our two
VO 96/ 40252 variable light domain of RF-1 or RF-2.

PCT/ US96/ 10070 -48- .
anti-F protein antibodies, RF-1 and RF-2, showed at | east two popul ations
of anti bodi es il t he RRA-sxprsssigraveator whichrprovities foo tei dapiession affa DNA
oligoclonality gegﬂeh%e ~ ' nrgparation. By using the
nouse thyoma lin 3‘53 tz(i’ncéalgltﬁgl , J. I'munol, (1990), 5 144,

2955- 2960, as feeder layer, cells were expanded froma single cell through
limting dilation. e hu oma cell . line EL-4 B5 expresses gp39 in a
nenbr ane recept or ‘thaﬁﬁﬁbﬁ‘é?@"&%ﬁg}%lgm" ‘Ssée‘gﬂ Th theggroup ps

cel | s/ wel | consistingfahe DNAkequéhods &t forl intFgurdd 7d, &b, BABbCOA, /B, 10084 he

cultures were p{ ted out on the EL-4 E5 | ayer at various
concentrations,”™fromO0.38 cells/well and up. The '

21, A method for preventing or treating RSV infection in susceptibie or
RSV infected persons which comprises administering a prophylactically or
10  therapeutically effective amount of one or more human monoclonal antibodies which
possess an affinity to the RSV F-protein of < 2 x 10? molar and which also
neutralize RSV in virro.

22, The method of claim 21 wherein said antibodies are selected from
the group consisting of RF-1, RF-2 and recombinant human monoclonal antibodies
15  which contain the variable heavy and light domains of RF-1 or RF-2,

23, The method of claim 21 wherein said antibodies are administered by
injection or by aerosol.

24, The method of claim 21 wherein said antibodies are administered in
combination with an adjuvant.

20 25. The method of claim 24 wherein said adjuvant is Complete Freund's
Adjuvant (CFA), Alum or a combination thereof.

26. A pharmaceutical composition suitable for preventing or treating
RSV infection in susceptible or RSV infected persons which comprises a
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10 nunber of wells with growth for each of the concentration plated were

counted after an appropri at Im ' The
supernatant was tested for presem“lmmlﬂl "lllﬂ;rmland for antigen-specific
lgG Wth this protocol we have i ol 4tel ahd %l dned the cells that produce
RF-1 (see WOoreaoes2\/) and RF-2 (see Table VI), respecti velpgrnissanontohe

original oligoclonal 15 preparations. The non-specific antibodies found

in the cloning were only anal yzed with respect to isotype, and were
found to be the same as the specific antibodies, | gGlk. Based on the
yield of F-protein specific clones fromfrggzes made at various time

points during the cultivation of RF-1, as well as the anount of 1gG that

: ul't | s .
was Pr 0dugsephylactily of HekdRARANY Rfitothvd amBBRCK hhfind RionbAGH TREtRAR

approximately 1/20 of 20" the total antibody anount shortly

of the cul ture YiHeh aruiralize-RSV én wnoand which paspass anxaffinity for the RSNtﬁwrdtti? of
culture. RF-2 i aigﬂgr lgG no |ess
than 10 % at a%%f\?gﬁ".m‘lne%gﬁﬁ y fc%l(l)ﬁ%“fc%&é% ?%g%ﬁ'onal

preparations was used to generate the in vitro neutralization data,

resulting in an over.est i | Qn,: e Qctiters. .Qur affinit
studies with pl asmoA't esong%@%wn%m%f %?ga*’é‘ﬁ@ﬁfh&lé hB‘H si ng
pure anti bofli esnonbblenalfahiibudleg asd selécteal fuorh nige group coﬂ‘sisﬁﬂ@éﬂglgl/llggﬂépand

[ | L al,. WO 4025
(I;aCIT;) Usgg} R%O‘Q’S%c%?n%?na‘ﬁ’{ }u?ma(.:nl xggneocci:loq&t Enrtihgéies which contain the variable heavyyand light
Tabl e V* domaink lof eithdr IRE-1 6r RELA,Ss # anti-F wells (% wells with
grom h (% _

28. A method of detecting the presence of RSV in an analyte which
comprises incubating, said analyte with a human monoclonal antibody which possesses
10  an affinity for the RSV F-protein of < 2 x 10° molar under conditions which provide
for the formation of RSV F-protein antibody immune complexes; and
demcting the presence of said RSV F-protein antibody immune
complexes to determine whether RSV is present in the analyte.

29. The method of claim 28 wherein said antibody is RF-1 or RF-2,

15 30. The method of claim 29 wherein said antibody is directly or
indirectly attached to a reporter molecule.

31. The method of claim 30 wherein said reporter molecule is a
detectable enzyme or radionuclide.

32. The method of claim 28 wherein the analyte comprises fluid obtained
20 from respiratory tissue.

33, A test kit for assaying the presence of RSV in an analyte which
comprises:
(ia human monoclonal antibody having an affinity for the RSV
F-protein of < 2 x 10° molar; and



30 48 i 48(100) 10
48 48(100) mﬁﬂ 3.3 96
27(28) : 68(71) ”l I"”Mi ’”ﬁ", 192

17(9) 112(58) - 384

18(5) WO 96/40252 116( 30) *Legend for Table Vrcﬁhmwwoof RF- 1
by limting dilution. EL4-B5 cells were plated out at 5x104 cell s/ well

ina flat bottomed 96 well plate. Approximately 24 hours 10 later, RF-1
cells in exponential gromh were plated out on the feeder |ayer at the
descri bed concentrations. After 2-3 weeks,_@;,he wel l's were scored for growh

and for presence of anti-F activity. WO 96/ 40252
PCT/ US96/ 10070 a reporter molecule which is directl
Tabl e VI * el | s/ vl "oPIter olecule which is direcdy ot indipecily anachePfo said | |
growth (% human monoclonal antibody.
34. The test kit of claim 33 wherein said human monoclonal antibody is

RF-]1 or RE-2,



30 40 40( 100) 15(37. 5) 10

120 120( 100) 22(18) 5 3.3 120

102( 85) 9(7.5) : 1.1 120 50(41. 6)
1(0. 83) 33 180 30(16.7) : 5(2.8)
*Legend for "Table XIV: Coning of RF-2 by limting dilutio/n. Done as in :
Tabl e VI MO 96/4025p In order to confirmthe clini cacTAmOioeRbI ity
of the two human nonocl onal antibodies with in vitro virus

neutralizing activity, these antibodi e$/at2 further characterized with

respect to their efficacy in clearing RSV infection in two different
ani mal nodel s. These preclinical performance evaluations are effected with
mat eri al produced by CHO cells transfected with the cl oned genes
coding for the antibodies 15 inserted into a proprietary expression vector
(se€ Figure 6). Two anti body nodel s, one with intact conpl enment and Fc
recept or binding donains yl, and one voi d of t hese donmai ns, y4 (PE
nutant), Alegre et al. . Imunol ., (1992), 148, 3461- 3468, Angal et
al ., Mol ecul ar Innunology,'(1993), 30, 105-108, will be tested. The
rationale for testing y4 version is based on two considerations: (i)
Anti-F-protein Fabs 20 have shown significant virus neutralizing effect
in vitro Barbas et al STDProc. Natl Acad. Sci, (1992) %9, 10164-10168,"
: : : 1

cti n(iaé%i?ation in

as well as in vivo, quyg ,
1386- 1390, al beit wh m ng teéed g%rect ito the hun
ef ector fu.

potentially avoiding |ung da ge“cau
sensitive tissu
advant ageous. A set
y4 (PE), will be gen
g err] antibody.

106 enmip-
80 =i

49.5 e

32.5 =il

27.5 =l
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WD 96/ 40252 PCT/ US96/ 10070

-51- The first animal nodel is a nouse nodel, Taylor et al., ,
| mmunol ogy (1984), 52, 137-142; Walsh, E.E., J. Infectious D seases
(1994), 170, 345-350. This nodel is used to determ ne the effective
dose, dEf'neQWﬁﬁgIhe smal | est dose resulting in a 2 log reduction in
virus load in g tissue after 1 weeks incubation. Thi BCT/ES6/18¢%de| i s

al so used to determ ne which of the antibqdy nodels to proceed with. The
second ani mal nodel is a primte node dsh g the African green nonkey,
Kakuk et al, J. Infectious D seases (1993), 167, 553-561. RSV causes

| ung damage in the African green nonkey, and this nodel's main purpose
is for evaluating the danage preventing properties of the antibodi es.
The nunber of tests with this nodel will be 10 limted to test one
antibody in 5 different doses. The antibody, the dose and the I nf usi on
date relative to infection date will be determ ned based on the findings
wth t he nouse nodel. Lung section is examned for virus load in

pl aque assay and by | i ght m croscopy for detection of |esions caused
by RSV. It wll be observed if any changes in the am no acid
sequence have taken place 15 . during the process of stinulating and
expanding the cells that produce the two anti bodies. This is done by
testing with a set of PCR primers based on the CDR3 regi ons of the
heavy chains of RF-1 and RF-2 whet her the sequences of the genes

coding for RFI and RF-2 are present in the original frozen cell materi al
from whi ch the two cell lines were generated. The positive control is
RF-1 and RF-2 spi ked 20 source cells. The analysis follows the principles
establ i shed by Levy et a e ae Exp. Med. (1989),
169: 2007 and Al egre et a B 48, 3461-3468; Angal

et al., Ml ecular |munol§ : N ct al .,
Nat ure (1991), 352, 530- 48 @ = \cad. Sci. (1991),
88, 5508-5512; Kock . 7, 537-559;

Wsocki et al., Proc. 25 S
al., J. Exp. Med. (1990) }
(1990), 171, 19-34.

@ 1847-1851; Kipps et
. al ., Exp. Med.

FIG. 2
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EXAMPLE 8 Generate CHO cell |ines that produce |arge amobunts (> 100

mg/liter) of RF-1 and WO 96/ 40252
PCT/ US96/ 10070 -52-
a. Transfect expression plasmds, isolate and expand (418 resi st ant

CHO cl ones eX@&4m3g t he hi ghest level s of RF-1 and RF-2. PCT/US6/10070

Once the RF-1 and RIF-2 variable region genes are cloned i nto NECSPLA,

Chi nese hanmster ovary (CHO cells (D&44), Ulaub et al, J. Somat. Cell Mol.
5 Genet., (1986), 16, 555, are transforned with the pI asm d DNA. CHO

cells are grown in SSFM H ni nus hgpbként hi ne and thymidine (G BCO. 4
X 10[err] cells are el ectroporated with 25 [err]g plasm d DNA using a
BTX 600 el ectroporation device (BTX, San Diego, CA) in 0.4 m

di sposabl e cuvettes. Prior to el ectroporation, the plasm d DNA wi |l be

restricted wwth Pac | which separates the genes expressed in 10 manmal i an
cells fromthe portion of the plasmd used for growh in bacteria.
Conditions for electroporation are 230 volts, 400 mcro faradays, 13 ohns.
Each’ el ectroporation is plated into a 96 vveII di sh (about 40, 000

cells/well). Dishes are &/ ontarmng B18 (Geneticin,
G BCO) at 400 [err]g/m tigge dRgs I'FB\M;\g-o-o-oekect rpporation, and
thereafter, periodically, ti I; | es Par i sp ypernatpnt from 15
colonies is assayed in El _ humaryl gG and for
anti-F-protein act gvidof ,-';
L 13 "/ /
v v
8 1.0 Y 4 ’
os- v/ '."
000 O 2Ty =Y « Y=V~
= L 1 L } Lt

01 1 10 100 1000 10000
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b. Amplify the expression of antibody in nmethotrexate.

The (418 resistant col onies producing the highest anmount of inmunogl obulin
are then transferred to | arger vessels and expanded. The expression of the
hi ghest 20 secreting (418 clone is increased by gene anplification, by

selection in 5 nM met hotrexate (M X) in 96 well dishes. The 5 nM

col oni es prod&‘??ﬁ“@ﬁe hi ghest anount of anti body. ar e RCRAUSEPINded
and then expression anplified again by selection in 50 nMMIX in 96
wel | dishes. Follow ng this protocol, e/ dve previously been able to

derive CHO cells that secrete greater then 200 ngs/liter in 7 25 days in
spinner culture ( greater than 0.5 granfliter in fernentors in 6 days).

Human antibody is then purified from supernatant using protein A
affinity chromatography. C. Produce and purify

ant i‘body. 100 ng of each antibody is generated. The sel ected
anti body is produced in anounts determ ned fromthe nouse nodel
studi es. Spinner flasks with selected CHO WO 96/ 40252

PCT/ US96/ 10070 - 53-

transfectomas in CHO-S SFM Il ser free nedi gn (G BCO @at. No. 91-0456DK)
with 50 nM net hotrexate are used t& produce amei body i neX he required
anounts. Supernatant are harvested and filtered through a set of
filters to remove particul ar 0.2 nm
filter. The supernatant S run with a
predeterm ned size b&edd

6.85 -D-

7.35 i

-

8.15 =i -
845 weip-
8.65 = I8

FIG. 4
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washi ng, the antibody is eluted fromthe colum wth 0.1 M d@ ycine/HC , pH

2.8, into a neutralization buffer, 1 MTris./HC, pH 7.4. The
elution/neutralization buffer i s exchanged extensively, [err] 1000
times, with sterile PBS by ultrafiltration through an - Am con

Centri prep orWOSMIZZEon 30 (Cat. no. 4306 and 4209). The copcpoésasd®n Of
10 antibody is adjusted to 2 ng/m and sterilized by filtration through a

0.2 nmfilter. The antibody is purified and stored onice in 2 n
cryotubes until use in animals.

EXAMPLE 9 : Characterize RF-1 anB /R 2 in respect to performance in
RSV ani mal nodel s: The performance of RF-1 and RF-2 is

determ ned usi ng appropriate ani mal 15 nodel s. The evaluation is divided
into two steps, first (a) a Balb/c nodel, Taylor et : al ., J.

| muhol ogy (1984), 52, 137-142; Crowe et==al., Proc. Natl. Acad Sci .

(1994), 91, 1396-1390; Cognors et #®., J. Virology (1992), 66,
7444-7451, to determine the - potencﬂ of the antibodies, as well as to
determ ne what type of support ffectoy) - functions are essential for
the anti body to clear the virus hoad. om the data gained 20 in the nouse
nodel , one candidate is chosen f fuf/ther studies in a i mat e nodel .

The primte m)del |s an African ghke nonkey nodel, Kakuiget al., J.

I nfectious eases (1993) rirrb S w, A primatge nodel is

especi ally sui tabl gfor conf j etk i Bl Res ubj ecig nonocl onal

anti bodi es can Be ysed to pEEuSh ITus assotEREaHE] LAy danmage. 25
a. Test @& f & mancgkigMouse,migel é 57 LN rodent - nodel we
have chosen is &heg}al i e. Thi smnode wel "{:555;5;,_ characteri zed,
Crowe et al 0C . Ac@. Sci. (1994), "1, 13881ta91)y Connors

et al., J. Vrgogy._‘_ 9&, 66, 7444-7451, for stu&es ppassi ve therapy

st udi es. §‘
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WD 96/ 40252

PCT/ US96/ 10070 - 54-

Bal b/c mce are highly perm ssive to growh of RSV in both upper and | ower
ai rways at all ages, Taylor et at., J. Inmunology (1984), 52,
137-142. Ani-r¥P86H4R%¥ housed in groups of 5, fed standSTASHHYE® chow
and water ad |libitumand cared for according to the Rochester General
Hospi tal vivarium guidelines. These guidelines are in 5 conpliance with
the New York State Health Departnent, the Federal Animal Wl fare Act
and DHHS regul ati ons. All procedures, 6AtFuding injections, virus

i nfection, orbital bleeding and sacrifice by cerV|caI di sl ocati on,
are perforned under pent hrane anesthesia in a vented hood.

i Determ ne effective dose of antibody and conpare performance of yl
10 ' and y4 (PE version) of RF-1 and RF-2.

G oups of 5 mce are infected i ntr asgasal tillatkon of 106 Long

(subgr oup A) or 10[err]a 537 & bgroup ) pl 2 forning units (PFU)
of RSV in a 100 [err]L une ongg? day r, gpak virus
titer, animals will be |njectk rap@ tonedh W|tm &Ch of the
four F-protein specific nonocl antgl;o 1§ prep# ati onsggor control
anti body. The doses tested ar® nltlér cenF ed ar8&hd a a ref erence
dose calculated to provide a s un1neu rallz on t|t roxi mtely
1:300 or greater fromin vitr® tudi &% ThIS Qeen ciated with
protective | evel s againa chal | \/|a Eﬁa Dose
response i s eval uated by r eat t mnt 1/5 /25 of the
reference dose. Experinents mL hig Iomeﬁ oses e per f or med

if warranted. Control mce are |njecte mnth qui val gnt dose of
the i sotype matched nnnoclonak nt|b S 1?escrlg abo g

Twenty-four hours |ater; day S the M us s dlng, t1e mce are
sacrificed. Serumis objel ned iR traggm ac tur gy 8@ the nasal
‘turbinates and lungs are @nhoved ME|gh and h genizgd in 1 and 2
m of NWM respectively. 25 g ﬁbgemg s argthiteredpor vigggs on HEp-2
cells, and virus ters expresged as TClf err]/ tissug. The nmean
titers between g&ps are congdl ed tgikhe comdol gre by the
student t-test.

rumis obtai rg:d at t t| ne Etgl nf e%ﬁon anggt sacrifice

wBS mg zg Hg ag
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af dg a8 ag ¢§
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human nonocl onal anti body quantification by enzyne i munoassay and

neutralization assay. It is anticipated that the greatest reductions
invirus titer will be in lung virus 30 grow h since 1gG isotypes are not
actively secretedﬁsln contrast to IgA) in the upper . WO 96/ 40252

PCT/ US96/ 10070 WO 96/40252
respiratory tree. Should therapy on day 4 of infection prove |n’UF¥ec?|ve_ at

reduci ng | ung virus, therapy on days 2 and/or 3 will be assessed.

The titer of each nnnoclonal anti body in stock solutions and in serumfrom
injected animals is determ ned using afi /HA SA, as descri bed supra. RSV
fusion 5 protein purified by affinity chromatography according to

establ i shed nethods (82) is used in the solid phase. A separate assay
for the RSV G protein will also be devised for eval uation of nouse

| gG responses to experinental RSV infection Rabbi t antibody specific
for human 1gG and nouse G (avapl abl e om Virjpn Syst , Inc.,

Bet hesda, MD) is used tdUdet ects iunman ocI onglg anti p y or nouse anti body
in the 10 ELISA c&g dose éspons .@ffect @f the nonocl onal
anti bodi es are deterni fe& for Btibad asq,tgﬁ | owest anti body
titer which reduces viruBglter m)ret n 2 loglerr] >99%
reduction in virus titet¥ The ®&dgree ol &rotecton arg@orrelated to the
serum anti body | evgls achigved at ¢ he ti of sagsifice. In addition,

t he potenti al synerglsFT 15 Hekfect W® vari si& conaigati ons of human

monocl onal anti bodi es i sgdet er mZEd. Thgﬁ Eiults the detial in
vitro studies outlined Qe WEIS Hhe UsEtHto gl Vi wo &

experiments. For instapd@® if R 1 and -2 havg distiggt antigenic binding
sites on the RS gprot contf*ffat i on® Bf t he>$hme | so¥ype (yl or
B

syne[ g st c&) tect |>0§ qé >E
Mg mga n8H agﬁ wf8 a§°
3L BN e N
2B o =§ ng w8 >B
<8 =35 L§8 wBY <83 88
L - N
- S -
oF  LBE BB L3R LEE LiH
LI BN D -
og mE sg A% 4§ Hg
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20 . Hi st ol ogi cal eval uation of lung tissue.

The effect of passive therapy on lung inflamuation is evaluated by standard
hi st opat hol ogi cal and i mmunohi st ochem cal techni ques. Both peribronchi ol ar
infiltrates and alveolar infiltrates have been described in the nouse
follow ng ei W@p6/40252 primary or secondary infections, Copaenseefoen , J.
Virol ogy, (1992), 66, 7444-7451. 25 Experinental animals are treated with

nonocl onal anti body, as descri bed above. Uni nfected untreated control
m ce serve as conparisons for eval uating histol ogical effects. On
days 5 and 8 after infection, the lungs/ #fe renoved and inflated with
formalin under constant filling pressure (30 cmHerr]0) for 30 m nutes.
After sectioning and staining with hemat oxylin-eosin, the degree of
inflammatory infiltrate (PMN and 30 |ynphocytic separately) in the
peri‘bronchi ol ar and al veol ar areas is determ ned using WO

96/ 40252 § g g E

PCT/ US96/ 10070 & W © > - 56-

a standardi zed scoring systemgSi nce #}:l S anglgl pat gt hat the y1 and y4
nmonocl onal anti bodi es f| x Aact R&te cof®®nment differentially,
the lung sections are st mned f nousegC3 depdsi tion areas of

i nfl anmati on using a cormmer cf® aval"f ble r45bit af¥f nouse C3

anti body (Viron Systens, Inc et herfg d 5 er oxi d@se conj ugat ed
goat and-rabbit 1gG d| t| to ev¥tati orf* hi st ol ogi cal

changes seen in fixed pul m)ngrgr ssu%‘sé ul Sy i(rﬁgéﬂrrmti on is
assessed by eval uation of al ar c? ogy. ps ffce, treated
as descri bed above, are sacrbf eed goa br nﬁhoal \% | avage ( BAL)

performed by repeatedly infusi BS in t he roait y. Cell 10
counts of the BAL will be peg rrred d thggell t%gel deru i ed by

st ai ni ng of ¢§ Sgﬁ u§§ uah ng
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cytocentrifuge preparations. P, Ef fect of anti body

t herapy on the natural i mmune response to infection.
In the cotton rat and ow nonkey nodel s, passive therapy of RSV infection
15 wth polyclonal 1gG preparations dimnishes the subsequent natural
anti body r espWs%/40252 to the virus, although animals are Potivgespeersect ed
upon re challenge, Hemm ng et al., . Infectious D seases (1985),
152, 1083-1086; Prince et al., Virus Research (1985), 3, 193-206. In
contrast, Grahamfound that treated m ce had both blunted anti body
responses and were susceptible to viru84¥/ challenge, Gahamet al., Ped.
Research 20 (1993), 34, 167-172. To assess this possibility using human
nonocl onal anti bodi es, mce are infected with the Long strain of RSV
and treated with a protective dose of anti body on day 4, as outlined
above. Controls will include infected untreated ani mal s, and
uninfected treated ani nalgs. M ceware bﬂ for amji body geterm nation

every other week for 8 ks amdOt hen ry 4 ks feorelan additional 8
weeks. 25 Bot h human ocl ona Eﬁnti bogfg and se anftifpody to the RSV F
and G proteins are et er i by F5A. B addi 4O t he

neutralization titer of seru getern‘i d at e@®ch tinme point. The
contributions to neutraRfkzati oy t heWasi dual #h&nan nonocl onal

anti body and actively pr %iuced use antbody a infered from t he
ELI SA results and by t % esul #6%of ne#t¥al i zif¢ acti H®y of the uninfected
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animals are rechallenged with the sane strain of RSV. After 4 days, the
animal s are sacrificed and the lungs and nasal tissues titered for
virus and conpared to control gr oups. In order to assess
t he i mpact of nonocl onal anti body therapy on cytotoxic T- 5 cells (CTL)

i nduction, simdswesszperinents are carried, but six weeks alpbgisdsib@eti on,
mce are sacrificed and spleen cell cultyggs stinulated with live RSV for 5

days, Wal sh, E.E., J, Infectious D seases (1994), 170, 345-350. CTL
activity is assessed by standard Clg&%u? 51 rel ease assay using
persistently infected Bal b/c fibrobl ast line (BCH4 cells) and

conpared to an uninfected Balb/c fibroblast |line. 10 Based
primarily on the effective dose studies of passive therapy of established
RSV infections, it is then determ ned which antibody, RF-1 or RF-2, is the

nost * ef ficacious for preventing or treating RSV infection. The choice
bet ween the yl1 or y4 (PE) versions takes the lung histol ogy studies
i nto ,account, in particular whether recruitment of conpl enment appear

to be si gnificantly enhassecdswl hxdhh@hﬂhqmslu@dl ng::%fmantaubmﬂy Massi ve

activation of conpl emm @mﬁgée

al t hough enhanced vascul ar1 zat1on that 1 |ncrease the

vi rus-anti body Gmmmﬂl'm Leu Leu TrpTigg tAry Gly Ala Arg
.per f ormance in rmnkey %gﬁ"@i‘& T 8 O R 85518 gvcé&tc@%fmfﬁg CEhEeT o aAca
sel ected antibody ig in a pringge nodel. W have 20 chosen the Afri can
green nonkey (Cer @&u&a&t 25 ke DBGAUS Ged Lo Sor M ORLY a1 ve
for RSV, and inf e%k& ﬁan&’e mgcq)aiéhn:lr Eccga{mp%m&%
| esi ons, Kakuk et all., §8 Inf ect®ous Di s¥ases (1%¥93), 16’:9cz 553- B84, Afrildtn

green nonkeys are al so readclpy,ﬂyal | abl e ang.all dan d Thi s
monkey wei ghs bet faeeBE Srs m 3&%5@ ﬁ?m 5 Lyseitro GOy €
of antibody‘'is 20" ngs’ lg_gg reers Shipe E WWW@F@
equal s 600 of antibody. Sonme wld Afr| can gre n rT?nkeys are
natural Iy inu r..;*.r{g__ t ﬁ}% '
our study i 8 tml‘g?g ﬁ%%ém : %%rasw TG ﬁ?ﬁml %%e
basel i ne establ i shed i #*t he m)u%"é nodel #%f f ect PPe dosePR and 237 246
infection tine prior to therapy, a limted series of tests are performed in
order to 30 est @@e&&@a%@g PSS Bader emtescain By Slacimime
confirm whet her t 264 27 282 291 300 309
i CD&B ] !
Ala Thr Tyr Tyx Cys{Gln Gln Ala Tyr Ser Thy Pro Trp Thr Phe Gly Prg Gly Thr Lys val
mmmmmwcau CT TAC AGT ACC CCC TGG ACT (TTC GGC CTA GGG ACC AAG GTG
318 27 336 345 354 363 372

mmm'mmmmmmm@cmmmcmmm
l 390 399 408 417 426 435

Lys Ser Gliy Thr Ala Ser Val Val Cys Lau Tyr Pro Axg Glu Ala Lys Val
AAA. TCT GGA ACT GCC TCT GIT GIG AGA GAG GCC RAA GTA
444 453 482 471 480 439 498

Homan Icappn codani—
Gln Trp Lys Val Asp Asn Ala lLeu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp
CAG TGS AAG GTG GAT AAC GZC CTC CAA TCT GGT AAL TCC CAG GAG AGT GTC ACA GAG CASG GAC
507 516 528 534 543 552 561
Sar Lys Asp Sar Thr Tyr Ser Leu Ser Ser Thr Lau Thr Leu Ser Lys Ala Asp Tyr Glu Lys
’ AGC AAG GAC AGC ACT TAC AGC CTC AGT AGT ACC CI6 ACG CIG AGT AAR GCA GMC TAC. GAG AAR
§70 879 538 557 606 815 624

His Lys Val Ty Ala Cys Giu Val Thr His Gln Gly Leu Ser Ser Pro Val Thx Lys Sexr Phe
TAR GOT TG GaA GTC ACT CAT CAG GBS TG AGC TCG CCC GTC ACA AAG AGC TTC
633 642 651 60 669 678 687
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WD 96/ 40252

PCT/ US96/ 10070 - 58-
correlates with prevention of lung pathology, in parti cuI ar parenchynal

i nfl amrat ory i nvol venent. Only onf‘{gr,r us strain,  Long (subtype A) is
tested. Initivadbguozz, 5, 1, and 1 tinmes the refermmsmols

tested. Two control groups, one that recgtdtgs sp virus but no anti body,
and anot her that receives virus and naxi nal dose of the isotype 5

mat ched control anti body, are analyzed. Essentially, the experinents are
effected as descri bed above. Mnkeys in groups of 3 are also infected
by intranasal instillation with 10[err] PFU of virus. Six to seven
days after infection with virus the nonkeys are sacrificed and | ung
and pharynx sanples are taken for viral assays as described above and
for histology. 10 muziﬂkﬁwwrﬁz@wwé&seﬁ&a algdgy, as

descri bed above. Bri eftrshsidciae tteingxoanes (Encizporstiesod W th 10% neut ral

buf fered formalin unddeReEHHSEA 1EeF 90t P}’Lfsﬁ'b‘fé"' ¥RE 423 B yngs wil |l
remain in for B |ridie f1OMMeR 61y CpSder fpher.aummtmonung.aam‘:‘f Vi1 Ntleld Ger
wi t h hemat oxyl i n- eosi @mmmgmca@gc @WW@%W@E&%%IWW TCcC

according to Kakuk et aI : Inf ectious Diseases (1993), 167,

553-561. Serum s rrpl es t aken order to determ ne the
{iter of human aésc;mme@émg@ &qmm% HE g form e
Neutralization assays. &6 102 131

10 1. Confrrmtrssuesecrf &:byln vigro test on
human ti ssue SectysQiis .val Sar Gly Phe Ser Ladifr |°h9&$ues clhesr tudlte@le ArgShiRGxd OF

potential cross PEAEITE OF & T8 TFRFTEE PRE SSU e By oF YB(™5F 15067 @€ 4 es
on different frozen nornmal tisSue secti oms from wo d fferent

i ndi vidual s. Briefl t m crot 0 cut R en sues are

subj ected to 3 tE® im&% %%t?&%& gg g
specificity/ di s8zi buti cmanal ysizs Pur| f2¥@d bi ot m I abel e¥ ant | - REY/
F-protein antibody in PBS with 1% BSA Ls,added, and the slide i§a

mcubatedfﬂa_SOsmxﬁuws& Nieditht @b sehani@sy Mr Ser Arg Ser Gln Val Val Leu Ser
TCT CTG AMG AGC JAGA CTC ACC ACC TCC CAG GAC ACC TCC AGA AGE CAG GIG GIC CTA AGC TTG

282 2 .
%WP 255 2684 273 91 300 308
COR3
Thr Asn Val Asp Pro Val Asp Thr Ala Thr Tyr Tyr Cys Ala Arg{Val Gly Lau Tyr Asp Ile
ACC AAC GG GAC COT GTG GAC ACA GTC ACA TAT TAC TGT GCA CGGIGTA GGA €20 TAT GaC ATC
318 27 : 3316 45 3s4 383 372
FRY '
Asn Ala Tyz Tyr Leu Tyr Tyr Leu Asp Tyr|{Trp Gly Gln Gly Thr Leu Val Thr Val Ser Sexr
AAT GCT TAT TAC CTA TAC TAC CIC GAT TAT|TGG GGG CAG GGA ACC CTG GIC ACC GTC TCC TCA
381 390 359 408 417 426 435
bl
Ala Sed Thr Lys Gly Pro Sexr Val Phe Pro Lau Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
GOT AGC ACC AAG GGC COA TCS GIC TTC COC €TG GOA CTC TCT TCC ABRG AGT ACT TCT GGG GGC
444 453 462 471 480 489 498
wnﬂ- Ceawny
Thr Ala Ala Leu Gly Cys Leu Val y‘s“%“ -"!t‘g?:oGluP:o?ralT* 1l Sex Trp Asn
ACA GCG 62T CTC GGC TGC TG GIC AMG GAC TAC TTC CCC GAA CCG GIG ACG GIG TCG TGG AAC
507 516 525 534 543 552 561

v Lys Val Asp Lys Lys Ala slumr.ys Szz C/3 Asp Lys
GIG AAT CAC AMG CC2 AGC AXC ACT AAG GG GAC 332 333 Ann mes ===

“ﬁﬁ‘iiﬁ‘ri‘i’irﬁr‘i rﬂir
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30 m n.

react with 3,3 di am nobenzi di ne-tetrahydrochl ori de,
750

WD 96/ 40252

-59-

subni ssions for products destined for 18ddn t herapy. This histol ogy
74

performed by Inpath

7

Cross reacti ons @FCTUSY/IG0) ect

be 30

T3

i nfected nonkeys wi th radi ol abel ed

precipitate stain nediated by oxidation with
734

tenti al
This test wll
and is approved by the FDA for

705

N. Y,
696

i ncubated with Avidin-HRP in PBS with 1 % BSA for

i nsol ubl e
ant i bodi es.
WO 96/ 40252

HRP. This wil WO¥4RRty any po

targeting studi es of RSV

N Y.,
uses pre-existing tissue and is less costly than the

200C. The slide is then washed in PBS with | % BSA. The slide is

subsequent |y

HRP is allowed to
whi ch fornms an
human nonocl onal
Laboratori es,

PCT/ US96/ 10070
approach
alternative
ant i body.
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- 60- CLAI VE: 1. A human nonocl onal anti body which
specifically binds the RSV fusion protein and which possesses an
affinity for the RSV F-protein of < 2 x 10[err] nmol ar . 5

2. The human nonocl onal anti body of claim 1l which neutralizes RSV
in vitro. WO 96/40252 3. A human nonocl onal ant i bodCTniseaie7o
specifically binds to the RSV fusion protein which is selected from
the group consisting of RF-1, RF-2 and reconbi nant human nonocl onal
ant i bodi es which contain the variable heavy and light 10 domai ns of
either RF-1 or RF-2. 413717 The human nonocl onal anti body
of claim3 wherein said antibody is RF- 1. 5. The
human nonocl onal anti body of claim3 wherein said antibody is RF- 2.

15 6. The human anti body of Claim 3, wherein said anti body
is a* recombi nant anti body whigh ntai ns either the human ganma 1,
human gama 4, or human gamgg 4 comst ant region. 7.
Eukaryotic cells which have besn §a ectg wi th DNA seagggences whi ch
encode for the heavy and i htava’ﬂra dogdi ns of either@RF-1 or RF-2.

20 8. I-s oEcI |m7£\/nere| n said e@karyotic cells
- k| -3
‘% .

/2]

are CHO cell s.

A 1(3623)

Stu (875)
Bsp MiI(4240)
Sal 1(4623)

Pac I(271)
4671)

Cla I(663)

K

Nru 1(243)
Miu

Ssp {9495)
Hind M(4931) ~Xcm K(4919)

Age 1(5168)
Nhe 1(5064)

10
S

FIG.

Asc 1(7394)
Pac 1(7389)

Rsr 11(6900)

Bol 1(6466)

~Xho 1(6395)

Sgt 1(6391)
Eco47 111(6383) Bsp1407 1(5755)

Asu 11(7066)

Sse8387 1(6437)
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9.

8b, 9a,

-62-

The eukaryotic cells of claim7 wherein said DNA sequences are
sel ected fromthe DNA sequences set forth in any one of Figures 7a, 7b, 8a,
9b, 10a or 10b.

A DNA sequence whi ch encodes for the vari abl e heavy

and/ or vari abmegdmoﬁzt domain of RF-1 or RF-
expressi on vector which provides for thelﬂ?gresm on of a DNErsequence

according to claim18.

is selected fromthe group consi st| ng of the DNA sequences set forth in
Figures 7a, 7b, 8a, 8b, 9a, 9b, 10a and 10fzsure 1la 21. Use of a

prophyl actically or therapeutically effective anmount of one or
anti bodi es which posses an affinity to the RSV F-protein of < 2
nmol ar and which also neutralize RSV in vitro for the manufacture

nonocl onal
x 10[err]

nore hunman

of a'nmedi canent for preventing or treating RSV infection in susceptible or
RSV i nf ect ed persons.

Lengcth of RF2 Light Chain: 708 bp; Listced from: 1| to: 708;
Translaced from: 1 to: 706 (Entire region):
. Genetic Code uae:L tniversal; Fzi, Apr 28, 1995 4:54 M

i3

J Framewark 1.
Ala Arg Cyst Asp Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg
GET AGR GAC ATC CAG ATG ACC CAG TCT CCA TCC TCC CIG TCT GCA TCT GIC GGA GAC aaa
-1 75 84 93 102 113 120

ool
Val Thr Ile Thr CysiArg Ala Ser Gln Ser T.a Ala Ser Tvr Val asn.T=p .1:%%:1%1:1 Lys
GIC ACT ATC ACT TGC|CGG GCA AGT CAG AGC ATT GO AGT TAT GIA AAT{TGG TAT CAA CAG AAA
12% 138 147 158 185 | 173 183

282 2%1 300 309
RD ] 84T =R
Asp Phe Ala Thr Tyr Phe M\Gln Gin seg%rr Thr Asn Phe Ser ,,;’?é-il-"—g_i-;;‘*@-*’ Thr Lys
GAT TTT GCA ACT TAC TI2 TGTICAG CAG AGT TAC ACT AAT TUC AGTITI® GG GGS ACC ARG
als 327 336 345 ass¢ 38 372
Ul
Leu Glu Ile LyslArg Thd val Ala Ala Pro Sar Val Phe Ile Phae P20 Pro Ser Asp Glu Gln
GAA ATC AAA|CET ACS GTG CCT GCA C2A TCT GTC TIC ATC TTC CCG CCA TCT GAT GAG CAG
81 l 330 399 408 417 426 433
Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Prd Arg Glu Ala Lys
TIG AAA TCT GGA ACT GCT TCT GIT GIC TGC CI6 CIG AAT AAC TTC TAT CUT AGA GAGS GCCT AAA
444 453 462 471 480 489 498
Ho man W Cavagt
Val Gln T=p Lys Val Asp Asn Ala Lau Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln
GTA CAG TGG AAG GTC GAT AAC GCC CTC CAA TCG GGT ASC TCC CAG GG AGT GIC ACA GaG CAG
507 516 525 534 543 552 561
Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ssr Thr Leu Thr Leu Ser lLys Ala Asp Tyr Glu
GAC AGC AAG GAC AGC ACC TAC AGC CTC AGT AGC ALC CTG ACG CIG AGC AAA GCA GAC TAC GAG
570 579 s88 S¥7 806 618 624

Lys Bis Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Prp Val Thr Lys Ser
TAC AC"CAL‘CEBGG»C‘:GAGCTCGCC-G‘::ACAWA&

633 642 651 660 669 678 687
Phe Asn Arg Gly Glu Cys TER - -
™C ASC AGS 6T

GGA GAG TGT TGA This Sheet Has Been

BE%E LTI

DNA sequence .of claim 18 which



Use of claim?21 wherein said anti bodies are selected fromthe

22.

anti bodi es
25.

RF- 2.

Use of claim21 wherein said anti bodies are adm ni stered by
Adj uvant

Use of claim 2l wdwusssnoorni d

RF-2 and reconbi nant hunan nonocl onal
24.

of claim24 wherein said adjuvanisjis Conpl ete Freund's

whi ch contain the variable heavy and |ight domains of RF-1 or
anti bodies are adm nistered in conbination with an adjuvant.

23.

I nj ecti on or wWxy9smpesasol .

group consisting of RF-1,

Use

A pharmaceuti cal

reventing or treating RSV infection in

d persons gyhigeh  gonprises a

WO

-62-

26.
A DNA sequence which encodes for the variable heavy and/or
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19. An expression vector which provides for the expression of a DNA

sequence according to claim 18. 5 20. The DNA sequence of
claim18 which is selected fromthe group consi sting of the DNA
sequences set forth in Figures 7a, 7b, 8a, 8b, 9a, 9b, 10a and 10b,
21. A net Y@ 9%/#”2520r eventing or treating RSV infection i necumssepwiol e or

RSV i nf ected persons which conprises adm nistering a prophylactically or 10
t herapeutically effective anount of one or nore human nonocl onal anti bodies

whi ch possess an affinity to the RSVFproteln of <2 x 10[err] nol ar
and whi ch al so neutralize RSV i nbvilth o. 22. The
met hod of claim 21 wherein said anti bodi es are sel ected from t he

group consisting of RF-1, RF-2 and reconbi nant hunan nonocl onal anti bodi es
15 which contain the variable heavy and |ight domains of RF-1 or RF-2.
23. *+ The nethod of claim 2l wherein said anti bodies are adm ni stered by
i nj ection or by aer oc¥8| . 705 M24 MThe mel¥Rod of @i m 21750
wherejn said antibodies are adm nistered in conmbi nation with an

adj uvant . 20 Thr #is i Cyf Pro Pro Cys FibAla®tdQl et Led Gl mmmandm

adj uvant is Coff W%%ﬁmﬂﬁ%mgmm @F’E‘W ‘g‘n

t her eof . A pharmmaceuti conposition s
preventlng or tr:oegzo'wgmmmmmmcmmmmmammmmmmm

O0C CCA AR CCC AAG GAC ACC CIC ATG XIC TCC CGG ACC CCT GAG GIC ACA TGC GIG GIG GIC
822 831 840 843 258 867 876
Asp Val Ser His Glu Asp Pro Glu Val lys Phe Asn Trp Tyr Val Asp Gly val Glu Val His
GAC GIG AGC CAL GAA GAC CCT GAG GIC ARG TTC ARG TGT TAC GIG GAZ GGC GTG GAG GIG CAT
i1 894 903 912 21 930 939
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Sar Thr Tyr Arg Val Val Ser Val Leu
AAT GCC ARG ACA AAG COG CGG GAG GAG CAG TAC ARC AGC ACG TAC CGT GIG GIC AGC GIC CIC
948 957 966 975 984 993 1002
Thr Val Lau fils Gln Asp Trp Leu Asn Gly Lys Glu Tyx Lys Cys Lys Val Ser Asn lys Ala
ACC GIC CIG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAS TGC AAG GIC TCC AAC AMA GCC
1011 1020 1029 1038 1047 1056 1065
Lea Pro Ala Pro Ile Glu Lys Thr Ile Sar Lys Alz Lys Gly Gln Pro Arg Glu Pro Gln val
CIC CCA GOC CCC ATC GAG AAM ACC ATC TCC AAA GCC AAMA GGG CAG COCC CGA GAAR CCA CAG GTG
1074 1083 1092 1101 1110 1119 1128
Tyr Thr Leu Pro Pro Ser Arg Asp Glu Lau Thr Lys Asn Gln Val Ser Leu Thr Cys Lau Val
TAC ACC CTG CCC CCA TCC OGG GAT GAG CIG ACC ARG AAC CAG GIC AGC CIG ALC TGC CIG GIC
1137 1146 1155 1164 1173 1182 1191
Lys Gly Phe Tyr Pro Sar Asp Ila Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
AAA GGC TICT TAT CCC AGC GAC ATC GCC GIG GAG TGG GAG AGC AAT GGG CAG CCG GAG ARC ARG
1200 1208 1218 1227 1236 1245 1254
Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phs Leu Tyr Ser Lys Leu Thr
TAC ARG ACC ACG OCT OOC GIG CIG GAC TCC GAL GGC TCC TTC TTC CIC TAC AGC AMNG CIC ACC
1263 1172 1201 12%0 1299 1308 1317
Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
GIG GAC AAG AGC AGG TGG CAG CAG GGG AMAC GIC TTC TCA TGC TCC GTG ATG CAT GAG GCT CIG
1326 1335 1344 1353 1362 uun 1380
His Asn His Tyr Thr Gln Lys Ser Leu Sar Leu Ber Pro Gly Lys TER
CAC ARC CAC TAC ACG CAG AAG AGC CTC TCC €IG ICT CCG GGT AAA TGA
* 1389 13158 1407 1416 1425

S FIG. 1lc
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RSV infection in susceptible or RSV infected persons which
WD 96/ 40252
PCT/ US96/ 10070

conprises a

-63-

prophylactical%y or therapeutically effective anount of human nonocl onal

anti bodi es neutralize RSV in vitro and which possgfssiiesro
affinity for the RSV F-protein of [err] 2 x 10[err] nolar and a
pharmaceutically acceptable carrier. 27. The
pharmaceutical conposition of claim26 _wherein said human 5 nonocl onal
anti bodi es are selected fromthe group?donsisting of RF-1, RF-2 and
reconbi nant human nonocl onal anti bodi es which contain the variabl e heavy
and |ight dormai ns of either RF-1 or RF-2. 28. A

met hod of detecting the presence of RSV in an anal yte which

conpri ses

i ncubating, said analyte with a human nonocl onal anti body whi ch possesses

10 an affinity for the RSV F-proteingof [gLr] 2 x 10[err]

nol ar under

condi ti ons whi ch provide for th%sfor ion of RSV F-®otein anti body
I mmune conpl exes; and — trdetecting t hegpr esence of said
RSV F-protein anti body innuqa | ex to determn ether RSV is
present in the analyte. @ & (329. g The net hod g claim 28
wherein said antibod*lgRFfor RF- 2
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15

.directly or .

'31.

30.

The met hod of claim 29 wherein said ant im‘y)i S
indirectly attached to a reporter

-3

nol ecul e. RIMP

The nethod of ¢laim30 wherein said reporter mol ecule is 2 CopY

detectabf e enzyne:or radionuclide.

claim 28 wher ei n

lg,ei.a!nal ytev(i,:0 [ S§E I E g ob gl nsd Z?he ;}mz.

The Ivj
fro

s\ Of

tissue. e of RSV
in an anal yingmual 'IdeAL muéi@!‘féﬁ'ﬁ:%ﬁsm  UNDER THE PATENT coopmﬁ'kdr@TMﬁ'krcn
nmonocl o | ClTIl._I }X v "y et fre—RSh- pr-otTetf e+t
2 x 10] F‘Qﬁ Wﬂm VO 96/ 4025@)In0emﬂomlPubﬂeaﬁonNumber WO 96/40252
PCT/A usg Lﬂm 39/42, CO7K 16/08 Al
(| i )a r porter moleciule which jis. dir LC‘LI (“)\r ¢gHLr‘£(‘J y aftar‘ﬁ ﬁ 'rnrw%urng'%)
human nppg EJ&%@JWQW q?‘m ?éﬁm 81) Desiglited Shieb: }h.l LMQJT &b,3% Be38, Br, BY,
V\,herel N sal human nonoc ona antPCBO ®h CA, CH, CN, CZ, DE, D ?%,LGB,GE,H[’I IS:
{22) International ¥iling Date: 6 June 1996 (06.06.96) JP, KE, KG, KP, KR.KZ.LK, LR, LS, LT, LU, LV, MD,
. MG , MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
R SE, SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, ARIPC
(30) Priority Data: pa LS, MW, SD, SZ, UG), Eurasian patent (AM,
08/488,376 7 June 1993 (07.0695) us AZ, BY, XG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, B3, CF, CG, CI, CM, GA,
{71) Applicant: IDEC PHARMACEUYICALS CORPORATION GN, ML, MR, NE, SN, ID, TG)

(Umgvsk 11011 Torrwyana Road, San Diego, CA 92121

(72) Inventors: BRAMS, Peter; 4303 Proctor Place, San Diego,
CA 92116 (US). CHAMAT, Soulaima, Salim; 3183
Camegie Coiirt, San Diego, CA 92122 (US). PAN, Li-Zhen;
8148 Genesce Avenue #114, San Diego, CA 92122 (US)
WALSH, Edward, E; 25 Old Forge Lane, Pittsford, NY
14534 (US). HEARD, Cheryl, Janne; 1225 Via Montoro,
Encinitas, CA 92024 (US). NEWMAN, Roland, Anthony;
4311 Robbin’s Street, San Diego, CA 92122 (US).

(74) Agents: GESS, E. Joseph et al.; Burns, Doane, Swecker &
Mathis LL.P., P.O, Box 1404, Alexandria, VA 22313-1404
{US).

With international search report.

>p

(54) Title: HIGH AFFINITY HUMAN MONOCLONAL ANTIBODIES SPECIFIC FOR RSV F-PROTEIN

(57) Abstract

A lughly efficient method for generating human antibodies in pasticlar which are specific to be RSV fusion protein which combines
in vitro priming of human spleen cells and antigen boosting in SCID mice is taught. This method provides for very high human antibody
titers which are predominantly of the IpG Isotype which contain antibodies of high specificity and affinity to desired antigens. This method
is well suited for generating human monoclonal antibodies for therapeutic and diagnostic applications as well as for rescue for human cells
for generation of combinational human antibody gene Iibraries, Two uman manoclonal antibodies, RF-1 and RP-2 which each possess an:
affinity for RSV-F protein < 2x16% Malar are tanght as well as their comesponding amino acid and DNA sequences. These antibodies are
to be used therapeutically and prophylactically for treating or preventing RSV infection, as well as for diagnosis of RSV in analytes.
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18. A DNA sequence which encodes for the variable heavy and/for
variable light domain of RF-1 or RF-2.

19. An expression vector which provides for the expression of a DNA
sequence according to claim 18.

20. The DNA sequence of claim 18 which is selected from the group
consisting of the DNA sequences set forth in Figures 7a, 7b, 8a, 8b, 9a, 9b, 102 and
10b. |

21. Use of a prophylactically or therapeutically

effective amount of one or more human monoclonal antibodies
which posses an affinity to the RSV F-protein of < 2x10°
molar and which also neutralize RSV inVitro for the
manufacture of a medicamént for .preventing of treating RSV

infection in susceptible or RSV infected persons.

22. Use of claim 2] wherein said antibodies are selected from
the group consisting of RF-1, RF-2 and recombinant human monoclonal antibodies

which contain the variable heavy and light domains of RF-1 or RF-2,

23. Use of claim 21 wherein said antibodies are administered by
injection or by aerosol.

24. Use of claim 21 wherein said antibodies are administered in

combination with an adjuvant.

25. Use of claim 24 wherein said adjuvant is Complete Freund's

Adjuvant (CFA), Alum or a combination thereof.

26. A pharmaceutical composition suitable for preventing or treating
“RSV infection in susceptible or RSV infected persons which comprises a



