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PCT/US94/05020 filed on May 6, 1994, which is a continuation-in-part of U.S.
Serial No. 08/060,926 filed on May 7, 1993, now abandoned, all of which are

hereby incorporated by reference herein.

Field of the Invention

We have discovered that a gp120-CD4 covalently bonded complex
presents a specific subset of cryptic epitopes on gp120 and)or CD4 not present
on the uncomplexed molecules. This complex elicits neutralizing antibodies
with novel specificities and is thus useful in vaccines and immunotherapy
against HIV infection. We have also discovered that complexes including
gp120 covalently bonded to a fragment of CD4 elicit neutralizing antibodies and
are therefore useful in vaccines and immunotherapy against HIV infection. In
addition, these complexes or antibodies thereto can be used in immunological

tests for HIV infection.
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Background of the Invention

Neutralizing antibodies are considered to be essential for protection
against many viral infections including those caused by retroviruses. Since the
initial reports of neutralizing antibodies in HIV-infected individuals, it has
become increasingly clear that high levels of these antibodies in serum
correlate with better clinical outcome (3 — 5). These studies suggested that the
identification of epitopes that elicit high titer neutralizing antibodies would be

essential for vaccine development against HIV infection.

The primary receptor for the human immunodeficiency virus type 1 (HIV-
1) is the CD4 molecule, found predominantly on the surface of T-lymphocytes.
The binding of HIV-1 to CD4 occurs via the major viral envelope glycoprotein

gp120 and initiates the viral infection process.

Current strategies for developing vaccines against infection by the
human immunodeficiency virus have focused on eliciting antibodies against the
viral envelope glycoprotein gp120 or its cell surface receptor CD4. Purified
gp120 typically elicits type specific neutralizing antibodies that are reactive
against epitopes that vary among virus isolates. This characteristic has

hindered the use of gp120 as a vaccine.

CD4 has also been considered as a major candidate for development of
a vaccine against HIV-1. Recent studies have demonstrated that sCD4 elicits
HIV-1 neutralizing antibodies in animals and prevents the spread of infection in

SlV-infected rhesus monkeys (1). However, autoantibodies to CD4 may
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themselves create immune abnormalities in the immunized host if they interfere
with normal T-cell functions. Neutralizing antibodies against gp120 are elicited
in vivo in HIV-1-infected individuals and can be elicited in vitro using purified
envelope glycoprotein. However, gp120 contains five hypervariable regions
one of which, the V3 domain, is the principal neutralizing epitope.
Hypervariability of this epitope among strains is a major obstacle for the
generation of neutralizing antibodies effective against diverse strains of HIV-1.
For these reasons it has been believed that vaccine strategies using either

purified CD4 or gp120 present several disadvantages.

We have overcome the shortcomings of type specific anti gp120
antibodies and antibodies against CD4 by raising anti-HIV-1 neutralizing
antibodies using as the immunogen a complex of gp120 chemically coupled to
either soluble CD4, the mannose-specific lectin succinyl concanavalin A (SC) or
an equivalent thereof. We have found that these compounds induce similar
conformational changes'in gp120. The complexed gp120 appears to undergo a
conformational change that presénts an array of epitopes that were hidden on
the uncomplexed glycoprotein (2). A portion of such epitopes elicit group-
specific neutralizing antibodies, which are not strain limited like the type specific
antibodies discussed above. We have discovered that the covalently bonded
CD4-gp120 complexes are useful for raising neutralizing antibodies against

various isolates of HIV-1 and against HIV-2.

The major research effort in the development of subunit vaccines against

HIV has been directed toward the envelope glycoprotein of the virus.
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Inoculation of gp160 or gp120 into animals elicits neutralizing antibodies against
HIV (3, 4). The principal neutralizing epitope on gp120 has been located
between amino acids 306 and 326 in the third variable domain (V3 loop) of the
protein (4). This epitope has been extensively studied by using both polyclonal
and monoclonal antibodies (3, 4). In most cases antibodies directed to this
region neutralize HIV-1 in an isolate specific manner although there is evidence
that a weakly neutralizing species of anti-vV3 loop antibodies can cross-react
with diverse isolates (8). The reason for type specificity of anti-V3 loop
antibodies is the extensive sequence variability among various isolates.
Prolonged culturing of HiV-infected cells with type specific anti-V3 loop

antibodies induces escape mutants resistant to neutralization (9).

In addition to the V3 loop, other neutralizing epitopes encompassing
genetically conserved regions of the envelope have been identified (10, 11).
However, immunization against these epitopes elicits polycional antisera with
low neutralizing titers (12). For example, the CD4 binding region of gp120,
encompassing a conserved region, -elicits neutralizing antibodies against
diverse isolates (13). However, this region is not normally an immunodominant

epitope on the glycoprotein.

The interaction of gp120 with CD4 has been studied in considerable
detail and regions of the molecules involved in complex formation have been
determined (14-16). There are now several lines of evidence that interactions
with CD4 induce conformational changes in gp120. First, recombinant soluble

CD4 (sCD4) binding to gp120 increases the susceptibility of the V3 loop to



10

15

20

WO 2005/019248 PCT/US2004/020757

monoclonal antibody binding and to digestion by exogenous proteinase (2).
Second, sCD4 binding results in the dissociation of gp120 from the virus (17,
18). These conformational changes in gp120 are thought to facilitate the
processes of virus attachment and fusion with the host cell membrane (2).
Immunization with soluble CD4 and recombinant gp120, complexed by their
natural affinity but not covalently bonded, resulted in the production of anti CD4
antibodies (31). Several murine monoclonal antibodies have been developed
by immunization with mixtures of recombinant gp120 and sCD4 (31, 32).
Antibodies raised in these studies were not strictly complex-specific and reacted
with free gp120 or CD4; the neutralizing antibodies reacted with free sCD4,
although they displayed various degrees of enhanced reactivity in the presence
of gp120. The complexes used in these studies were unstable and comprised

noncovalently bound gp120 and CD4.

A variety of N-linked carbohydrate structures of high mannose, complex
and hybrid types present on the gp120 molecule may also play a role in the
interaction of gp120 with host cell membranes (19-21). Indeed, a carbohydrate-
mediated reactivity of gp120 has already been demonstrated with a serum
lectin, known as mannose-binding protein, which has also been shown to inhibit
HIV-1 infection of CD4+ cells (22). An additional carbohydrate-mediated
interaction of gp120 has been shown with the endocytosis receptor of human
macrophage membranes (21). It has been postulated that high affinity binding
of accessible mannose residues on gp120 to the macrophage membrane may

lead to virus uptake by the macrophage (21).
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Recombinant soluble CD4 has been shown to inhibit HIV infection in
vitro, mainly by competing with cell surface CD4. This observation has led to
the possibility of using sCD4 for the therapy of HIV-infected individuals (23, 24).
In addition, sCD4 has been used as an immunogen to block viral infection in
animals. Treatment of SIVyac-infected rhesus monkeys with sCD4 elicited not
only an antibody response to human CD4 but also to monkey CD4. Coincident
with the generation of such immunological responses, SIV could not be isolated
from the PBMC and bone marrow macrophages of these animals (1). A recent
study with chimpanzees also demonstrated that human CD4 elicited anti-self
CD4 antibody that inhibited HIV infection in vitro (25). Although immunization
with sCD4 may be beneficial in blocking HIV infection, circulating antibody that
recognizes self antigen may induce immune abnormality and dysfunction by
binding to uninfected CD4+ cells. Nevertheless in theory anti-CD4 antibodies
could be effective in blocking HIV infection provided they can disrupt virus
attachment and entry without interfering with normal CD4 function. Ideally
these antibodies should recognize CD4 epitopes that are present only after

interaction with gp120.

The present invention overcomes the shortcomings in the art by
providing for complexes of gp120 chemically coupled to either CD4, SC or an
equivalent thereof. However, in some instances such as immunization of small
animals as well as non-human primates, a high level of CD4 antibodies in the
immunized host is not desirable since such antibodies may influence the
immunological functions of T cells expressing CD4. Complexes with optimized

immunological properties which elicit high levels of anti-gp120 and anti-complex
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antibodies with reduced levels of anti-CD4 antibodies following immunization
are needed in such instances and the present invention also provides such
complexes. In particular, the present invention provides complexes including

gp120 chemically coupled with a fragment of CD4 or an equivalent thereof.

Summary Of The Invention

We have discovered that gp120-CD4 complex formation induces a
specific subset of cryptic epitopes on gp120 and/or CD4 not present on the
uncomplexed molecules. These epitopes elicit neutralizing antibodies with
novel specificities and are thus useful in vaccines and/or immunotherapy of
patients infected with HIV. In addition, the antibodies or the complexes can be
used in immunological tests for HIV infection. We have demonstrated that the
lectin, SC, mediates changes in the structure of gp120 in a manner similar to
that mediated by CD4. The binding of SC to gp120 is another mechanism for
inducing novel epitopes on the viral glycoprotein. The binding of other CD4
equivalent molecules to gp120 is also another mechanism for inducing epitopes

on the viral glycoprotein.

We used chemically coupled gp120-CD4 complexes as immunogens for
raising neutralizing antibodies. We found that gp120-CD4 complexes possess
novel epitopes that elicit neutralizing antibodies. Coupling with SC caused
perturbation in the gp120 conformation which in turn unmasked cryptic

neutralizing epitopes on gp120.

We have also discovered that covalently cross-linked complexes

including gp120 and a fragment of CD4 or an equivalent thereof, elicit a broad
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anti-HIV response and are therefore useful in vaccines and immunotherapy

against HIV infection.

Brief Description of the Figures

Figures 1A and 1B show the dissociation of gp120 from HIV-1 in the
presence of sCD4 and SC. In Figure 1A, labeled cells were treated with 0
(lanes 1, 2) or 1.5 pyg/ml sCD4 (lanes 3, 4). Virus bound (lanes 1, 3) or soluble
(lanes 2, 4) gp120 was detected by immunoprecipitation with HIV-1 antibody-
positive human serum, SDS-PAGE and autoradiography. In Figure 1B, labeled
cells were treated with O (lanes 1, 2), 5 pyg/ml (lanes 3,4) or 10 ug/ml SC (lanes
9, 6). Virus bound (lanes 1, 3, 5) or soluble (lanes 2, 4, 6) gp120 was detected

asin 1A.

Figures 2A and 2B illustrate the susceptibility of gp120 to thrombin
digestion in the presence of SC and sCD4. Molt3/HIV-1,g cells were labeled
with %°S-methionine for 4 hr, followed by a 3 hr incubation with medium
containing 0.25% methionine. In Figure 2A, an aliquot of labeled medium (1ml)
was digested with thrombin (7 pg/ml) at 37°C for 90 min and then
immunoprecipitated with HIV-1 positive human serum and analyzed by SDS-
PAGE. Lane 1 shows untreated medium and lane 2, medium treated with
thrombin. Prior to thrombin digestion, aliquots of the medium were pretreated
with SC at concentrations of 2.5 ug/ml (lane 3), or 10 ug/ml (lane 4); or with
sCD4 at concentrations of 2.5 pyg/ml (lane 5) or 10 ug/mi (lane 6). The gp120
fragments generated by thrombin cleavage are marked with arrows. In Figure

2B, aliquots of labeled medium were digested by thrombin as before with no
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pretreatment (lane 1), after pretreatment with 5 pg/ml SC (lane 2 or with a

mixture of 5 yg/m! SC and 0.1 mM a-methylpyranoside (lane 3).

Figures 3A and 3B show the inhibition of HIV-1 induced syncytia
formation by murine antisera raised against gp120-sCD4. In Figure 3A, murine
antiserum raised against gp120-sCD4 was added to CEM cells along with cells
infected with HIV-1,5 (0), HIV-1yy (O) or HIV-2wavz (9). In Figure 3B, murine
antisera raised against thrombin treated gp120-sCD4 complexes were tested.
The assay conditions are described in the Examples. For each experimental
condition, the syncytia in three separate fields were counted. The average

value is given as syncytiaffield.

Figure 4 shows Western blot assays of monoclonal antibodies raised
against gp120-CD4 complexes with gp120, sCD4 and complex. Lane 1 is
MoAb 7E3, lane 2 is MoAb 8F10B, lane 3 is MoAb 8F10C, lane 4 is MoAb
8F10D, lane 5 is anti-gp120 MoAb, lane 6 is anti-p24 MoAb (negative control),
lane 7 is rabbit anti-CD4 hyperimmune serum, and lane 8 is normal rabbit

serum.

Figure 5 is a graph showing the binding of monoclonal antibodies to
gp120-lectin complex. MoAbs A (O) and B (A) were tested in ELISA, with either

gp120-SC (open symbols) or gp120 (closed symbols).

Figure 6 is a graph showing competitive ELISA with monocional
antibodies and immune goat serum. Limiting dilutions of purified MoAb 7E3 (m),
MoAb 8F10B (O), MoAb 8F10C (#) and MoAb 8F10D (A) were incubated with

serial dilutions of goat 69 serum and tested in gp120-CD4 ELISA. Percent
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competition was calculated as level of antibody binding in immune serum versus

binding in prebleed serum.

Figure 7 is a photograph of a gel showing gp120-CD4 complexes
prepared according to Example IIl. In Figure 7, lane 1 is gp120, lane 2 is sCD4,

Lane 3 is a gp120-CD4 complex and lane 4 has molecular weight markers.

Figure 8 is a schematic representation of CD4, sCD4 and a fragment of
human CD4 containing only the first two domains of human CD4 (referred to as

‘DID2" in Figure 8). DID2 was prepared as provided in Example VI.

Figure 9 is a schematic representation showing the expression vector
PTK13+Neo4 encoding DID2. The sequence of the expression vector

PTK13+Neo4 is shown in the sequence listing as SEQ ID NO:3.

Figure 10 is a flowchart showing the purification of DID2 which was

prepared as provided in Example V1.

Figure 11A shows a SDS-PAGE profile of DID2 and sCD4 and Figure
11B shows a western blot assay of antibodies raised against DID2 and sCD4.
In Figure 11A, lane 1 is DID2, lane 2 is sCD4 and lane 3 has molecular weight
markers. In Figure 11B, lane 1 is sCD4, lane 2 is DID2 and lane 3 has

molecular weight markers.

Figure 12 shows a SDS-PAGE profile of DID2 and a gp120/DID2
complex prepared according to Example VI. Lane 1 is the gp120/DID2

complex, lane 2 is DID2 and lane 3 has molecular weight markers.

10
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Figure 13 is a graph showing the neutralization of SHIV162P3 virus by

serum from rabbits immunized with the gp120/DID2 cross-linked complex.

Detailed Description of the Preferred Embodiments

We determined that it was necessary to unmask or create new epitopes
on gp120 and/or CD4 capable of eliciting a strong, broadly neutralizing immune
response. We used a covalently linked gp120-CD4 complex as an immunogen.
gp120 molecules were covalently coupled to soluble recombinant CD4 using
bivalent cross-linking agents to ensure that the integrity of the complexes was
maintained during any manipulations. The components of the complex were
expected to differ from the free glycoprotein in at least two ways: () some
epitopes on gp120 and CD4 would be masked by complex formation and (II)
cryptic epitopes would become exposed as a result of conformational changes
in gp120 and CD4 of the complex. Because these epitopes could play a
significant role in viral entry into target cells, antibodies directed against them
should inhibit some aspects of the entry process. We believed these antibodies
may not inhibit gp120-CD4 interaction but may instead prevent post-binding

fusion events necessary for infection.

The application of this strategy toward anti-HIV vaccines offered several
other advantages. First, epitopes specific to complexed gp120 are not
expected to be normal targets for neutralizing antibodies in vivo. HIV-1 binds
and enters target cells within 3 min at 37°C (26). Given the transient and short-
lived nature of the native gp120-CD4 complex, it is unlikely that it is presented

to the immune system in such a way as to elicit complex-specific antibodies.

11
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Therefore, the absence of immune selection in vivo should in turn be reflected
in @ minimal degree of variation in the complex-specific epitopes of different viral
strains. Second, antibodies against complex-specific epitopes on CD4 are not
expected to elicit anti-self antibodies capable of recognizing uncomplexed CD4
on the surface of normal cells. This is especially important, since anti-CD4

antibodies can mediate cytotoxic effects.

In the development of vaccines against HIV, the ability to induce novel
epitopes on gp120 in the absence of CD4 would be of considerable advantage.
We have discovered that this is possible. We have bound a mannose-specific
lectin, SC, with gp120, which induces a conformational change on the
glycoprotein that appears to be similar to that observed with sCD4. The
alterations include exposure of the V3 loop to exogenous protease and
dissociation of gp120 from the virus membrane. Therefore, covalently linked
gp120-SC complexes are also useful as immunogens for exposing novel

epitopes and complex specific antibodies in the absence of CDA4.

Further, complexes of gp120 covalently bound to other CD4 equivalent
molecules are also useful as immunogens. Preferably, a complex includes
gp120 covalently cross-linked to a CD4 equivalent molecule. “CD4 equivalent
molecules” as used herein include any molecule that mimics CD4 in
conformation and/or induces a conformational change on HIV-1 gp120 that is
similar to that induced by CD4. ltis preferable that the molecule that mimics

CD4 in conformation is also structurally similar to CD4.

12
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CD4 equivalent molecules that are contemplated for use in an
immunogenic complex of the present invention include scorpion toxin-based
CD4 mimetic miniproteins. Scorpion toxin-based CD4 mimetic miniproteins
have been found to exhibit high affinity interaction with gp120, enhance binding
of complex-specific monoclonal antibodies to gp120 and inhibit infection of
CD4+ T cells by different HIV-1 isolates. See C. Vita et al., Proc. Natl. Acad.
Sci. USA 96, pp. 13091-13096 (1999) and C.S. Dowd et al., Biochemistry 41,

pp. 7038-7046 (2002).

We have also discovered that immunogenic complexes which elicit high
levels of anti-gp120 and anti-complex antibodies with reduced levels of anti-
CD4 antibodies following immunization would be of considerable advantage in
the development of vaccines against HIV. To this end, we have covalently
bound a fragment of CD4, which only contains the first two domains of CD4,
with gp120. This complex of gp120 coupled to a fragment of CD4 presents
cryptic epitopes on gp120 and/or the fragment of CD4 which are not present on
the uncomplexed molecules.  Further, these epitopes elicit neutralizing
antibodies and are therefore useful in vaccines and immunotherapy against HIV

infection.

The fragment of CD4 can alternatively include either the first domain of
CD4, the second domain of CD4, or a combination of the first or second domain
of CD4 and the third or fourth domain of CD4. It is preferable that the fragment
of CD4 include either the first domain of CD4, the second domain of CD4, or the

first and second domains of CD4.

13
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An equivalent of any fragment of CD4 can also be included in an
immunogenic complex of the present invention. An “equivalent” of any fragment
of CD4 as used herein includes any molecule that mimics the conformation of
any fragment of CD4 and which can bind to gp120. Preferably, the equivalent is

structurally similar to any fragment or combination of fragments of CD4.

Preferably, the vaccines of the present invention are composed of the
complex of either gp120-CD4, gp120-CD4 fragment, gp120-CD4 equivalent
molecule or gp120-SC together with an acceptable suspension known in the
vaccine art. It is further preferable that an adjuvant be added. The only
adjuvant acceptable for use in human vaccines is aluminum phosphate (alum
adjuvant), and therefore preferably the vaccine of the present invention is
formulated with an alumiﬁum phosphate gel. See Dolin et al., Ann Intern Med,
1991; 114:119-27, which is incorporated herein by reference. The dose of the
immunogenic complex for purposes of vaccination is between about 40 ug to
about 200 ug per inoculation. An initial inoculation may be followed by one or
more booster inoculations. Preferably, the vaccination protocol will be the same
as protocols now used in clinical vaccination studies and disclosed in Dolin et
al., supra, and Reuben et al., J Acquired Immune Deficiency Syndrome, 1992;

5: 719-725, also incorporated herein by reference.

It is also contemplated that antibodies raised against the immunogenic
complexes of the present invention can be used for passive immunization or

immunotherapy. The dosage and number of inoculations of these antibodies

14



10

15

20

WO 2005/019248 PCT/US2004/020757

will follow those established in the art for immunization or immunotherapy with

immunoglobulins.

The complexes or antibodies thereto can also be used in a method for
the detection of HIV infection. For instance, the complex, which is bound to a
solid substrate or labelled, is contacted with the test fluid and immune
complexes formed between the complex of the present invention and antibodies
in the test fluid are detected. Preferably, antibodies raised against the
immunogenic complexes of the present invention are used in a method for the
detection of HIV infection. These antibodies may be bound to a solid support or
labelled in accordance with known methods in the art. The detection method
would comprise contacting the test fluid with the antibody and immune
complexes formed between the antibody and antigen in the test fluid are
detected and from this the presence of HIV infection is determined. The
immunochemical reaction which takes place using these detection methods is
preferably a sandwich reaction, an agglutination reaction, a competition reaction

or an inhibition reaction.

A test kit for performing the methods mentioned in the preceding
paragraph must contain either an immunogenic complex according to the
present invention or one or more antibodies raised thereto. In the kit, the
immunogenic complex or the antibody(ies) are either bound to a solid substrate
or are labeled with conventional labels. Solid substrates and labels, as well as

specific immunological testing methods are disclosed in Harlow and Lane,

15
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“Antibodies, A Laboratory Manual”’, Cold Spring Harbor Laboratory, 1988,

incorporated herein by reference.
EXAMPLES

We conducted several studies to show that new epitopes could be
exposed on gp120 and CD4. These studies also demonstrated that neutralizing
antibodies could be raised against gp120 after treatment that altered the
conformation of the glycoprotein. We have also demonstrated that a complex of

gp120 and a fragment of CD4 elicits an anti-HIV-1 response.
EXAMPLE |

a. Conformational Changes in gp120 Induced by Complex Formation
with CD4

We analyzed the release of gp120 from the virus surface under various
conditions. Molt3/HIV-1ys cells were labeled with 35S-methionine (150 uCi/ml)
for 3 héurs. The labeled cells were then washed and resuspended in RPMI
medium containing cold methionine. The cells were then cultured for 4 hours in
the presence of recombinant sCD4 (DuPont). The cell-free supernatant was
collected and then passed through a Sephacryl S 1000 column in order to
separate virions from free viral proteins. Each of the fractions was treated with
detergent, immunoprecipitated with human sera positive for anti-HIV-1
antibodies, and analyzed by SDS-PAGE and autoradiography. The amount of
gp120 present in the virus and free viral protein fractions was quantitated by a
densitometric scan of the autoradiograph. In accordance with previous studies

(17, 18), we observed that treatment of virus with sCD4 clearly resulted in an

16
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increased level of gp120 in the free protein fraction and a coincident decrease
in the virus fraction (Fig. 1A), indicating that the conformation of gp120 was

altered to dissociate it from the virion.

To further investigate how sCD4 alters the conformation of gp120, we
conducted studies on thrombin-mediated cleavage of gp120. Digestion of
gp120 by thrombin generates 70 KD and 50 KD products (Fig. 2A). This
cleavage takes place at the V3 loop. A monoclonal antibody directed against
an epitope within the Iobp blocks the cleavage completely. The thrombin-
mediated cleavage at the V3 loop of gp120 is enhanced after binding with
sCD4. This indicates an increased exposure of the V3 loop on the surface of

the protein, which renders it more susceptible to protease cleavage.

b. Conformational Changes in gp120 Induced by Complex Formation
with Succinyl Concanavalin A

It was previously demonstrated that the incubation of HIV-1 with
mannose-specific lectins, such as concanavalin A or succinyl concanavalin A
attenuates viral infectivity (27, 28). Incubation of 35S-methionine-labeled gp120
with SC resulted in the enhanced susceptibility of the V3 loop to thrombin
digestion (Fig. 2A). This effect was specific, as preincubation of lectin with a-
methyl mannoside blocked the enhanced effect completely (Fig. 2B). In
addition to increasing the exposure of the V3 loop, interaction of HIV-1 with SC
resulted in a dissociation of gp120 from the viral membrane (Fig. 1B). The

degree of such shedding was somewhat less than that observed with sCD4.

17



10

15

20

WO 2005/019248 PCT/US2004/020757

Nevertheless, these studies clearly indicated that sCD4 and SC alter the

conformation of gp120, and in a very similar manner.

C. Immunological Properties of Chemically Coupled gp120-CD4
Complexes

We demonstrated that gp120-sCD4 complexes are immunogenic and
capable of eliciting HIV-1-neutralizing antibodies. An immunoaffinity procedure
was used to purify gp120 from chronically-infected HO/HIV-1,5 cells. The
purified gp120 was then crosslinked to sCD4 (DuPont) using the noncleavable,
water-soluble crosslinker, bis(sulfosuccinimidyl) suberate (BS). Mice were
inoculated with the complexes and the immune sera examined for any effect on
HIV-induced syncytium formation. Syncytium formation induced by HIV-1,g
and HIV-1yn infected cells was markedly inhibited by the immune sera. A
representative inhibition curve of one immune serum is shown in Fig. 3A.
Syncytium formation induced by cells infected with the highly related HIV-2 was
also inhibited in the presence of the serum. These results demonstrate that

gp120-sCD4 complexes are capable of eliciting broadly neutralizing antisera.

We also inoculated mice with complexes comprised of thrombin-digested
gp120 and sCD4. In this case, the gp120 V3 loop was expected to be modified
by protease cleavage. Since V3 has been reported to be the neutralizing
epitope on gp120, it has been of interest to determine how such cleavage would
affect the ability of the complex to elicit neutralizing antibodies. As shown in
Fig. 3B, inoculation of mice with thrombin-digested gp120-CD4 complexes

elicited antibody capable of blocking syncytium formation induced by the HIV-
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1me and HIV-1yy isolates. However, this inhibiting effect was not observed with

HIV-2 induced syncytium formation.

Our preliminary expefiments clearly demonstrated that the covalently
coupled gp120-CD4 complexes can elicit a broadly neutralizing antibody
response. We then undertook to determine whether cryptic epitopes on the
complex are recognized by the neutralizing antibodies and to characterize the

epitopes.
EXAMPLE Il
a Immunological Properties of gp120-CD4 Complex

The glycoprotein gp120 used in the preparation of gp120-CD4 complex
was purified HO/HIV-11IIB cells by immunoaffinity chromatography. The célls
were lysed in a buffer containing 20 mM Tris (ph 8.2), 0.15 M NaCl, 1.0% Triton
X-100, and 0.1 mM PMSF. The lysate was centrifuged at 100,000 x g for 1 hr.
The NaCl concentration in the supernatant was adjusted to 1 M and the lysate
was then reacted with an affinity matrix prepared with human anti-HIV
immunoglobulins purified from serum of an: HIV-antibody positive subject. The
bound antigens were eluted with 50 mM diethylamine, pH 11.5, and the pH of
the eluate was immediately adjusted to 8.0 with Tris HCl. The eluate was
extensively dialyzed against 10 mM phosphate buffer (pH 6.5) containing 0.5 M
NaCl, 0.1 mM CaCl, 1 mM MgClz, and 0.2 mM MnCly, followed by the addition
of Triton X-100 to reach 0.2% by weight solution of the detergent. The dialyzed
material was then passed through a lentil-lectin column. The glycoproteins

were isolated from the lentil-lectin column by eluton with 0.4 M o-
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methylmannoside and were then dialyzed against 20 mM Tris HCI (pH 8.2)
containing 1 M NaCl and 0.2% Triton X-100. The dialyzed material was then
applied to an affinity matrix prepared with a mouse monoclonal antibody SVM-
25 (U.S. Patent 4,843,011) reactive against gp41 to absorb gp160 and any
gp41 present. The flow-through from the affinity column was dialyzed
extensively against 10 mM BES (pH 6.5) containing 1 mM EDTA and was
loaded on a phosphocellulose column equilibrated with the same buffer. The
column was developed with a linear gradient of 0-500 mM NaCl and fractions

containing gp120 were pooled, concentrated, and dialyzed against PBS.

The purified glycoprotein was coupled to sCD4 (commercially obtained
from DuPont) by using bis (sulfosuccinimidyl) suberate (BS) (Pierce) as a
crosslinker. For this gp120 and sCD4 were mixed at 1:2 molar ratio in PBS and
incubated at 37° C for 1 hr followed by treatment with 0.5 mM BS at room
temperature for 1 hr. The complex was further incubated overnight at 4°C. The

excess BS was blocked with 20 mM Tris-HC! (pH 8.0).

b. Development of gp120-CD4 Complex-Specific Monoclonal
Antibodies
Balb/C mice were subjected to six biweekly inoculations of the gp120-
CD4 complex. The initial inoculum (48 Mg per mouse) was emulsified in
Complete Freunds Adjuvant and administered by subcutaneous injection. In
subsequent inocula (24 ug/mouse) were emulsified in Incomplete Freunds
Adjuvant and were administered by intraperitoneal injection. Two weeks after

the final inoculation the animals were bled and the sera examined for HIV-1
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neutralizing antibodies by a syncytium-blocking assay. Briefly, CEM cells (1
10°) were cocultured with HIV-1 infected cells (1x10%) in the presence of the test
serum and the number of giant cells were counted after 24-40 hr. Syncytium
formation induced by HIV-1,5- and HIV-1y-infected cells was markedly
inhibited by the serum of the mice that was immunized with gp120-CD4
complex. ~ Syncytium formation induced by HIV-2-infected cells was also
inhibited by these sera indicating that gp120-CD4 complexes are capable of

eliciting broadly neutralizing antibodies in mice.

After detection of neutralizing antibodies in mice, the animals received a
final intraperitoneal form of gp120-CD4 complex in PBS without adjuvant. On
the fourth day, the animals were sacrificed and the spleen extracted. Splenic
lymphocytes were flushed from the spleen with a syringe. The cells (7x107)
were fused with 1x10” NS-1 mouse myeloma cells (ATCC, Rockville, Maryland),
overnight in super HT [DMEM containing 20% fetal calf serum (Hyclone), 0.1 M
glutamine, 10% NCTC-'® lymphocyte conditioned medium, 0.5 mM Na-
pyruvate, 0.2 U/ml insulin, 1 mM oxalacetic acid, and 100 u/ml
penicillin/streptomycin] (GIBCO) containing 40% PEG 1540. The cells are then
suspended in super HT containing 0.4 xM aminopterin and placed in 96-well

plates.

Initially, hybrodomas were selected for the production of gp120-CD4 and
gp120-CD4 complex-specific antibodies. Pooled hybridoma supernatants were
tested in the ELISA using gp120, CD4 and gp120-CD4 as antigens.

Supernatants of pools containing complex-specific antibodies were tested
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individually. Hybridomas of interest were cloned by replating in super HT at a
density of 1 cell/well. Supernatants from cloned hybridomas were further tested

by ELISA using gp120-CD4 complexes.

Four hybridomas were selected which secreted immunoglobulin
demonstrating a high level reactivity against gp120-CD4 complex and negligible
reactivity with either gp120 or sCD4 in ELISA (Table 1). Notably, one of the
monoclonal antibodies, MoAb 7E3, was of the IgA isotype. Immunoglobulins
were subsequently purified from the ascites fluid of each hybridoma and further
analyzed by Western blot assay with gp120-CD4 complexes, free gp120, or
sCD4. While none of the antibodies reacted with free gp120 or sCD4,
antibodies 7E3 and 8F10B displayed high levels of reactivity with the complex
(Fig. 4) and a low molecular weight fragment of complex. Although antibodies
8F10C and 8F10D reacted strongly with the complex in ELISA (Table 1),
reactivity with the complex in Western blot was weak. These results suggest
that MoAbs 8F10C and 8F10D are directed against a set of highly
conformation-dependent, complex-specific epitopes that are distinct from the

epitopes recognized by MoAbs 7E3 and 8F10B.

Purified 7E3, 8F10B, 8F10C, and 8F10D immunoglobulins were tested in
cell-free infection assays using PHA-stimulated peripheral blood mononuclear
cells (PBMCs) and a variety of HIV-1 isolates. As shown in Table 2, none of the
antibodies had any significant effect on the infection of PBMC by the laboratory-
adapted strain, HIV-11lIB. However antibodies 7E3, 8F10B, and 8F10C

neutralized the infection of PBMC by a primary isolate of HIV-IMN to a
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significant extent, whereas antibody 8F10D had no effect. In contrast to these
results, none of the antibodies blocked syncytium formation induced by HO/HIV-
111B or HY/HIV-1MN on CEM cells. Our preliminary experiments suggest that
the extent of cell-free neutralization by these complex-specific antibodies may
depend on the infection rate of the isolate. In general, primary HIV-1 strains
with lower infection rates tend to be neutralized more effectively than more

virulent lab-adapted strains of HIV-1.

To determine whether the complex-specific antibodies bind to the gp120
or the CD4 moiety of the complex, we took advantage of our demonstration that
the mannose-specific lectin, succinyl conA (SC), perturbs the conformation of
the glycoprotein in a manner similar to that induced by sCD4 (33). SC and
gp120 were cross-linked with BS3 and tested in ELISA. MoAbs 7E3 and 8F10B
reacted strongly with the gp120-SC complex (Fig. 5) but did not react with free
gp120 or SC. In contrast, antibodies 8F10C and 8F10D showed only weak
binding to the complex. These results suggest that antibodies 7E3 and 8F10B
are directed towards either cryptic epitopes exposed on gp120 in response to
SC binding or new epitopes created in the protein following the chemical
reaction with BS3 during crosslinking. Recent immunological characterization of
these antibodies has revealed that these antibodies recognize an epitope
present in the region of crosslinker BS3 introduced in the gp120 molecule and

are not specific to gp120.
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c. Immunological Response Against gp120-CD4 Complex in Goats

We have also analyzed the immunogenic response against gp120-CD4
complex in a larger species of animals. An animal (goat 69) was repeatedly
inoculated with 100 pg gp120-CD4 complex in Freund’s adjuvant and after the
fitth inoculation the serum was examined by ELISA for reactivity with gp120,
sCD4 and the complex. Antibodies reactive against both free gp120 and sCD4
were detected in the sera. To determine if complex-specific antibodies were
also elicited, the serum was tested in cross-competition aséays with MoAbs
7E3, 8F10B, 8F10C, and 8F10D. Two-fold serial dilutions of goat 69 serum
were incubated with limiting dilutions of each MoAb and tested in gp120-CD4
complex ELISA. As shown in Fig. 6, antibodies in the goat serum were able to

block the binding of all four monoclonal antibodies.

The goat serum was tested for neutralizing antibodies in syncytium
blocking and cell-free infection assays (Table 3). For comparison, serum from
another animal (goat 58) taken after five inoculations with HIV-1IIIE viral gp120,
was also tested. In syncytium assays, goat 69 serum reduced syncytium
formation = 80% at titers of 1:640 and 1:80 against HIV-1IlIB and HIV-1MN,
respectively; goat 58 serum was much less effective. Goat 69 serum
neutralized cell-free infection of CEM cells by HIV-11IIB with a titer of 1:80.
Again, this titer was significantly higher than the titer (1:20) of goat 58 serum.
Goat 69 serum also mediated group-specific neutralization of cell-free infection
by primary isolates HIV-1MN and HIV-1JRFL (Table 3). The neutralizing titer

(1:80) was comparable to that of a broadly neutralizing human serum (1:160)
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tested in parallel; goat 58 serum failed to block HIV-1MN infection even at <1:20
dilution. Goat 69 serum was retested after removal of anti-CD4 antibodies by
preabsorption with CEM cells. Removal of such antibodies was verified by flow
cytometric analysis with SupT1 cells which showed nearly 90% reduction in cell
surface binding. Despite this reduction, the neutralization titer of the absorbed
serum was only two-fold less (1:40) than unabsorbed serum, indicating that

neutralization is not entirely due to anti-CD4 antibodies.

The results presented in this example indicate that covalently cross-
linked gp120-CD4 complexes possess a number of immunogenic complex-
specific epitopes. At least a portion of these epitopes reside on the gp120
moiety of the complex. Moreover, some complex-specific epitopes are targets
for broadly neutralizing antibodies specifically effective against cell-free infection
by diverse HIV-1 strains, including primary field isolates targeted toward PBMC.
Based on these findings, it is possible that the complexes could serve as a

protective vaccine or immunotherapeutic reagent.

EXAMPLE HiI

a. Preparation of gp120-CD4 Complex (1:1 Molar Ratio) Free from
Any Uncomplexed CD4
In the immunization protocol described above gp120 and CD4 were
complexed at a 1:2 molar ratio. As the immunization with this material resulted
in the isolation of anti-CD4 antibodies, we wanted to prepare gp120-CD4
complex (1:1 molar ratio) free from any uncomplexed receptor molecules to

optimize the conditions for eliciting anti-gp120 antibodies. gp120 and CD4 (1:1
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molar ratio) were bound at 37°C for 1 hr, reacted with BS for 1 hr at room
temperature and then overnight at 4°C. After blocking the free crosslinker with
Tris buffer (pH 8.0), the solution was treated with Sepharose coupled to anti-
CD4 monoclonal antibody E for 30 min at room temperature. As E binds to an
epitope on CD4 involved in the interaction with gp120, this treatment removed
any uncomplexed CD4 present. A gel showing gp120-CD4 complex prepared
in this manner is shown in Figure 4. It was clear that only the complex with
molecular weight 170 kD and ~340 kD is evident in the gel. There was no free

gp120 or CD4 present in the preparation.
EXAMPLE IV

In order to more accurately determine if the immune response to gp120-
CD4 complexes differs from the responses to the individual complex
components, the following experiment was conducted. Separate groups of
mice were inoculated with equal amounts of CD4, gp120 or gp120-CD4
complexes. After five inoculations, sera were taken from the animals and
analyzed. As shown in Table 4, all three of the CD4-immunized animals
possessed syncytium blocking seroantibodies effective against HIV-1,5 and
HIV-1un.  All four sera from the complex-immunized animals blocked HIV-15
induced syncytia; two of the four also blocked syncytia induced by HIV-1y.
Overall, neutralizing titers in sera from complex-immunized animals was lower
than sera from CD4-immunized animals. Surprisingly, none of the gp120-

immunized animals displayed syncytium blocking seroantibodies.
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Reactively with CD4 in ELISA between the CD4-immunized and
complex-immunized groups was similar (Table 4). The one exception was a
complex-immunized animal (mouse 8) which possessed a titer of anti-CD4
antibodies significantly lower than the other animals. Among complex-
immunized animals, the level of anti-CD4 reactivity did not correlate with
syncytium blocking activity; mouse 10 serum was more effective in blocking
syncytia than mouse 9 serum, even though mouse 9 serum had a slightly higher

level of anti-CD4 reactivity.

Overall, complex-immunized animals possessed lower titers of anti-V3

loop antibodies; such antibodies were virtually absent from mouse 9 serum.
EXAMPLE V

Sera from CD4-immunized and complex-immunized animals were also
tested for reactivity with a variety of synthetic peptides derived from the CD4
sequence (Table 5). Although the overall level of anti-CD4 reactivity between
CD4-immunized and complex-immunized groups was similar (Table 4), the
patterns of reactivity with linear epitopes differed. While sera from CD4-
immunized animals reacted with peptides derived from the N-terminal portion of
CD4 (peptides A and B), such reactivity was absent in sera from complex-
immunized animals. This is in accordance with the fact that the N-terminus of
CD4 reacts with gp120. The prevalence of reactivity with a peptide derived from
domain 3 of CD4 (peptide D) was also reduced among complex-immunized

animals relative to CD4-immunized animals. Notably, reactivity with a peptide
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derived from domain 4 of CD4 (peptide F) was unique to complex-immunized

ahimals 10 and 11.

The data of Examples [V and V, taken together, indicate that the immune
response against gp120-CD4 complexes is unique and different from responses
to free CD4 and free gp120. Differences in the anti-complex response are
reflected in 1) a reduced response against the gp120 V3 loop; 2) a reduced
response against linear epitopes in the CD4 N-terminus; 3) an increased
response to linear epitopes in CD4 domain 4. It should be noted that the latter

epitopes may be hidden in the free CD4 molecule.

According to the present invention, using gp120-sCD4 complexes as
immunogens, we have been able to raise HIV-1 neutralizing antibodies that are
complex specific. The results we have obtained with these antibodies show that
covalently coupled gp120-CD4 complexes possess immunogenic epitopes that

are not normally functional in the unbound proteins.

EXAMPLE VI

In this example, we have demonstrated that a complex of gp120 and a
fragment of CD4 is immunogenic and elicits HIV-1 neutralizing antibodies. In
particular, a fragment of CD4, which only contains the first two domains of CD4
which are involved in gp120 binding, was cloned and expressed in Chinese
hamster ovary (“CHO") cells. Figure 8 shows a schematic representation of this
fragment of CD4 (shown as “DID2”) in comparison to sCD4 (shown as “‘SCD4")

and CD4. The fragment of CD4 does not contain the third and fourth domains
of CDA4.
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The DID2 fragment was then purified to homogeneity from the
supernatant of the CHO cells. The purified DID2 fragment was shown to
complex with gp120 and the complex elipited an anti-HIV-1 response in rabbits.
Preparation of DID2, immunological reactivity of DID2 and immunogenicity of

5 the gp120-DID2 complex is discussed below in detail.
a. Expression of DID2 in CHO Cells:

A T4-PMV7 plasmid encoding a human soluble CD4 gene was obtained
in a bacterial suspension from the NIH AIDS Research and Reference Reagent
program. Bacteria from the suspension were streaked on an agar plate

10 containing amphicillin. Colonies were then picked and subjected to large-scale
culture for the preparation of a sufficient amount of plasmid DNA. The region of
the CD4 gene encoding the first two domains involved in gp120 binding was

PCR amplified using the following primers:

S’ Primer: 5’ sCD4 Hind (Invitrogen) (SEQ ID NO:1)

ATC  T6A | aac  crr || ate | aac CGG  GGA
Hind ITI Site Start

15 GTC CCT TTT AG
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3’ Primer: 3’ CD4 (V1,V;) Bam (Invitrogen) (SEQ ID NO:2)

ATA  AAT |_aeA 1]l 1A | cor e GeA aae
BamHI Site Stop

CIT CIG GAA

The PCR amplified CD4 fragment, DID2, was then inserted into an expression
vector under a CMV promoter. The resulting expression vector, PTK13+Neo4,
is shown in Figure 9. The sequence of the expression vector PTK13+Neo4 is

shown in the sequence listing below as SEQ ID NO:3.

The resulting expression vector, PTK13+Neo4, was transfected into CHO
cells and selected initially with G418 and then with G418 and methotrexate.
Stable clones were screened for DID2 expression by antigen capture assays
and the CHO clone secreting the highest level of DID2 was located. This clone
was adapted to grow in serum free medium and subsequently expanded to a 10

liter culture.
b. Purification and Immunological Reactivity of DID2

DID2 was purified from the supernatant of CHO cells by immunoaffinity
chromatography using an anti-CD4 monoclonal antibody. Figure 10 is a

flowchart showing the steps used in purifying DID2 in detail.

* The purified CD4 fragment, DID2, was then analyzed by SDS-PAGE.

Figure 11A shows a SDS-PAGE profile of DID2 compared with that of sCD4
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(shown as “SCD4” in Figures 11A and 11B). In Figure 11A, lane 1 is purified
DID2, lane 2 is sCD4 and lane 3 has molecular weight markers. Both sCD4 and
DID2 migrated as a single band corresponding to molecular weights of ~45kD
and ~25kD, respectively, which suggests that both proteins were purified to

homogeneity with a high degree of purity.

The immunological reactivity of DID2 was then analyzed by a Western
blot assay with hyperimmune sera from human sCD4 immunized macaques.
Figure 11B shows the Western blot profile of immunological reactivity of both
sCD4 and DID2 with anti-CD4 sera. In particular, Figure in 11B, lane 1 is st4,
lane 2 is DID2 and lane 3 has molecular weight markers. It is clear from this
figure that both sCD4 and DID2 reacted strongly with hyperimmune anti-CD4

macaque sera and therefore contain immunologically reactive epitopes.
c. Covalent Cross-linking of DID2 with HIV-1 gp120

The DID2 fragment was then complexed with gp120 from HIV-1 llIB by
covalent cross-linking. In particular, the DID2 fragment was incubated with
gp120 for 2 hours at 37°C and then treated with 0.5mM BS3 for 15 minutes at
room temperature. The reaction was terminated with 50mM Tris-HCI (pH 8.0)
and the complex was purified by chromatography over a column of Sepharose
coupled to anti-gp120 antibody (2C6). The complex was then extensively
washed and then eluted with 100mM Na,COs. The pH of the eluate containing
the complex was then adjusted to 8.0 and the solution was concentrated. This
treatment removed any uncomplexed DID2 (free DID2 fragment). The complex

and free DID2 fragment were then analyzed by SDS-PAGE. Figure 12 shows a
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SDS-PAGE profile of the complex and free DID2 fragment. In Figure 12, lane 1
is the complex, lane 2 is the free DID2 fragment and lane 3 has molecular
weight markers. It is clear from this figure that DID2 binds efficiently with gp120
and covalent crosslinking of DID2 and gp120 resulted in the formation of both
monomeric and multimeric complexes. Purified complex preparation contained

undetectable levels of free DID2 fragment.
d. Immunogenicity of the gp120-DID2 Complex in Rabbits

The immunogenicity of the gp120-DID2 complex purified as described
above was then exami;1ed in rabbits. Two rabbits (C2267 and C2271) were
each immunized with 50 pg of the complex in Ribi adjuvant three times at
weeks 0, 4 and 8. Sera from each rabbit was collected 2 weeks after each
immunization, i.e., at weeks 2, 6 and 10, and analyzed. Antibody titers
measured after each immunization by ELISA against the complex are shown in
Table 6 below. Antibody titers measured against gp120, sCD4 and DID2 were
also taken (and shown also in Table 6) so that it could be determined whether
the immune response to the gp120-DID2 complex differed from the responses
to the individual complex components. It is clear from Table 6 that the gp120-
DID2 complex elicited an antibody response far superior than that of gp120,

sCD4 or DID2.

Sera from the complex-immunized rabbits collected at weeks 6 and 10
was then assayed for neutralization of the SHIV162P3 isolate in U373 cells.

Sera from both rabbits neutralized the SHIV162P3 virus as shown in Figure 13.
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As is readily apparent in Figure 13, neutralization was significantly higher with

week 10 sera.

Thus, while there have been described what are presently believed to be

the preferred embodiments of the present invention, those skilled in the art will

5 realize that other and further embodiments can be made without department
from the spirit and scope of the invention, and it is intended to include all such

further modifications and changes as come within the true scope of the

invention.
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TABLE 1
Reactivity of Monoclonal Antibodies Raised
Against gp120-CD4 Complexes in ELISA

Antibody Isotype (OD 450nm)

CD4 gp120 Complex

7E3 IgA 427 .340 >3.0

8F10B 9G4 146 175 1.5
8F10C 19G1 119 191 >3.0
8F10D lgG4 208 202 >3.0
anti-gp120 19G4 .088 >2.0 >2.0
anti-CD4 9G4 >3.0 103 >3.0

The results shown are with hybridoma supernatants, the same specificities were
evident with purified immunoglobulin.
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TABLE 2
Neutralization of Cell-Free HIV-111IB
and of HIV-1MN Primary Isolate by gp120-CD4
Complex-Specific Monoclonal Antibodies

Antibody
Concentration % Inhibition?
Hg/ml HIV-1u HIV-1un
7E3 100 37 88.7
50 55 69.8
25 0 29.8
8F10B 100 26.2 67.2
50 6.2 36.3
25 0 28
8F10C 100 0 75.8
50 0 29
25 0 0
8F10D 100 17 0
Anti-CD4
(control)
50 100 100

a.  PHA stimulated PBMC (2x105 cells) were infected with either HIV-
1IIB or a primary isolate of HIV-1MN (50 TCID50) for 18 hr in the
presence of the indicated amounts of purified antibodies. Cells
were then washed and cultured in fresh medium containing the
same quantities of antibodies. The p24 content of the supernatant
was determined on day 7 and the percent inhibition was calculated
relative to control assays carried out in the absence of the

antibodies.
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TABLE 3

Neutralizing Activity of Sera from Goats Immunized

with either gp120-CD4 Complex or gp120

Syncytium Cell-Free Neutralization®
Blocking®
Serum Immunogen HIV-1 Strain HIV-1 Strain/Target Cell
1B MN s/ MN/ JRFL/
CEM PBMC | PBMC
Goat 69 gp120-CD4 | 1:640 1:80 1:80 1:80 1:80
Complex
Goat 58 gp120 1:20 <1:20 1:20 <1:20 Not
tested
Goat 69 gp120-CD4 | <1:25 | <1.25 Not 1:40 Not
tested tested
(Cell Complex
Absorbed)

HIV-1yp-infected H9 cells were incubated with uninfected CEM cells
in the presence of two-fold serial dilutions of each serum. The
number of syncytia were scored in 3 fields of each well after 24 hr.

Immune and preimmune serum from each goat was diluted 1:10 in
culture media. The immune serum was then diluted serially in
preimmune serum, thus maintaining a constant serum concentration
in all assay wells. Preimmune goat sera and normal human serum
did not demonstrate neutralization relative to control assays in
which serum was omitted.

The titers shown produced = 80% reaction in syncytia or
neutralization relative to matched preimmune sera.
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TABLE 4
Syncytia Blocking
Mouse | Immunogen Titer® HIV- HIV-1g40"2 CD4 ELISA
Tia/HIV-1yn Peptide Titer®
ELISA Titer®
1 CD4 1:1600/1:1600 Not Tested >1:256,000
2 CD4 1:800/1:1600 Not Tested >1:256,000
3 CD4 1:800/1:400 Not Tested >1:256,000
4 gp120 <1:50/<1:50 1:3200 Not Tested
5 gp120 <1:50/<1:50 1:1600 Not Tested
6 gp120 <1:50/<1:50 1:200 Not Tested
7 gp120 <1:50/<1:50 1:3200 Not Tested
8 complex 1:100/<1:50 1:400 1:32,000
9 complex 1:100/<1:50 <1.25 1:256,000
10 complex 1:400/1:200 1:800 1:128,000
11 complex 1:400/1:100 1:800 1:128,000

Titers are given as the highest serum dilution producing 100% blocking

of syncytia formation. Preimmune sera did not reduce syncytia relative to
control experiments in which serum was absent.

Serial two-fold dilutions of each serum was tested.

ELISA values

(absorbance at 450nm) were converted by subtraction of values obtained
with the same dilutions of preimmune serum. Titers are given as the
highest serum dilution having a corrected ELISA value of < 0.5,

value of < 0.5.
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TABLE 5
CDR4 Peptide ELISA Values (Assonm)®
Mouse | Immunogen A B C D E F G H ! J K
1 CD4 158 | 1.05 | 0.16 | 2.65 [ 0.21 | 0.18 | 0.35 | 0.21 | 0.13 | 0.1 | 0.19
5

2 CD4 237 [038[017 |26 |022|0417 |04 | 021|015 | 0.18 0.24
3 CD4 056 | 029 012|234 018|013 | 021|019 | 0.13 | 0.14] 0.20
8 Complex 028 |027 |017 | 040 | 023 | 0.16 | 0.13 | 0.19 | 0.15 | 0.16| 0.26
9 Complex 023 [029 020023021019 |0.15 020 |0.14 | 0.24 0.17
10 Complex 017 | 033|026 |061|03 |15 |017 036|017 | 0.35 0.13
11 Complex 033 | 04303 |22 [036|056 |034036|028]03]020

°® Sera were tested at a dilution of 1:1000 for reactivity with peptides
derived from the CD4 sequence. Peptide A, residues 25-58; B,
residues 37-53; C, residues 318-335; D, residues 230-249; E,
residues 297-314; F, residues 330-344; G, residues 350-369; H,
residues 310-324; |, residues 81-92 (Benzylated); J, residues 81-92;
K, irrelevant peptide. ELISA values = two-fold higher than values with
irrelevant peptide are shown in Bold type. Reactivity of preimmune
serurg with the CD4 peptides was the same as with the irrelevant
peptide.
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TABLE 6
ELISA Titers Measured Against
Rabbit] 10 gp120 sCD4 DID2 ep120-D1D2
Week 2} Week 6] Week 10} Week 2 | Week 6] Week 10] Week 2| Week 6 | Week 10] Week 2| Week 6 | Week 10
C2267] 50 1600 | 102400| 25 6400 | 102400| S50 25600 | 102400 1600 |1638400f 409600
C2271] 200 | 6400 | 102400 50 1600 | 102400 25 6400 | 1024001 800 | 409600 | 1638400
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Claims
What Is Claimed:

1. An immunogenic complex comprising gp120 covalently bonded to

a fragment of CD4 or an equivalent thereof.

2. The immunogenic complex of Claim 1 wherein said fragment of

CD4 comprises the first and second domains of CD4.

3. The immunogenic complex of Claim 1 wherein cryptic epitopes

are revealed.

4, The immunogenic complex of Claim 1 wherein said gp120 is

covalently cross-linked to said fragment of CD4.
5. A composition comprising the immunogenic complex of Claim 1.

6. The composition of Claim 5 further comprising an adjuvant

composed of aluminum phosphate gel.

7. A composition comprising the immunogenic complex of Claim 1

and a pharmaceultically acceptable carrier.

8. An antibody reactive with the immunogenic complex of Claim 1.
9. The antibody of Claim 8, which is a monoclonal antibody.

10. An immortalized cell line that produces an antibody as recited in
Claim 9.
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11. A method of raising neutralizing antibodies against HiV,
comprising administering to a subject an immunogenically effective amount of a
complex of gp120 covalently bonded to a fragment of CD4 or an equivalent

thereof in a pharmaceutically acceptable carrier.

12. The method of Claim 11 wherein the fragment of CD4 comprises

the first and second domains of CD4.

13. A method for the detection of HIV antigen in a test fluid,
comprising contacting the test fluid with an antibody raised against an
immunogenic complex of gp120 covalently bonded to a fragment of CD4 or an
equivalent thereof, and detecting the presence of immune complexes formed

between antigen in the test fluid and said antibody.

14. A test kit for conducting the method of Claim 13, comprising said
antibody that is bound to a solid substrate or labelled and instructions for

performing the detection method.

15. A vaccine comprising an immunogenically effective amount of a
complex of gp120 covalently bonded to a fragment of CD4 or an equivalent

thereof in a pharmaceutically acceptable medium.

16. An immunogenic complex comprising gp120 covalently bonded to

a CD4 equivalent molecule.

17. The immunogenic complex of Claim 16 wherein cryptic epitopes

are revealed.
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18. The immunogenic complex of Claim 16 wherein said CD4

equivalent molecule is a scorpion toxin-based CD4 mimetic miniprotein.

19. The immunogenic complex of Claim 16 wherein said gp120 is

covalently cross-linked to said CD4 equivalent molecule.

20. A method of raising neutralizing antibodies against HIV, comprising
administering to a subject an immunogenically effective amount of a complex of
gp120 covalently bonded to a CD4 equivalent molecule in a pharmaceutically

acceptablecarrier.
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- Adjust Medium to pH 8.0
- 20mM Tris
- 0.5M NaCl
~0.8% Tritan X-100

Y

- Filtered through 0.22uM Filters
(adjust pH to0 7.5)

¥

- Pass Over Anti-CDD4 Monotional Antibody
Coupled Sepharose Column Overnight at 4°C

¥

- Wash Column Sequentially with:
- Tris/Triton/NaCl pH 8.0
- Tris/NaCl pH 8.0
- 0.15M NaCi

h 4

- Elule CD4 D1/D2 with Low pH Elttion Buffer
pH 3.0

¥

- Adjust pH 10 8.0
- Concentrate
- Dialyze against PBS

¥

- Aliguote and store at -70°C

FIG. 10
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<110>

SEQUENCE LISTING

Pal, Ranaijit

Markham, Phillip
Keen, Timothy
Whitney, Stephen
Kalyanaraman, V.S.

<120>
<130>

<140>
<141>

<150>
<151>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

HIV Immunogenic Complexes
00711 CIP

Unassigned
2003-07-01

US 09/905,962
2001-07-17

US 09/479,675
2000-01-07

US 09/075,544
1998-05-11

3

Patentln version 3.2

1

35

DNA

Artificial

5' Primer: 5' sCD4 Hind

1

atctgaaagc ttatgaaccg gggagtccct tttag

<210>
<211>
<212>
<213>

<220>
<223>

2

36

DNA
Avrtificial

3' Primer: 3' CD4 (V1V2) Bam
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<400> 2
ataaatggat ccttaggtgt cggaggcecit ctggaa

<210> 3
<211> 8911
<212> DNA
<213> Artificial

<220>
<223> Expression Vector PTK13+Neo4

<400> 3
ctgacgtcgc ggccgctcta ggectccaaa aaagcctect cactacttct ggaatagcte

agaggccgag gcggcectcgg cctctgcata aataaaaaaa attagtcagce catgcatggg

gcggagaatg ggcggaactg ggeggagtta ggggegggat gggeggagtt aggggeggga

ctatggttgc tgactaattg agatgcatgc tttgcatact tctgectget ggggagcectg
gggactticc acacctggtt gctgactaat tgagatgceat getttgcata cttctgectg
ctggggagcc tggggacttt ccacacccta actgacacac attccacaga attaattcce
ggggatcgat ccgtcgacag acatgataag atacattgat gagtttggac aaaccacaac
tagaatgcag tgaaaaaaat gctttatttg tgaaattigt gatgctattg ctttattigt
aaccattata agctgcaata aacaagttaa caacaacaat tgcattcatt ttatgttica
ggttcagggg gaggtgtogg aggtitttta aagcaagtaa aacctctaca aatgtggtat
ggctgattat gatcictagt caaggcacta tacatcaaat attccttatt aaccccttta
caaattaaaa agctaaaggt acacaatttt tgagcatagt tattaatagc agacactcta
tgcctgtgtg gagtaagaaa aaacagtatg ttatgattat aactgttatg cctacttata
aaggttacag aatatttttc cataattttc ttgtatagca gtgcagcttt ttcctttgtg
gtgtaaatag caaagcaagc aagagticta ttactaaaca cagcatgact caaaaaactt
agcaattctg aaggaaagtc cttggggtct tctacctttc tcttcttttt tggaggagta
gaatgttgag agtcagcagt agcctcatca tcactagatg gcatttcttc tgagcaaaac

aggttttcct cattaaaggc attccaccac tgctcccatt catcagttce ataggttgga

2/8
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atctaaaata cacaaacaat tagaatcagt agtttaacac attatacact taaaaatttt
atatttacct tagagcttta aatctctgta ggtagtttgt ccaattatgt cacaccacag
aagtaaggtt ccticacaaa gatctaaagc cagcaaaagt cccatggtct tataaaaatg
catagcttta ggaggggagc agagaacttg aaagcatctt cctgttagte tticttcteg
tagacttcaa acttatactt gatgectttt tcctcctgga cetcagagag gacgcctggg
tattctggga gaagtttata tttccccaaa tcaatticty ggaaaaacgt gtcactttca
aattcctgca tgatecttgt cacaaagagt ctaaggtgge ctggttgatt catggettcc
tggtaaacag aactgcctce gactatccaa accatgtcta ctitacttge caattccggt
tottcaataa gtcttaaggc atcatccaaa cttttggcaa gaaaatgage tectegtggt
ggttctitga gttctctact gagaactata ttaattctgt cctttaaagg tegattcttc
tcaggaatgg agaaccaggt tttcctacce ataatcacca gattctgttt accttccact
gaagaggttg tggtcattct tiggaagtac ttgaactcgt tcctgagegg aggecagggt
aggtctecgt tettgecaat coccatattt tgggacacgg cgacgatgea gttcaatggt
cgaaccatga tggcagcggg gataaaatce taccagectt cacgcetagga ttgcegtcaa
gtttggcgeg aaatcgcage cetgagetgt ceccececece aagctttttg caaaagccta
ggcctccaaa aaagcctcct cactacttct ggaatagetc agaggecgag gcggcectecgg
cctctgcata aataaaaaaa attagtcagc catggggegg agaatgggcg gaactgggceg
gagttagggg cgggatggge ggagttaggg gegggactat gottgctgac taattgagat
gtcgacaata tiggctattg gecattgeat acgttgtatc tatatcataa tatgtacatt
tatattggct catgtccaat atgaccgcca tgttgacatt gattattgac tagttattaa
tagtaatcaa ttacggggtc attagttcat agcccatata tggagttceg cgttacataa
cttacggtaa atggccegec tggetgaceg ceccaacgace cccgceccatt gacgtcaata
atgacgtatg ttcccatagt aacgccaata gggactttce attgacgtca atgggtggag

tatttacggt aaactgccca cttggcagta catcaagtgt atcatatgcc aagtccgece
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cctattgacg tcaatgacgg taaatggcce gectggcatt atgeccagta catgacctta
cgggactttc ctacttggca gtacatctac gtattagtca tcgctattac catggtgatg
cggtittgge agtacaccaa tgggegtgga tageggttty actcacgggg atttccaagt
ctccacccca ttgacgtcaa tgggagtttg ttttggcace aaaa’;caacg ggactticca
aaatgtcgta ataaccccge ceegttgacg caaatgggeg gtaggegtgt acggtgggag
gtctatataa gcagagctcg tttagtgaac cgtcagatcg cctggagacg ccatccacge
tottttgacc tccatagaag acaccgggac cgatccagec teegeggeeg ggaacggtgc
attggaacgc ggattccceg tgccaagagt gacgtaagta ccgcctatag actctatagg
cacacccctt tggctcttat geatgetata ctgtttttgg ctiggggect atacaccecc
gcttccttat getataggtg atggtatage ttagcectata ggtgtgggtt attgaccatt
attgaccact cccctattgg tgacgatact ttccattact aatccataac atggctcttt
gccacaacta tctctatigg ctatatgcca atactctgtc cttcagagac tgacacggac
tctgtattit tacaggatgg ggtccecattt attatttaca aattcacata tacaacaacg
cegteccceg tgecegceagt ttttattaaa catagegtgg gatctccacg cgaatctegg
gtacgtgttc cggacatggg ctcttctccg gtagecggegg agcttcecaca tccgagcecct

ggtcccatge cteccageggce teatggtege teggeagcete cttgetecta acagtggagg

ccagacttag gcacagcaca atgcccacca ccaccagtgt gcegeacaag gcegtggegg

tagggtatgt gtctgaaaat gagctcggag attgggeteg caccgetgac gcagatggaa
gacttaaggc agcggcagaa gaagatgcag gecagcetgagt tgttgtattc tgataagagt
cagaggtaac tccegttgeg gtgetgttaa cggtggaggg cagtgtagtc tgagcagtac
tegttgetge cgegegegec accagacata atagetgaca gactaacaga ctgttccttt
ccatgggtct tttctgcagt caccgtccaa gettatgaac cggggagtec cttttaggca
ctigetictg gtgetgcaac tggegctect cecageagee actcagggaa agaaagtggt

gctgggcaaa aaaggggata cagtggaact gacctgtaca gcttcccaga agaagagcat
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acaattccac tggaaaaact ccaaccagat aaagattctg ggaaatcagg getccttctt
aactaaaggt ccatccaagc tgaatgatcg cgctgactca agaagaagcc tttgggacca
aggaaacttc cccctgatca tcaagaatct taagatagaa gactcagata cttacatctg
tgaagtggag gaccagaagg aggaggtgca attgctagtg ttcggattga ctgccaactc
tgacacccac ctgcttcagg ggcagagect gaccctgace tiggagagec ccectggtag
tagcccctca gtgcaatgta ggagtccaag gggtaaaaac atacaggggg ggaagaccct
cteegtgtet cagetggage tccaggatag tggcacctgg acatgeactg tcttgcagaa
ccagaagaag gtggagttca aaatagacat cgtggtgcta getttccaga aggcectcega
cacctaagga tcctcgcaat ccetaggagg attaggcaag ggcttgagcet cacgctcttg
tgagggacag aaatacaatc aggggcagta tatgaatact ccatggagaa acccagatct
acgtatgatc agcctcgact gtgectteta gttgccagec atetgttgtt tgccectece
cegtgecttc ctigaccctg gaaggtgceca cteceactgt cetttectaa taaaatgagg
aaattgcatc geattgtctg agtaggtgte attctattct ggggggtggg gtggggcagg
acagcaaggg ggaggattgg gaagacaata gcaggcatgc tggggatgeg gtgggctcta
tggcttctga ggcggaaaga accagetggg getegacage tcgaggctag aggaattceg
ceecteteee tecceceeee ctaacgttac tggeegaage cgcttggaat aaggccggtg
tgcgttigtc tatatgttat tttccaccat attgecgtct tttggcaatg tgagggcccg
gaaacctggce cctgtcttct tgacgagcat tectaggggt ctttceccte tcgccaaagg
aatgcaaggt cigttgaatg tcgtgaagga agcagttcct ctggaagctt cttgaagaca
aacaacgtct gtagcgaccc tttgcaggca geggaaccee ccacctggeg acaggtgect
ctgcggccaa aagccacgtg tataagatac acctgcaaag gcggcacaac cccagtgeca
cgttgtgagt tggatagttg tggaaagagt caaatggetc tcctcaageg tattcaacaa
ggggctgaag gatgcccaga aggtacceca ttgtatggga tctgatctgg ggcecteggtg

cacatgcttt acatgtgttt agtcgaggtt aaaaaacgtc taggccccce gaaccacggg
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gacgtggttt tcctttgaaa aacacgatga taagcttgce acaaccatgg ctgaacaaga
tggattgcac geaggtictc cggecgettyg ggtggagagg ctattegget atgactggge
acaacagaca atcggctgct ctgatgccge cgtgttcegg ctgtcagege aggggegece
ggttettttt gtcaagaccg acctgtcegg tgccctgaat gaactgcagg acgaggeage
gcggctatcg tggctggeca cgacgggegt tecttgegea getgtgeteg acgttgtcac
tgaagcggga agggactgge tgctattggg cgaagtgceg gggcaggate tectgteate
tcaccttgct cctgcecgaga aagtatccat catggetgat gcaatgegge ggctgcatac
gcttgatccg getacctgec cattcgacca ccaagcgaaa catcgeateg agcgagcacg
tactcggatg gaagccggtc ttgtcgatca ggatgatctg gacgaagage atcaggggct
cgcgecagec gaactgticg ccaggctcaa ggegegeatyg cccgacggeg aggatetegt
cgtgacccat ggcgatgect gettgccgaa tatcatggtg gaaaatggee gcttttctgg
attcatcgac tgtggccgge tgggtgtgge ggaccgctat caggacatag cgttggctac
ccgtgatatt gctgaagagce ttggcggcega atgggctgac cgettecteg tgctttacgg
tatcgceget cecgattcge agegeatege cttctatege cttcttgacg agttcttetg
agcgggatcg getagectcg agetaggacc getatcagga catagegttg gctaccegtg
atattgctga agagcttgge ggcgaatggg ctgaccgett cctegtgett tacggtatcg
ccgctecega ttegeagege atcgecttet atcgecttot tgacgagtte ttctgagegg
gactctgggg ticgaaatga ccgaccaage gacgeccaac ctgecatcac gagatttcga
ttccaccgee gectictatg aaaggttggg cttcggaate gttttecggg acgccggctg
gatgatcctc cagegegggg atctcatget ggagttcttc geccaceeca acttgtttat
tgcagcttat aatggttaca aataaagcaa tagcatcaca aatticacaa ataaagcatt
titttcactg cattctagtt gtggtttgtc caaactcatc aatgtatctt atcatgtctg
gatcgeggec gegatcecgt cgagagcttg gcgtaatcat ggtcatagct gtttcctgtg

tgaaattgtt atccgctcac aattccacac aacatacgag ccggaagcat aaagtgtaaa
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geetggggtg ceotaatgagt gagcetaactc acattaattg cgttgegete actgeceget
ttccagtcgg gaaacctgtc gtgccagetg cattaatgaa tcggccaacg cgecggggaga
ggcggtttge gtattgggeg ctetteeget tectegetca ctgacteget gegeteggte

gttcggetge ggegageggot atcagetcac tcaaaggegg taatacggtt atccacagaa

6900
6960
7020

7080

tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggc caggaaccgt 7140

aaaaaggccyg cgttgcetggc gtttttccat aggetcegee ceectgacga geatcacaaa
aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcegttt
cccectggaa geteectegt gegetetect gttcecgacce tgecgettac cggatacctg
tcegcectite teccttcggg aagegtggeg ctttetcata getcacgetg taggtatete
agttcggtgt aggtcgttcg ctccaagcetg ggetgtgtge acgaaccece cgttcagece
gaccgctgeg ccttatccgg taactatcgt cttgagtcca acceggtaag acacgactta
tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt aggeggtgct
acagagttct tgaagtggtg gectaactac ggctacacta gaagaacagt atttggtatce
tgcgctctge tgaagcecagt taccttcgga aaaagagttg gtagctcttg atccggcaaa
caaaccaccg ctggtagcgg tggttttttt gtttgcaage agcagattac gecgcagaaaa
aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa
aactcacgtt aagggatitt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt
ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac
agttaccaat gcttaatcag tgaggcacct atctcagega tetgtctatt tegttcatee
atagttgcct gactcceegt cgtgtagata actacgatac gggagggett accatctggc
cccagtgetg caatgatacc gcgagaccea cgctcacegg ctccagattt atcagcaata
aaccagccag ccggaaggge cgagcgeaga agtggtectg caactttatc cgectecate
cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa tagtttgege

aacgtigttg ccattgctac aggcatcgtg gtgtcacget cgtegtttgg tatggettca
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ttcagctceg gtteccaacg atcaaggega gttacatgat ceeceatgtt gtgcaaaaaa 8340
geggttagct cettcggtee tecgategtt gtcagaagta agttggecge agtgttatca 8400
ctcatggtta tggcagcact geataattct cttactgtca tgccatcegt aagatgctit 8460
tetgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgeg gcgaccgagt 8520

tgctettgce cggegtcaat acgggataat accgegcecac atagcagaac tttaaaagtg 8580
ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacc gctgttgaga 8640
tccagttcga tgtaacccac tegtgcaccee aactgatctt cageatcttt tactticace 8700
agcgttictg ggtgagcaaa aacaggaagg caaaatgecg Caaaaaaggg aataagggcg 8760
acacggaaat gttgaatact catactcttc ctttttcaat attattgaag catttatcag 8820
ggottattgtc tcatgagegg atacatattt gaatgtatit agaaaaataa acaaataggg 8880

gttccgegea catttccceg aaaagtgeca ¢ 8911
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