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Anti CD-4 antibodies blocking HIV-induced syncytilsa.

ECHNICAIL LD OF INVENTION

This invention relates to anti-CD4 antibody
homologs, to DNA sequences encoding those homologs, to
prophylactic, immunotherapeutic and diagnostic
compositions comprising those homologs, and to methods
for preventing or treating diseases 1n mammals,
including humans, caused by infective agents whose

primary targets are CD4' lymphocytes. Such diseases
include acquired immune deficiency syndrome ("AIDS"),

AIDS related complex, and human immunodeficiency virus
infection.

BACKGROUND OF Tk  NVE N1 1O:

CD4 is a cell surface glycoprotein of cD4"
+

T lymphocytes (helper/inducer cells). CD4 lymphocytes

are critical regulatory cells of the human immune
system. They mediate T cell proliferation, lymphokine
release and helper cell interactions affecting
immunoglobulin release. The primary targets of certain
infective agents, including the human immunodeficiency
virus ("HIV"), are cells bearing the CD4 glycoprotein.*

* This application uses the generic term human

immunodeficiency virus ("HIV") to refer to independent

isolates from AIDS patients and to laboratory strains
(continued...)
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Such cells include cD4" lymphocytes, macrophages and

certalin brain cells.

Upon infection with HIV, CD4" lymphocytes are
rendered non-functional and become depleted. This
T cell depletion has been attributed both to recurrent

cycles of infection resulting from lysis of 1infected
cells and to fusion (syncytia formation) between CD4"

infected and uninfected cells [J. Sodroski et al.,
"Role Of The HTLV-III/LAV Envelope In Syncytium
Formation And Cytopathicity", Nature, 322, pp. 470-74
(1986) ). The depletion of cD4” lymphocytes leads to
immunosuppression, with the patient becoming
susceptible to a wide range of opportunistic 1i1nfections
and malignancies. Such immunosuppression is seen 1n
patients suffering from acquired immunodeficiency
syndrome ("AIDS"). In some cases, AIDS is accompanled

by central nervous system disorders, thought to be

directly caused by HIV infection of CD4" brain cells.
Complete clinical manifestation of AIDS 1s usually
preceded by AIDS related complex ("ARC"), a syndrome
characterized by symptoms such as persistent
generalized lymphadenopathy, fever and weight loss.

HIV 1s thought to be the etiological agent for AIDS and
1ts precursor, ARC [M. G. Sangadharan et al.,
"Detection, Isolation And Continuous Production Of
Cytopathic Retroviruses (HTLV-III) From Patients With
AIDS And Pre-AIDS", Science, 224, pp. 497-508 (1984)].

*(,..continued)

derived therefrom. The term HIV includes viruses
elsewhere identified as human T cell lymphotrophic
virus type III ("HTLV-III"), lymphadenopathy-associated
virus ("LAVY") and AIDS-associated retrovirus ("ARV").
The HIV terminology was adopted by the human retrovirus
subcommittee of the International Committee On Taxonomy
Of Viruses.
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The major surface (envelope) protein of HIV
1s produced as a precursor polypeptide (gpl60) which,
in mature form, is cleaved into a large heavily
glycosylated exterior membrane protein having about 481

5 amino acids -- gpl20 -- and a smaller transmembrane
protein of about 345 amino acids, which may be
glycosylated -- gp4l [L. Ratner et al., "Complete
Nucleotide Sequence Of The AIDS Virus, HTLV-III",
Nature, 313, pp. 277-84 (1985)].

10 It 1s believed that HIV gpl20 selectively
binds to CD4 epitope(s), thus targeting HIV to CD4"
cells [A. G. Dalgleish et al., "The CD4 (T4) Antigen Is
An Essential Component Of The Receptor For The AIDS
Retrovirus", Nature, 312, pp. 763-67 (1984);

15 D. Klatzmann et al., "T-Lymphocyte T4 Molecule Behaves
As The Receptor For Human Retrovirus LAV", Nature, 312,

pp. 767-68 (1984)]. The binding of HIV gpl20 to cell
surface CD4 is thought to initiate infection of the

cD4" cell. It is also thought to initiate membrane

20 fusion of infected CD4"' cells with uninfected CD4% cells

(i.e., syncytia formation), which contributes to cell-
to-cell transmission of the virus and to its cytopathic
effects [J. A. Habeshaw and A. G. Dalgleish, "The
Relevance Of HIV env/CD4 Interactions To The

25 Pathogenesis Of Acquired Immune Deficiency Syndrome",
J. AIDS, 2, pp. 457-68 (1989); J. D. Lifson and E. G.
Engleman, "Role Of CD4 In Normal Immunity And HIV
Infection", Immunol. Rev., 109, pp. 93-117 (1989)].

Mature CD4 (also known as T4) 1s a 433 amino

30 acid glycoprotein displaying a molecular mass of 55,000
to 62,000 daltons, having an extracellular domain

(approximately AA, -AA a membrane spanning domain

375) ’

(approximately AR _.~AA_ ) and a cytoplasmic tail

395

(approximately (AA396-M433) .

35 pre-protein with a 25 amino acid signal sequence. The

CD4 1is synthesized as a
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nucleotide sequence and deduced amino acilid sequence for
CcDNA encoding full length human CD4 have been reported
[P. J. Maddon et al., "The Isolation And Nucleotide
Sequence O0f A cDNA Encoding The T cell Surface Proteiln
T4: A New Member Of The Immunoglobulin Gene Family",
Cell, 42, pp. 93-104 (1985); D. R. Littman et al.,
"Corrected CD4 Sequence", Cell, 55, p. 541 (1988)].

The CD4 extracellular domain consists of four tandem

regions having homology to immunoglobulin V regions --

V1l (spanning approximately AA,-AA V2 (spanning

100)'
V3 (spanning approximately~” o

AAlBl-AA29O) and V4 (spanning approximately AA291-AA375

[see Maddon et al., Cell, supra; J. Wang et al.,

approximately AA, ,-AA . 0) .

"Atomic Structure Of A Fragment Of Human CD4 Containing
Two Immunoglobulin-Like Domains“, Nature, 348,
pp. 411-18 (1990)].

The CD4 V1 region has been identified as the
binding site of HIV gpl20 [J. Arthos et al.,
"Identification Of The Residues In Human CD4 Critical
For The Binding Of HIV", Cell, 57, pp. 469-81 (1989);
T. Mizukamil et al., "Binding Region For Human
Immunodeficiency Virus (HIV) And Epitopes For HIV-
Blocking Monoclonal Antibodies Of The CD4 Molecule
Defined By Site-Directed Mutagenesis", Proc. Natl.
Acad. Sci. USA, 85, pp. 9273-77 (1988); A. Peterson and
B. Seed, "Genetic Analysis Of Monoclonal Antibody And
HIV Binding Sites On The Human Lymphocyte Antigen CD4",
Cell, 54, pp. 65-72 (1988); N. R. Landau et al., "The
Envelope Glycoprotein Of The Human Immunodeficiency
Virus Binds To The Immunoglobulin-Like Domain Of CD4",
Nature, 334, pp. 159-62 (1988); L. K. Clayton et al.,
"Substitution Of Murine For Human CD4 Residues
Identifies Amino Acids Critical For HIV-gpl20 Binding",
Nature, 335, pp. 363-66 (1988)].
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The possible ability of anti-CD4 antibodies
to prevent or treat HIV infection by blocking HIV gpl20
binding to CD4 has led a number of workers to explore
the ability of certain anti-CD4 antibodies to block

5 HIV-induced syncytia formation between CD4"' cells, as
well to study the immunosuppressiveness of some of
those antibodies.

For example, the CD4 Vli-specific antibodies
Leu3A and OKT4A have been reported to be effective

10 blockers of HIV-~induced syncytia formation [Q. J.
Sattentau, "Epitopes Of The CD4 Antigen And HIV
Infection", Science, 234, pp. 1120-23 (1986); B. A.
Jameson et al., "Location And Chemical Synthesis Of A
Binding Site For HIV-1 On The CD4 Protein", Scjience,

15 240, pp. 1335-39 (1988); Peterson and Seed, Cell,
supral. However, these antibodies have serious
drawbacks for use as a pharmaceutical for treatment of
HIV infection. For example, they can not bind to or
act on a CD4 molecule which i1s already bound to HIV

20 gpl20, because OKT4A and Leu3A recognize CD4 epitopes
that overlap with the gpl20 binding site [see, e.qg.,
P. A. Bates et al., "A Predicted Three-Dimensional
Structure For The Human Immunodeficiency Virus Binding
Domains Of CD4 Antigen", Prot. Engng., 3, pp. 13-21

25 (1989); J. S. McDougal et al., "Binding Of The Human
Retrovirus HTLV-III/LAV/ARV/HIV To The CD4 (T4)
Molecule: Conformation Dependence, Epitope Mapping,
Antibody Inhibition, And Potential For Idiotypic
Mimicry", J. Immunol., 137, pp. 2937-44 (1986); Landau

30 et al., Nature, supra; A. G. Dalgleish et al.,
"Neutralisation Of HIV Isolates By Anti-Idiotypilc
Antibodies Which Mimic The T4 (CD4) Epitope: A
Potential AIDS Vaccine", Lancet, 2, pp. 1047-50
(1987)].
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Also, OKT4A has been reported to be quite
immunosuppressive, which is not a desirable
characteristic for a putative AIDS therapeutic
[D. Lamarre et al., '"Class II MHC Molecules And The HIV
gpl20 Envelope Protein Interact With Functionally
Distinct Regions Of The CD4 Molecule", EMBO J., 8,
pp. 3271-77 (1989); W. E. Biddison et al., "Possible
Involvement Of The OKT4 Molecule In T Cell Recognition
Of Class II HLA Antigens", J. Exp. Med., 156, pp. 1065-
76 (1982)].

Anti-CD4 monoclonal antibodies that are
specific for other CD4 epitopes or domains have been
studied, but the published reports on these antibodies
also evidence drawbacks for use as AIDS therapeutics.

One such antibody 1s OKT4B, which has been
reported to be specific for the V2 domain of CD4
[T. Kieber-Emmons et al., "The gpl20-CD4 Interface:
Structural, Immunological And Pathological
Considerations'", Biochim. Biophys. Acta, 989, pp. 281-
300 (1989)]1. There have been conflicting reports as to
whether OKT4B significantly interferes with HIV gpl20
binding to CD4 [McDougal et al., J. Immunol., supra;

K. Lundin et al., "A Specific Assay Measuring Binding

of 12%1-Gp120 From HIV To T4%/CcD4* Cells"™, J. Immunol.

Methods, 97, pp. 93-100 (1987),; Lamarre et al., EMBO
J., sSupral. And, OKT4B has been reported to be
significantly more immunosuppressive than OKT4A
[Lamarre et al., EMBO J., supra]. Moreover, OKT4B 1s a
relatively weak blocker of HIV-induced syncytia
formation, as compared to OKT4A [Sattentau et al.,
Science, supralj.

Other anti-CD4 antibodies that have been
reported to have some effect on HIV-induced syncytia
formation, and also have been reported to bind to CD4

epltopes distinct from the epitopes bound by OKT4A and
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Leu3A, include MT151, VIT4 and MT321 [Sattentau et al.,
Science, supra]. However, several more recent
independent studies indicate that these closely related
antibodies recognize conformational-dependent CD4

5 epitopes that overlap with the CD4 epitope involved in
gpl20 binding [Q. J. Sattentau et al., "Structural
Analysis Of The Human Immunodeficiency Virus-Binding
Domain Of CD4", J. Exp. Med., 170, pp. 1319-34 (1989);

Bates et al., Prot. Engng., supra; Landau et al.,
10 Nature, supra, M. Merkenschlager et al., "Functicnal

Epitope Analysis Of The Human CD4 Molecule", J.
Immunol., 9, pp. 2839-45 (1990)].

Another anti-CD4 antibody that has been
studied is OKT4, which is specific for the V3V4 domain

15 of CD4 [E. A. Berger et al., "A Soluble Recombinant
Polypeptide Comprising The Amino-Terminal Half Of The
Extracellular Region Of The CD4 Molecule Contains An
Active Binding Site For Human Immunodeficiency Virus",
Proc. Natl. Acad. Sci. USA, 85, pp. 2357-61 (1988)].

20 OKT4 has even greater drawbacks as a therapeutic agent
for HIV infection than OKT4A, Leu3A, OKT4B and other
known anti-CD4 antibodies. For example, OKT4 has been
reported to be a "nonblocker" of HIV-induced syncytia
formation [Sattentau, Science, supra].

25 Before our invention, no anti-CD4 antibody
had been reported to be capable of both not
significantly blocking the binding of HIV gp120 to
human CD4 and effectively blocking HIV-induced syncytia
formation. Such an antibody would clearly offer

30 advantages for therapeutic intervention in AIDS, ARC
and HIV infection, as it could be used to intervene
after HIV binding to CD4, or in combination with agents
that do block the HIV gpl20-CD4 binding event. Thus,
the need exists for anti-CD4 antibodies having such a

35 highly desirable combination of properties, for use in
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infection.

SUMMARY OF THE INVENTION

The present invention generally solves many
of the problems referred to above by providing, for the
first time, antibody homologs, preferably monoclonal
antibodies, that bind to human CD4 without
significantly blocking binding of HIV gpl20 to human
CD4 and that display one of the following sets of

properties: (1) block HIV-induced syncytia formation
between CD4" cells at least about as well as OKT4A (a

commerclally available CD4 Vli-specific anti-CD4
monoclonal antibody); (2) block HIV-induced syncytia

formation between CD4" cells better than OKT4 (a
commercially avallable CD4 V3V4-specific anti-CD4
monoclonal antibody) and are less immunosuppressive
than OKT4A 1in an in vitro tetanus toxoid-specific
proliferation assay; or (3) block HIV-induced syncytia

formation between CD4" cells at least about as well as

OKT4A and are less 1mmunosuppressive than OKT4A 1in an
ln vitro tetanus toxoid-specific proliferation assay.
Certain of the anti-CD4 antibody homologs of

this invention will bind to a human CD4 fragment

consisting of CD4 AA -AA_ .. (1.e., they are V1V2-

specific), but will not bind to a human CD4 fragment

consisting of CD4 AAlfAA (1.e., they are not solely

113
Vi-specific). Similarly, certain antibody homologs of

this invention do not significantly inhibit the binding
of CD4 Vl-specific antibodies to human CD4. The
preferred anti-CD4 antibody homologs of this invention
also inhibit infection of cD4" cells by HIV.

Other preferred antibody homologs of this

invention display one or more characteristics selected

from causing no significant (a) decrease in the number
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of circulating CD4" cells in vivo, (b) modulation of

CD4 from the surface of CD4" cells in vivo,
(c) decrease 1n peripheral white blood cell counts
in vivo, and (d) decrease in the antibody titer

5 elicited in response to foreign antigens in vivo.

The present invention provides anti-CD4
antibody homologs of many types. These include
monoclonal antibodies, recombinant antibodies,
recombinant chimeric antibodies and recombinant

10 humanized antibodies. The provided antibody homologs
preferably are intact immunoglobuliln molecules having
two each of heavy and light chains, but may consist of
one or more light chains, one or more heavy chains or
combinations thereof. In addition, the anti-CD4

15 antibody homologs of this invention may be in the form
of Fab fragments, Fab' fragments, F(ab)2 fragments,
F(v) fragments or any other immunoglobulin fragment
having the above-described properties.

Provided as preferred anti-CD4 antibody

20 homologs of this invention are the mouse monoclonal
antibodies designated 5A8, 1F8 and 5F2. 5A8 is most
preferred.

This invention provides DNA sequences
encoding the 5A8 heavy chain variable region and the

25 5A8 light chain variable region. Also provided are DNA
sequences encoding 5A8-chimeric and 5A8-humanized
recombinant antibodies utilizing those DNA sequences,
or portions therecf, as well as the polypeptides
encoded by those DNA sequences. Recombinant DNA

30 molecules comprising those DNA sequences and expression
control sequences operatively linked thereto are also
provided.

This 1nvention provides 5A8-mimetic agents,
which are peptides, semi-peptidic compounds or

35 non-peptidic compounds that significantly block binding
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of monoclonal antibody 5A8 to human CD4. 5A8-mimetic

agents of this invention inhibit HIV-induced syncytia
formation between CD4% cells, inhibit infection of cD4”

cells by HIV, or both. Preferably, a 5A8-mimetic agent
displays the properties of an antibody homolog of this
invention.

The present invention also provides anti-CD4
antibody homologs that are linked to one or more
substances selected from antibody homologs and
5A8-mimetic agents of this invention, detectable
agents, cytotoxic agents and pharmaceutical agents.

Also provided are cells that produce the
antibody homologs of this invention, a process for
producing the antibody homologs by culturing those
cells, and a process for producing hybridoma cells of

this invention by immunizing a non-human mammal with

CD4

* cells expressing CD4 on their surface which are

produced by transforming CD4 tissue culture cells with
DNA encoding full-length human CD4.

The properties of the anti-CD4 homologs and
SA8-mimetic agents of the present invention make them
especially useful in the detection, prophylaxls and
treatment in humans of diseases caused by 1infective
agents whose primary targets are CD4" cells, for
example, the HIV-related diseases ARC and AIDS.
Accordingly, the present invention provides diagnostic,
prophylactic and therapeutic compositions comprising
the above-described anti-CD4 antibody homologs and 5A8-
mimetic agents, useful for detecting, preventing and
treating in humans diseases caused by infective agents
whose primary targets are CD4  cells, for example, the
HIV-related diseases ARC and AIDS, as well as methods

using these compositions.
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SBRIEF DESCRIPTION OF THE DRAWING

Figure 1 depicts fluorescence activated cell
sorter ("FACS") profiles of human peripheral blood
lymphocytes stained with the CD4 Vl-specific monoclonal
antibody Leu3A labelled with fluorescein isothiocyanate
("Leu3A-FITC") 1in the presence of buffer (Figure 1A),
unlabelled Leu3A (Figure 1B), the CD4 Vi-specific
monoclonal antibody OKT4A (Figure 1C), the CD4 V3V4-
specific monoclonal antibody OKT4 (Figure 1D) or
monoclonal antibody 5A8 of this invention (Figure 1E).
Data are plotted as log fluorescence intensity (y-axis)
as a function of forward scatter (x-axis).

Figure 2 depicts immunofluorescent staining
of the human CD4" cell line H9 with an antibody homolog

of this invention (5A8) and the anti-CD4 monoclonal
antibodies Leu3A, OKT4A and OKT4, with and without
preincubation with excess HIV gpl20. The dotted lines
signify staining with an anti-CD4 monoclonal antibody
and the solid lines signify staining with irrelevant
negative control mouse antibodies in the absence (left
profiles) or presence (right profiles) of excess HIV
gpl20.

Figure 3 depicts percent inhibition of
syncytia formation (quantified as °iCr release) as a
function of antibody concentration (0.026-2,000 ng/ml)
for a monoclonal antibody of this invention (5A8) and
two CD4 Vli-specific monoclonal antibodies (Leu3A and
OKT4A) .

Figure 4 depicts percent inhibition of
syncytia formation (quantified as °icr release) as a
function of antibody concentration (3.2-10,000 ng/ml)
for a monoclonal antibody of this invention (5A8), two
CD4 Vl-specific monoclonal antibodies (Leu3A and OKT4A)
and an "“"OKT4-like" monoclonal antibody specific for CD4
V3v4 (2-103-D11).
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Figures 5-6 depict the 1nhibition of tetanus
toxoid ("TT")-induced proliferation of human peripheral
blood lymphocytes (quantified as 3H--thymidine
incorporation and identified as "cpm x 10E3
(Thousands)") caused by an antibody homolog of this
invention (monoclonal antibody 5A8) and various control
antibodies (the CD4 Vl-specific antibodies OKT4A and
Leu3A and the isotype-matched control antibodies
MOPC 21 and UPC 10) on days four (Figure 5) and five
(Figure 6) of the assay. The bars labelled "TT
Control" show the baseline growth of the cells without
TT stimulation (open bar) and the TT response without
any antibody (so0lid bar). The effect on proliferation
of antibody only, without TT stimulation, is indicated
by the bars with large spots. Figqures 5-6 also show
the effect on proliferation after TT stimulation (i.e.,
inhibition of TT response) caused by the various
antibodies at concentrations of 10 ug/ml (bars with
dots) (MOPC 21 and 5A8 only), 1 ug/ml (bars with
diagonal stripes) (every antibody) and 0.1 ug/ml (bars
with crosshatching) (every antibody).

Figure 7 depicts the peripheral white blood
cell count of rhesus monkeys at various time points
before, during and after a course of treatment with S5AS8
(solid lines, Mn 261-85 and Mn 251-87) or the isotype-
matched control monoclonal antibody MOPC21 (dashed
lines, Mn 265-85 and Mn 265-87). The y-axes depict
white blood cells (in thousands) per microliter of
blood. The x-axes depict days, where 5A8 or MOPC21 was
injected on days 0, 2 and 4.

Figure 8 depicts the number of peripheral

CD4" lymphocytes in rhesus monkeys at various time

poilnts before, during and after a course of treatment
with 5A8 (solid lines, Mn 261~85 (top panel) and Mn
251-87 (bottom panel)) or the 1isotype-matched control
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monoclonal antibody MOPC21 (dashed lines, Mn 265-85
(top panel) and Mn 265-87 (bottom panel)). CD4" cell
number 1s quantitated by FACS analysis after staining
with the fluorescently labelled CD4 V3V4-specific
5 monoclonal antibody FITC-OKT4 (open and closed circles)

or by FACS analysis after incubating isolated cells
with excess 5A8 1n vitro and then staining with
fluorescently labelled goat anti-mouse Ig (open and
closed triangles). The y-axes depict CD4" cell number

10 per microliter. The x-axes depict days, where S5A8 or
MOPC21 was injected on days 0, 2 and 4.

Figure 9 depicts the anti-tetanus toxoid
titers of rhesus monkeys at various time points before,
during and after treatment with 5A8 (solid lines, Mn

15 261-85 and Mn 251-87) or the isotype-matched control
monoclonal antibody MOPC21 (dotted lines, Mn 265-85 and
Mn 265-87). The y-axis depicts units per milliliter
blood of anti-tetanus toxoid antibodies established
relative to a standard anti-tetanus toxoid immune

20 serum. The x-axils depicts days, where 5A8 or MOPC21
was injected on days 0, 2 and 4 and tetanus toxoid was
injected on days 3 and 21. The bar beneath days 0-9
indicates the time period during which there was
saturation coating of CD4 by 5A8 in vivo.

25 JETALILED DESCRIPTION OF THE INVENTION
efinitions

As used herein, "CD4" means any CD4 protein
encoded by a naturally occurring CD4 gene.
As used herein, "CD4" cells" are cells that
30 present the CD4 glycoprotein on their surface. Such
cells include CD4’ T lymphocytes and CD4% mammalian

tissue culture cells, e.g., H9 and C8166 cells.
As used herein, "CD4 V1" is the region of CD4

spanning AA,-AA, ...
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As used herein, "CD4 V1V2" 1is the region of

CD4 spanning AA -AA, o

q°
As used herein, "CD4 V3V4" 1s the region of
CD4 spanning AA181-AA375'
5 As used herein, "recombinant soluble CD4" or

"rsCD4" is a polypeptide consisting of AA -AA (1.e.,

regions V1-V4) of human CD4. 5

As used herein, a "CD4 Vl-specific antibody"
is an antibody that binds to an epitope 1n the V1

10 region of CD4.

As used herein, a "CD4 V3V4-specific
antibody" is an antibody that binds to an epitope 1in
the V3V4 region of CD4.

As used herein, an "antibody homolog" 1is a

15 protein comprising one or more polypeptides selected
from immunoglobulin light chains, immunoglobulin heavy
chains, and antigen-binding fragments thereof, which
are capable of binding to one or more antigens. The
component polypeptides of an antibody homolog composed

20 of more than one polypeptide may optionally be
disulfide-bound or otherwise covalently crosslinked.
Accordingly, antibody homologs include intact
immunoglobulins of types IgA, 1gG, IgE, IgD, IgM (as
well as subtypes thereof), wherein the light chains of

25 the 1mmunoglobulin may be of types kappa or lambda.
Antibody homologs also include portions of intact
immunoglobulins that retain antigen-binding
specificity, for example, Fab fragments, Fab'
fragments, F(ab')2 fragments, F(v) fragments, heavy

30 chain monomers or dimers, light chaln monomers or
dimers, dimers consisting of one heavy and one light
chain, and the like.

As used hereilin, a "humanized recombinant
antibody homolog" is an antibody homolog initially

35 derived from a nonhuman mammal 1n which recombinant DNA
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technology has been used to substitute some or all of
the amino acids not required for CD4 binding with amino

acids from corresponding regions of a human

immunoglobulin light or heavy chain.
5 As used herein, a "chimeric recombinant

antibody homolog" is an antibody homolog derived
initially from a nonhuman mammal, in which recombinant
DNA technoloqgy has been used to replace all or part of
the hinge and constant regions of the light chain, the
10 heavy chain or both, with corresponding regions from an
immunoglobulin light chain or heavy chain of a mammal

of a different species, preferably a human.
As used herein, an antibody homolog that

"does not significantly block binding of a CD4 V1-

15 specific antibody to human CD4" is one that causes no
more than a 30% reduction in the binding of the CD4
Vi-specific antibody either to human rsCD4 (CD4 V1-V4)

or to human CD4 displayed on a CD4" cell.
As used herein, an antibody homolog that

20 "does not significantly block binding of HIV gpl20 to
human CD4" is one that causes no more than a 30%

reduction in the binding of HIV gpl20 either to human
rsCD4 (CD4 V1-V4) or to human CD4 displayed on a CD4"

cell.
25 As used herein, "OKT4" is the anti-CD4 mouse

monoclonal antibody commercially avallable from Ortho
Diagnostic Systems, Raritan, NJ under catalog number

7042.
As used herein, "OKT4A" 1s the anti-CD4 mouse

30 monoclonal antibody commercially available from Ortho
Diagnostic Systems, Raritan, NJ under catalog number

7142.
As used herein, a "5A8-mimetic agent" 1is a

compound that causes at least a 30% reduction 1in the
35 binding of monoclonal antibody 5A8 either to human
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rsCD4 (CD4 V1-V4) or to human CD4 displayed on a CD4"
cell.

As used herein, an antibody homolog "causing
no significant decrease in the number of circulating
CD4" cells in vivo" is an antibody homolog which,
within 24 hours after administration to a mammal having
normal immune function, causes less than a 50% decrease

in the number of circulating cD4” cells, as compared

either to the pre-administration number for that mammal
or to the number 1n a control mammal to whom an
1sotype-matched antibody homolog of irrelevant
specificity has been administered instead of an
antibody homolog of this invention.

As used herein, an antibody homolog "causing
no significant modulation of CD4 from the surface of

CD4" cells in vivo" is an antibody homolog which,
within 24 hours after administration to a mammal having
normal i1mmune function, causes less than a ten-fold

decrease 1n the number of CD4 molecules on the surface

of the mammal's CD4' cells, as compared either to the

pre-administration number for that mammal or to the
number in a control mammal to whom an isotype-matched
antibody homolog of irrelevant specificity has been
adminlistered instead of an antibody homolog of this
invention.

As used hereilin, an antibody homolog "causing
no significant decrease 1n circulating peripheral white
blood cell counts 1n vivo" 1s an antibody homolog
which, within 24 hours after administration to a mammal
having normal immune function, causes less than a 50%
decrease 1n the number of circulating peripheral white
blood cells, as compared either to the pre-
administration number for that mammal or to the number
in a control mammal to whom an isotype-matched antibody

homolog of 1rrelevant specificity has been administered
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instead of an antibody homolog of this invention. 1In
this context, "peripheral white blood cells" include

B lymphocytes, T lymphocytes (CD4+ or CDB+) and
monocytes.

As used herein, an antibody homolog "“causing
no significant decrease in the antibody titer elicited
in response to foreign antigens" 1s an antibody homolog
which, upon administration to a mammal having normal
immune function, causes less than a ten-fold decrease
in the antibody titer elicited 1n response to a
subsequently administered foreign antigen, as compared
to the antibody titer elicited by the foreign antigen
in a control mammal to whom an l1sotype-matched antibody
homolog of irrelevant specificilty has been administered
instead of an antibody homolog of this invention. 1In
this context, a "forelign antigen" 1s a molecule (e.q.,
a viral or bacterial polypeptide) that is not encoded
by the genome of that mammal.

Antibody Homologs
According To This Invention

The antibody homologs according to one
embodiment of the present invention (a) bind to human
CD4; (b) do not significantly block binding of HIV
gpl20 to human CD4; and (c) block HIV-induced syncytia

formation between CD4" cells at least about as well as

OKT4A.

Another embodiment of the present invention
relates to antibody homologs that (a) bind to human
CD4; (b) do not significantly block binding of HIV
gpl20 to human CD4; (c) block HIV-induced syncytia
formation between CD4" cells better than OKT4: and
(d) are less i1mmunosuppressive than OKT4A in an
1in vitro tetanus toxoid-specific proliferation assay.
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A further embodiment relates to antibody
homologs that (a) bind to human CD4; (b) do not
significantly block binding of HIV gpl20 to human CD4;
(c) block HIV-induced syncytia formation between CD4"

5 cells at least about as well as OKT4A and (d) are less
immunosuppressive than OKT4A 1n an 1n vitro tetanus
toxoid~specific proliferation assay.

Certain of the antibody homologs of this
invention bind to a polypeptide consisting of human CD4

10 V1V2 (i.e., they are Vl1ivV2-specific), but do not bind to
a polypeptide consisting of human CD4 V1 (1.e., they
are not solely Vli-specific). Similarly, certaln
antibody homologs of this invention do not
significantly block the binding of CD4 Vl-specific

15 antibodies, such as OKT4A and Leu3A, to human CD4.

The preferred antibody homologs of this

invention inhibit infection of CD4" cells by HIV.
Other preferred antibody homologs of this
invention display one or more characteristics selected

20 from: (a) causing no significant decrease 1in the
number of circulating cD4" cells in vivo; (b) causing
no significant modulation of CD4 from the surface of
CD4" cells in vivo; (c) causing no significant decrease

1n cilrculating peripheral white blood cell counts

25 1n vivo; (d) causing no significant decrease 1in the
antibody titer elicited 1n resbonse to foreign antigens
in vivo; and (e) causing no consistent or persistent
inhibition ex vivo of T cell proliferative responses to
mitogens and xXenogeneic cells.

30 The most preferred antibody homologs of this
invention display all of the above-described
properties.

Specific antibody homologs according to the

present invention i1include the mouse monoclonal
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antibodies designated 5A8 (1gG,), 1F8 (Ig9G,) and 5F2

(IgGi), described infra. S5A8 is preferred.

While not wishing to be bound by theory, we
believe that the antibody homologs of this invention
are prophylactic and therapeutic for AIDS, ARC and HIV

infection because they inhibit HIV-induced syncytia
formation between CD4' cells, thus slowing spread of
the virus to uninfected cells. We believe the antibody
homologs of this invention to be particularly useful
because they should prevent syncytia formation even
after HIV gpl20 has bound to CD4 displayed at the
surface of CD4* lymphocytes. The antibody homologs of
this invention that also inhibit infection of CD4"

cells by HIV are particularly useful. Furthermore,
because the antibody homologs of this invention are
noncompetitive blockers of virus binding, we believe
their therapeutic and prophylactic effects to be
independent of plasma virus levels.

Screening Assays For Antibody
' 0 1N1E wventior

e @) |OFRO. - »\ °)q°9y R\

The ordinary skilled worker may easily
determine, using well known methods, whether a
particular antibody homolog (or preparation comprising
an antibody homolog) displays the properties described
above, and thus may identify antibody homologs

according to the present invention.
To determine whether a particular antibody

homolog binds to human CD4, any conventional binding
assay may be used. Useful CD4 binding assays include
FACS analysis, ELISA assays, radioimmunoassays and the
like, which detect binding of antibody homologs to
human CD4. Full-length and soluble forms of human CD4
useful in such assays are described in PCT patent

application PCT/US88/02940.
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Reference should also be made to

D. R. Littman et al., Cell, 55, p. 541 (1988),

which describes the correct signal sequence cleavage
site of pre-human CD4 and which was published after the
filing date of PCT/US88/02940. The binding of an

antibody homolog to CD4, or to soluble fragments
thereof, such as rsCD4, may conveniently be detected

through the use of a secondary antibody specific for
immunoglobulins of the species from which the antibody
homolog was derived.

To determine whether a particular antibody
homolog does not significantly block binding of HIV
gpl20 to human CD4, any suitable competition assay may
be used. Useful assays include, for example, ELISA
assays, radioimmunoassays and the like that quantify
the ability of the antibody homolog to cross block with
HIV gpl20 for binding to human CD4. Preferably, the
ability of excess HIV gpl20 to block binding of
labelled human rsCD4 to immobilized antibody homolog is

measured.
Preferably, the ability of an antibody

" homolog to bind to human CD4 is evaluated by testing

its ability to bind to human CD4" cells. The preferred

cD4* cells for use in determining whether a particular
antibody homolog binds to human CD4 are mammalian
tissue culture cells transformed with DNA encoding
full-length human CD4 and expressing the CD4 on their
surface. Such cells include, for example, the CHO
cells transformed with DNA encoding full-length CD4
which are described in R. A. Fisher et al., “"HIV
Infection Is Blocked In vitro By Recombinant Soluble
CD4", Nature, 331, pp. 76-78 (1988) ("r-CD4-CHO
cells"). Suitable r-CD4-CHO cells were deposited with
the In Vitro International, Inc. culture collection in
Linthicum, MD, under accession number IVI-10260 and
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Rockville, MD, under accession number CRL 10884.

Binding of the antibody homolog to the cD4"

cell preferably is detected by staining the cells with
a fluorescently labelled secondary antibody specific
for immunoglobulins of the same species from which the
antibody homolog being tested is derived. A

f luorescence activated cell sorter ("FACS") 1is used to
detect and quantify any binding. See generally H. M.

Shapiro, Practical Flow Cytometry, Alan R. Liss, Inc.,
New York, New York (1985).

Most preferably, the ability of an antibody
homolog to block binding of HIV gpl20 to human CD4 1is

determined by preincubating excess HIV gpl120 with cD4”

cells, and quantifying the degree to which the bound
HIV gpl20 blocks binding of the antibody homolog to the
cells. Binding of the antibody homolog to the CD4”
cells is quantified by FACS analysis, using a
fluorescently labelled secondary antibody specific for
immunoglobulins of the same species from which the
antibody homolog being tested is derived.

The HIV gpl20 used 1n the above assays may be
provided by cells infected with HIV, by HIV itself, by
host cells transformed with the gene for HIV gpl20, or
by isclated gpl20. Preferably, a purified, soluble
HIV gpl20 isolated from a unicellular host transformed
with a truncated HIV gpl60 gene encoding HIV gpl20 will
be used. Purified, recombinant HIV gpl20 1s
commercially available, for example, from Repligen
(Cambridge, MA) and from Celltech (Berkshire, United
Kingdom). Cells producing recombinant gpl20 are
described, for example, in Lasky et al.,
"Neutralization Of The AIDS Retrovirus By Antibodies To
A Recombinant Envelope Glycoprotein", Scilence, 233,

Pp. 209-12 (1986). Suitable soluble, recombinant HIV
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gpl20 polypeptides are produced by Spodoptera
frugiperda cells transformed with recombinant
baculovirus carrying the DNA sequence defined by SEQ ID
NO:3.

5 To determine whether a particular antibody
homolog blocks HIV-induced syncytia formation between
CD4" cells better than OKT4 or at least about as well
as OKT4A, any known syncytia assay may be used.
Preferably, an HIV laboratory isolate or HIV-infected

10 CD4" tissue culture cells (e.g., H9) are added to
cultures of C8166 cells, and varying amounts of the
antibody homolog are added to all but the control
cultures. To control cultures are added similar
varying amounts of OKT4 or OKT4A. Some control

15 cultures (negative controls) are supplemented with
nothing, or with an irrelevant antibody of the same
isotype as the antibody homolog. After incubation, all
the cultures are scored by visual inspection for
syncytia. In this way, the ability of the antibody

20 homolog to block syncytia formation 1s compared to the
syncytia blocking abilities of OKT4 and OKT4A.

An alternative method for comparing the
syncytia blocking abilities of an antibody homolog with
that of OKT4 and OKT4A 1s the following. Transformed

25 tissue culture cells expressing recombinant HIV
envelope glycoprotein (i1.e., HIV gpl20/gp4l after post-
translational cleavage of HIV gplé60) on their surface

are incubated with human CD4" cells containing a
detectable substance (e.g., Jurkat cells labelled with
30 51Cr) in the presence of OKT4, OKT4A, antibody homolog

to be tested or no antibody. After incubation, the
culture supernatants are assayed for the detectable

substance (e.g., measuring r-irradiation for °!c

r).
Cell lysis 1s an 1nevitable sequela to HIV-induced

35 syncytia formation. Therefore, the amount of
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detectable substance released into a culture
supernatant as a consequence of cell lysis is directly
proportional to syncytia formation. In this way, the
degrees to which OKT4, OKT4A and a particular antibody

5 homolog block syncytia formation are easily quantified
and compared.

The most preferred transformed tissue culture
cell for the above assay 1s a CHO cell expressing
recombinant HIV envelope glycoprotein on its surface

10 ("r-gpl60-CHO cell"). Such r-gplé60-CHO cells are
exemplified by cultures which were deposited in the
In Vitro International, Inc. culture collection,
Linthicum, MD, under accession number IVI-10261 and
transferred to the American Type Culture Collection,

15 Rockville, MD, under accession number CRL 10885. The
deposited cells are transformed with the DNA sequence
defined herein by SEQ ID NO:1.

To determine whether a particular antibody
homolog 1s less immunosuppressive than OKT4A in an

20 1n vitro tetanus toxoid-specific proliferation assay,
the general protocol described in E. G. Engleman
et al., "Activation Of Human T Lymphocyte Subsets:
Helper And Suppressor/Cytotoxic T Cells Recognize And
Respond to Distinct Histocompatibility Antigens",

25 J. Immunol., 127, pp. 2124-29 (1981) 1is preferred. 1In
such a tetanus toxoid assay, the ability of antibody
homologs and OKT4A to reduce tetanus toxoid-induced
T cell proliferation 15 quantified. Typically,
proliferation 1s measured by 3H---thymidine incorporation

30 by the T cells.

To determine whether a particular antibody
homolog either does not bind to a polypeptide
consisting of the human CD4 V1 region or whether it
does bind to a polypeptide consisting of the human CD4

35 V1V2 region, ELISA assays, radioimmunoassays (RIAs),
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FACS analysils or the like are useful. In such assays,
the ability of the antibody homolog to bind to either
of those polypeptides may be detected through use of a
secondary antibody specific for immunoglobulins of the
5 species from which the antibody homolog was derived.
Preferably, binding 1s determined through
inhibition studies with CD4 V1 and CD4 V1V2
polypeptides as competitors for binding of the antibody
homolog to human CD4 displayed on the surface of a cD4”
10 cell, using FACS analysis to gquantify any inhibition.
Alternatively, determining whether a
particular antibody homolog binds or does not bind to a
CD4 V1 polypeptide or CD4 V1V2 polypeptide 1is
accomplished using an RIA competition assay in which
15 the antibody homolog is bound to the plate (directly or
indirectly), and the CD4 V1 polypeptide or CD4 V1V2
polypeptide simultaneously competes with detectably
labelled rsCD4 for binding to the antibody homolog.
The amount of bound rsCD4 is compared with the amount
20 of rsCD4 bound in the absence of the CD4 V1 or CD4 V1V2
polypeptide, allowing calculation of the percent
inhibition of rsCD4 binding caused by the CD4 V1 or CD4
V1iVv2 polypeptide.
The preferred polypeptides consisting of the
25 human CD4 V1 or CD4 V1V2 regions are CD4 AA_-AA ._ Or
CD4 AA.-AA. .., respectively, of the CD4 sequences set
forth in PCT patent application PCT/US88/02940 or 1in
Maddon et al., Cell, supra. Using the corrected
numbering system of Littman et al., Cell, supra, these
30 polypeptides correspond respectively to human CD4
AA -AA .., and human CD4 AA,-AA ... A sultable CD4 V1
polypeptide 1s described in B. H. Chao et al., "A 113-
Amino Acid Fragment Of CD4 Produced In Escherichia coli

Blocks Human Immunodeficiency Virus-Induced Cell
35 Fusion", J. Biol. Chem., 264, pp. 5812-17 (1989). A
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sultable CD4 V1V2 polypeptide 1s described in R. L.

Garlick et al., "Escherichia colil Expression,
Purification, And Biological Activity Of A Truncated

Soluble CD4", AIDS Res. Hum. Retroviruses, 6, pp. 465-
79 (1990).

To determine whether a particular antibody
homolog inhibits infection of CD4" cells by HIV, any
indication of HIV infection could be monitored. Useful
indicators of HIV infection include, for example,
secretion of HIV core antigen p24 by cells chronically
infected by HIV and HIV-induced syncytia formation.
Preferably, inhibition of HIV infection is determined
by comparing HIV p24 levels in the presence and absence
of the antibody homolog in HIV-infected CD4' cell

cultures.
To determine whether a particular antibody
homolog causes no significant decrease in the number of

circulating CD4' cells in vivo, the number of

circulating CD4" cells isolated from a mammal within 24
hours after administration of the antibody homolog to a
mammal having normal immune function is quantified, and
compared to the pre-administration number or the number
in a control mammal to whom an isotype-matched antibody
homolog of irrelevant specificity has been administered
instead of an antibody homolog of this invention.

Quantification of CD4" cells may be accomplished, for

example, by staining the cells with fluorescently
labelled anti-CD4 antibodies that do not cross block
with the antibody homolog for binding to CD4 (e.g.,
OKT4), followed by FACS analysis.

To determine whether a particular antibody
homolog causes no significant modulation of CD4 from

the surface of CD4" cells in vivo, the number of CD4

molecules on CD4"7 cells isolated from a mammal within

24 hours after administration of the antibody homolog
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to a mammal having normal i1mmune function is
quantified, and compared to the pre-administration
number 1n that mammal or the number in a control mammal
to whom an i1isotype-matched antibody homolog of

5 1rrelevant specificity has been administered instead of
an antibody homolog of this invention. Quantification
of cell surface CD4 may be accomplished, for example,
by staining the cells with fluorescently labelled anti-
CD4 antibodies that do not cross block with the

10 antibody homolog for binding to CD4 (e.g., OKT4),
followed by FACS analysis.

To determine whether a particular antibody
homolog causes no significant decrease in circulating
peripheral white blood cell counts in vivo, blood drawn

15 within 24 hours after administration of the antibody
homolog to a mammal having normal i1mmune function 1is
fractionated by conventional means and white blood cell
counts are obtalined (e.g., by staining blood smears).
That number 1s compared to the pre-administration

20 number for that mammal or to the number in a control
mammal to whom an l1sotype-matched antibody of
irrelevant specificity has been administered instead of
an antibody homolog of this invention.

To determine whether a particular antibody

25 homolog causes no significant decrease in the antibody
titer elicited in response to foreign antigens in vivo,
the antibody titer elicited in a mammal having normal
immune function by a foreign antigen is determined
after administration of the antibody homolog, and

30 compared to the titer elicited in a control mammal to
whom an 1sotype-matched antibody homolog has been
administered instead of an antibody homolog of this
invention. The antibody titer for the foreign antigen

may convenliently be determined, for example, by
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performing an ELISA using microtiter plates coated with
the foreign antigen.
To determine whether a particular antibody
homolog causes nc significant inhibition in vitro of
5 T cell proliferative responses to mitogens and
xenogeneic cells the proliferative responses of T cells
lsolated before and at various time points after
administration of antibody homolog is measured.
Useful mitogens for this purpose include
10 Concanavalin A and phytohemagglutinin. Useful
Xxenogenelc cells include any cells (e.g., lymphocytes)
derived from a species other than the species of the
mammal to which the antibody homolog was administered.
Proliferative response may be measured, for example, by

15 3H-thymidine incorporation into the various T cell

samples after incubation in vitro with mitogens or
irradiated xenogeneic cells, which cannot proliferate.

Types Of Antibody Homologs According
0 _This Invention And Their Productijo;

20 Antibody homologs according to the present
invention may be of many types, the critical criterion
being that the antibody homolog display one of the
combinations of properties described above. For
example, antibody homologs of this invention may be

25 1intact monoclonal antibodies, intact recombinant
antibodies, intact chimeric recombinant antibodies,
intact humanized recombinant antibodies, or antigen-
binding portions of the foregoing antibodies.

A. Monoclonal Antibodies

30 The most preferred antibody homologs of the
present invention are intact monoclonal antibodies
produced by hybridoma cells. The technology for
producing monoclonal antibodies is well known [see
generally E. A. Lerner, "How To Make A Hybridoma",
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Yale J. Biol. Med., 54, pp. 387-402 (1981);

M. L. Gefter et al., "A Simple Method For Polyethylene
Glycol-Promoted Hybridization Of Mouse Myeloma Cells",
Somatic Cell Genet., 3, pp. 231-36 (1977)]. Briefly,

5 an i1mmortal cell line (typically myeloma cells) is
fused to lymphocytes (typically splenocytes) from a
mammal immunized with a preparation comprising human
CD4 or a VIV2-containing fragment thereof, and the
culture supernatants of the resulting hybridoma cells

10 are screened as described above for antibody homologs
according to this invention.

Useful CD4-comprising preparations include
human CD4-bearing cells (e.g., CD4' lymphocytes),
fractions of such cells comprising CD4, partially

15 purified or substantially pure human CD4 isolated from
natural sources, and unpurified, partially purified or
substantially pure human CD4 or V1V2-containing
fragments thereof derived from recombinant host cells.
Recombinant host cells expressing VlV2-containing

20 fragments of CD4 are described, for example, in PCT
patent application PCT/US88/02940.

The preferred immunogen is CD4" cells produced

by transforming CD4 mammalian tissue culture cells

with DNA encoding full-length human CD4. Most
25 preferably, the i1mmunogen is a CHO cell transformed

with the DNA sequence encoding CD4 AA“23-AA435 set forth
AA

in Maddon et al., Cell, supra (i.e., CD4 AA_zS- 433
using the corrected numbering system set forth in
Littman et al., Cell, supra). Such a cell, referred to
30 herein as an "r-CD4-CHO cell", was deposited with the
In Vitro International, Inc. culture collection,
Linthicum, MD, under accession number IVI-10260 and
transferred to the American Type Culture Collection,

Rockville, MD, under accession number CRL 10884 [see

35 also Fisher et al., Nature, supra].
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While not wishing to be bound by theory, we
believe that using r-CD4-CHO cells as the 1mmunogen,
rather than "natural" CD4" cells, isolated CD4 or
truncated forms of CD4 (e.g., rsCD4), 1increases the

5 1likelihood of obtaining anti-CD4 antibody homologs
according to the present invention from a particular
fusion. We believe this increased likelihood as

compared to "natural"™ CD4" cells to be due possibly to

the fact that there are no naturally occurring T cell

10 surface molecules other than CD4 displayed on the
surface of the r-CD4-CHO cells which, if present, might
associate with the CD4 and by virtue of that
association render certain CD4 epitopes 1naccesslble.
We believe this increased likelihood as compared to

15 1isolated CD4 or fragments thereof to be due possibly to
a more favorable conformation assumed by the CD4 on the
surface of the r-CD4-CHO cells than that assumed by
isolated CD4 and fragments thereof.

Immunization may be accomplished using

20 standard procedures. The unit dose and immunization
regimen depend on the species of mammal immunized, 1its
immune status, the body weight of the mammal, and the
CD4 content of the CD4 preparation administered.
Typically, the CD4 preparation will be administered

25 with an adjuvant, such as complete or 1ncomplete
Freund's adjuvant.

In the preferred embodiment, each dose of the

CD4 preparation used for immunization of mice contains

at least about 2 x 10° cells, preferably about 3 x 10°
30 to 2 x 10’ r-CD4-CHO cells. Most preferably, a unit

dose contains about 5 x 10° r-CD4-CHO cells.
Typically, the mouse is immunized intraperitoneally on
day 0 with r-CD4~-CHO cells 1n complete Freund's
adjuvant. The mouse 1s given a first boost

35 intraperitoneally with r-CD4-CHO cells without
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adjuvant, 14 days to 6 months after the initial
immunization, and preferably 15 to 20 days after the
first immunization. Additional boosts may be
administered if desired. Three days before fusion, the
final boost (r-CD4-CHO cells without adjuvant) is
administered intravenously. Typically, this final
boost is administered 1 to 6 months, and preferably
39-44 days, after the initial immunization. Three days
after the final boost, the mammal 1s sacrificed, 1its
spleen removed and the splenocytes (including
lymphocytes) are prepared for fusion with the immortal
cell line.

The i1mmunized mammals may be bled between
boosts and the serum from each blood sample assayed for
antibody homologs according to the present invention
using the screening assays described above. The
lymphocytes used in the production of hybridoma cells
typically are isolated from immunized mammals whose
sera have already tested positive for the presence of
antibody homologs according to this invention.

Any of the many well known protocols used for
fusing lymphocytes and immortalized cell lines would be
useful for the purpose of generating antibody homologs
of this invention ([see, e.qg., G. Galfre et al.,
"Antibodies To Major Histocompatibility Antigens
Produced By Hybrid Cell Lines", Nature, 266, pp. 550-
52 (1977),; Gefter et al., Somatic Cell Genet., supra;
Lerner, Yale J. Biol. Med., supral]. Moreover, the
ordinary skilled worker will appreciate that there are
many variations of such methods which also would be
useful.

Typically, the immortal cell line (e.g., a
myeloma cell line) 1s derived from the same mammalian

specles as the lymphocytes. Useful mammals include
mice and rats.
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Most preferably, both the immortal cell line
and the lymphocytes are derived from an inbred mouse of
strain BALB/c (Jackson Labs, Bar Harbour, ME).
Preferred immortal cell lines are mouse myeloma cell

5 lines that are sensitive to culture medium containing
hypoxanthine, aminopterin and thymidine ("HAT medium").
The most preferred mouse myeloma cell line 1is
P3X63-AG8.653 (ATCC, Rockville, MD, catalog no. CRL
1580). Typically, HAT~senslitive mouse myeloma cells

10 are fused to mouse splenocytes using polyethylene
glycol ("PEG"), preferably PEG-3350. Hybridoma cells
resulting from the fusion are then selected using HAT
medium, which kills unfused and unproductively fused
myeloma cells (unfused splenocytes die after several
15 days because they are not transformed).

Hybridoma cells producing an antibody homolog
(monoclonal antibody) according to the present
invention are detected by screening the hybridoma
culture supernatants using the screening assays

20 described above. Preferably, the primary screen will
select antibodies that bind to human CD4 displayed on

the surface of CD4” cells. Such binding is detected by

use of fluorescently labelled secondary antibodies
specific for mouse immunoglobulins, and quantified by
25 FACS analysis.

To produce antibody homologs of this
invention which are intact monoclonal antibodies,
hybridoma cells that have tested positive 1n the above
screening assays are cultured in a nutrient medium

30 under conditions and for a time sufficient to allow the
hybridoma cells to secrete the monoclonal antibodies
into the culture medium. Tissue culture techniques and
culture media suitable for hybridoma cells are well

known [see, e.g., Lerner, Yale J. Biol. Med., supra).
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Conditioned hybridoma culture supernatant containing

the antibody homologs is collected.
Alternatively, the desired antibody homolog

may be produced by injecting the hybridoma cells into
the peritoneal cavity of an unimmunized mouse. The

hybridoma cells proliferate in the peritoneal cavity,
secreting the antibody homolog, which accumulates as

ascites fluid (see Lerner, Yale J., Bjol., Med., supra].
The antibody homolog is harvested by withdrawing the

ascites fluid from the peritoneal cavity with a
syringe.

It will be understood by the ordinary skilled
worker that monoclonal antibodies which are antibody
homologs according to this invention may be purified
with ease from conditioned hybridoma culture
supernatant or from ascites.

— s

- [ ] [ ]
B. Recombinant Antibodies And DNA Encodindg Then

Antibody homologs according to the present
invention may be recombinant monoclonal antibodies
produced by host cells transformed with DNA encoding
immunoglobulin light and heavy chains according to this
invention. Recombinant antibodies may be produced by
well known genetic engineering techniques. See, e.g.,
United States patent 4,816,397.

For example, recombinant antibodies may be
produced by cloning cDNA or genomic DNA encoding the
immunoglobulin light and heavy chains of the desired
antibody from a hybridoma cell that produces an
antibody homolog according to this invention. The cDNA

or genomic DNA encoding those polypeptides is then
inserted into expression vectors so that both genes are

operatively linked to their own transcriptional and
translational expression control sequences. The



‘WO 92709305 PCT/US91/08843

10

15

20

25

30

35

2075034

- 33 -

expression vector and expression control sequences are
chosen to be compatible with the expression host cell
used. Typically, both‘genes are inserted into the same
expression vector.

This invention provides DNA sequences
encoding the 5A8 light chain variable region
(SEQ 1D NO:14) and the 5A8 heavy chain variable region
(SEQ ID NO:9), poertions thereof that encode an antibody
homolog according to this invention, and DNA sequences
degenerate to any of those DNA sequences. Also
provided are recombinant DNA molecules comprising one
or more of the foregoing DNA sequences and one or more
expression control sequences operatively linked
thereto.

Prokaryotic or eukaryotic cells may be used
as expression hosts. Expression in eukaryotic host
cells is preferred because such cells are more likely
than prokaryotic cells to assemble and secrete a
properly folded and immunologically active antibody.
However, any antibody produced that is inactive due to
improper folding may be renaturable according to well
known methods [P. S. Kim and R. L. Baldwin, "Specific
Intermediates In The Folding Reactions Of Small
Proteins And The Mechanism Of Protein Folding", Ann.
Rev. Biochem., 51, pp. 459-89 (1982)]. 1t is possible
that the host cells will produce portions of intact
antibodies, such as light chain dimers or heavy chain
dimers, which also are antibody homologs according to
the present invention.

It will be understood that variations on the
above procedure are within the scope of the present
invention. For example, it may be desired to transform
a host cell with DNA encoding either the light chain or
the heavy chain (but not both) of an antibody homolog
of this 1nvention. Recombinant DNA technology may also
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be used to remove some or all of the DNA encoding
either or both of the light and heavy chains that 1s
not necessary for CD4 binding. The molecules expressed
from such truncated DNA molecules are antibody homologs
according to this invention. In addition, bifunctional
antibodies may be produced in which one heavy and one
light chain are antibody homologs of this invention and
the other heavy and light chain are specific for an
antigen other than CD4, or another epitope of CD4.

C. Chimeric And Humanized Recombinant

Antibodies And DNA Encoding Them

DNA encoding the recombinant antibodies
described above may be used as the starting point for
producing chimeric or humanized.recombinant antibodies.
Chimeric recombinant antibodies are produced by
transforming a host cell with a suitable expression
vector comprising DNA encoding the desired
immunoglobulin light and heavy chains in which all or
some of the DNA encoding the hinge and constant regions
of the heavy and/or the light chain have been
substituted with DNA from the corresponding region of
an immunoglobulin light or heavy chain of a different
species. When the original recombinant antibody 1is
nonhuman, substitution of corresponding human sequences
is preferred. An exemplary chimeric recombinant
antibody has mouse variable regions and human hinge and
constant regions. See generally, United States patent
4,816,397 and S. L. Morrison et al., "Chimeric Human
Antibody Molecules: Mouse Antigen-Binding Domains With
Human Constant Region Domains", Proc. Natl. Acad. Scl.
USA, 81, pp. 6851-55 (1984).

In the preferred 5A8 chimeric recombinant
antibody homologs of this invention, the amino acid
sequence of the light chain variable region 1s
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SEQ ID NO:15 and the amino acid sequence of the heavy
chain variable region is SEQ ID NO:10, respectively.
Humanized recombinant antibodies are produced
by transforming a host cell with a suitable expression
5 vector comprising DNA encoding the desired nonhuman
immunoglobulin light and heavy chains in which all or
some of the DNA encoding amino acids not involved in
CD4 binding have been substituted with DNA from the
corresponding region of a desired human immunoglobulin
10 1light or heavy chain. See generally, P. T. Jones
et al., "Replacing The Complementarity-Determining
Regions In A Human Antibody With Those From A Mouse'",
Nature, 321, pp. 522-25 (1986).
The most preferred humanized recombinant
15 antibodies of this invention have the 5AS8
complementarity determining regions ("CDRs"). These

include humanized recombinant antibodies wherein:
(a) light chain CDR1l 1is AA_,-AA,, of SEQ ID NO:15;
(b) light chain CDR2 is AA_ -AA_, of SEQ ID NO:15;
20 (c) light chain CDR3 1is AAQS"AAl(n of SEQ ID NO:15;
(d) heavy chain CDR1l is AR, -AA_. of SEQ ID NO:10;
(e) heavy chain CDR2 1is AA_,-AA__ of SEQ ID NO:10; and

(f) heavy chain CDR3 1is AR -AA,,, of SEQ ID NO:10.

Another preferred embodiment provides
25 humanized recombinant antibody homologs having SA8 CDRs
wherein the amino acid sequence of the light chain

115 of SEQ ID NO:56 and the
amino acid sequence of the heavy chain variable region
1s Ml-mlzz of SEQ ID NO:45.

30 A further preferred embodiment provides

variable region is AA -AA

humanized recombinant antibody homologs having 5A8 CDRs
wherein the amino acid sequence of the light chain is

AA . -AA,.q of SEQ ID NO:56 and the amino acid sequence of
the heavy chain is AA -AA, .. of SEQ ID NO:45.
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This 1invention provides DNA sequences
encodlng a pre-5A8 humanized light chain (SEQ ID NO:55)
and a pre-5A8 humanized heavy chain (SEQ ID NO:44),
portions of the foregoing DNA sequences that encode
antibody homologs according to this invention, and DNA
sequences degenerate to the foregoing DNA sequences.
Also provided are recombinant DNA molecules comprising
one or more of the foregoing DNA sequences and one or
more expression control sequences operatively linked
thereto. Preferred recombinant DNA molecules include
PMDR1007 (pre-5A8 humanized light chain) and pMDR1002
(pre-5A8 humanized heavy chain), deposited with the
American Type Culture Collection, Rockville, MD, under
accession numbers ATCC 68846 and ATCC 68847,
respectively.

D. Antibody Homologs According To This

Invention That Are Not Intact Antibodies

The present invention also provides antibody
homologs that are not intact antibodies. Such homologs
may be derived from any of the antibody homologs
described above. For example, antigen-binding
fragments, as well as full-length monomeric, dimeric or
trimeric polypeptides derived from the above-described
antibodies are themselves antibody homologs according
to the present invention. Useful antibody homologs of

this type include Fab fragments, Fab' fragments,
F(ab')2 fragments, F(v) fragments, heavy chain monomers

or dimers, light chain monomers or dimers, dimers
consisting of one heavy and one light chain, and the
like. We believe that the foregoing fragments, other
than Fab fragments of 5A8, generally are useful
antibody homologs according to the present invention.
Antibody fragments may be produced by
Chemical methods, e.g., by cleaving an intact antibody

with a protease, such as pepsin or papain, and
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optionally treating the cleaved product with a reducing
agent. Alternatively, useful fragments may be produced
by using host cells transformed with truncated heavy
and/or light chain genes. Heavy and light chailn
monomers may be produced by treating an intact antibody
with a reducing agent, such as dithiothreitol, followed
by purification to separate the chains. Heavy and
light chain monomers may also be produced by host cells
transformed with DNA encoding elther the desired heavy
chain or light chain, but not both. See, e.g., E. S.
Ward et al., "Binding Activities Of A Repertoire Of
Single Immunoglobulin Variable Domains Secreted From

Escherichia coli", Nature, 341, pp. 544-46 (1989);

L. Sastry et al., "Cloning Of The Immunological
Repertoire in Escherichia coli For Generation Of

Monoclonal Catalytic Antibodies: Construction Of A
Heavy Chain Variable Region-Specific cDNA Library",

Proc. Natl. Acad. Scil. USA, 86, pp. 5728-32 (1989).

Derivatized Antibody Homologs
According To This Invention

In one embodiment, this invention provides
derivatized antibody homologs in which any of the
antibody homologs of this invention are functionally
linked (by chemical coupling, genetic fusion or
otherwise) to one or more members 1i1ndependently
selected from the group consisting of‘antibody homologs
of this invention, 5A8-mimetic agents of this
invention, detectable agents, cytotoxic agents and
pharmaceutical agents. One type of derivatized
antibody homolog is produced by crosslinking two or
more antibody homologs (of the same type or of
different types). Suitable crosslinkers 1include those
that are heterobifunctional, having two distinctly
reactive groups separated by an appropriate spacer
(e.g., m-maleimidobenzoyl-N-hydroxysuccinimide ester)
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or homobifunctional (e.g., disuccinimidyl suberate).

Such linkers are available from Pierce Chemical

Company, Rockford, IL.

Useful detectable agents 1nclude fluorescent

5 compounds. Exemplary fluorescent detectable agents

include fluorescein, fluorescein 1sothiocyanate,

rhodamine, 5=-dimethylamine-l-napthalenesulfonyl

chloride, phycoerythrin and the like.

The antibody homologs of this invention may

10 also be derivatized with detectable enzymes, such as
alkaline phosphatase, horseradish peroxidase, glucose
oxidase and the like. When the antibody homolog is
derivatized with a detectable enzyme, it 1is detected by
adding additional reagents that the enzyme uses to

15 produce a detectable reaction product. For example,
when the detectable agent horseradish peroxidase 1s
present, the addition of hydrogen peroxide and
diaminobenzidine leads to a colored reaction product,
which 1s detectable. The antibody homolog may also be

20 derivatized with biotin, and detected through 1indirect
measurement of avidin binding.

The present invention also provides antibody
homologs linked to one or more pharmaceutical agents.
Useful pharmaceutical agents include biologically

25 active peptides, polypeptides and protelins, such as
antibody homologs specific for a human polypeptide
other than CD4. Other useful pharmaceutical agents
include non-proteinaceous pharmaceutical agents such as
HIV reverse transcriptase 1nhibitors (e.qg.,

30 3'-azido-2',3'-dideoxythymidine ("AZT") and
2',3'-dideoxyinosine ("DDI") and other antiviral
compounds, Or lmmunosuppressive agents (e.g.,

cyclosporin or FK506).
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Cells That Produce Antibody Homologs
According To The Present Invention

The present invention also provides cells and
cell cultures that produce the antibody homologs of
this invention. Such cells include hybridoma cells
that produce monoclonal antibodies which are antibody
homologs of this invention, as well as transformed host
cells that produce recombinant antibody homologs of
this invention.

Preferred cells according to this invention
include those that produce the monoclonal antibodies
referred to herein as "“5A8", "1F8" and "5F2". The most
preferred cell line produces monoclonal antibody 5AS8.
The hybridoma cell lines producing 5A8, 1F8 and 5F2
were deposited in the In Vitro International, Inc.
culture collection in Linthicum, MD, under accession
numbers IVI-10257, IVI-10258 and IVI-10259,
respectively and transferred to the American Type
Culture Collection, Rockville, MD, under accession
numbers HB 10881, HB 10882 and HB 10883, respectively.

Other preferred cells are host cells
producing the SA8 chimeric and humanized recombinant
antibodies described supra. Eukaryotic host cells
transformed with pMDR1007 (pre~5A8 humanized light
chain) and pMDR1002 (pre-5A8 humanized heavy chain) are
most preferred for producing 5A8 humanized antibodies.

Moreover, the present invention provides a
method of producing the antibody homologs o©f the
present invention by culturing the cells of this
invention, which produce the antibody homologs.

Methods of culturing such cells and isolating the
antibody homologs they produce are well known. These
methods include tissue culture techniques, as well as
the generation of ascites.
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Also provided is a method for producing cells
of this invention which are hybridoma cells, comprising

the step of immunizing a nonhuman mammal with CD4  cells

produced by transforming CD4 mammalian tissue culture
cells with DNA encoding full-length human CD4, which
cells express the CD4 on thelr surface. Preferred
cells to be used as an immunogen for this process are
the r-CD4-CHO cells described above.

5A8-Mimetic Agents

The present invention provides 5A8-mimetic
agents, which are compounds that cause at least a 30%
reduction in the binding of monoclonal antibody 5AS8
either to human rsCD4 or to human CD4 displayed on the
surface of a CD4" cell. 5A8-mimetic agents may be
peptides, semi-peptidic compounds or non-peptidic
compounds. Preferred 5A8-mimetic agents inhibit HIV-

induced syncytia formation between CD4" cells, inhibit

infection of CD4" cells by HIV, or both. The most
preferred 5A8-mimetic agents display the properties of
one or more antibody homologs of this 1nvention.
SA8-mimetic agents of this invention may be
produced by synthesizing a plurality of peptides (e.g.,
5-20 amino acids in length), semi-peptidic compounds or
non-peptidic, organic compounds, and then screening
those compounds for their ability (1) to cross block
with 5A8 for binding to human CD4, (2) to inhibit HIV-

induced syncytia formation between cD4’ cells, and

(3) to inhibit infection of cD4" cells by HIV. See
generally United States patent 4,833,092, J. K. Scott
and G. P. Smith, "Searching For Peptide Ligands With An
Epitope Library", Science, 249, pp. 386-90 (1990), and
J. J. Devlin et al., "Random Peptide Libraries: A
Source Of Specific Protein Binding Molecules'", Science,
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249, pp. 404-07 (1990).

Pharmaceutical Compositions An
Methods Accoraing 10 1nl1s 1INVentlorl

The antibody homologs and the S5A8-mimetic
agents of this invention are useful in prophylactic and
therapeutic compositions for preventing and treating
diseases caused by infective agents whose primary
targets are CD4* lymphocytes. Such diseases include
AIDS, ARC and HIV infection.

Preferred pharmaceutical compositions of this
invention for administration to humans include, as
antibody homologs, one or more of the mouse monoclonal
antibodies 5A8, 1F8 or 5F2, 5A8 mouse/human chimeric
recombinant antibodies, 5A8 humanized recombinant
antibodies or antigen-binding portions of those
antibodies. Pharmaceutical compositions comprising SA8

mouse/human chimeric recombinant antibodies or S5A8

humanized recombinant antibodies are most preferred.
The pharmaceutical compositions of this

invention may further comprise other therapeutics for

the prophylaxis or treatment of AIDS, ARC and HIV

infection. For example, the antibody homologs of this
invention may be used in combination with anti-
retroviral agents that block reverse transcriptase,
such as A2ZT, DDI, HPA-23, phosphonoformate, suramin,
ribavirin and dideoxycytidine, or with agents that
inhibit the HIV protease. Additionally, the
pharmaceutical compositions of this invention may
further comprise anti-viral agents such as interferons,
including alpha interferon, beta interferon and gamma
interferon, or glucosidase inhibitors such as
castanospermine, or immunosuppressive agents such as
adrenal corticosteroids, azathrioprine, cyclosporin or
FK506. Moreover, the antibody homologs of this
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invention may advantageously be administered in
combination with agents that significantly block
binding of HIV gpl20 to CD4. Such agents include, for
example, anti-CD4 antibodies that are Vl-specific
(e.g., Leu3d), CD4 V1 polypeptides and antibodies
(anti-idiotypic or otherwise) specific for HIV gpl20.

Furthermore, one or more antibody homologs or
S5A8-mimetic agents may be used in combination with two
or more of the foregoing therapeutic agents. Such
combination therapies may advantageously utilize lower
dosages of the administered therapeutic agents, thus
avoiding possible toxicities or complications
associated with the various monotherapies.

The pharmaceutical compositions of this
invention comprise an immunotherapeutically effective
amount of one or more antibody homologs or 5A8-mimetic
agents according to this invention, or derivatized
form(s) thereof and, preferably, a pharmaceutically
acceptable carrier. By "immunotherapeutically
effective amount" 1s meant an amount capable of
lessening the spread, severity or immunocompromising
effects of AIDS, ARC or HIV infection, or of other
diseases caused by infective agents whose primary

targets are CD4' lymphocytes. By "pharmaceutically

acceptable carrier" is meant a carrier that does not
cause an allergic reaction or other untoward effect in
patients to whom it is administered.

Suitable pharmaceutically acceptable carriers
include, for example, one or more of water, saline,
phosphate buffered saline, dextrose, glycerol, ethanol
and the like, as well as combinations thereof.
Pharmaceutically acceptable carriers may further
comprise minor amounts of auxiliary substances such as
wetting or emulsifying agents, preservatives or
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buffers, which enhance the shelf life or effectiveness
of the antibody homolog or S5A8-mimetic agent.

The compositions of this invention may be 1n
a variety of forms. These include, for example, solid,
semi-solid and liquid dosage forms, such as tablets,
pills, powders, liquid solutions, dispersions oOr
suspensions, liposomes, suppositories, 1injectable and
infusible solutions. The preferred form depends on the
intended mode of administration and therapeutic
application. The preferred compositions are 1n the
form of injectable or infusible solutions.

The preferred pharmaceutical compositions of
this invention are similar to those used for passive
immunization of humans with other antibodies. The
preferred mode of administration 1s parenteral.

It will be apparent to those of skill 1in the
art that the immunotherapeutically effective amount of
antibody homolog or 5A8-mimetic agent of this invention
will depend, inter alia, upon the administration
schedule, the unit dose of antibody homolog or
5A8-mimetic agent administered, whether the antibody
homolog or 5A8-mimetic agent is administered 1in
combination with other therapeutic agents, the immune
status and health of the patient, and the therapeutic
activity of the particular antibody homolog or
SA8-mimetic agent administered.

In monotherapy for treatment or prophylaxis
of HIV infection, ARC or AIDS, immunotherapeutically
effective amounts per unit dose of an antibody homolog
which is an intact antibody range from about 0.1 to
10 mg/kg patient weight, preferably 2 mg/kg patient
weight. Unit doses should be administered from twice
each day to once every two weeks until an antiviral
effect is observed, preferably once every two weeks.
The antiviral effect may be measured by a variety of
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methods, including viral load, lymphocyte counts and
clinical signs and symptoms. It will be recognized,
however, that lower or higher dosages and other
administration schedules may be employed.

Treatment regimens for antibody homologs that
are not intact antibodies and for 5A8-mimetic agents
may differ, depending on their size and pharmaceutical
properties.

In order that this invention may be better
understood, the following examples are set forth.
These examples are for purposes of i1llustration only,
and are not to be construed as limiting the scope of

the invention in any manner.

EXAM S

Production And Initial Screening Of

Antibody Homologs Of This Invention

The i1mmunogen used to generate monoclonal
antibodies 1F8, 5A8 and 5F2 was CHO cells transformed
with DNA encoding full-length human CD4 eXxpressed on
the cell surface ("r-CD4-CHO cells"). The CD4 sequence
used to transform the CHO cells 1s set forth 1n Maddon
et al., Cell, supra. These cells are described 1in
R. A. Fisher et al., "HIV Infection Is Blocked In Vitro
By Recombinant Soluble CD4", Nature, 331, pp. 76-78
(1988), and were deposited with the In Vitro
International, Inc. culture collection, Linthicum, MD,
under accession number IVI-10260 and transferred to
American Type Culture Collection, Rockville, MD, under
accession number CRL 10884.

The r-ChD4-CHO cells were maintailned at 37°C,

under 5% CO,, in a MEM media (Gibco, Grand Island, NY)
supplemented with 10% dialyzed fetal calf serum ("FCS")

(North American Biologics, Miami, FL, cat. no. 33189)
and 30 nM methotrexate. Cells were prepared for
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injection by substituting the above culture medium with
phosphate buffered (Ca’- and Mg'-free) saline ("PBS")

supplemented with 5 mM EDTA, and harvesting the cells
in that buffer. The harvested cells were pelleted by

5 centrifugation at 500 x g__ for about 5 minutes, washed

once by resuspending the pellet in PBS and centrifuging
as before, counted, and adjusted to the appropriate
volume for injection by resuspending the cell pellet 1n
PBS.

10 Two female BALB/c J mice, about 4-6 weeks old
(Jackson Labs, Bar Harbour, ME), were immunized with r-
CD4-CHO cells as follows. The first mouse was primed
intraperitoneally (i.p.) on day 0 with a 1:1 emulsion
of r-CD4-CHO cells in PBS with complete Freunds

15 adjuvant ("CFA") (Colorado Serum Co., Denver, CO, cat.
no. C51450), boosted i.p. on day 20 with r-CD4-CHO
cells in PBS without adjuvant, and finally boosted
intravenously on day 44 with r-CD4-CHO cells in PBS,
without adjuvant. The other mouse was primed 1.p. on

20 day 0, boosted i.p. on day 15, and finally boosted
intravenously on day 39 (all injections with r-CD4-CHO
cells in PBS, without adjuvant). For both mice, each

injection contained approximately 3 x 10° to 2 x 10’
r-CD4~CHO cells in a volume of approximately 250 ul.

25 Three days after the last injection, both
mice were sacrificed and each spleen was removed and
placed in approximately 5 ml of serum-free DMEM (Gibco,
cat. no. 430-2100) 1in a petri dish. The splenic
capsules were cut and the spleen cells were teased out

30 into the medium. The spleen cell suspensions were

transferred to one 15 ml conical bottom tube and
allowed to settle for about 5 minutes. The supernatant
was removed to a fresh 15 ml conical bottom tube and

placed in an incubator (37°C, 5% coz) until the fusion.

35 The spleen cells from both mice were pooled.
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A 5-ml single cell suspension of control
spleen feeder cells was prepared from an unimmunized
mouse essentially as described above for the immunized
spleen cells, and placed in an incubator (37°C, 5% Co,)

5 until needed.

The fusion partner for the i1mmunized spleen
cells was a hypoxanthine/aminopterin/thymidine ("HAT")-
sensitive, non-secreting mouse myeloma cell line --
P3X63-AG8.653 (ATCC, Rockville, MD, cat. no. CRL 1580).

10 Prior to the fusions, the P3X63-AG8.653 cells were

maintained in DMEM/10% FCS (37°C, 5% CO,) , ensuring

that they were in a logarithmic growing phase on the
day of the fusions.
The fusion protocol used was a hybrid of the
15 protocols set forth in Lerner, Yale J. Biol. Med.,

supra and Gefter et al., Somatic Cell Genet., supra.
Specifically, 1mmediately before the fusions, the

pooled spleen cells prepared as described above were
washed three times with PBS, resuspended 1in

20 approximately 10 ml of PBS and counted. Also
immediately before fusion, the logarithmic phase P3X63-
AG8.653 cells were washed three times with PBS and

counted. The myeloma cells were resuspended to 1 X 10’
cells/ml i1n PBS. For each fusion, 1.5 X 10° spleen

25 cells were mixed with 3 x 10’ myeloma cells 1n a 50 ml
conical bottom polypropylene tube, and the cells were
washed once with PBS. The ratio of spleen cells to

myeloma cells was 5:1. The tubes were centrifuged at

500 x g_ for 5 minutes to pellet the cells. After

30 aspiration of the supernatants, the pellets were gently
resuspended by tapping the bottom of the tubes. The
tubes were then placed i1in a beaker of 37°C water. All
subsequent fusion steps were carried out in this
beaker.
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Next, 0.8 ml of 37°C fusion medium (50 w/v %
polyethylene glycol 3350 ("Baker" grade from J.T. Baker
Co., Phillipsburg, NJ) in serum-free DMEM was slowly
added to each cell pellet over the course of about

5 1 minute, while gently rocking the tube. One ml serum-
free DMEM was added dropwlise to each pellet over the
course of another minute, and then 20 ml serum-free
DMEM was added to each pellet over the next 5 minutes.

Both tubes were centrifuged at 600 x g,, for 10 minutes

10 at room temperature, and the supernatants were
aspirated. Fifty ml of "HAT selection medium"
containing 400 ul of the 5-ml suspension of control
spleen feeder cells (prepared as described above) were
added stepwise to each pellet, with occasional mixing.

15 "HAT selection medium" was prepared by diluting a 50x
HAT stock (Sigma Chemical Co., St. Louis, MO, cat. no.
H-0262) 50-fold in DMEM/10% FCS (final concentrations:
10 uM hypoxanthine, 0.4 uM aminopterin, 16 uM
thymidine).

20 Each 50-ml cell suspension was plated into 5
96-well flat-bottom microtiter plates, with
~100 ul/well. The plates were kept 1n an incubator at

37°C, 5% coz. On day 2 post-fusion, the cells were fed

by addition of 100 ul HAT selection medium per well.
25 On day 10 post-fusion, the medium was aspirated and
200 ul HAT selection medium was added to each well.
Supernatants were withdrawn for primary screening on
days 12, 14, 16 and 19 post=-fusion, from wells
containing clones. The fusion efficilency was 34% (327
30 out of 960 possible wells developed clones that were
screened) .
The primary screen used was a
radioimmunoassay (RIA) designed to detect antibodies
that bind to human rscCD4.
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To perform the RIA, affinity-purified goat

anti-mouse IgG (F, fragment-specific) (Cappell,
Cochranville, PA, cat. no. 22950) in PBS was added to

96~-well PVC microtiter plates (50 ul/well) and
incubated overnight at 4°C. The goat anti-mouse IgG
was removed from the plates and the wells were blocked
with 100 ul/well of 5% FCS/PBS for 1 hour at room
temperature. After removing the blocking solution,
neat hybridoma culture supernatant was added to the
wells (50 ul/well) and incubated 1 hour at room
temperature. The plates were washed 3 times with
PBS/0.05% Tween-20. Next, 50 ul 1%3I-rscD4

(~20,000 cpm) in PBS/5% FCS (prepared as described
below) was added to each well, and incubated 1 hour at
room temperature. Finally, the wells were washed 3
times with PBS/0.05% Tween-20. After flicking out all
the wash buffer, the wells were separated by cutting
the plates and analyzed in a gamma counter. Wells to
which 5% FCS/PBS had been added instead of culture
supernatant served as background wells.

The 125I-rsCcD4 used in the primary screening
assay consisted of purified, 1251.1abelled human CD4
AR;=AR4,,
et al., Cell, supra (i.e., human CD4 AA -AA.. . according

to the corrected numbering system of Littman et al.,
Cell, supra). The rsCD4 was produced by transformed
CHO cells substantially as described in Fisher et al.,
Nature, supra. The rsCD4 produced by those cells may
be purified as described in Fisher et al., <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>