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SUMMARY

In this review B cell responses in HIV-infected individuals are summarized together with the
techniques used to date to produce human monoclonals to HIV and the properties of these
antibodies. Profound disturbances in B cell responses are apparent both in vivo and in vitro. While
there is evidence in vivo of marked polyclonal B cell activation, primary and secondary antibody
responses are impaired. Similarly these cells exhibit spontaneous immunoglobulin secretion upon in
vitro culture but do not readily respond to B cell mitogens and recall antigens including HIV.
Furthermore, certain of these defects can be reproduced in normal B cells in vitro by incubation with
HIV or HIV coded peptides. Individuals infected with HIV develop antibodies to HIV structural
proteins (e.g. pl7, p24, gp41 and gp120) and regulatory proteins (e.g. vif, nef, RT). Autoantibodies
against a number of immunologically important molecules are also frequently observed. The anti-
HIV antibodies are predominantly of the IgG1 isotype and exhibit a variety of effects on the virus in
vitro. To date, using conventional immortalization strategies, an appreciable number of human
monoclonals to HIV have been developed. These have been specific for gp41, gp120 and gag with
antibodies of the former specificity predominating. The majority of these antibodies have been of the
IgG1 isotype. Only a small number of the antibodies neutralize virus in vitro and most of these react
with gp120. The neutralizing antibodies recognize conformational and carbohydrate epitopes or
epitopes in amino acid positions 306-322. The predominant epitopes recognized by the anti-gp41
antibodies were in amino acid positions 579-620 and 644-662. A high percentage (= 25%) of these
antibodies enhance viral growth in vitro. The problems relating to the production of human

monoclonals to HIV are discussed together with strategies that could be used in the future.

INTRODUCTION

HIV is the causative organism of AIDS, a fatal disease in which
the immune system breaks down, leaving the patient prey to a
wide variety of viral, bacterial, fungal and parasitic infections
[1,2]. Immunological abnormalities can be detected early in
infection and affect to some extent all the cells of the immune
system [3]. One of the main targets of HIV is the T helper
lymphocyte [4-6] and there have been many studies of the
consequences of this infection for T cell-related functions.
However, there are also marked changes in B lymphocyte
responses [7,8], although there is no evidence that HIV infects
these cells.

These abnormalities have practical consequences for
researchers attempting to create human MoAbs (hMoAbs) to
HIV, as infected individuals constitute the principal source of
immune B lymphocytes available to them. These lymphocytes
are then immortalized to form cell lines that secrete specific
antibody in culture. MoAbs, whether of rodent or human
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origin, have potential applications in the diagnosis, epidemi-
ology and therapy of this disease and may identify viral epitopes
crucial for inducing a sustained and effective immune response
to the virus. This is of particular interest as, to date, there is no
effective treatment for HIV infection, nor is there a suitable
vaccine to prevent its transmission [9].

Here we examine in detail the cellular and humoral res-
ponses of B lymphocytes to HIV; discuss the properties and
applications of hMoAbs to HIV; compare the specificities of
serum antibodies with the hMoAbs presently available; and
comment on the problems encountered and suggest possible
future approaches.

B CELL RESPONSES TO HIV

An essential requirement in the production of MoAbs by
conventional means is that there are B lymphocytes available
with the required specificity and in the most appropriate state of
differentiation for them to be immortalized. In general, lympho-
cyte donors should be screened for the appropriate antibody, or
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have been boosted recently with antigen either in vivo or in vitro,
where possible. However, in the case of HIV the appropriate
cells may not be available since immune abnormalities are
closely associated with this infection. The major diagnostic
feature of infection is a profound loss of T helper cells, coupled
with a paradoxical polyclonal activation of B lymphocytes. This
is accompanied by defects in cellular functions mediated by
natural killer (NK) cells and monocytes, while responses to both
new and recall antigens are impaired [5,10]. The precise
mechanism by which all of these defects occur remains the
subject of debate. While there is direct evidence that HIV infects
a variety of immune cells including T helper cells and cells of the
monocyte-macrophage lineage in vivo [11] and bone marrow
progenitor cells in vitro [12-14], there is none to indicate that
HIV infects B cells in vivo. Nevertheless, there is a major upset of
the B cell compartment some of which cannot be related to
defective T cell or monocyte function.

B cell defects in HIV-infected individuals

The predominant in vivo defects of B cells seen in HIV-infected
individuals are outlined in Table 1. Some of these defects, such
as elevated serum levels of IgD, can be detected very early in
infection, before the characteristic loss of T helper cells [21].
Similarly, the performance of B cells in a variety of in vitro
assays reflects these defects (Table 2). The activated state of
these cells can be measured in their spontaneous secretion of
immunoglobulin in culture, although two groups of investiga-
tors found this to be less than control cells [24,25].

The specificity of this secreted immunoglobulin has been
determined in some cases. In one study [31], Western blot
profiles of the supernatants sometimes corresponded with serum
patterns while another [34] failed to detect specific anti-p24
activity although most patients had this serum specificity. In
contrast, another group [35] could correlate spontaneous secre-
tion of p24 IgG antibodies with their presence or absence in
serum. In our experience of a small group of asymptomatics, in
vitro immunoglobulin secretion was very variable; some indi-
viduals secreted high amounts of virus-specific immunoglobu-
lin, particularly anti-gp120, while others secreted negligible
amounts.

In one study [37], pokeweed mitogen (PWM) induced the
secretion of HIV-specific antibodies from seronegative, high-

Table 1. B cell defects seen in vivo after infection by HIV

Effect Ref. no.
Increased polyclonal activation [15]
Increased serum immunoglobulin levels; IgD elevation

may be an early marker [16]
Increased levels of serum B2 microglobulin [17]
Decreased specific antibody responses to recall antigens,

e.g. polysaccharides [7.8]
Decreased specific antibody responses to primary antigens.

e.g. proteins [7.8]
Increased proportion of immature cells in circulation [15]
Increase in EBV-infected cells [18,19]
Histological abnormalities of B cell zones in the germinal

centres of lymph nodes [20]

B lymphoid tumours [20]

Table 2. Performance of B cells in vitro after HIV infection

Effect Ref. no.
Reduction of proliferation in response to B cell

mitogens and recall antigens [22-24]
Reduction in development of immunoglobulin-

secreting cells in response to B cell mitogens [8,25-28]
No response to HIV or viral antigens [29,30]

Reduced susceptibility to EBV infection in vitro [19]
Spontaneous secretion of immunoglobulin in
culture, some specific for HIV:

(i) unstimulated [15,16,19,28,31-36]
(i) stimulated by pokeweed mitogen [34.37]
(iii) stimulated by Epstein- Barr virus [38]

risk patients; HIV infection had been confirmed by the polymer-
ase chain reaction (PCR).

Effects of HIV on normal cells

The effects of HIV on normal cells of both immunological and
non-immunological origin in vitro are variable. In some cases
suppression similar to that seen in infected individuals is
observed, whereas in others it has the opposite effect. These are
summarized in Table 3.

The most interesting discrepancy is that HIV is able on the
one hand to induce proliferation of and immunoglobulin
secretion by normal B cells, while on the other hand it inhibits
secretion of specific antibody by cells from infected individuals
[30]. These effects can be mediated by a number of distinct
virally coded proteins and peptides derived therefrom. For
example, the carboxyl end of gp41 is implicated in the stimula-
tory activity [52], while two other peptides from gp41 when
conjugated to bovine serum albumin (BSA) or keyhole limpet
haemocyanin (KLH) inhibit proliferative responses to concana-
valin A (Con A), phytohaemagglutinin (PHA) and allo-antigens
[42]. These same peptides also inhibit NK cell activity [48]. This
inhibition of NK cells by HIV offers a potential explanation for
the paradoxical polyclonal stimulation of B cells that occurs in
the face of helper T cell loss, since NK cells are postulated to be

Table 3. Effect of HIV on normal cells in vitro

Effect Ref. no.
Stimulates B cells to secrete immunoglobulin [39-41]
Induces B cells to proliferate [39.40]

Suppresses outgrowth of bone marrow progenitor cells
and impairs differentiation of T cells [13]
Inhibits development of immunoglobulin-secreting cells

in response to PWM, SAC, EBV [40,42,43]
Inhibits proliferation in response to mitogens [39.43,44]
Inhibits proliferation in response to recall antigens, e.g.

by tat, gp120 [43.45-47]

Inhibits NK cell activity [48]
Directly cytotoxic to certain cells, e.g. neuronal cells,

CD4* blasts [49-51]

PWM, pokeweed mitogen; SAC, Staphylococcus aureus Cowan;
EBV, Epstein-Barr virus.
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regulators of B cell activity [53]. Their role appears to be to
suppress and lyse activated B cells and loss of such regulation
could therefore result in uncontrolled B cell proliferation.

Serum antibodies to HIV

The antibody response to HIV has been studied in some detail
and an overview of the specificities and functions is given in
Table 4. Antibodies are developed against structural as well as
regulatory viral proteins, some of which may be early markers of
infection, e.g. nef [62], or may act as prognostic indicators, e.g.
pl7 [57,59], nef [62] or RT [59,60]. In addition, loss of p24
antibodies in the later stages of disease is associated with
transition to AIDS [56,99], the higher affinity antibodies being
preferentially bound into immune complexes [100]. Antibodies

Table 4. Antibody responses to HIV infection

Ref. no.
Specificity
Viral antigens
Structural proteins, e.g. p17, p24, gp120, gp4l [54-57]

Restricted heterogeneity [58]

Regulatory proteins, e.g. vif, nef, RT [59-64]
Autoantigens

Anti-T cell antibodies present at all stages [65-69]

IL-2 epitope shared with carboxyl end of gp41 [70-71]

HLA Class II epitope shared with gp41: [72-74]

antibodies are immunosuppressive and
associated with good health
CHI1 region of IgG shared with gp120: [75]
high levels of antibody correlate with
low CD4 counts (Susal)
CD4: purified serum antibodies had no ADCC activity [76]

Isotypes
Most HIV reactivity in IgG1 subclass including
env, gag and 3’orf
1gG2: gag, pol [78]
1gG3: gag, pl7 associated with health [77,78,81]
IgG4: gag only, especially in haemophiliacs [77,78]
IgM.IgA: 3'orf, gag, pol: some in absence of any 77
HIV* IgG response

IgE: gag in haemophiliacs [77)

[77-82)

Function
Neutralization

Strain specific and cross-neutralizing [83-85]

Tend to correlate with antibodies to env and p17 [86,87]

High or increasing titres associated with stable [88-90]

clinical course

Titres do not correlate well with ELISA [89-91]
Enhancement

Antibodies to gp41 [92]

Enhance Fc receptor-mediated entry of HIV 93]

Presence correlates with disease stage [94]
ADCC

Antibodies to gp120 and gp41 implicated [95-97)

Broadly reactive [96]

Lower in AIDS than asymptomatics [98]

Some correlation with higher ELISA titres 98]

to gp120 tend to persist throughout infection [99,101] although
their spectrum of reactivity may alter [102].

The specificities of virus neutralizing antibodies are of major
interest for passive immunotherapy and choice of potential
vaccine antigens, although the titres tend to be relatively low
[86,87,90]. Neutralization is largely associated with antibodies
to gpl20 [85-87], although there are reports of neutralizing
activity in antibodies directed against gp41 and p17 [87]. This
activity can be both type specific and cross-reactive, between
individual isolates and across subtypes, i.e. HIV-1 and HIV-2
[83,103,104]. Higher titres of neutralizing antibodies may
protect against disease progression in paediatric cases [89] and
in adults [87,90], and high-affinity antibodies to a gp120 epitope
appear to prevent the transmission of HIV from mother to fetus
[105-107].

In many studies the sera were heat inactivated before testing
but when complement-restored samples were assayed, one
group of investigators detected enhancement of infection rather
than neutralization [108]. The presence of these enhancing
antibodies correlated with disease stage in some studies [94] but
not in others [109]. Enhancing antibodies react with an immuno-
dominant epitope on gp4l and act via the cell surface Fc
receptor [92,93].

Another important biological function of antibodies is the
mediation of antibody-dependent cellular cytotoxicity
(ADCC). Such antibodies have been found in a high percentage
of sera and have exhibited a broad range of activity against
different viral strains. These antibodies have specificity for
gp120 or gp41 [95-98]. The isotype distribution of antibodies to
HIV is of particular interest as this will influence their effect in
vivo. Antibodies to gpl20 are almost exclusively IgGl
[78,81,82], the predominant IgG subclass, and they exhibit both
neutralization and ADCC activities [79].

The fusion protein gp41 contains many interesting immuno-
dominant epitopes including a conserved region at amino acids
(aa) 587-617 which generally evokes IgG1 antibodies, although
occasionally high titres of IgG2 are observed [81,110]. Banapour
et al. [111] described a hMoADb of the IgG2 subclass that reacts
with this region (see later). Sera from AIDS patients show a
selective loss of antibodies to gp41 [80,110], in particular IgG2
antibodies specific for a carbohydrate determinant [112]. In
contrast, the response to gag is much broader, IgG3 being
dominant in some studies [78,81]; Khalife ez al. [77] detected an
IgG4 and IgE response to gag in HIV-infected haemophiliacs.
Again progression of infection has been correlated with a
decrease in the gag response by IgG subclasses other than IgG1
[80,82].

IgA responses to HIV appear to be important indicators of
infection in utero, as the presence of immune complexes
containing HIV antigen and IgA in amniotic fluid has been
correlated with transmission of infection to the fetus [113].
Similarly, IgA antibodies to low molecular weight polypeptides
from HIV were detected in children born to seropositive
mothers [114].

Increasingly, it is being proposed that a major component in
HIV pathology is autoimmunity. This is partly related to the
polyclonal activation of B cells in addition to the resemblance of
certain viral proteins with normal cellular components and
immunologically important molecules [4].

Another area of interest is in the appearance of anti-idiotype
antibodies. These have been detected prior to seroconversion by
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conventional assays [115] and they appear to recognize an
idiotype shared between gp120 antibodies and the CD4 mol-
ecule [115,116]. This has obvious implications for the function-
ing of T helper cells during the early stages of infection. Thus,
although there is no direct evidence that HIV can infect B
lymphocytes, the presence of viral antigens leads to major
defects in their function. High serum immunoglobulin levels are
indicative of constant stimulation or loss of NK control so that
the circulating population consists both of maximally activated
cells and immature cells. Although initially an apparently
adequate response to the infection is mounted, ultimately this
proves to be insufficient to contain the virus and once AIDS has
developed the lymphocytes remaining are incapable of mount-
ing any further antibody response.

MONOCLONAL ANTIBODIES

Rodent MoAbs with specificity for HIV have been developed to
study several aspects of the virus [117-119). They have specifici-
ties covering the major surface and core proteins of the virus in
addition to viral regulatory proteins [reviewed in 120]. Some
rodent MoAbs to the envelope proteins and to pl7 can
neutralize HIV [121-126], while there are MoAbs that can effect
ADCC of infected cells [121]. They have also been used to
characterize strain differences [118], to study certain aspects of
the virus-host relationship in vitro, such as viral escape from
neutralizing antibodies [127-129], and as the basis for diagnostic
assays [130].

Therapeutic applications

One important potential use for MoAbs is as passive immuno-
therapy agents for prophylaxis and treatment [131]. Several viral
infections are presently treated by administration of specific
antibodies derived from immune blood donors, including
rubella, measles, rabies and cytomegalovirus [132,133]. There
are many reasons for preferring MoAbs in place of immune
plasma: they provide a more uniform product, they are
produced under controlled conditions and are also independent
of the constant need to recruit suitable donors [reviewed in 133].

Rodent MoAbs have been used for in vivo applications,
including reversal of transplant rejection, tumour imaging and
tumour therapy [134], but a major obstacle has been the
development of human anti-rodent antibodies [135]. These
human antibodies can drastically reduce the half-life of rodent
MoAbs in vivo and their appearance may lead to clinical
complications. However, MoAbs should be less immunogenic
[136] and will be able to recruit cellular functions such as ADCC
more effectively as they possess the correct Fc portion of the
antibody molecule [137].

At the present time, the range of hMoAbs is rather restricted
compared with rodent MoAbs. One solution therefore has been
to clone the variable region from an appropriate rodent MoAb
using genetic engineering techniques and to express this with a
human constant region of the required isotype to form a
chimeric antibody [138-140]. If only the complementarity
determining regions of rodent origin are present then essentially
the molecule is a human antibody. One such mouse-human
chimera has been created from a neutralizing murine MoAb
[139] and passive immunization with this antibody has success-
fully protected a chimpanzee from HIV infection [141]. Genetic
engineering can also be used to switch isotype, increase affinity

or avidity, alter in vivo half-life and alter effector functions of
MoAbs [142,143].

HIV-positive plasma has been used for passive therapy in
preliminary trials and was effective at removing both viral
antigen (p24) and infected cells from circulation [144-147].
However, since 90 plasma donations were required to treat 10
patients for up to 21 months in one study [146], this is not a
feasible strategy on a large scale. Nevertheless, the protective
effect of the mouse-human MoAb mentioned above is
obviously encouraging and should provide a further stimulus to
groups working in this area.

Other potential applications

In addition to their use in passive immunotherapy, hMoAbs
could identify epitopes immunogenic to the human immune
system and detect strain differences. These antibodies could then
be used to purify the relevant antigens by immunoaffinity.
Human MoAbs could also replace the human serum component
in antibody-based diagnostic assays and act as defined stan-
dards for these assays to provide absolute rather than relative
antibody quantification. Coupled to drugs or toxins, hMoAbs
could be used to target such agents to virus-infected cells in vitro
and in vivo. Finally, there is some evidence from animal
immunizations that the induction of anti-idiotypic antibodies
may be beneficial [148-150]. Human MoAbs would be required
as immunogens for this approach. Such idiotypic specificities
have already been detected in human serum [115,151].

A SURVEY OF HUMAN MONOCLONAL
ANTIBODIES TO HIV

General strategies

Rodent MoAbs are generally produced by the fusion of immune
spleen lymphocytes and a suitable non-secreting myeloma
partner to form hybrid cell lines [152]. This strategy can also be
applied to hMoAbs but there are numerous problems to be
overcome [reviewed in 153,154]. In particular, there are limi-
tations in the availability of immune lymphocytes, while the
human equivalent of the rodent myeloma cell has yet to be
found, although substitutes have been tried, often themselves
hybrids of human and murine cells [153,154]. An alternative
strategy is to use Epstein-Barr virus (EBV), a B lymphotropic
herpes virus that induces polyclonal stimulation of B cells,
followed in a small percentage of cells by their transformation to
immortalized cell lines [155]. Many investigators now use a
combination of viral transformation to increase the proportion
of specific antibody-secreting cells followed by fusion with a
murine or hybrid partner cell [111,156-158].

An alternative strategy is to employ molecular cloning
methods to identify and isolate the sequences for specific
antibody and to re-express these in a suitable cell [159,160].
Starting material may be transiently secreting EBV lines,
immune B cells selected for their specificity or even the germ line
sequences which are then screened for suitable reactants [161].

Strategies used to produce hMoAbs specific for HIV

Table 5 summarizes the hMoAbs presently reported with
specificities for HIV antigens. They include antibodies reactive
with the major structural proteins of gag and env but none
reacting with the regulatory proteins. This probably reflects the
major antibody specificities found in serum. Some of them
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exhibit biological activity such as viral neutralization or ADCC,
and others have delineated immunodominant epitopes with no
biological activity, both important areas for vaccine design.
Most have been produced by EBV transformation followed in
some cases by hybridization and the partner cells have included
a murine myeloma (P3x63AgU1), human EBV transformed
lines (UC729-6; UC729HF2) and murine-human hybrids (CB-
F7; SHM-D33; K6H6/B5; HMMA2.11TG/O). Only one

MoADb, the mouse-human chimera referred to earlier [168] has
been developed by unconventional means.

Source of immune lymphocytes

Peripheral blood lymphocytes were the main source of immune
cells used for producing hMoAbs to HIV, these being the most
readily available, but not necessarily the best as normally only a
small percentage of antibody-secreting cells is present. How-

Table 5. Human MoAbs to HIV

Lymphocyte source* Immortalization procedurest Isotype Activity] Ref. no
Specific for p24
PBL T, cyclosporin A IgM,k [162]
Tonsillar B cells T 1gG4 Cross-reactive by FA  [163]
Non-n, no ADCC
PBL T IgGl (3 Abs) All non-n [164]
IgG2 (1 Ab)
I1gG3 (1 Ab)
PBL F, CB-F7 IgM,k (1 Ab) [165]
IgG1l,x (2 Abs)
PBL B cells T I1gGl,x Non-n [166]
Specific for gp120
PBL T, cyclosporin A IgGl1,1 (2 Abs) n, type specific [157]
F, SHM-D33
Spleen B cells F, P3 x63AgUl1 1gGl,1 Non-n [167]
Murine spleen Mouse-human chimera I1gGl,x n, ADCC [168]
PBL T IgG1(4 Abs) n(2 Abs) [169-171]
PBL T IgGl.x n, cross-reactive [172]
PBL T (2 Abs) [173]
PBL T, F, HMMA2.11TG/O IgG n, cross-reactive [174]
PBL T 1gGl Group specific [175]
Specific for gp4!
Spleen B cells T, F, SBC-H20 1gG2,1 Non-n, no ADCC [t
LN F, UC729HF2 IgGl,x Non-n [176]
PBL B cells T after in vivo immunization IgG1,1 (3 Abs) n (1 Ab), IIIB, RF [175,177]
IgM,k
PBL T IgG2 (5 Abs) ADCC (3 Abs) [164,178]
PBL (HIV™) T after in vitro immunization IgM (3 Abs) Non-n
F, K6H6/BS [158]
PBL B cells T 1gGl,x Non-n [166]
IgG1,1 n
PBL B cells T, cyclosporin A 1gG1 Non-n, no ADCC [179]
PBL spleen T (2 Abs) n [173]
in vitro immunization,
F, murine myeloma
Multi-specific
Spleen (HIV™) F, UC729-6 after in vitroimmunization, IgM,x/l (3 Abs) p24+gpdl [180]
HIV antigen+ MDP Non-n
LN spleen F, P3x63AgUl IgGl,x gp41+120+ 160 [75]
n, with another MoAb
no ADCC
PBL F, CB-F7 IgGl,x gp41+120 [165]

* Lymphocyte source HIV* unless otherwise stated. PBL, peripheral blood lymphocytes; LN, lymph node.

t T, transformation by Epstein-Barr virus; F, fusion with cell line specified; MDP, muramyl dipeptide.

1 n, neutralizing; non-n, non-neutralizing; ADCC, antibody-dependent complement-mediated cytotoxicity.
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ever, this is different in HIV-infected individuals as their B cells
are already stimulated polyclonally, although they are more
refractory to EBV infection than normal (see Table 2). Our own
experience confirms these observations, as B cells from HIV-
infected individuals must be plated at 10 times the concentration
of normal B cells to achieve 100% transformation by EBV. In
addition, the high background production of anti-viral anti-
bodies makes selection of specific EBV lines very difficult, as
many apparently positive cultures prove to be negative on
subsequent transfer and re-test. In one case peripheral blood
lymphocytes were obtained from a volunteer deliberately
immunized with a vaccinia virus recombinant expressing gp160
[175,177,181]. Interestingly, the hMoAbs produced were speci-
fic for the gp41 portion of the immunizing molecule.

Other sources of immune lymphocytes which occasionally
become available include spleen, tonsil and lymph node, all of
which have been used to produce HIV-specific hMoAbs. These
organs normally contain a higher percentage of B cells that seem
to hybridize or become transformed more readily [182,183].

In vitro boosting with antigen is often performed when
producing hMoAbs as a means of increasing the percentage of
specific cells prior to immortalization [183]. Again, with HIV
there are problems, since viral antigens can switch off in vitro
antibody production by lymphocytes from infected individuals
[30]. Nevertheless, one group has stimulated spleen cells from an
HIV-infected individual with envelope peptides and produced a
mouse-human hybrid secreting antibody that inhibits syncy-
tium formation [173].

In vitro immunization

Two groups have used in vitro immunization of normal
lymphocytes as their source of immune cells and this method has
a number of advantages. The antigen can be rendered uninfec-
tive or be derived from synthetic peptides, recombinant pro-
teins, etc. Likewise, the source of B cells can be ascertained to be
uninfective, and thus the work can be performed without the
need for containment conditions and the product need not be
screened for HIV contamination. One disadvantage is that the
MoAbs produced tend to be IgM and of low affinity.

One group [158] pretreated their normal peripheral blood
lymphocytes with Leu-Leu-OMe ester. This is toxic specifically
for monocytes, NK cells and a subset of T suppressor cells, that
have been implicated in down-regulating antigen-specific acti-
vation of B cells [184]. The other group [180] had the relative
advantage of starting with normal spleen cells and stimulated
them with the adjuvant peptide MDP and a denatured prepara-
tion of HIV-1 prior to fusion with a human EBV transformant.

Properties and applications of hMoAbs to HIV
Although material from HIV-infected individuals has been
available since the early 1980s, it is surprising that relatively few
hMoAbs have been produced, especially considering the acti-
vated state of the source lymphocytes. Undoubtedly, their
resistance to EBV infection has had some influence on this. The
alternative strategy of hybridization has a much lower efficiency
than EBV transformation and therefore requires a larger
starting sample of lymphocytes which is not always readily
available.

A high percentage of the hMoAbs produced have been of the
IgG isotype; this is unusual since most lines immortalized by
EBYV secrete IgM. Several factors may be involved in this. For

example, long-term stability of the lines may be associated with
IgG producers; where unfractionated peripheral blood lympho-
cytes have been used, then activation of HIV-infected cells may
have led to further in vitro stimulation by viral antigens thus
causing an isotype switch or the preferential selection of
memory cells; as B cells from HIV-infected individuals are
already hyper-activated, there may be some intrinsic difference
that leads to isotype-switched cells being immortalized preferen-
tially.

It is also interesting to note that the subclasses of hMoAbs to
HIV are represented in approximately the same proportions as
found in serum, with IgG1 being the most common, followed by
IgG2. In addition, the isotype restrictions mentioned earlier in
immune serum antibodies are also evident here, since the
hMoAbs to p24 range from IgM through all the IgG subclasses,
the gp120 hMoAbs are exclusively IgG1, whereas there are IgM,
IgG1 and IgG2 hMoAbs to gp4l.

The hMoAbs in Table 5 have been grouped according to
their specificity and it will be observed that most react with the
envelope glycoprotein, particularly gp4l which appears to
contain several immunodominant regions. Xu et al. [185]
investigated a panel of ten hMoAbs to gp41 and divided their
reactivity into two equal groups, amino acids (aa) 590-600
(cluster I) and aa 644-663 (cluster II). This latter epitope also
defined a broadly reactive target sequence for ADCC [178]. In
addition, Robinson e al. [186] demonstrated that four of eight
hMoAbs to gp41 could enhance HIV infection in vitro and the
two domains mapped were aa 579-613 and aa 644-663. This
latter sequence is conserved both among HIV-1 isolates and
between HIV-2 and simian immunodeficiency virus (SIV). Two
other hMoAbs reacted with immunodominant, conserved epi-
topes but had no neutralizing or ADCC activity [176,179].
However, one has proved to be useful in the development of an
assay specific for HIV-1 [187]. It should be noted that only three
of the 19 anti-gp41 antibodies described to date showed
neutralizing activity. One of them was derived from an immu-
nized volunteer [177] and neutralized several strains, and the
other was tested against only one strain [166] and its epitope
mapped to the amino terminal portion.

Another potential in vivo activity of human antibodies has
been demonstrated [188] using a hMoAb to a conserved epitope
of gp4l. When complexed with gp160, there was enhanced
presentation to a specific gp120 T cell clone presumably through
FcR binding of the hMoADb to the antigen presenting cells.

In Table 6 selected references to serum antibody specificities
within gp41 have been compared with those hMoAbs, and some
murine MoAbs, for which precise epitopes have been deli-
neated. This demonstrates that gp41 contains several immuno-
dominant, conserved regions that induce antibodies with no
useful function in vivo. In contrast to the gp41 hMoAbs, seven of
the 11 hMoAbs with gp120 activity were neutralizing, either
type specific or cross-reactive. Several reacted with conforma-
tional epitopes [169,172,174] and interfered with CD4 binding.
These were able to neutralize divergent strains. Another broadly
neutralizing hMoAb has been mapped to five discontinuous
regions on gp120, some of these being close to those critical for
viral entry [196]. In contrast, three neutralizing hMoAbs to the
V3 loop were type-specific [157,171], although two other
hMoAbs to this region could neutralize both MN and SF2
strains [197]. Finally, the mouse-human chimera prepared from
a neutralizing murine MoAb was shown to express neutralizing
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activity against HIV identical to the original MoAb [168].
Furthermore, the chimera was able to use the human Fc portion
of the molecule to induce ADCC, a function that the murine
MoADb had been unable to perform.

There are less data available on the epitopes recognized by
these hMoAbs to gp120 (summarized in Table 7). The relatively
large proportion of conformational, neutralizing epitopes is
interesting. In addition, neutralizing mMoAbs have been raised
against carbohydrate moieties [201] and now similar antibodies
have been detected in normal human serum that react with
gp160, gp120 and gp41 in Western blots but have no neutraliz-

ing activity [202]. Antibodies such as these could be envisaged as
masking neutralization sites or enhancing infectivity through
antibody or complement receptors {203].

None of the 11 gag-specific hMoAbs was neutralizing,
although this is not surprising since this antigen is poorly
expressed on the surface of infected cells and the viral core which
it forms is normally hidden in the whole virus by the envelope.
No data were available on their specific reactivity, but recently a
panel of mMoAbs has been used to define seven immunogenic
regions within the gag gene product [119].

Of some interest were those hMoAbs that reacted with

Table 6. Immunoreactive regions of gp41 identified by polyclonal and monoclonal antibodies

aa Antibody Isotype Antibody/epitope activity Ref. No.
466-481 Serum Non-n, most sera positive, no disease association [189]
467-531 hMoAb (2) 1gGl 1 n; 1 non-n [166]
497-509 Serum Weakly n, most sera positive [189]
579-603 hMoAb IgGl Ineffective immunotoxin [190]
579-604 hMoAb IgG2 Poor ADCC [178]
579-613 hMoAb (3) Enhancing [186]
581-597 Serum No protection from disease progression [191]
583-599 Serum Immunosuppressive region, Abs associated with health [74]
583-599 hMoAb n [173]
586-620 hMoAb (3) IgG1 (2)  Enhancing [92,192]
IgG2 (1)
587-603 Serum Immunogenic [74]
587-617 Serum IgG2 Major epitope [81]
590-600 Serum Immunogenic [185]
590-600 hMoAb (5) Cluster I [185)
594-605 hMoAb IgG2 No ADCC, non-n [111]
598-609 Serum Immunodominant, highly conserved epitope [193]
598-609 Serum Enhancing, higher levels in AIDS [191]
599-613 Serum Immunogenic, epitope not recognized on whole virus [194]
603-609 Rabbit serum n, epitope immunodominant and conserved [193]
605-611 hMoAb 1gGl Non-n, immunodominant epitope [176]
632-646+677-681  hMoAb (3) IgM Non-sequential determinant, non-n, no equivalent serum Ab  [158]
+687-691
643-692 hMoAb IgG1 No ADCC, non-n [179]
644-663 Serum Poorly immunogenic [185]
644-663 hMoAb (5) Cluster II [185]
644-663 hMoAb IgG2 ADCC [178]
644-663 hMoAb Enhancing [186]
649-662 Serum Highly conserved, poorly immunogenic [189]
654-666 Serum Poorly immunogenic in humans [74]
658-682 Serum Significant decrease in AIDS patients [102]
729-758 Serum Significant decrease in AIDS patients [102]
735-752 Serum Immunogenic [195]
808-845+845-862  Serum Significant decrease in AIDS patients [102]
827-843+846-860 hMoAb I1gGl n, I1IB and RF [175]
848-863 Serum Immunogenic [74]

aa, amino acid number; n, neutralizing; non-n, non-neutralizing.
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Table 7. Immunoreactive regions of gp120 identified by polyclonal and monoclonal antibodies

aa Antibody Isotype Antibody activity Ref. no.
254-274  Rabbit serum n, does not block gp120-CD4 [198]
254-274 Human serum Not immunogenic on gp120 [198]
297-308 Human serum Higher frequency in ARC/AIDS but at low titre [189]
303-338 Human serum Reduced on progression to AIDS [102]
306-328 hMoAbs IgGl n, some cross-reactive [157-197]
316-322 hMoAb IgGl n, type specific (MN) [171]
317-322  Rabbit serum n, MN and IIIB strains [199]
397-439 mMoAb Blocks gp120-CD4 [200]
1-500 hMoAb IgGl n, blocks gp120-CD4, conformational epitope [169]
1-500 hMoAb n, discontinuous epitope [196]
1-500 hMoAb I1eG n, blocked by soluble CD4, conformational epitope  [174]
Carbohydrate sequences (3) mMoAbs n, cross-reactive [201]

aa, amino acid number; n, neutralizing; mMoAb, murine MoAb.

several viral proteins in spite of extensive efforts to ensure
clonality of the cell lines. This phenomenon has also been
observed with mMoAbs [204]. One of these multi-reactive
hMoAbs has been used in a competition ELISA containing
recombinant gp160 as antigen and is capable of detecting HIV
antibodies very early in infection [205].

A potential application of hMoAbs besides passive immuni-
zation involves the specific targeting of infected cells using
antibodies conjugated with a toxin such as ricin A chain. This
technique has been explored as a therapeutic option for various
types of cancer [134] and its potential in HIV treatment has been
examined in vitro using a hMoAD to gp41 as the targeting agent.
Specific killing of HIV-infected cells could be demonstrated
without affecting normal T or B cell function [206,207].

In summary, numerous hMoAbs reactive with the major
structural proteins of HIV have been prepared. Some of these
exhibit biological activity and have been used to define func-
tional epitopes on the virus in addition to indicating regions that
should or should not be included in a synthetic vaccine. The
potential of ‘humanizing’ a neutralizing murine MoAb by
genetic manipulation has also been demonstrated.

CURRENT PROBLEMS AND POSSIBLE
SOLUTIONS

Human MoAbs

In spite of continuing efforts to improve the production of
hMoAbs, there still remain problems in a number of key areas.
These have been extensively reviewed [153,154] but in general
revolve around the acquisition of immune lymphocytes; their
efficient immortalization; the stability of cell lines; and the levels
of secreted antibody. While the latter points are largely
technical, the search for suitably immunized lymphocytes

remains a major stumbling block, in particular for certain
specificities in which highly immunized donors are unavailable.
Advances in techniques for in vitro immunization will undoub-
tedly contribute to future studies, especially in the selection of
lymphocyte subsets by Leu-Leu-OMe ester treatment [184] and
in the use of appropriate cytokines.

The production of HIV-specific hMoAbs, however, has its
own peculiar difficulties arising from both the effect that
infection has on B lymphocytes in vivo and the immunosuppres-
sive nature of some viral proteins. The former difficulty can only
be circumvented by careful selection of donor material. Unfor-
tunately, it is not always possible to do this in a systematic
manner, because many infected individuals are not examined
clinically during the early stages. It is interesting to note that the
range of hMoAbs to HIV produced from seropositive donors is
quite restricted, compared with that found in serum. Peripheral
blood tends to be the most readily available source of lympho-
cytes but, in addition to the limitations mentioned earlier, this
source may also be deficient in certain lymphocyte reactivities at
various points throughout the disease. For example, peripheral
blood lymphocytes secreting p24 antibodies in vitro were absent
in the presence of p24 serum antibodies [34], suggesting that the
secretory cells in vivo might be sequestered in lymphoid tissue.
Other specificities such as nef may be more transient, and if this
antibody does reappear during infection it may be associated
with symptomatic disease [62].

These limitations can be overcome by using normal lympho-
cytes. Two groups [158,180] succeeded in producing hMoAbs to
HIV by in vitroimmunization and this route holds more promise
for the future. In particular, recombinant antigens containing
epitopes of interest, for example neutralization sites, could be
prepared to include immuno-stimulatory sequences but omit-
ting those that are immunosuppressive. Thus even lymphocytes
from seropositive donors might be boosted in vitro using
peptides or short recombinant sequences, as demonstrated by
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Desgranges et al. [173), without switching off specific antibody
secretion.

The future

The data presented here have clearly shown the important
contribution that hMoAbs have already made to our under-
standing of the interactions between HIV and the immune
system. They have defined epitopes involved in viral neutraliza-
tion, mediation of ADCC, antigen presentation within immune
complexes and the formation of anti-idiotypes. As the range of
hMoAbs is extended, further epitopes will undoubtedly be
uncovered. Furthermore, in vitro immunization of normal
lymphocytes appears to be a promising route for inducing
specificities not found following natural infection [158].

Further improvements in immortalization strategies would
be important. Since B cells from HIV-infected donors are
already stimulated it may be better to fuse them directly. PEG-
mediated fusion is generally of low efficiency but electro-fusion
has been shown to be highly efficient and requires smaller
numbers of starting lymphocytes [208]. It is to be hoped that this
technology will become more widely available.

Undoubtedly, molecular cloning techniques will be of
greater importance in future, particularly since many require
only a very small number of specific cells. Not only can
immunoglobulin genes be cloned and expressed, but improve-
ments in their binding capacity or other properties can be
induced by site-directed mutations. In addition, bi-specific
antibodies and part molecules may have potential applications
[142].

CONCLUSIONS

Infection by HIV will continue to be a major source of fatal
disease worldwide for many years to come, even if transmission
of the virus stopped today. However, in the few years since its
identification, amazing advances in molecular virology, viral
isolation and cellular immunology have taken place. It is to be
hoped that hMoAbs can continue tb play an important role in
furthering our understanding both of the interactions between
virus and lymphocytes and of the immune system itself and that
their potential for therapeutic applications will be realized.

ACKNOWLEDGMENTS

We are grateful to Professor G. D. Chisholm for his continuing support,
and wish to acknowledge the Medical Research Council AIDS Directed
Programme for partially funding this study.

REFERENCES

1 Gallo RC. The AIDS virus. Part II. Sci Am 1987; 256: 39-48.

2 Montagnier L, Alizon M. The human immune deficiency virus
(HIV): an update. Ann Inst Pasteur Virol 1987; 138: 3-11.

3 Haseltine WA. Replication and pathogenesis of the AIDS virus. J
AIDS 1988; 1: 217-40.

4 Levy JA. Human immunodeficiency viruses and the pathogenesis
of AIDS. JAMA 1989; 261: 2997-3006.

5 Margolick JB, Lane HC, Fauci AS. Immunopathogenesis of
HTLV-III/LAYV infection. In: Gallo RC, Haseltine W, Klein G,
Zurhausen H, eds. Viruses and human cancer. New York: Alan R.
Liss, 1987: 59-79.

6 Weber JN, Weiss RA. HIV infection: the cellular picture. Sci Am
1988; 257: 81-7.

7 Ammann AJ, Schiffman G, Abrams D, Volberding P, Ziegler J,
Conant M. B-cellimmunodeficiency in acquired immune deficiency
syndrome. JAMA 1984; 251: 1447-9.

8 Lane HC, Masur H, Edgar LC, Whalen G, Rook AH, Fauci AS.
Abnormalities of B-cell activation and immunoregulation in
patients with the acquired immunodeficiency syndrome. N Engl J
Med 1983; 309: 453-8.

9 Redfield RR, Burke DS. HIV infection: the clinical picture. Sci Am
1988; 257: 70-8.

10 Pinching AJ. Antibody responses in HIV infection. Clin Exp
Immunol 1991; 84: 181-4.

11 Popovic M, Read-Connole E, Gartner S. HTLV-III/LAYV infection
of mononuclear phagocyte cells in vivo and in vitro. In: Gallo RC,
Haseltine W, Klein G, Zurhausen H, eds. Viruses and human
cancer. New York: Alan R. Liss, 1987: 161-76.

12 Folks TM, Kessler SW, Orenstein JM, Justement JS, Jaffe ES,
Fauci AS. Infection and replication of HIV-1 in purified progenitor
cells of normal human bone marrow. Science 1988; 242: 919-22.

13 Lunardi-Iskander Y, Nugeyre MT, Georgoulias V, Barre-Sinoussi
F, Jasmin C, Chermann JC. Replication of the human immunode-
ficiency virus 1 and impaired differentiation of T cells after in vitro
infection of bone marrow immature T cells. J Clin Invest 1989,
83: 610-5.

14 Steinberg HN, Crumpacker CS, Chatis PA. In vitro suppression of
normal human bone marrow progenitor cells by human immuno-
deficiency virus. J Virol 1991; 65: 1765-9.

15 Martinez-Maza O, Crabb E, Mitsuyasu RT, Fahey JL, Giorgi JV.
Infection with the human immunodeficiency virus (HIV) is asso-
ciated with an in vivo increase in B lymphocyte activation and
immaturity. J Immunol 1987; 138: 3720-4.

16 Mizuma H, Litwin S, Zolla-Pazner S. B-cell activation in HIV
infection: relationship of spontaneous immunoglobulin secretion
to various immunological parameters. Clin Exp Immunol 1988;
71: 410-16.

17 Lifson AR, Buchbinder SP, Sheppard HW, et al. Long-term human
immunodeficiency virus infection in asymptomatic homosexual
and bisexual men with normal CD4* lymphocyte counts: immuno-
logic and virologic characteristics. J Infect Dis 1991; 163: 959-65.

18 Birx DL, Redfield RR, Hase T, Tosato G. Abnormally elevated
frequency of Epstein-Barr virus (EBV)-infected B cells in the blood
of patients with acquired immunodeficiency syndrome (AIDS) and
AIDS-related complex. Clin Res 1985; 33: 373A.

19 Yarchoan R, Redfield RR, Broder S. Mechanisms of B cell
activation in patients with acquired immunodeficiency syndrome
and related disorders. J Clin Invest 1986; 78: 439-47.

20 Tenner-Racz K, Racz P, Dietrich M, et al. Monoclonal antibodies

to human immunodeficiency virus: their relation to the patterns of

lymph node changes in persistent generalized lymphadenopathy

and AIDS. AIDS 1987; 1: 95-104.

Mizuma H, Zolla-Pazner S, Litwin S, ez al. Serum IgD elevation is

an early marker of B cell activation during infection with the

human immunodeficiency viruses. Clin Exp Immunol 1987; 68: 5-

14.

22 Edelman AS, Zolla-Pazner S. Response to mononuclear cells from
HIV-infected patients to B-cell mitogens: correlation with immu-
nological and clinical features of disease progression. AIDS 1990;
4: 859-64.

23 Hofmann BO, Lindhardt BQ, Gerstoft J, er al. Lymphocyte
transformation response to pokeweed mitogen as a predictive
marker for development of AIDS and AIDS related symptoms in
homosexual men with HIV antibodies. Br Med J 1987; 295: 293-6.

24 Nicholson JKA, McDougal JS, Spica TJ, Cross GD, Jones BM,
Reinherz EL. Immunoregulatory subsets of the T helper and T
suppressor cell populations in homosexual men with chronic
unexplained lymphadenopathy. J Clin Invest 1984; 73: 191-201.

25 Terpstra FG, Al BJIM, Roos MThL, de Wolf F, Goudsmit J,
Schellekens PThA, Miedema F. Longitudinal study of leukocyte

2

—



198

26

27

28

29

30

3

32

33

34

35

36

37

38

39

40

4

—

42

43

functions in homosexual men seroconverted for HIV: rapid and
persistent loss of B cell function after HIV infection. Eur J Immunol
1989; 19: 667-73.

Amadori A, Zamarchi R, Veronese ML, et al. B cell activation
during HIV-1 infection III down-regulating effect of mitogens.
AIDS 1991; 5: 821-8.

Miedema F, Petit AJ, Terpstra FG, et al. Inmunological abnor-
malities in human immunodeficiency virus (HIV)-infected asymp-
tomatic homosexual men. J Clin Invest 1988; 82: 1908-14.
Teeuwsen VJP, Logtenberg T, Siebelink KHJ, Lange JM, Gouds-
mit J, Uytdehaag FGCM, Osterhaus ADME. Analysis of the
antigen- and mitogen-induced differentiation of B lymphocytes
from asymptomatic human immunodeficiency virus-seropositive
male homosexuals. J Immunol 1987; 139: 2929-35.

Krowka JF, Stites DP, Jain S, et al. Lymphocyte proliferative
responses to human immunodeficiency virus antigens in vitro. J
Clin Invest 1989; 83: 1198-203.

Sugano T, Masuho Y, Matsumoto Y-I, Lake D, Gschwind C,
Petersen EA, Hersh EM. Human monoclonal antibody against
glycoproteins of human immunodeficiency virus. Biochem Biophys
Res Comm 1988; 155: 1105-12.

Amadori A, de Rossi A, Faulkner-Valle GP, Chieco-Bianchi L.
Spontaneous in vitro production of virus-specific antibody by
lymphocytes from HIV-infected subjects. Clin Immunol Immuno-
pathol 1988; 46: 342-51.

Amadori A, Zamarchi R, Ciminale V, et al. HIV-1-specific B cell
activation. A major constituent of spontaneous B cell activation
during HIV-1 infection. J Immunol 1989; 143: 2146-52.

Amadori A, Zamarchi R, Veronese ML, er al. B cell activation
during HIV-1 infection II cell-to-cell interactions and cytokine
requirement. J Immunol 1991; 146: 57-62.

Rusconi S, Riva A, Cocchi F, Ridolfo AL, Balotta C, Galli M.
Lack of in vitro production of anti-p24 antibodies by peripheral
blood lymphocytes (PBL) of HIV-1 infected patients. VIIth
International Conference on AIDS, Florence 16-21 June 1991.
abstract W.A.1339.

Teeuwsen VJP, Lange JMA, Keet R, er al. Low numbers of
functionally active B lymphocytes in the peripheral blood of HIV-
1-seropositive individuals with low p24-specific serum antibody
titers. AIDS 1991; 5: 971-9.

Zolla-Pazner S, Pinter A, Mizuma H. Potential use of serotherapy
in the prevention and treatment of infection with the human
immunodeficiency virus. J Virol Methods 1987; 17: 45-53.
Jehuda-Cohen T, Slade BA, Powell JD, et al. Polyclonal B-cell
activation reveals antibodies against human immunodeficiency
virus type 1 (HIV-1) in HIV-1-seronegative individuals. Proc Natl
Acad Sci USA 1990; 87: 3972-6.

Pahwa S, Chirmule N, Leombruno C, et al. In vitro synthesis of
human immunodeficiency virus-specific antibodies in peripheral
blood lymphocytes of infants. Proc Natl Acad Sci USA 1989;
86: 7532-6.

Nair MPN, Pottathil R, Heimer EP, Schwartz SA. Immunoregula-
tory activities of human immunodeficiency virus (HIV) proteins:
effect of HIV recombinant and synthetic peptides on immuno-
globulin synthesis and proliferative responses by normal lympho-
cytes. Proc Natl Acad Sci USA 1988; 85: 6498-502.

Pahwa S, Pahwa R, Good RA, Gallo RC, Saxinger C. Stimulatory
and inhibitory influences of human immunodeficiency virus on
normal B lymphocytes. Proc Natl Acad Sci USA 1986; 83: 9124-8.
Schnittman SM, Lane HC, Higgins SE, Folks T, Fauci AS. Direct
polyclonal activation of human B lymphocytes by the acquired
immune deficiency syndrome virus. Science 1986; 233: 1084-6.
Chanh TC, Kennedy RC, Kanda P. Synthetic peptides homolo-
gous to HIV transmembrane glycoprotein suppress normal human
lymphocyte blastogenic response. Cell Immunol 1988; 111: 77-86.
Pahwa S, Pahwa R, Saxinger C, Gallo RC. Good RA. Influence of
the human T-lymphotropic virus/lymphadenopathy-associated

45

46

47

48

49

50

5

—

52

53

54

55

56

57

58

59

6

—

62

J. E. Boyd & K. James

virus on functions of human lymphocytes: evidence for immuno-
suppressive effects and polyclonal B-cell activation by banded viral
preparations. Proc Natl Acad Sci USA 1985; 82: 8198-202.
Mann DL, Lasane F, Popovic M, Arthur LO, Robey WG, Blattner
WA, Newman MJ. HTLV-III large envelope protein (gpl20)
suppresses PHA-induced lymphocyte blastogenesis. J Immunol
1987; 138: 2640-4.

Chirmule N, Kalyanaraman VS, Oyaizu N, Slade HB, Pahwa S.
Inhibition of functional properties of tetanus antigen-specific T-cell
clones by envelope glycoprotein gpl20 of human immunodefi-
ciency virus. Blood 1990; 75: 152-9.

Shalaby MR, Krowka JF, Gregory TJ, et al. The effects of human
immunodeficiency virus recombinant envelope glycoprotein on
immune cell functions in vitro. Cell Immunol 1987; 110: 140-8.
Viscidi RP, Mayur K, Lederman HM, Frankel AD. Inhibition of
antigen-induced lymphocyte proliferation by tat protein from
HIV-1. Science 1989; 246: 1606-8.

Cauda R, Tumbarello M, Ortona L, Kanda P, Kennedy RC,
Chanh TC. Inhibition of normal human natural killer cell activity
by human immunodeficiency virus synthetic transmembrane pep-
tides. Cell Immunol 1988; 115: 57-65.

Brenneman DE, Westbrook GL, Fitzgerald SF, e al. Neuronal cell
killing by the envelope protein of HIV and its prevention by
vasoactive intestinal peptide. Nature 1988; 335: 639-42.

Kaiser PK, Offermann JT, Lipton SA. Neuronal injury due to HIV-
1 envelope protein is blocked by anti-gp120 antibodies but not by
anti-CD4 antibodies. Neurology 1990; 40: 1757-61.

Weinhold KH, Lyerly HK, Matthews TJ, et al. Cellular anti-gp120
cytolytic reactivities in HIV-1 seropositive individuals. Lancet
1988; i: 902-4.

Chirmule N, Kalyanaraman VS, Saxinger C, Wong-Staal F,
Ghrayeb J, Pahwa S. Localization of B-cell stimulatory activity of
HIV-1 to the carboxyl terminus of gp4l. AIDS Res Hum
Retroviruses 1990; 6: 299-305.

James K, Ritchie AWS. Do natural killer cells regulate B-cell
activity? Immunol Today 1984; 5: 193-4.

Cloyd MW, Holt MJ. Heterogeneity of human immunodeficiency
virus cell-associated antigens and demonstration of virus type
specificities of human antibody responses. Virology 1987; 161: 286-
92.

Kenealy W, Reed D, Cyhulski R, et al. Analysis of human serum
antibodies to human immunodeficiency virus (HIV) using recombi-
nant ENV and GAG antigens. AIDS Res Hum Retroviruses 1987;
3:95-105.

Lange JMA, Paul DA, Huisman HG, et al. Persistent HIV
antigenaemia and decline of HIV core antibodies associated with
transition to AIDS. Br Med J 1986; 293: 1459-62.

Mehta SU, Rupprecht KR, Hunt JC, et al. Prevalence of antibodies
to the core protein pl7, a serological marker during HIV-1
infection. AIDS Res Hum Retroviruses 1990; 6: 443-54.
Grimaldi LME, Roos RP, Devare SG, et al. Restricted hetero-
geneity of antibody to gp120 and p24 in AIDS. J Immunol 1988;
141: 114-7.

Allain J-P, Laurian Y, Einstein MH, et al. Monitoring of specific
antibodies to human immunodeficiency virus structural proteins:
clinical significance. Blood 1991; 77: 1118-23.

Bentwich Z, Schattner A, Milchan R, Harpaz N, Burstein R, Yavin
Z. Antibodies to HIV reverse transcriptase as prognostic factors.
VIIth International Conference on AIDS, Florence 16-21 June
1991. Abstract W.A.1342.

Bjorling E, Utter G, Stalhandske P, Norrby E, Chiodi F. Serum
reactivity to the HIV-1 endonuclease is directed to a unique
antigenic site. VIIth International Conference on AIDS, Florence
16-21 June 1991. Abstract W.A.1351.

Tkegami N, Akatan K, Matsuura Y, Takebe U. Significance of
serology on antibody reactive to HIV-1 negative factor (nef) gene
product using sera from HIV-1 infected hemophiliac patients.



63

65

66

67

68

69

70

7

—

72

73

74

75

76

77

78

79

80

B cell responses to HIV

VIIth International Conference on AIDS, Florence 16-21 June
1991. Abstract W.A.1329.

Sano K, Lee MH, Morales F, Nishanian P, Fahey J, Detels R,
Imagawa DT. Antibody that inhibits human immunodeficiency
virus reverse transcriptase and association with inability to isolate
virus. J Clin Microbiol 1987; 25: 2415-17.

Wieland U, Kehm R, Kramer M, Kuehn JE, Kratschmann H,
Braun RW. Epitopes of the HIV-1 vif protein as recognized by
human sera and murine monoclonal antibodies. VIIth Inter-
national Conference on AIDS, Florence 16-21 June 1991. Abstract
W.A.1353.

Dorsett B, Cronin WE, Chuma V, Ioachim HL. Anti-lymphocyte
antibodies in patients with the acquired immune deficiency syn-
drome. Am J Med 1985; 78: 621-6.

Kiprov DD. Anderson RE, Morand PR, er al. Antilymphocyte
antibodies and seropositivity for retroviruses in groups at high risk
for AIDS. N Engl J Med 1985; 312: 1517.

Ozturk GE, Kohler PF, Horsburgh Jr CR, Kirkpatrick CH. The
significance of antilymphocyte antibodies in patients with acquired
immune deficiency syndrome (AIDS) and their sexual partners. J
Clin Immunol 1987; 7: 130-9.

Silvestris F, Edwards BS, Sadeghi OM, Frassanito MA, Williams
Jr RC, Dammacco F. Isotype, distribution and target analysis of
lymphocyte reactive antibodies in patients with human immunode-
ficiency virus infection. Clin Immunol Immunopathol 1989;
53: 329-40.

Stricker RB, McHugh TM, Moody DJ, er al. An AIDS-related
cytotoxic autoantibody reacts with a specific antigen on stimulated
CD4+ T cells. Nature 1987; 327: 710-13.

Bost KL, Kahn BH, Saag MS, Shaw GM, Weigent DA, Blalock JE.
Individuals infected with HIV possess antibodies against IL-2.
Immunology 1988; 65: 611-15.

Reiher III WE, Blalock JE, Brunck TK. Sequence homology
between acquired immunodeficiency syndrome virus envelope
protein and interleukin 2. Proc Natl Acad Sci USA 1986; 83: 9188
92.

Golding H, Robey FA, Gates FT III, Linder W, Beining PR,
Hoffman T, Golding B. Identification of homologous regions in
human immunodeficiency virus I gp41 and human MHC Class 11
Bl domain. J Exp Med 1988; 167: 914-23.

Golding H, Shearer GM, Hillman K, er al. Common epitope in
human immunodeficiency virus (HIV) 1-gp41 and HLA class 11
elicits immunosuppressive autoantibodies capable of contributing
to immune dysfunction in HIV I-infected individuals. J Clin Invest
1989; 83: 1430-5.

Klasse PJ, Pipkorn R, Blomberg J. Presence of antibodies to a
putatively immunosuppressive part of human immunodeficiency
virus (HIV) envelope glycoprotein gp41 is strongly associated with
health among HIV-positive subjects. Proc Natl Acad Sci USA
1988; 85: 5225-9.

Susal C, Oberg H, Daniel V, et al. Role of anti-FAB autoantibodies
in HIV-infected hemophilia patients. VIIth International Confer-
ence on AIDS, Florence 16-21 June 1991. Abstract W.A.1243.
Chams V, Idziorek T, Klatzmann D. Biological properties of anti-
CD4 autoantibodies purified from HIV-infected patients. AIDS
1991; §: 565-9.

Khalife J, Guy B, Capron M, et al. Isotypic restriction of the
antibody response to human immunodeficiency virus. AIDS Res
Hum Retroviruses 1988; 4: 3-8.

Klasse PJ, Blomberg J. Patterns of antibodies to human immuno-
deficiency virus proteins in different subclasses of IgG. J Infect Dis
1987; 156: 1026-30.

Ljunggren K, Broliden PA, Morfeldt-Manson L, Jondal M,
Wahren B. IgG subclass response to HIV in relation to antibody-
dependent cellular cytotoxicity at different clinical stages. Clin Exp
Immunol 1988; 73: 343-7.

Mathiesen T, Sonnerborg A, von Sydow M, Gaines H, Wahren B.

8

—

82

8

w

84

85

86

87

8

]

89

90

9

—

92

93

94

95

96

97

98

199

IgG subclass reactivity against human immunodeficiency virus
(HIV) and cytomegalovirus in cerebrospinal fluid and serum from
HIV-infected patients. J Med Virol 1988; 25: 17-26.

Mathiesen T, Broliden P-A, Rosen J, Wahren B. Mapping of IgG
subclass and T-cell epitopes on HIV proteins by synthetic peptides.
Immunology 1989; 67: 453-9.

Sundqvist V-A, Linde A, Kurth R, er al. Restricted IgG subclass
responses to HTLV-III/LAV and to cytomegalovirus in patients
with AIDS and lymphadenopathy syndrome. J Infect Dis 1986;
153: 970-3.

Bottiger B, Karlsson A, Andreasson P-A, Naucler A, Costa CM,
Biberfeld G. Cross-neutralizing antibodies against HIV-1 (HTLV-
I1IB and HTLV-IIIRF) and HIV-2 (SBL-6669 and a new isolate
SBL-K135). AIDS Res Hum Retroviruses 1989; 5: 525-33.
Cheng-Mayor C, Homsy J, Evans LA, Levy JA. Identification of
human immunodeficiency virus subtypes with distinct patterns of
sensitivity to serum neutralization. Proc Natl Acad Sci USA 1988;
85: 2815-19.

Weiss RA, Clapham PR, Weber JN, Dalgleish AG, Lasky LA,
Berman PW. Variable and conserved neutralization antigens of
human immunodeficiency virus. Nature 1986; 324: 572-5.
Groopman JE, Benz PM, Ferriani R, Mayer K, Allan JD,
Weymouth LA. Characterization of serum neutralization response
to the human immunodeficiency virus (HIV). AIDS Res Hum
Retroviruses 1987; 3: 71-85.

Ranki A, Weiss SH, Valle SL, Antonen J, Krohn KJE. Neutraliz-
ing antibodies in HIV (HTLV-III) infection: correlation with
clinical outcome and antibody response against different viral
proteins. Clin Exp Immunol 1987; 69: 231-9.

Ljunggren K, Moschese V., Broliden P-A, er al. Antibodies
mediating cellular cytotoxicity and neutralization correlate with a
better clinical stage in children born to human immunodeficiency
virus-infected mothers. J Infect Dis 1990; 161: 198-202.
Robert-Guroff M, Oleske JM, Connor EM, Epstein LG, Minnefor
AB, Gallo RC. Relationship between HTLV-III neutralizing
antibody and clinical status of pediatric acquired immunodefi-
ciency syndrome (AIDS) and AIDS-related complex cases. Pedia-
tric Res 1987; 21: 547-50.

Wendler I, Bienzle U, Hunsmann G. Neutralizing antibodies and
the course of HIV-induced disease. AIDS Res Hum Retroviruses
1987; 3: 157-63.

Prince AM, Pascual D, Kosolapov LB, Kurokawa D, Baker L,
Rubinstein P. Prevalence, clinical significance and strain specificity
of neutralizing antibody to the human immunodeficiency virus. J
Inf Dis 1987; 156: 268-72.

Robinson WE Jr, Kawamura T, Lake D, Masuho Y, Mitchell WM,
Hersh EM. Antibodies to the primary immunodominant domain of
human immunodeficiency virus type 1 (HIV-1) glycoprotein gp41
enhance HIV-1 infection in vitro. J Virol 1990; 64: 5301-5.
Takeda A, Tuazon CU, Ennis FA. Antibody-enhanced infection
by HIV-1 via Fc receptor-mediated entry. Science 1988; 242: 580-3.
Homsy J, Meyer M, Levy JA. Serum enhancement of human
immunodeficiency virus infection correlates with disease in HIV-
infected individuals. J Virol 1990; 64: 1437-40.

Koup RA, Sullivan JL, Levine PH, et al. Antigenic specificity of
antibody-dependent cell-mediated cytotoxicity directed against
human immunodeficiency virus in antibody-positive sera. J Virol
1989; 63: 584-90.

Lyerly HK, Reed DL, Matthews TJ, Langlois AJ, Ahearne PA,
Petteway SR Jr, Weinhold KJ. Anti-gp120 antibodies from HIV
seropositive individuals mediate broadly reactive anti-HIV ADCC.
AIDS Res Hum Retroviruses 1987; 3: 409-22.

Shepp DH, Chakabarti S, Moss B, Quinnan Jr GV. Antibody-
dependent cellular cytotoxicity specific for the envelope antigens of
human immunodeficiency virus. J Infect Dis 1988; 157: 1260-4.
Ljunggren K, Bottiger B, Biberfeld G, Karlson A, Fenyo E-M,
Jondal M. Antibody-dependent cellular cytotoxicity-inducing anti-



200

99

10

—_

102

103

104

105

106

107

108

109

110

11

—

112

113

114

IS

bodies against human immunodeficiency virus. J Immunol 1987;
139: 2263-7.

Pan L-Z, Cheng-Mayer C, Levy JA. Patterns of antibody response
in individuals infected with the human immunodeficiency virus. J
Infect Dis 1987; 155: 626-32.

McRae B, Lange JAM, Ascher MS, de Wolf F, Sheppard HW,
Goudsmit J, Allain J-P. Immune response to HIV p24 core protein
during the early phases of human immunodeficiency virus infec-
tion. AIDS Res Hum Retroviruses 1991; 7: 637-43.

Barin F, McLane MF, Allan JS, Lee TH, Groopman JE, Essex M.
Virus envelope protein of HTLV-III represents major target
antigen for antibodies in AIDS patients. Science 1985; 228: 1094-6.
Neurath AR, Strick N, Taylor P, Rubinstein P, Stevens CE. Search
for epitope-specific antibody responses to the human immunodefi-
ciency virus (HIV-1) envelope glycoproteins signifying resistance to
disease development. AIDS Res Hum Retroviruses 1990; 6: 1183—
92.

Goudsmit J, Boucher CB, Meleon RH, Epstein LG, Smit L, vd
Hock L, Baklier M. Human antibody response to a strain-specific
HIV-1 gp120 epitope associated with cell fusion inhibition. AIDS
1988; 2: 157-64.

Weiss RA, Clapham PR, Weber JN, er al. HIV-2 antisera cross-
neutralize HIV-1. AIDS 1988; 2: 95-100.

Devash Y, Cavelli TA, Wood DG, Reagen KJ, Rubinstein A.
Vertical transmission of human immunodeficiency virus is corre-
lated with the absence of high-affinity/avidity maternal antibodies
to the gp120 principal neutralizing domain. Proc Natl Acad Sci
USA 1990; 87: 3445-9.

Goedert JJ, Mendez H, Drummond JE, et al. Mother-to-infant
transmission of human immunodeficiency virus type 1: association
with prematurity or low anti-gp120. Lancet 1989; ii: 1351-4.
Rossi P, Moschese V, Broliden PA, er al. Presence of maternal
antibodies to human immunodeficiency virus envelope glycopro-
tein gp120 epitopes correlates with the uninfected status of children
born to seropositive mothers. Proc Natl Acad Sci USA 1989;
86: 8055-8.

Toth FD, Szabo B, Ujhelyi E, et al. Neutralizing and complement-
dependent enhancing antibodies in different stages of HIV infec-
tion. AIDS 1991; 5: 263-8.

Montefiori DC, Lefkowitz Jr LB, Keller RE, er al. Absence of a
clinical correlation for complement-mediated, infection-enhancing
antibodies in plasma or sera from HIV-Il-infected individuals.
AIDS 1991; 5: 513-17.

Chiodi F, Mathiesen T, Albert J, Parks E, Norrby E, Wahren B.
IgG subclass response to a transmembrane protein (gp41) peptide
in HIV infection. J Immunol 1989; 142: 3809-14.

Banapour B, Rosenthal K, Rabin L, et al. Characterization and
epitope mapping of a human monoclonal antibody reactive with
the envelope glycoprotein of human immunodeficiency virus. J
Immunol 1987; 139: 4027-33.

Lal RB, Heiba IM, Dhawan RR, Smith ES, Perine PL. IgG
subclass response to human immunodeficiency virus-1 antigens:
Lack of IgG2 response to gp4l correlates with clinical manifes-
tation of disease. Clin Immunol Immunopathol 1991; 58: 267-77.
Calvelli TA, Dubrovsky L, Freyman B, Lyman W, Soeiro R,
Rubinstein A. IgA and IgM in amniotic fluid of HIV-positive
women: anti-HIV reactivity and association with immune com-
plexes. VIIth International Conference on AIDS, Florence 16-21
June 1991. Abstract W.A.1326.

Furlini G, Re MC, Dalla CP, Bianchi S, Guerra B, la Placa M.
Immunoblotting analysis of IgA and IgM antibody to HIV-I1
polypeptides in seropositive children. VIIth International Confer-
ence on AIDS, Florence 16-21 June 1991. Abstract W.A.1340.
Szewczuk M, Khan R, MacFadden D. A new serological marker
for the diagnosis of early HIV-1 infection. VIIth International
Conference on AIDS, Florence 16-21 June 1991. Abstract
W.A.1314.

116

117

118

119

120

12

—_—

122

123

124

125

126

127

128

129

130

13

—

132

133

134

135

136

J. E. Boyd & K. James

Corre J-P, Fevrier M, Theze J, Zouali M. Functional properties of
anti-idiotypic antibodies to human anti-gp120 antibodies. VIIth
International Conference on AIDS, Florence 16-21 June 1991.
Abstract W.A.1138.

Dowbenko D, Nakamura G, Fennie C, et al. Epitope mapping of
the human immunodeficiency virus type 1 gp120 with monoclonal
antibodies. J Virol 1988; 62: 4703-11.

Ferns RB, Tedder RS, Weiss RA. Characterization of monoclonal
antibodies against the human immunodeficiency virus (HIV) gag
products and their use in monitoring HIV isolate variation. J Virol
1987; 68: 1543-51.

Hinkula J, Rosen J, Sundqvist V-A, Stigbrand T, Wahren B.
Epitope mapping of the HIV-1 gag region with monoclonal
antibodies. Mol Immunol 1990; 27: 395-403.

Pryde A. Monoclonal antibodies to the human immunodeficiency
virus. M.Phil. thesis, Edinburgh University, 1991.

Broliden PA, Ljunggren K, Hinkula J, et al. A monoclonal
antibody to human immunodeficiency virus type 1 which mediates
cellular cytotoxicity and neutralization. J Virol 1990; 64:
936-40.

Dalgleish AG, Chanh TC, Kennedy RC, Kanda P, Clapham PR,
Weiss RA. Neutralization of diverse HIV-1 strains by monoclonal
antibodies raised against a gp41 synthetic peptide. Virology 1988;
165: 209-15.

Fung MSC, Sun C, Sun N-C, Chang NT, Chang TW. Monoclonal
antibodies that neutralize HIV-1 virus and inhibit syncytium
formation by infected cells. Biotechnology 1987; 5: 940-6.
Matsushita S, Robert-Guroff M, Rusche J, et al. Characterization
of a human immunodeficiency virus neutralizing monoclonal
antibody and mapping of the neutralization epitope. J Virol 1988;
62:2107-14.

Papsidero LD, Sheu M, Ruscetti FW. Human immunodeficiency
virus type l-neutralizing monoclonal antibodies which react with
pl7 core protein: characterization and epitope mapping. J Virol
1989; 63: 267-72.

Thomas EK, Weber JN, McClure J, Clapham PR, Singhal MC,
Shriver MK, Weiss RA. Neutralizing monoclonal antibodies to the
AIDS virus. AIDS 1988; 2: 25-9.

Masuda T, Matsushita S, Kuroda MJ, Kannagi M, Takasuki K,
Harada S. Generation of neutralization-resistant HIV-1 in vitro
due to amino acid interchanges of third hypervariable env region. J
Immunol 1990; 145: 3240-6.

McKeating JA, Gow J, Goudsmit J, Pearl LH, Mulder C, Weiss
RA. Characterization of HIV-1 neutralization escape mutants.
AIDS 1989; 3: 777-84.

Robert-Guroff M, Reitz MS, Robey WG, Gallo RC. In vitro
generation of an HTLV-III variant by neutralizing antibody. J
Immunol 1986; 137: 3306-9.

Hunt JC, Falk L, Webber JS, Decker RH, Devare SG, Dawson GJ.
Diagnostic utility of a mouse monoclonal antibody (5-21-3)
employed as a competitive probe in an immuno-assay to detect
antibody to HIV-1 gp4l. AIDS Res Hum Retroviruses 1990;
6: 599-606.

James K. Therapeutic monoclonal antibodies—their production
and application. Animal Cell Biotech 1990; 4: 206-55.

Berkman SA, Lee ML, Gale RP. Clinical use of intravenous
immunoglobulins. Ann Int Med 1990; 112: 278-92.

McCann MC, Boyd JE. Therapeutic antibodies. In: Prowse CV, ed.
Plasma and recombinant blood products in medical therapy.
London: John Wiley & Sons Ltd, 1992: 135-57.

Byers VS, Baldwin RW. Therapeutic strategies with monoclonal
antibodies and immunoconjugates. Immunology 1988; 65: 329-35.
van Kroonenburgh MJPG, Pauwels EKJ. Human immunological
response to mouse monoclonal antibodies in the treatment or
diagnosis of malignant diseases. Nuclear Med Commun 1988;
9: 919-30.

Ostberg L, Ehrlich PH. Lack of an immune response by Rhesus



137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

B cell responses to HIV

monkeys to a human monoclonal antibody. Int Cong Serol 1987;
718: 267-70.

Masuho Y. Human monoclonal antibodies: prospects for use as
passive immunotherapy. Serodiag Immunother Infect Dis 1988;
2: 319-40.

Co MS, Deschamps M, Whitley RJ, Queen C. Humanized
antibodies for antiviral therapy. Proc Natl Acad Sci USA 1991;
88: 2869-73.

Maeda H, Matsushita S, Eda Y, Kimachi K, Tokiyoshi S, Bendig
MM. Construction of reshaped human antibodies with HIV-
neutralizing activity. Hum Antibod Hybridomas 1991; 2: 124-33.
Riechmann L, Clark M, Waldmann H, Winter G. Reshaping
human antibodies for therapy. Nature 1988; 332: 323-7.

Emini EA, Schleif WA, Murthy K, et al. Passive immunization with
a monoclonal antibody directed to the HIV-1 gpl120 principal
neutralization determinant confers protection against HIV-1 chal-
lenge in chimpanzees. VIIth International Conference on AIDS,
Florence 16-21 June 1991. Abstract TH.A.64.

James K. Human monoclonal antibodies and engineered anti-
bodies in the management of cancer. Semin Cancer Biol 1990;
1: 243-53.

Moore GP. Genetically engineered antibodies. Clin Chem 1989;
35: 1849-53.

Jackson GG, Perkins JT, Rubenis M, Paul DA, Knigge M,
Despotes JC, Spencer P. Passive immunoneutralisation of human
immunodeficiency virus in patients with advanced AIDS. Lancet
1988; ii: 647-52.

Karpas A, Hill F, Youle M, et al. Effects of passive immunization in
patients with the acquired immunodeficiency syndrome-related
complex and acquired immune deficiency syndrome. Proc Natl
Acad Sci USA 1988; 85: 9934-7.

Karpas A, Hewlett IK, Hill F, er al. Polymerase chain reaction
evidence for human immunodeficiency virus 1 neutralization by
passive immunization in patients with AIDS and AIDS-related
complex. Proc Natl Acad Sci USA 1990; 87: 7613-7.

Vittecoq D, Lefrere JJ. Passive immunotherapy in AIDS: results of
phase I trial. State of phase II trial. VIIth International Conference
on AIDS, Florence 16-21 June 1991. Abstract W.A.1134.
Dalgleish AG, Thomson BJ, Chanh TC, Malkovsky M, Kennedy
RC. Neutralization of HIV isolates by anti-idiotypic antibodies
which mimic the T4 (CD4) epitope: a potential AIDS vaccine.
Lancet 1987; ii: 1047-9.

Fung MSC, Sun CRY, Liou RS, Gordon W, Chang NT, Chang
T-W, Sun N-C. Monoclonal anti-idiotypic antibody mimicking the
principal neutralization site in HIV-1 gp120 induces HIV-1 neutra-
lizing antibodies in rabbits. J Immunol 1990; 145: 2199-206.
Kennedy RC, Chanh TC. Perspectives on developing anti-idiotype-
based vaccine for controlling HIV infection. AIDS 1988; 2: S119-
27.

Muller S, Wang H-T, Kaveri S, Chattopadhyay S, Kohler H.
Idiotype matching in AIDS by using monoclonal anti-idiotypic
antibodies against human HIV-specific antibodies. VIIth Inter-
national Conference on AIDS, Florence 16-21 June 1991. Abstract
W.A.1296.

Kohler G, Milstein C. Derivation of specific antibody-producing
tissue culture and tumor lines by cell fusion. Eur J Immunol 1976;
6: 511-19.

Boyd JE, James K. Human monoclonal antibodies: their potential,
problems and prospects. In: Mizrahi A, ed. Monoclonal anti-
bodies: production and application. New York: Alan R Liss,
1989: 1-43.

James K, Bell GT. Human monoclonal antibody production.
Current status and future prospects. J Immunol Methods 1987;
100: 5-40.

Tosato G, Blaese RM, Yarchoan R. Relationship between im-
munoglobulin production and immortalization by Epstein Barr
virus. J Immunol 1985; 135: 959-64.

156

157

158

159

160

16

162

163

164

165

166

167

168

169

170

17

[y

172

173

201

Kozbor D, Lagarde AE, Roder JC. Human hybridomas con-
structed with antigen-specific, EBV-transformed cell lines. Proc
Natl Acad Sci USA 1982; 79: 6651-5.

Gorny MK, Xu J-Y, Gianakakos V, et al. Production of site-
selected neutralizing human monoclonal antibodies against the
third variable domain of the human immunodeficiency virus type 1
envelope glycoprotein. Proc Natl Acad Sci USA 1991; 88: 3238-42.
Ohlin M, Broliden PA, Danielsson L, Wahren B, Rosen J, Jondal
M, Borrebaeck CAK. Human monoclonal antibodies against a
recombinant HIV envelope antigen produced by primary in vitro
immunization: characterization and epitope mapping. Immuno-
logy 1989; 68: 325-31.

Neuberger MS. Making novel antibodies by expressing transfected
immunoglobulin genes. Trends Biotechnol 1985; 3: 347-9.

Oi VT, Morrison SL. Chimeric antibodies. Bio/Techniques 1986;
4:214-21.

Persson MAA, Caothien RH, Burton DR. Generation of diverse
high-affinity human monoclonal antibodies by repertoire cloning.
Proc Natl Acad Sci USA 1991; 88: 2432-6.

Amadori A, Ciminale V, Calabro ML, Tessarollo L, Francavilla E,
Chieco-Bianchi L. Human monoclonal antibody against a gag-
coded protein of human immunodeficiency virus produced by a
stable EBV-transformed cell clone. AIDS Res Hum Retroviruses
1989; §: 73-8.

Evans LA, Homsy JM, Morrow WJW, Gaston I, Sooy CD, Levy
JA. Human monoclonal antibody directed against gag gene
products of the human immunodeficiency virus. J Immunol 1988;
140: 941-3.

Gorny MK, Gianakakos V, Sharpe S, Zolla-Pazner S. Generation
of human monoclonal antibodies to human immunodeficiency
virus. Proc Natl Acad Sci USA 1989; 86: 1624-8.

Grunow R, Jahn S, Porstmann T, et al. The high efficient, human B
cell immortalizing heteromyeloma CB-F7—production of human
monoclonal antibodies to human immunodeficiency virus. J Immu-
nol Methods 1988; 106: 257-65.

Prigent S, Goossens D, Clerget-Raslain B, et al. Production and
characterization of human monoclonal antibodies against core
protein p25 and transmembrane glycoprotein gp4l of HIV-1.
AIDS 1990; 4: 11-19.

Lake D, Sugano T, Marsumoto Y-I, Masuho Y, Petersen EA,
Feorino P, Hersh EM. A hybridoma producing human monoclonal
antibody specific for glycoprotein 120kDa of human immunodefi-
ciency virus (HIV-1). Life Sci 1989; 45: iii-x.

Liou R-S, Rosen EM, Fung MSC, et al. A chimeric mouse-human
antibody that retains specificity for HIV gp120 and mediates the
lysis of HIV-infected cells. J Immunol 1989; 143: 3967-75.

Ho DD, McKeating JA, Li XL, Moudgil T, Daar ES, Sun NC,
Robinson JE. Conformational epitope on gp120 important in CD4
binding and human immunodeficiency virus type 1 neutralization
identified by a human monoclonal antibody. J Virol 1991; 65: 489
93.

Robinson JE, Holton D, Pacheco-Morell S, Liu J, McMurdo H.
Identification of conserved and variant epitopes of human immu-
nodeficiency virus type 1 (HIV-1) gp120 by human monoclonal
antibodies produced by EBV-transformed cell lines. AIDS Res
Hum Retroviruses 1990; 6: 567-79.

Scott Jr CF, Silver S, Profy AT, Putney SD, Langlois A, Weinhold
K, Robinson JE. Human monoclonal antibody that recognizes the
V3 region of human immunodeficiency virus gp120 and neutralizes
the human T-lymphotropic virus type IIIyy strain. Proc Natl Acad
Sci USA 1990; 87: 8597-601.

Tilley SA, Hunnen WJ, Racho ME, Hilgartner M, Pinter A. A
human monoclonal antibody against the CD4-binding site of HIV-
1 gp120 exhibits potent, broadly neutralizing activity. Res Virol
1991; 142: 247-59.

Desgranges C, Ebersold A, Holnique M, et al. Biological features
of human monoclonal antibodies directed against HIV envelope



202

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

peptides. VIIth International Conference on AIDS, Florence 16-21
June 1991. Abstract W.A.1336.

Posner MR, Hideshima T, Cannon T, Mukherjee M, Mayer KH,
Byrn RA. An IgG human monoclonal antibody that reacts with
HIV-1/gp120, inhibits virus binding to cells, and neutralizes
infection. J Immunol 1991; 146: 4325-32.

Boyer V, Broly H, Souche S, Madaule P, Rossier J, Zaguary D,
Desgranges C. Characterization and large production of human
monoclonal antibodies against the HIV-1 envelope. Clin Exp
Immunol 1991; 83: 452-9.

Bugge TH, Lindhardt BQ, Hansen LL, ez al. Analysis of a highly
immunodominant epitope in the human immunodeficiency virus
type | transmembrane glycoprotein, gp4l, defined by a human
monoclonal antibody. J Virol 1990; 64: 4123-9.

Desgranges C, Boyer V, Souche S, et al. Monoclonal antibodies to
HIV in a non-infected, immunized volunteer. Lancet 1988;i: 935-6.
Tyler DS, Stanley SD, Zolla-Pazner S, e al. Identification of sites
within gp41 that serve as targets for antibody-dependent cellular
cytotoxicity by using human monoclonal antibodies. J Immunol
1990; 145: 3276-82.

Teeuwsen VJP, Siebelink KHJ, Crush-Stanton S, et al. Production
and characterization of a human monoclonal antibody, reactive
with a conserved epitope on gp4l of human immunodeficiency
virus type 1. AIDS Res Hum Retroviruses 1990; 6: 381-92.
Pollock BJ, McKenzie AS, Kemp BE, McPhee DA, d’Apice AJF.
Human monoclonal antibodies to HIV-1: cross-reactions with gag
and env products. Clin Exp Immunol 1989; 78: 323-8.

Zagury D, Bernard J, Cheyner R, et al. A group specific anamnestic
immune reaction against HIV-1 induced by a candidate vaccine
against AIDS. Nature 1988; 332: 728-31.

Dorfman NA. The optimal technological approach to the develop-
ment of human hybridomas. J Biol Response Mod 198S; 4: 213-39.
Wasserman RL, Budens RD, Thaxton ES. In vitro stimulation
prior to fusion generates antigen-binding human-human hybrido-
mas. J Immunol Methods 1986; 93: 275-83.

Borrebaeck CAK. Strategy for the production of human mono-
clonal antibodies using in vitro activated B cells. J Immunol
Methods 1989; 123: 157-65.

Xu J-Y, Gorny MK, Palker T, Karwowska S, Zolla-Pazner S.
Epitope mapping of two immunodominant domains of gp41, the
transmembrane protein of human immunodeficiency virus type 1,
using ten human monoclonal antibodies. J Virol 1991; 65: 4832-8.
Robinson WE, Gorny MK, Xu J-Y, Mitchell WM, Zolla-Pazner S.
Two immunodominant domains of gp4l bind antibodies which
enhance human immunodeficiency virus type 1 infection in vitro. J
Virol 1991; 65: 4169-76.

Teeuwsen VJP, Schalken JJ, vd Groen G, vd Akker R, Goudsmit J,
Osterhaus ADME. An inhibition enzyme immunoassay using a
human monoclonal antibody (K 14) reactive with gp41 of HIV-1 for
the serology of HIV-1 infections. AIDS 1991; 5: 893-6.

Li Pira G, Fenoglio D, Zolla-Pazner S, Celada F, Dalgleish A,
Manca F. Presentation of HIV env glycoprotein to specific human
T clones is enhanced by poly and monoclonal antibodies. VIIth
International Conference on AIDS, Florence, 16-21 June 1991.
Abstract W.A.1198.

Krowka JF, Singh B, Stites DP, er al. Epitopes of human
immunodeficiency virus type 1 (HIV-1) envelope glycoproteins
recognized by antibodies in the sera of HIV-infected individuals.
Clin Immunol Immunopathol 1991; 5§9: 53-64.

Pincus SH, Cole RL, Hersh EM, Lake D, Masuho Y, Durda PJ,
McClure J. In vitro efficacy of anti-HIV immunotoxins targeted by
various antibodies to the envelope protein. J Immunol 1991;
146: 4315-24.

Monell CR, Odaka N, Ying XH, Saah AJ, Strand M. Antibodies
against gp41 epitope responsible for antibody enhanced infection

192

193

194

195

196

197

198

199

200

20

—_

202

203

204

205

206

207

208

J. E. Boyd & K. James

of HIV increase over time. VIIth International Conference on
AIDS. Florence 16-21 June 1991. Abstract W.A.1139.

Robinson WE Jr, Kawamura T, Gorny MK, et al. Human
monoclonal antibodies to the human immunodeficiency virus type
I (HIV-1) transmembrane glycoprotein gp4l enhance HIV-1
infection in vitro. Proc Natl Acad Sci USA 1990; 87: 3185-9.
Gnann Jr JW, Nelson JA, Oldstone MBA. Fine mapping of an
immunodominant domain in the transmembrane protein of human
immunodeficiency virus. J Virol 1987; 61: 2639-41.

Narvanen A, Korkolainen M, Kontio S, et a/. Highly immuno-
reactive antigenic site in a hydrophobic domain of HIV-1 gp4l
which remains undetectable with conventional immunochemical
methods. AIDS 1988; 2: 119-23.

Kennedy RC, Henkel RD, Pauletti D, Allan JS, Lee TH, Essex M,
Dreesman GR. Antiserum to a synthetic peptide recognizes the
HTLV-III envelope glycoprotein. Science 1986; 231: 1556-9.
Thali M, Oilshevsky U, Furman C, Gabuzda D, Posner M,
Sodroski J. Structure and function of a discontinuous gp120
epitope recognized by a broadly-reactive neutralizing human
monoclonal antibody. VIIth International Conference on AIDS,
Florence, 16-21 June 1991. Abstract TH.A.2.

Gorny MK, Karwowska S, Xu JY, et al. Human monoclonal
antibodies (HumAbs) to the V3 loop of HIV-1 react with divergent
strains. VIIth International Conference on AIDS, Florence, 16-21
June 1991. Abstract W.A.1319.

Ho DD, Kaplan JC, Rackauskas IE, Gurney ME. Second
conserved domain of gp120 is important for HIV infectivity and
antibody neutralization. Science 1988; 239: 1021-3.

Javaherian K, Langlois AJ, Larosa GJ, et al. Broadly neutralizing
antibodies elicited by the hypervariable neutralizing determinant of
HIV-1. Science 1990; 250: 1590-3.

Lasky LA, Nakamura G, Smith DH, er al. Delineation of a region
of the human immunodeficiency virus type 1 gp120 glycoprotein
critical for interaction with the CD4 receptor. Cell 1987; 50: 975-
8s.

Hansen JES, Clausen H, Nielsen C, et al. Inhibition of human
immunodeficiency virus (HIV) infection in vitro by anticarbohyd-
rate monoclonal antibodies: peripheral glycosylation of HIV
envelope glycoprotein gp120 may be target for virus neutralization.
J Virol 1990; 64: 2833-40.

Tomiyama T, Lake D, Masuho Y, Hersh EM. Recognition of
human immunodeficiency virus glycoproteins by natural anti-
carbohydrate antibodies in human serum. Biochem Biophys Res
Comm 1991; 177: 279-85.

Davis D, Stephens DM, Willers C, Lachmann PJ. Glycosylation
governs the binding of antipeptide antibodies to regions of hyper-
variable amino acid sequence within recombinant gp120 of human
immunodeficiency virus type 1. J Gen Virol 1990; 71: 2889-98.
Liang C-M, Henry S, Liang S-M, Epstein JS. An anti-p24
monoclonal antibody shows cross-reactivity with multiple HIV-1
proteins. J Immunol Methods 1990; 132: 57-62.

Dopel S-H, Porstmann T, Grunow R, Jungbauer A, von Baehr R.
Application of a human monoclonal antibody in a rapid competi-
tive anti-HIV ELISA. J Immunol Methods 1989; 116: 229-33.
Till MA, Zolla-Pazner S, Gorny MK, Patton JS, Uhr JW, Vitetta
ES. Human immunodeficiency virus-infected T cells and mono-
cytes are killed by monoclonal human anti-gp41 antibodies coupled
to ricin A chain. Proc Natl Acad Sci USA 1989; 86: 1987-91.

Till MA, Ghetie V, May RD, et al. Immunoconjugates containing
ricin A chain and either human anti-gp41 or CD4 kill H9 cells
infected with different isolates of HIV 1 but do not inhibit normal T
or B cell function. J AIDS 1990; 3: 609-14.

Foung S, Perkins S, Kafadar K, Gessner P, Zimmermann U.
Development of microfusion techniques to generate human hybri-
domas. J Immunol Methods 1990; 134: 35-42.



