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SUMMARY

The network theory of autoimmunity is presented with recent experimental data rele-
vant to the understanding of the pathogenesis of AIDS. Schematically, effector T cells
specific for self-antigens exist normally, but their activity is modulated and prevented
by networks of regulatory T cells. As a result of mimicry between molecular compo-
nents of microorganisms and self-antigens, autoimmune disease can be triggered by
specific foreign pathogens which alter the state of activity of the network from sup-
pression to activation. Conversely, by a procedure known as T-cell vaccination, autolo-
gous effector T cells re-injected after in vitro stimulation and attenuation may alter the
state of the network from an activation to a suppression.

Numerous observations are reviewed that support the concept of autoimmune ac-
tivity in the destruction of non-infected T4 cells. Such activity is presumed to be trig-
gered by an antigen of viral origin, the most likely, but not the only one, being the envelope
protein gp120. Based on this hypothesis, a T-cell vaccination procedure against effec-
tor T cells responsible for autoimmunopathic activity in HIV-seropositive patients is pro-
posed, similar to the one known from experimental study of autoimmunity and presently
being tested in human autoimmune diseases. Its purpose would be to prevent T-cell loss
and the onset of immunodeficiency disease in HIV-seropositive patients. Apart from its
potential therapeutic value, this procedure will have use as a therapeutic test from which
insight will be gained about the immunopathogenesis of AIDS.

Key-words: AIDS, Autoimmunity, T lymphocyte, Immunotherapy; Networks, T-cell
vaccination, Immunopathogenesis; Review.

Introduction vaccination may be applied to HIV-seropositive

patients in order to prevent the development of

In previous communications (Atlan, 1992; AIDS. T-cell vaccination is a well-documented
Atlan et al., 1993), we have suggested that T-cell procedure designed as a specific cellular im-
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munotherapy against autoimmunity (Cohen,
1991a). T-cell vaccination has been effective in
a number of experimental autoimmune diseases,
and is presently being tested in humans affect-
ed by multiple sclerosis (Hafler et al., 1992;
Zhang et al., 1993) and rheumatoid arthritis (van
Laar et al., 1993) with no toxic effects and en-
couraging preliminary results.

Several lines of evidence suggest that develop-
ment of the acquired immunodeficiency syn-
drome (AIDS) in individuals infected with the
human immunodeficiency virus (HIV) does not
result solely from direct cytopathic effects of the
virus (Shearer, 1983; Ziegler and Stites, 1986;
Klatzmann and Montagnier, 1986; Klatzmann
and Gluckman, 1986; Procaccia et al., 1987;
Ascher and Sheppard, 1988; Isaksson ef al.,
1988 ; Kaplan et al., 1988 ; Kopelman and Zolla-
Pazner, 1988 ; Schattner, 1988 ; Martinez-A. et
al., 1988 : Bacchetti and Moss, 1989 ; Duesberg,
1989 ; Schnittman et al., 1989; Ascher and Shep-
pard, 1990; Hoffman et al., 1991; Maddox,
1991; Hsia and Spector, 1991 ; Morrow et al.,
1991). It is true that more sensitive PCR tech-
niques have shown that the proportion of
CD4* T lymphocytes latently infected with
HIV is much higher than originally thought, even
during the clinical latency period (Embretson et
al., 1993). However, the presence of viral DNA
in the genome of the cells is not lethal in itself
in the absence of activation. Therefore, the ques-
tion remains open concerning the im-
munopathology of AIDS. The long and variable
interval between infection with HIV and de-
velopment of immunodeficiency disease (Klatz-
mann and Gluckman, 1986; Isaksson et al.,
1988 ; Kaplan et al., 1988 ; Bachetti and Moss,
1989), clinical and pathological similarities with
known autoimmune disorders (Procaccia et al.,
1987; Kopelman and Zolla-Pazner, 1988;

Schattner, 1988; Morrow et al., 1991) and the
observation of genetic correlations with patterns
of HIV disease progression (Steel et al., 1988;
Jeannet et al., 1989; Simmonds ef al., 1991;
Puppo et al., 1991 ; Louie et al., 1991), all sug-
gest more complex pathological processes involv-
ing the immune response of the organism to HIV
infection.

A number of immunopathic mechanisms with
several features of autoimmunity have been pro-
posed as contributing to the development of
AIDS. These include cross-reactive recognition
of self-MHC and a secondary antiidiotypic
response to CD4, to be found in the first large
set of references mentioned above, elimination
of infected T4 cells by virus-specific, HLA-
restricted cytotoxic lymphocytes (Shearer, 1986;
Zinkernagel, 1988), elimination of uninfected T4
cells by immune responses directed against HIV
(Klatzmann and Gluckman, 1986; Salk, 1987;
Lyerly et al., 1987 ; Lanzavecchia et al., 1988;
Lanzavecchia, 1989 Siliciano ef al., 1988 ; Israel-
Biet et al., 1990; Morrow et al., 1991) and/or
T4 cell antigens (Stricker et al., 1987; Mar-
tinez-A. et al., 1988; Kowalski et al., 1989;
Zarling et al., 1990), unrestricted T-cell activa-
tion by HIV-infected macrophages with conse-
quent immune dysregulation and T-cell death
(Ascher and Sheppard, 1988, 1990), superanti-
gen effects of HIV components leading to
widespread deletion of T4 clones (Imberti et al.,
1991), other non-specific immunosuppressive ef-
fects mediated by HIV components including
gpl120 (Weinhold et al., 1989) and the tat gene
product (Viscidi ef al., 1989) and inappropriate
activation-induced T-cell death (apoptosis) in
mature T4 cells (a process which is normally ob-
served only in immature thymocytes) (Ameisen
and Capron, 1991 ; Terai ef al., 1991 ; Monta-
gnier ef al., 1991; Groux ef al., 1992). Graft-

AA = adjuvant arthritis.

AIDS = acquired immune deficiency syndrome.
CMI = cell-mediated immunity.

CMV = cytomegalovirus.

CTL = cytotoxic T lymphocyte.

DTH = delayed-type hypersensitivity.

EAE = autoimmune encephalomyelitis.

EAT = experimental autoimmune thyroiditis.

EBV = Epstein-Barr virus.

FDC = follicular dendritic cell.

HIV = human immunodeficiency virus.
HSV = herpes simplex virus.

MBP = myelin basic protein.

MHC = major histocompatibility complex.
PCR = polymerase chain reaction.
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versus-host and host-versus-graft responses to
allogeneic class II MHC antigens, with conse-
quent immune suppression, have also been sug-
gested (Shearer, 1983; Klatzmann and
Gluckman, 1986 ; Moser ef al., 1987). On the ba-
sis of observed cross-reactivity between MHC
and HIV proteins, it has been suggested that
HIV envelope antigens induce a chronic au-
toreactivity similar to graft-versus-host disease
(Habeshaw et al., 1992).

More recently, a highly plausible hypothesis
on the immunopathology of the development of
ARC/AIDS has been proposed (Pantaleo et al.,
1993). This hypothesis is based on the observa-
tion that large numbers of human immunodefi-
ciency viruses and of HIV-infected cells are
present in the lymphoid organs during the clini-
cal latency period, associated with a progressive
dysruption of the follicular dendritic cell (FDC)
network in the lymph nodes. It is suggested that
during the progression of the disease, most of
the HIV-infected CD4* T cells are no longer
prevented from circulating in the peripheral
blood by being destroyed in the lymph nodes,
when the FDC network cannot continue to per-
form its normal functions of trapping and anti-
gen presentation. Then, further activation of
large numbers of circulating infected CD4*
T cells would allow for viral replication and cell
death responsible for the increased viraemia ob-
served at the late stages of the disease. However,
the critical event in this mechanism, namely the
destruction of FDC, does not seem to be
produced by a direct viral cytopathic effect, but
again by an immunopathic response leading to
activated CD8* cytotoxic T lymphocytes (CTL)
infiltrating the lymph node follicles.

Thus, on the one hand, immune responses tc
HIV infection might be immunoprotective
through destruction of HIV-infected cells and
neutralization of free virus. On the other hand,
however, some aspects of the immune response
might be autoimmunopathic and contribute to
the development of immunodeficiency through
destruction of both infected and uninfected T4
cells, and/or of follicular dendritic cells in the
lymph nodes. The rate of T4-cell decline and
HIV disease progression might thus reflect, in
part, the balance between immunoprotective and

autoimmunopathic facets of the anti-HIV im-
mune response.

In the present article, the first section will
review the relevant experimental and theoreti-
cal background on autoimmunity and T-cell vac-
cination. Recent developments in the network
theory of autoimmunity (Cohen, 1986 ; Cohen
and Atlan, 1989; Atlan and Hoffer-Snyder,
1989; Cohen and Young, 1991; Atlan and
Cohen, 1992; Cohen, 1992a, 1992b) shed light
on the nature of various autoimmunopathic
mechanisms that might be operative in HIV
disease and suggest ways in which such autoim-
munopathic processes might be prevented or
controlled. According to that theory, for exam-
ple, molecular mimicry betwéen a strong foreign
epitope and a self-antigen may lead to the break-
ing of tolerance to the self-antigen through per-
turbation of a pre-existing regulatory network.
Autoimmunopathic destruction of T4 cells might
thus result, in this case, from the destabilization
of a self-tolerance-maintaining regulatory net-
work by immune responses to HIV components
with homologies to antigens normally present on
T4 cells. Another alternative would be that HIV
antigens presented by CD4* T cells or follicu-
lar dendritic cells would have a similar destabiliz-
ing effect by activating helpers and cytotoxic cells
against those cells.

In section II, we shall examine existing evi-
dence for autoimmunopathicity in HIV disease
and discuss how the concepts developed in sec-
tion I can be applied to a possible immunother-
apy of HIV-seropositive patients. Several models
of how regulatory networks might be related to
autoimmunopathicity in HIV disease and impli-
cations with respect to potential modes of inter-
vention will be discussed.

In section III, we shall propose a detailed pro-
tocol for a first therapeutic test to be implement-
ed. A general discussion will serve as a
conclusion.

I. — Network theory of autoimmunity

Contrary to the global theories of the idio-
typic network, initiated by the pioneering work
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of Jerne (1974), the network theory of autoim-
munity is a local description of interactions be-
tween identified cell populations involved in the
occurrence of specific autoimmune diseases (Co-
hen and Atlan, 1989; Cohen, 1989a). Accord-
ing to its main concept, autoimmunity is
“natural’’ (Horton, 1993) and is present in
healthy organisms. It is controlled by a network
of regulatory T cells (and possibly lymphokines,
B cells, antibodies) which prevents normally
existing effector cells reactive to a given self-
antigen from being activated. The balance be-
tween stimulating and suppressive effects de-
pends on the connection structure of the
network, i.e. the nature and the strength of the
interactions between the network elements. De-
pending on that structure, the network stabilizes
in a normal or pathological state, where the ef-
fector cells directly responsible for the disease
are activated or inactivated, respectively.
However, the connections between the elements
can be modified by external antigenic stimuli or
internal regulatory signals produced by the net-
work’s own temporal evolution (Atlan and
Hoffer-Snyder, 1989). Thus, such a network,
like neural networks in the central nervous sys-
tem, is endowed with ‘‘cognitive’’ properties, i.e.
self-organizing learning and adaptive capacities
(Atlan and Cohen, 1992 ; Cohen, 1992a, 1992b).
Relevant examples of those mechanisms will be
discussed further (in section II, parts 1b and 2).

The network theory of autoimmunity is based
on the evidence that effector cells with specific-
ity for self-antigens normally exist in vivo (Guil-
bert et al., 1982 ; Burns et al., 1983 ; Cohen and
Young, 1991). Such effector cells are either
prevented or not from exerting autoimmune ef-
fects. This depends on the state of activity of
other, regulatory, cell populations, mainly (but
not solely) antigen-specific and idiotypic-specific
(Ben-Nun et al., 1981a, Holoshitz et al., 1983;
Lider et al., 1987 ; Lider et al., 1988 ; Kakimoto
etal., 1988; Lohse et al., 1989 ; Cohen, 1989hb;
Roubaty ef al., 1990). When this finely tuned
regulatory system is appropriately perturbed by
the introduction of a foreign antigen, cross-
reactive with a given self-antigen or interfering
with antigen presentation, the ensuing stimuli
delivered to the various component cells of the

network change the steady state of the network
in such a way that expression rather than sup-
pression of autoimmunity occurs.

Conversely, the regulatory network is en-
hanced or strengthened with respect to its abili-
ty to suppress autoimmunity by exposure to a
non-pathogenic form of the relevant effector
cells. Such enhancement is learned and ‘‘memo-
rized”’ in the structure of the network, so that
subsequent exposure either to the pathogenic ef-
fector cells or to the potentially immunopatho-
genic antigen would not produce autoimmunity.
This concept is particularly relevant to studies
of T-cell vaccination as a prophylactic and ther-
apeutic procedure against autoimmune diseases
(Ben-Nun et al., 1981a; Cohen et al., 1985;
Cohen, 1986, 1989b,c, 1991a; Atlan and Hoffer-
Snyder, 1989; Roubaty ef al., 1990; Cohen and
Young, 1991; Elias ef al., 1991 ; Beraud, 1991;
Atlan and Cohen, 1992; Hafler et al., 1992).

Studies with experimental autoimmune dis-
eases have provided most of the data underly-
ing the network theory of autoimmunity. The
best studied model has been experimental au-
toimmune encephalomyelitis (EAE). This dis-
ease, characterized by the acute onset of paralysis
in genetically susceptible animals following ap-
propriate inductive stimuli, has been shown to
be mediated by T4 effector cells specific for
myelin basic protein (MBP) (Ben-Nun et al.,
1981b). Spontaneous recovery may occur and is
associated with the appearance of suppressor
cells which react specifically with idiotypic de-
terminants present on the anti-MBP T4 cells
(Ben-Nun and Cohen, 1982; Ellerman et al.,
1988) or with antigenic determinants on MBP
(Ben-Nun et al., 1981b). These and other obser-
vations (Lider et al., 1988; Lohse et al., 1989)
have led to the formulation of a model in which
the onset, remissions and relapses of EAE and
other autoimmune diseases can be explained by
changes in the interactions among an effector
cell and two pairs of regulatory elements:
(i) antigen-specific helper and suppressor cells,
and (ii) idiotype-specific helper and suppressor
cells (Cohen and Atlan, 1989). According to this
model, once a state of autoimmunity has resulted
from a change in the normal balance among the
various elements of a regulatory network, which
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has previously served to suppress an anti-self
response, the autoimmune state may be stable
and persist even after the agent which precipi-
tated the change is no longer present. Alterna-
tively, if the host response to a foreign antigen
induces the de novo formation of a regulatory
network leading to autoimmunity, then the con-
tinued presence of cross-reactive self-epitopes
may perpetuate the autoimmunopathic state of
the network even after the precipitating antigen
has been cleared.

Other experimental models of autoimmune
disease suggest the existence of further levels of
complexity in the regulation of autoimmunity.
For example, adjuvant arthritis (AA) is an au-
toimmune disease which may be experimental-
ly induced by injection of killed Mycobacterium
tuberculosis, which contains an antigenic pro-
tein cross-reactive with a joint cartilage pro-
teoglycan (van Eden et al., 1985). The disease
may also be induced by inoculating cells from
an anti-M. tuberculosis T4 clone which also
recognize the proteoglycan (van Eden et al.,
1985, 1988). More recent investigation into the
nature and dynamics of the regulatory network
in AA suggests that at least one additional com-
ponent may be involved (Cohen, 1989b; Karin,
1991; Atlan and Cohen, 1992). The onset and
severity of the autoimmune disease triggered by
M. tuberculosis has been correlated with the
presence of a population of non-specific CD8*
suppressor cells which downregulate the anti-
idiotypic regulatory cells to a greater extent than
they do the cytolytic effector cells. According
to the proposed network model (Atlan and Co-
hen, 1992), this results in a net increase in ef-
fector activity. This contrasuppressive,
pathogenic response is partially non-specific
(Cohen, 1989b; Lohse et al., 1989; Karin, 1991),
being directed not only against the specific an-
tiidiotypic regulatory cells, but also against other
anticlonotypic regulatory cells. The latter in-
cludes cells which control responses to different
epitopes of the self-antigen and others which are
involved in the regulation of unrelated autoim-
mune diseases, such as EAE. It is thus conceiv-
able that partially non-specific suppressor cells
might exert contrasuppressive effects and facili-
tate the expression of autoimmunopathic res-

ponses in other diseases. In this regard, it is in-
teresting to note that a subpopulation of CD8*
suppressor cells acting via release of a soluble
inhibitory factor has been observed in associa-
tion with HIV infection (Joly ef al., 1989 ; Sadat-
Sowti et al., 1991).

The pathogenesis of experimental autoim-
mune thyroiditis (EAT) provides another exam-
ple of additional network complexity. This
disorder, which can be produced experimental-
ly by inoculation of ceils from a thyroglobulin-
specific cytotoxic T-cell clone, may entail dys-
function of an immune regulatory network con-
taining humoral as well as cellular components
(Roubaty et al., 1990). In this regard, given the
homologies that have been described between the
HIV envelope glycoprotein (gpl20) and im-
munoglobulins (Bjork, 1991), it is possible that
anti-HIV responses, cross-reactive with self-
immunoglobulins, might non-specifically perturb
the humoral arm of a bipartite cellular/humoral
regulatory system and thereby contribute to the
immunopathogenesis of AIDS.

Although the detailed mechanisms of network
regulation of autoimmunity may be more com-
plicated than presently understood, an appreci-
ation of the dynamic aspect of regulatory
networks is useful when considering means to
perturb the system intentionally so as to streng-
then or to restore the development of a non-
immunopathic state. Network models suggest
that vaccination with autoimmune effector cells
(in a form or under conditions in which the cells
are not capable of exerting pathogenic effects)
should elicit antiidiotypic and other regulatory
cells which might suppress an autoimmune ef-
fector cell response, thereby preventing or
ameliorating autoimmune disease. An example
of such a model is shown in figure 1, where a
network of effector cells and five populations
of regulatory cells account for complicated and
paradoxical data on AA (Atlan and Cohen,
1992). This example is particularly relevant since
it involves the participation of a foreign patho-
gen (M. tuberculosis) working as an adjuvant in
the triggering of autoimmunity. In the frame-
work of the proposed hypothesis on AIDS, the
role of HIV could be similar — as will be detailed
below,
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Fig. 1. Network of 6 T-cell populations (effector cells, 4 specific regulatory cells and partly non-
specific contra-suppressor cells) identified in various states of AA (Atlan and Cohen, 1992).

Full and dotted arrows represent activating and suppressive connections, respectively. Higher
doses of M. tuberculosis (MT) — a foreign pathogen working as an adjuvant in the onset of AA,
probably because of mimicry with the self-antigen — produce more severe forms of the disease. T-cell
vaccination with attenuated effector cells prevents the onset of the disease. Experimental observa-
tions on the state of activity of the different cell populations under different conditions (healthy,
diseased, vaccinated) are accounted for by the steady states of the network computed as functions
of the connections. T-cell vaccination works as a learning process of the network, following given
laws which modify the connections in such a way that further exposure to pathogenic doses of MT
do not produce a diseased state (Cohen and Atlan, 1989; Atlan and Hoffer-Snyder, 1989; Atlan

and Cohen, 1992).

This concept is consistent with the results of
studies using T-cell vaccination in a number of
experimental autoimmune diseases. Vaccination
with subpathogenic doses of effector T cells, or
with large numbers of effectors attenuated by
irradiation or treatment with glutaraldehyde,
mitomycin C, hydrostatic pressure or other
agents (Cohen, 1986, 1991a; Lider et al., 1987),
has been shown to elicit antiidiotypic (Lider et
al., 1987, 1988; Roubaty et al., 1990; Elias et
al., 1991) and/or antiergotypic (Lohse er al.,
1989; Beraud, 1991) suppressor cells and to be
effective in preventing and/or treating EAE
(Ben-Nun et al., 1981a; Lider et al., 1988 ; Lohse
et al., 1989), AA (Holoshitz ef al., 1983 ; Lider
et al., 1987; Cohen, 1989b), EAT (Roubaty et

al., 1990), collagen-II-induced arthritis (Kakimo-
to et al., 1988), spontaneous autoimmune dia-
betes (Elias er al., 1991) and experimental
autoimmune uveitis (Beraud, 1991).

In humans, clinical trials have been initiated
to explore the use of T-cell vaccination for the
treatment of some autoimmune diseases with no
evidence of toxicity (Hafler et al., 1992; Zhang
et al., 1993; van Laar et al., 1993). In patients
treated for multiple sclerosis, it is still too early
to make any assessment on possible clinical im-
provement, because of the slow evolution of the
disease. However, as expected from above-
mentioned previous animal studies on EAE
(Lider et al., 1988; Lohse ef al., 1989), an an-
tiidiotypic response has been observed after
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T-cell vaccination with myelin basic protein-
specific T-cell clones (Zhang ef al., 1993). A simi-
lar procedure was achieved by a different group
(van Laar et al., 1993) on patients suffering from
rheumatoid arthritis with variable disease dura-
tion. On average, a slight decrease in disease ac-
tivity was observed, with an indication of a
clearer improvement in patients with recent on-
set of the disease.

II. — Autoimmunopathicity in HIV disease

In view of the foregoing, the first question
to be asked concerning a given autoim-
munopathic mechanism is the nature of the self-
antigen involved. A given self-antigen must be
identified as the target for autologous CTL
and/or autoantibodies. Then, the vaccination
procedure will be aimed at strengthening defi-
cient regulatory responses capable of suppress-
ing the activity of those CTL, or antibodies.

It has previously been suggested that the im-
munosuppression observed in AIDS might be in
part attributed to an HIV-triggered im-
munopathic response directed against uninfect-
ed as well as infected T4 cells (Klatzmann and
Montagnier, 1986 ; Klatzmann and Gluckman,
1986; Salk, 1987; Lyerly et al., 1987 ; Lanzavec-
chia et al., 1988 ; Siliciano ef al., 1988 ; Lanzavec-
chia, 1989; Isracl-Biet ef al., 1990). In that case,
the antigen must be looked for in the membrane
of CD4* T cells themselves. However, as men-
tioned above, another alternative would be to
consider the lymph node FDC as the target for
CD8* CTL activated by the HIV infection. In
view of existing experimental evidence, we shall
consider the implications of the two possible tar-
gets for autoimmunopathic responses — CD4*
T cells and FDC — as far as the identification
of the antigen and regulatory network is con-
cerned.

1) CD4* T cells as targets

From an autoimmunity viewpoint, the sim-
plest assumption would be that the CD4

molecule itself is the self-antigen. However, viral
molecules interacting with CD4 must be involved
to trigger the immunopathicity against CD4+
T cells. Therefore, the hypothesis of CD4+
T cells being the targets of immunopathic
responses must be divided into two possible
models, for which supporting data from the liter-
ature will be reviewed. In the first model, a viral
antigen — the most likely being the envelope
glycoprotein gp120 — is directly involved and
plays the role of a “*self’’-antigen after it has
been incorporated into the CD4* T-cell mem-
brane. In the second model, a true self-antigen,
pre-existing in that membrane, is activated by
HIV infection.

a) The gpl20 antigen model

According to this view, autoimmunopathic
destruction may occur as a result of anti-gp120
effectors killing both infected T4 cells express-
ing gp120 among other viral antigens on their
membrane, and uninfected T4 cells which have
bound free gpl20 (fig. 2A). That such gp120
binding is likely to occur is supported by the high
degree of gp120 shedding after infectious viruses
are released (Gelderblom et al., 1985; Schnei-
der et al., 1986) and by the detection of gp120
in sera of HIV-seropositive individuals (Oh et
al., 1992). Free gpl120 bound by the CD4
molecule might well be internalized and, depend-
ing upon the route of metabolism, reexpressed
in association with class I (making it a target for
classical CD8* cytotoxic T cells) or class II
MHC molecules. Hoffenbach et al. (1989) de-
tected MHC-restricted anti-env CD8™* cytotoxic
lymphocytes in both seropositive and seronega-
tive donors. Since the frequency of these cells
declined in seropositives with clinical deteriora-
tion, the authors hypothesized that this response
was primarily immunoprotective. However, they
also noted that these env-specific cytotoxic cells
might be capable of causing autoimmunopathic
T4-cell destruction through the mediation of
bound env or molecular mimicry. Siliciano et al.
(1988) were able to precisely demonstrate such
a potentially autoimmunopathic effect. They de-
tected anti-gp120 cytotoxic CD4* lymphocytes
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in normal seronegative individuals which could
kill, in an antigen-specific, MHC-restricted man-
ner, uninfected activated autologous T4 cells
pulsed with gp120.

The presence of anti-gp120 cytotoxic cells in
sufficient frequency would be expected, accord-
ing to the network theory, to induce the forma-
tion of a network which would regulate the
activity of these effector cells. Given the persis-
tence of HIV infection, and therefore the con-
tinued presence of HIV antigen, we postulate
that the regulatory network established would
be configured so as to favour stimulation of the
anti-gp120 response. From the viewpoint of au-
toimmunity, however, such a network would be
ineffective, insofar as it would fail to restrain
the effectors of autoimmunopathic destruction.
Thus, in this model, autoimmunopathicity in
AIDS would result from (i) gp120 bound to unin-
fected T4 cells coupled with (ii) a regulatory net-
work configured to stimulate, rather than
suppress, the anti-gp120 autoimmune effectors.
The significance of the autoimmunopathicity
would depend upon the relative balance between
the protective aspect of the response (destruc-
tion of infected T4 cells and consequent reduc-
tion in viral proliferation) and the immunopathic
aspect of the response (destruction of normal T4
cells and consequent reduction of residual im-
munological potential).

b) The T4-cell membrane self-antigen model

The second model is more closely analogous
to classical experimental autoimmune disorders.
Several findings suggest that one (or more) self-
antigen might be normally present on the CD4*
cell membrane and that pre-existing suppressed
CTL against that antigen would be activated by
HIV infection. For example, Zarling ef al. (1990)
have found such CTL in the blood of HIV-
seropositive patients (and not of HIV-infected
chimpanzees), capable of killing uninfected
CD4%* cells from both HIV-seropositive pa-
tients and seronegative controls. Israel-Biet et al.
(1990) have found CD3* cells in HIV-infected
patients able to kill allogeneic EBV-transformed
B cells and CD4™ cell blasts from seropositive

and from seronegative subjects. Hoffenbach et
al. (1989) and Plata (1989) have observed an
unusually high frequency of CTL precursors
primed to HIV antigens — and not to other
viruses — in the repertoire of normal humans
in the absence of HIV infection.

As in other instances of autoimmunity trig-
gered by foreign pathogens (van Eden et al.,
1985, 1988 ; Morrow ef al., 1991 ; Karin, 1991 ;
Cohen and Young, 1991; Horton, 1993), the
triggering of a true autoimmune response by an
HIV antigen could imply some mimicry between
that antigen and the pre-existing self-antigen.
Class II MHC antigen has been suggested as
being the postulated self-antigen (Hoffman et
al., 1991). However, in that case, one might ex-
pect AIDS to be characterized by a significant
depletion of B cells and antigen-presenting cells,
the primary expressors of MHC class II antigen,
rather than, or in addition to, T4-cell depletion.
Rather, one might hypothesize that T4 cells carry
an additional unique marker which is cross-
reactive with gp120 (perhaps structurally or
physiologically associated with CD4 on the T4
cell membrane), either directly or by complex-
ing with MHC molecules. The detection by both
Hoffenbach et al. (1989) and Siliciano et al.
(1988) of anti-env specificities in cytotoxic lym-
phocytes of seronegative individuals might be
postulated to be due to the existence of such a
cross-reactive self-antigen. The inability of Sili-
ciano et al. (1988) to detect killing by such cells
of uninfected autologous T4 cells not pulsed with
gp120 might be related to a subthreshold level
of surface expression of the self-antigen (mar-
ker) under the ambient conditions of the assay.

In summary, according to the T4-cell mem-
brane self-antigen model (fig. 2B), effectors
specific for this putative cross-reactive self-
antigen exist prior to HIV infection; but they
are inactive, owing to a dominant suppressive
effect exerted by a pre-existing regulatory net-
work. This phenomenon would be similar e.g.
to what is observed in experimental AA (van
Eden et al., 1985, 1988 ; Atlan and Cohen, 1992),
where a foreign bacterial antigen in the adjuvant
(from M. tuberculosis) is cross-reactive with a
joint cartilage self-antigen. The bacterial anti-
gen serves as a strong antigenic stimulus to a pre-
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existing regulatory network, quantitatively relat-
ed to the amount injected. In the absence of ad-
juvant stimulation, the network is normally in
a suppressive state, preventing the activity of
cytotoxic effector cells against the joint cartilage.

Similarly, in our T4-cell self-antigen model,
the pre-existing regulatory network would be
destabilized by the strong antigenic stimulation

Infected
T4 Cell

Anti-GP 120
Cytotoxic

lymphocyte

Uninfected
T4 Cell

Infected
T4 Cell

Anti-GP 120/
Anti-Sell
Cytotoxic

Lysphocyte

Uninfected
T4 Cell

Fig. 2A. Model 1: gpl120 is expressed by infected cells;
uninfected CD4* T cells are coated with circulating
egpl20.

Fig. 2B. Model 2: uninfected CD4* T cells present a self-
antigen interacting with anti-gp120 cytotoxic lymphocytes.

produced by the introduction of (foreign) gp120.
As a result, the network would be driven to a
new steady state characterized by activated ef-
fector cells able to destroy (in vivo) uninfected
marker-bearing T4 cells, independent of the
presence of bound and reexpressed gp120. Ear-
ly in the course of HIV infection, these activat-
ed cytotoxic cells are still subject to some
network regulation by the suppressor cells.
Therefore, only a mild form of autoimmune
disease, typified by a moderate degree of kill-
ing of T4 cells, occurs. With time, however, the
network moves into a more pathological state
in which the suppressor cell activity is itself sup-
pressed or insufficient.

As in other instances of pathological autoim-
munity, the progression of the disease may be
explained by several mechanisms. For example,
after the onset of an active state against the an-
tigen, a progressive increase in the efficiency and
diversification of antigen presentation may
produce a reinforcement of the antigenic stimu-
lus. Such processes of alterations in self-antigen
presentation, leading e.g. to the display of previ-
ously cryptic self-determinants (Lehmann ef al.,
1993), may explain the time course of autoim-
mune diseases, including virus-induced progres-
sive states of autoimmunity, such as chronic
active hepatitis (Ohtani et al., 1987) and EAE-
like lesions induced with coronavirus (Watanabe
et al., 1983). A “‘vicious circle of cytokine-driven
upregulation of autoantigen presentation’’ (Leh-
mann ef al., 1993) may be produced by cross-
reactivity with viral antigens, but may also oc-
cur in the absence of cross-reactivity, leading to
“‘ongoing T-cell stimulation, further T-cell
recruitment and determinant spreading, greater
cytokine production, and so forth’.

This process can be accelerated as intercur-
rent infectious and non-infectious stresses con-
tribute to an increase in virus and viral antigen
production, leading to a heightened activation
of the effector and helper regulatory cells. Par-
ticular intercurrent infections could also precipi-
tate an increase in contrasuppression, as in AA,
where the level of contrasuppressor activity
varied directly with the dose of adjuvant
Mpycobacterium administered (Karin, 1991 ; At-
lan and Cohen, 1992). Such a mechanism could
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contribute to the observation that certain oppor-
tunistic infections appear to accelerate the clin-
ical progression of HIV/AIDS.

In any case, as mentioned above, as far as
the connection structure of the regulatory net-
work is concerned, this kind of vicious circle
would amount to a reinforcement mechanism of
learning and distributed memory, well-known in
neural network modeling (Weisbuch, 1986; At-
lan and Hoffer-Snyder, 1989; Atlan and Cohen,
1992). As a result, the earlier disease-free state
of the network is destabilized and the network
evolves towards more and more activating
pathogenic states.

c) Common features of the two models; T-cell
vaccination against anti-gp120 CTL as a ther-
apeutic test

In both models (sections la and 1b), humoral
participation in the onset of HIV-triggered au-
toimmunopathic response is possible, as in EAT.
This might be mediated, for example, through
the reported homology between a gp120 epitope
and immunoglobulins (Bjork, 1991), as well as
cell surface proteins with a role in CD4 binding
(Beretta et al., 1987; Golding et al., 1988;
Young, 1988), which might result in the pertur-
bation of a possible T-cell/B-cell regulatory net-
work. In any case, the search for anticlonotypic
cell populations being activated, and for in-
creased concentrations of different antibodies
and cytokines in response to the cell clone or line
being used in the vaccination procedure, will in
itself provide useful information on the nature
of the antigen and the regulatory network.

The different reinforcement mechanisms dis-
cussed in 1b may also be operative in the model
of section la since, as mentioned above, they can
be triggered after the first immunopathic
response has been induced even in the absence
of cross-reactivity between pre-existing self-
determinants and viral antigens. Increased effi-
ciency in gp120 antigen presentation by specific
binding to CD4 and direct processing by CD4*
T cells has been reported by Lanzavecchia ef al.
(1988, 1989). These authors have found that
CD4* cells can capture soluble gpl120 and

present it to gpl20-specific MHC class-II-
restricted clones.

As in other well-established autoimmune
disorders, an association between HLA haplo-
type and disease incidence has been reported for
development of ARC/AIDS (Steel et al., 1988 ;
Jeannet et al., 1989; Simmonds et al., 1991;
Puppo et al., 1991 ; Louie ef al., 1991). Such an
association would be consistent with either model
for the development of autoimmunopathic dis-
ease consequent to HIV infection. However, as
in other instances of autoimmunity triggered or
facilitated by foreign pathogens, the observation
of similar syndromes and cellular lesions occur-
ring in the absence of viral infection — idiopathic
CD4* T-lymphocytopenia or ‘‘immunodefi-
ciency without virus’’ (Fauci, 1993 ; Smith ef al.,
1993 ; Ho et al., 1993) — on a small number of
patients with genetic predisposition would be
more strongly in favour of the second model.

In theory, the two models, although not
mutually exclusive, differ significantly in the
prospects for ‘‘cure’’ through the therapeutic
elimination of virus. In the first case, complete
elimination of virus would also remove the
source of the ‘‘simulated self-antigen’’, i.e.
gp120 bound to T4 cells, and autoimmune des-
truction of T4 cells would be abrogated. In the
second case, however, removal of the inciting
cross-reactive foreign antigen, gp120, would not
necessarily result in a return of the im-
munoregulatory network to a predominantly
suppressive mode. The new steady state of au-
toimmunity might be a stable state, sustained by
the continued presence of bona fide T4-specific
self-antigen.

In practical terms, however, the possibility of
completely eradicating an established HIV infec-
tion is unlikely, at least in the forseeable future.
Therefore, regardiess of which model may prove
to be correct, it would be useful to explore ad-
junctive interventions aimed specifically at con-
trolling the autoimmunopathic destruction of T4
cells. In either case, T-cell vaccination using au-
tologous cloned anti-gp120 cytotoxic cells would
be expected to enhance (or induce) the antiidio-
typic and other regulatory cells of the network,
which would act to downregulate the activity of
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the anti-gpl120/anti-self cytotoxic cells. This
should occur whether or not the viral infection
is concurrently controlled or eliminated, because
the focus of intervention is the autoim-
munopathic destruction which occurs as a result
of the host response to infection, rather than the
virocytopathic destruction which occurs as a
result of infection per se. An associated reduc-
tion in viral burden by independent means,
however, would be expected to synergize in limit-
ing autoimmunopathic destruction by reducing
antigenic stimulation to the autoimmunopathic
effector cell.

To the extent that the autoimmunopathic des-
truction of T4 cells is a major factor in the de-
velopment of HIV-associated disease, such T-cell
vaccination should serve to enable the HIV-
infected host to live with, integrate and compen-
sate for the perturbations induced by a persis-
tent viral infection. Under these conditions, HIV
infection might be expected to come to resem-
ble infection with other persistent viruses, such
as EBV, CMYV and HSV, which are relatively in-
nocuous in most cases. In addition, from the
response to the proposed intervention, it will be
possible to test the validity of the hypothesis and
to expand it, for example, by looking for in vivo
activation of anti-anti-gp120 suppressor cells and
for their TCR specificities.

2. Lymph node FDC as targets

Considering the above-mentioned observa-
tions on the progressive destruction of FDC (fol-
licular dendritic cells) by CT8* cytotoxic cells
during the latency period (Pantaleo et al., 1993),
we are still facing a tissular anti-self immune
response. Again, the question is raised as to the
nature of the antigen which transforms FDC into
targets for CD8*+ CTL. In view of the observed
concomitant accumulation of viruses in the
lymph nodes, it is reasonable to assume that
CD8* CTL might be activated by the large
numbers of viral antigens presented by FDC. In
addition, the antigen presentation function of
FDC in the microenvironment of lymphoid or-
gans may be favorable to the onset of a vicious
circle or reinforcement of antigen presentation

(Atlan and Hoffer-Snyder, 1989; Atlan and Co-
hen, 1992; Lehmann et al., 1993), whereby the
strength of activation against various antigenic
determinants increases continuously, as dis-
cussed above.

However, contrary to the T4-cell target
models, there is no direct documented ex-
perimental indication of possible specific
mechanisms responsible for the activation of
CD8* CTL against FDC. Therefore, since we
do not want to produce an overall suppression
of antiviral cellular response, these CD8* anti-
FDC cytotoxic cells should be first characterized
by some antigen specificity before a T-cell vac-
cination procedure against those cells can be test-
ed. In the meantime, the proposed procedure
described in the following section might also turn
out to be effective in the context of the FDC tar-
get model. That would be the case to the extent
that anti-gp120 CTL might participate in im-
munopathic responses involving FDC, as well as
in the direct destruction of CD4* T cells dis-
cussed above (sections I and I1/1).

III. — Proposed intervention

In view of the foregoing considerations, we
propose that T-cell vaccination be explored first
as a strategy for reducing direct autoim-
munopathic T4-cell destruction in HIV infection.
The T-cell vaccination technique (Cohen, 1991a)
would consist of reinjecting cloned autologous
effector cytotoxic cells after in vitro activation
and either irradiation or treatment with a cross-
linking agent (such as glutaraldehyde) to prevent
proliferation. Thus, although the effector cells
are presented to the regulatory network in an im-
munologically active form, they are both autolo-
gous and non-proliferative, hence not
pathogenic. Reinjection of these cells is intend-
ed to launch the network into a new stable state
where the regulatory suppressor cells are strongly
activated. The resulting change in connectivity
of the network would suppress the development
of active, pathogenic, effector or helper cells,
and thereby suppress autoimmunopathicity. The
key to the success of such an approach is iden-
tification of the responsible effector cell. As dis-
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cussed earlier, the working hypothesis is that
cytotoxic effectors with specificity for gp120 are
responsible for the immunopathic destruction of
uninfected T4 cells that culminates in AIDS.
However, it is still possible that autoim-
munopathic destruction of T4 cells could be
mediated by cytotoxic effectors with specifici-
ties directed against HIV antigens other than
gp120, against cellular antigens which are cross-
reactive with HIV antigens other than gp120, or
against cellular antigens which are not cross-
reactive with HIV (e.g. new CD4 epitopes ex-
posed as a result of binding with gp120 (Stricker
et al., 1987; Kowalski ef al., 1989)).

The effects of T-cell vaccination with anti-
gpl120 cytotoxic effectors will be assessed by
looking for desired induced modifications of the
regulatory network, in the form of in vivo acti-
vation of anti-anti-gp120 suppressor cells and an-
tibodies. Qualitative and quantitative assessment
of such responses will determine whether or not
it is useful to pursue studies using effectors with
other specificities.

In the flow chart presented in table I, we out-
line a first protocol currently under development.

We propose that studies be initiated in a small
group of HIV seropositives with comparable
viral burdens who have recently begun to
manifest a decline in T4 cells. To facilitate the
subsequent analysis, it will be preferable to study
subjects who have been followed with serial T4
counts for at least 18 months, whose T4 level
is above 500, and who, at study entry, demon-
strate a significantly negative T4-cell slope. Thus,
a possible therapeutic effect could be subsequent-
ly assessed by looking for a slowdown of that
slope.

Cell-mediated immune responsiveness will be
assessed by standard skin test for delayed-type
hypersensitivity (DTH), since a correlation has
been observed between favourable clinical his-
tory of HIV-seropositive patients and high DTH
response (Salk ef al., 1993). The post-vaccination
follow-up might indicate that DTH response
could be used as a criterion for future patient
selection.

Peripheral blood T lymphocytes will be plated
in limiting dilution with irradiated autologous
antigen-presenting cells and gp120. Cloning will
be performed at the outset to permit calculation

Table 1. Proposed protocol for T-cell vaccination in HIV/AIDS.

1) Patient selection: HIV-seropositive subjects;
T4-cell count above 500;

significantly negative T4-cell slope

2) Collect peripheral blood T lymphocytes
3) Plate in limiting dilution
+ant1gen gpl20
4) Growth in culture
5) Test for: Antigen specificity;
MHC restriction;
CD4/8 phenotype;
cytotoxicity for CD4* T cells;
TCR variable gene usage

with irradiated autologous antigen presentlng cells
+antigen= CD4 ¢

6) In vitro expansion of antlgen -specific cytotoxic clones ¥
7) Inoculate donor: with 103-10° irradiated autologous effector cells
(include all, or the most frequently used, TCR genes)

8) Assess: T4-cell count;
effectiveness of vaccination;
therapeutic efficacy

(*) It is planned to prepare autologous EBV-transformed B cells into which are introduced the gene for gp120 or CD4. This would
provide a permanent source of stimulator and target cells for CTL generation and testing, as well as for growth expansion.
(**) CD4 antigenicity should also be tested, since anti-CD4 CTL could also be activated through interactions of CD4 with molecules

different from gp120.
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of precursor frequencies prior to therapeutic in-
tervention. Responding HIV-uninfected clones
will be expanded in vitro and then tested for an-
tigen specificity, cytotoxicity, MHC restriction
and CD4/8 phenotype.

We suggest that T-cell receptor (TCR) gene
usage also be explored, since use of a restricted
number of VB genes might permit the future de-
velopment of a non-autologous and therefore
generally applicable preparation (Cohen, 1991a).
This technique has been used successfully in
some instances of experimental autoimmunity
(Howell et al., 1989; Vandenbark ef al., 1989;
Offner et al., 1991). In EAE (Owhashi ef al.,
1988) and EAT (Texier ef al., 1992), monoclonal
antibodies against TCR of antigen-specific ef-
fector T-cells produced a protective effect simi-
lar to that induced by vaccination against the
effector cells themselves. Moreover, in EAE,
TCR specific for the encephalitogenic deter-
minant of MBP use similar V,_ and V, chains in
two different species, although the MHC and an-
tigenic determinants are different (Burns ef al.,
1989). Similarly, in our case, a characterization
of conserved TCR structures could dispense
the technique with the need for cumbersome
autologous preparations on a patient per patient
basis.

Initially, however, autologous antigen-
specific cytotoxic clones will be expanded and
activated in vitro, followed by irradiation or
treatment with a cross-linking agent, prior to
reinoculation into the donor.

It is anticipated that the effectiveness of vac-
cination may be evaluated by serial measure-
ments of (i) DTH responsiveness, (ii) the AMLR
(autologous mixed lymphocyte reaction) against
the injected T-cell clone, (iii) levels of circulat-
ing T cells with idiotypic specifications identi-
cal to injected cells (anti-gp120), and (iv) levels
of antiidiotypic and antiergotypic T-cell
responses (anti-anti-gp120). On the other hand,
measures of therapeutic efficacy would be moni-
tored by following peripheral blood T4 cell
counts (both absolute and as a percent of total
T cells) and clinical indicators of disease progres-
sion. Measures of static virus burden (HIV-DNA
PCR) and active virus burden (glycine-

dissociated P24 antigen, HIV-RNA PCR) might
be included to monitor for secondary effects on
virus clearance.

Discussion and Conclusions

The major thrust of AIDS research has been
identification of the responsible virus and elu-
cidation of its biology, in the hope of discover-
ing means by which the virus might be
successfully controlled or eliminated. The under-
lying rationale has been that the virus, HIV,
directly causes the disease syndrome known as
AIDS. Therefore, most strategies for vaccina-
tion have been based on the production of neu-
tralizing antiviral antibodies. However, several
lines of evidence indicate that antiviral antibody
production could be counterproductive in
favouring viral infection by preventing efficient
cell-mediated immunity. This suspicion is based
on (1) the known antagonism between humoral
and cellular response and (2) the observed
mimicry between HIV protein gp120 and im-
munoglobulins as well as self-epitopes in other
components of the immune system (Beretta et
al., 1987; Golding et al., 1988; Young, 1988;
Bjork, 1991) which may enable the virus to es-
cape a strong host-immune response (Sastry and
Arlinghaus, 1990). That is why an alternative
strategy was proposed to develop anti-HIV vac-
cine that would elicit strong cell-mediated im-
munity (CMI) by virus-specific CTL in the
absence of neutralizing antibody production
(Sastry and Arlinghaus, 1990; Shearer and Cleri-
ci, 1992; Salk et al., 1993).

However, as discussed earlier, it has become
apparent that several aspects of HIV infection
are difficult to reconcile with the notion that the
virus itself is the sole direct and proximal cause
of disease. Moreover, some of the viral stimu-
lation of CTL activity itself, in as much as it does
not succeed in completely eradicating viral in-
fection, may be maintained and diverted as a fac-
tor of autoimmunity directed against CD4*
T cells, both infected and non-infected, as well
as against FDC in lymphoid organs. In other
words, an autoimmunopathic disorder precipi-
tated by HIV infection may be an important
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proximal cause of HIV-related disease. There-
fore, in parallel with a vaccine strategy aimed
at developing early CMI to prevent chronic HIV
infection and conversion to seropositivity, a
therapeutic-prophylactic strategy against these
autoimmunopathic disorders is necessary for
HIV-infected seropositive patients.

The thesis presented above is that a major
cause of the development of HIV-related disease
is the destruction of T4 cells by anti-gp120 cyto-
toxic lymphocytes. Experimental testing of this
thesis is proposed because such cytotoxic lym-
phocytes have been detected in both seroposi-
tive and seronegative individuals. They are
postulated to kill via gp120 on the surface of
uninfected, as well as infected T4 cells, and also
perhaps via a T4-specific self-antigen which is
cross-reactive with gp120. Discussed within the
context of network theory, this becomes a testa-
ble hypothesis, since T-cell vaccination with au-
tologous anti-gp120 cytotoxic lymphocytes is
expected to specifically abrogate the activity of
such immunopathic effector cells. The success
of such an approach will depend both upon the
relative importance of immunoprotective as
compared to autoimmunopathic effects of anti-
gp120 effector cells and upon the existence of
immunoprotective factors with specificities for
other HIV antigens such as P24 and P17.

In addition, such direct cytotoxicity of anti-
gpl20 CTL against CD4* T cells is certainly
not the only possible autoimmunopathic effect
which could be triggered by HIV infection. As
discussed in the introduction and in section II
(2), one might consider that FDC, rather than
or in addition to T4 cells, could be the target of
autoimmune mechanisms triggered by HIV in-
fection. In other words, cytotoxic CD8* cell ac-
tivity against FDC would be triggered by HIV
antigens and would be responsible for the ob-
served destruction of the lymph node reticulum,
leading to increased viraemia and T4-cell loss.
If such putative anti-FDC-specific effector cells
could be identified in seropositive patients and
expanded in vitro, a T-cell vaccination procedure
against those cells could be designed and at-
tempted.

In any case, a significant consequence of

viewing AIDS in this manner is that it shifts the
focus of emphasis from HIV alone to HIV in
the context of the particular immune system into
which it is introduced. The discovery of new
facts and observations has rendered inadequate
the classical clonal selection concept of a sim-
ple cause-and-effect relationship between ex-
posure to a foreign antigen and the production
of specific antibodies against that antigen.
Rather than a mere system of defence against
foreign invaders, the immune system appears to-
day as a complex dynamic network of interact-
ing elements — effector cells, antigen-presenting
cells and various regulatory cells — all modu-
lated by genetic factors, cytokines and mutual
recognition units. In particular, recent studies
on autoimmunity (see e.g., in addition to the
above mentioned, Pereira et al., 1989; Coutin-
ho and Bandeira, 1989; Cohen, 1991b)) have
shown that immune responses at the molecular
and cellular level are normally triggered by self-
constituents (self-antigens, MHC molecules,
idiotypes etc.), at least as much as by molecules
or cells coming from the outer world. Thus, as
discussed elsewhere (Atlan and Cohen, 1989a,
1989b), ‘‘problems of complexity, generation of
diversity and self-organization have entered the
field of immunology’’ and the immune system
has emerged ‘as an evolving computing network
or self-organizing entity — a non-programmed
history of encounters with partially random in-
ternal and external antigenic stimuli is constantly
integrated and serves to modulate and specify
the more general initial genetic determinations”’.

This shift in emphasis means that one must
focus on the complex interactions between HIV
as an incoming stimulus and the immune sys-
tem as a pre-existing functional network simi-
lar to the nervous and neuro-endocrine systems,
in a constant process of self-organization.
Whereas reduction of viral burden by an ap-
propriate combination of chemotherapy, active
immunization and passive administration of
hyperimmune globulin may be useful and should
be pursued, such measures may not be sufficient,
and an autoimmunopathic component of the dis-
ease may need to be addressed independently.
To this end, the goal of therapeutic intervention
would be to help the immune system reorganize
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itself and retain or regain a functional state capa-
ble, if need be, of coexisting indefinitely with
a persistent viral infection. Such a goal is
reminiscent of the use of BCG vaccination
against tuberculosis in the pre-antibiotic era.

Drawing on the accumulated insights from
other, better understood autoimmune disorders,
it has been proposed that T-cell vaccination be
investigated in HIV-infected individuals as a
means to strengthen the host’s immune regula-
tory network and its consequent control of au-
toimmunopathicity. Its specific implementation
has the advantage of not requiring a detailed un-
derstanding of mechanisms in order to be effec-
tive, since it emerges from the natural history
of HIV/AIDS considered in the light of other
autoimmune disorders precipitated by microor-
ganisms. In fact, from the results of its applica-
tion, it may be possible to learn more about the
dynamics of the human immune system exposed
to HIV. A more in-depth understanding of these
dynamics, coupled with a precise identification
of the specificity of the autoimmunopathic ef-
fector T-cell clones (by assessment of their TCR
variable gene usage), should contribute much to
the development of an effective therapeutic and
potentially prophylactic vaccine against HIV-
related disease. As discussed above, such a T-cell
receptor vaccine would be more easily and
broadly applicable than the autologous T-cell
vaccine implemented on a patient-by-patient
basis.
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Mécanismes de I’autoimmunité et SIDA :
perspectives pour une intervention thérapeutique

Une revue des fondements d’une théorie en
réseaux de I’autoimmunité est d’abord présentée. La

pertinence de données expérimentales sur la physio-
pathologie du SIDA est ensuite analysée dans ce con-
texte. Schématiquement, suivant cette théorie, des
cellules T effectrices spécifiques pour des autoanti-
génes existent normalement dans I’organisme mais
leur activité est modulée et supprimée par des réseaux
de cellules régulatrices. Du fait d’homologies entre
des structures antigéniques de microorganismes et des
autoantigénes, une maladie autoimmune peut étre
déclenchée par des agents pathogénes étrangers qui
modifient I’état du réseau. Celui-ci passe alors d’un
état de suppression a un état d’activité. Inversement,
par une procédure connue sous le nom de vaccina-
tion par cellules T, des cellules T effectrices autolo-
gues réinjectées aprés stimulation et atténuation,
peuvent modifier 1’état du réseau et ’amener d’un
état d’activation a un état de suppression.

De nombreuses observations sont présentées en
faveur du réle d’une activité autoimmune dans la des-
truction de cellules T4 non infectées suivant I’infec-
tion par le VIH. Une telle activité serait déclenchée
par un antigéne d’origine virale, le plus probable,
mais non le seul, étant la protéine d’enveloppe gp120.
Sur la base de cette hypothése, les auteurs proposent
d’appliquer une procédure de vaccination par cellu-
les T contre des cellules effectrices responsables d’une
activité autoimmune pathologique chez des sujets
séropositifs pour le VIH. Cette procédure est sem-
blable & celle mise au point chez I’animal sur des
modéles expérimentaux d’autoimmunité, actuelle-
ment testée chez I’homme sur des maladies
autoimmunes.

Le but recherché est d’empécher la destruction de
cellules T et I’installation de déficience immunitaire
chez des sujets séropositifs pour le VIH. Mais en
dehors de son efficacité éventuelle, cette procédure
présente ’avantage d’un test thérapeutique d’ol1 I’on
est en droit d’attendre de nouvelles informations sur
la pathologie immunitaire du SIDA.

Mots-clés: SIDA, Autoimmunité, Lymphocyte T,
Immunothérapie ; Réseaux, Vaccination par cellules
T, Immunopathogenése; Revue.

References

Ameisen, J.C. & Capron, A. (1991), Cell dysfunction and
depletion in AIDS: the programmed cell death
hypothesis. Immunol. Today, 12, 102-105.

Ascher, M.S. & Sheppard, H.W. (1988), AIDS as immune
system activation: a model for pathogenesis. Clin.
Exp. Immunol., 73, 165-167.

Ascher, M.S. & Sheppard, H.W. (1990), AIDS as immune

system activation. — II. The panergic amnesia
hypothesis. J. Acquired Immune Defic. Syndr., 3,
177-191.



180 H. ATLAN ET AL.

Atlan, H. (1992), T cell vaccination of HIV-seropositives:
a therapeutic test for the autoimmune component of
AIDS, in ““7th Cent Gardes Meeting’’ (M. Girard &
L. Valette) (pp. 315-319). Pasteur-Mérieux, Paris.

Atlan, H. & Cohen, 1.R. (1989a), Preface, in *‘Theories
of immune networks” (H. Atlan & I.R. Cohen)
(pp. v-vi). Springer-Verlag, Berlin, Heidelberg.

Atlan, H. & Cohen, I.R. (1989b), Introduction to immune
networks, in ‘‘Theories of immune networks’’ (H.
Atlan & I.R. Cohen) (pp. 1-3). Springer-Verlag, Ber-
lin, Heidelberg.

Atlan, H. & Cohen, I.R. (1992), Paradoxical effects of sup-
pressor T cells in the onset of adjuvant arthritis : neu-
ral network analysis, in ‘“Theoretical and experimental
insights into immunology’’ (A.S. Perelson, G. Weis-
burch & A. Coutinho) NATO ASI series H, vol. 66
(pp. 379-395). Springer-Verlag, Heidelberg, Berlin.

Atlan, H., Gersten, M.J., Salk, P.L. & Salk, J. (1993),
Can AIDS be prevented by T-cell vaccination? Im-
munol. Today, 14, 200-202.

Atlan, H. & Hoffer-Snyder, S. (1989), Simulation of the
immune cellular response by small neural networks,
in “Theories of immune networks’’ (H. Atlan & I.R.
Cohen) (pp. 85-98). Springer-Verlag, Berlin,
Heidelberg.

Bacchetti, P. & Moss, A.R. (1989), Incubation period of
AIDS in San Francisco. Nature (Lond.), 338, 251-253.

Ben-Nun, A., Wekerle, H. & Cohen, I.R. (1981a), Vacci-
nation against autoimmune encephalitis with T-lym-
phocyte lines reactive against myelin basic protein.
Nature (Lond.), 292, 60-61.

Ben-Nun, A., Wekerle, H. & Cohen, I.R. (1981b), The
rapid isolation of clonable antigen-specific T lympho-
cyte lines capable of mediating autoimmune en-
cephalomyelitis. Eur. J. Immunol., 11, 195-199.

Ben-Nun, A. & Cohen, I.R. (1982), Spontaneous remis-
sion and acquired resistance to autoimmune en-
cephalomyelitis (EAE) are associated with suppression
of T-cell reactivity: suppressed EAE effector T cells
recovered as T-cell lines. J. Immunol., 128,
1450-1457.

Beraud, E. (1991), T-cell vaccination in autoimmune dis-
eases. Ann. N.Y. Acad. Sci., 636, 124-134.

Beretta, A., Grassi, F., Pelagi, M., Clivio, A., Parravici-
ni, C., Giovinazzo, G., Andronico, F., Lopalco, L.,
Verani, P., Butto, S., Titti, F., Rossi, G.B., Viale,
G., Ginelli, E. & Siccardi, A.G. (1987), HIV env
glycoprotein shares a cross-reacting epitope with a sur-
face protein present on activated human monocytes
and involved in antigen presentation. Eur. J. Im-
munol., 17, 1793-1798.

Bjork, R.L., Jr. (1991), HIV-1: seven facets of functional
molecular mimicry. Immunol. Lett., 28, 91-95.
Burns, F., Li, X., Shen, N., Offener, K., Chou, Y.K., Van-
derbark, A.A. & Heber-Katz, E. (1989), Both rat and
mouse TCRs specific for the encephalitogenic deter-
minant of MBP use similar V, and V; chain genes
even though the MHC and encephalitogenic deter-
minants being recognized are different. J. Exp. Med.,

169, 27.

Burns, J., Rosenzweig, A., Zweiman, B. & Lisak, R.P.
(1983), Isolation of myelin basic protein-reactive T-cell
lines from normal human blood. Cell. Immunol., 81,
435-440,

Cohen, I.R. (1986), Regulation of autoimmune disease:

physiological and therapeutic. Immunol. Rev., 94,
5-21.

Cohen, I.R. (1989a), Natural id-anti-id networks and the
immunological homunculus, in ‘“Theories of immune
networks®” (H. Atlan & I.R. Cohen) (pp. 6-12).
Springer-Verlag, Berlin, Heidelberg.

Cohen, I.R. (1989b), T-cell vaccination and suppression
of autoimmune disease, in ‘‘Progress in immunolo-
gy VII: proceedings of the 7th International Congress
of Immunology, Berlin 1989’ (F. Melchers, E.D. Al-
bert, H. von Boehmer, M.P. Dierich, L. Du Pasquier,
K. Eichmann, D. Gemsa, O. Gdotze, J.R. Kalden,
S.H.E. Kaufmann, H. Kirchner, K. Resch, C., Rieth-
miiller, A., Schimpl, C., Sorg, M., Steinmetz, H.,
Wagner & H.G. Zachau) (pp. 867-873). Springer-
Verlag, Berlin, Heidelberg.

Cohen, I.R. (1989c), Physiological basis of T-cell vacci-
nation against autoimmune disease. Cold Spring
Harb. Symp. Quant. Biol., 54, 879-884.

Cohen, I.R. (1991a), T-cell vaccination in immunological
disease. J. Intern. Med., 230, 471-4717.

Cohen, I.R. (1991b), The immunological homunculus and
autoimmune disease, in ‘‘Molecular Autoimmunity’’
(N. Talal) (pp. 437-453). Academic Press, London,
New York.

Cohen, I.R. (1992a), The cognitive principle challenges
clonal selection. Immunol. Today, 13, 441-444.
Cohen, I.R. (1992b), The cognitive paradigm and the im-
munological homunculus. Immunol. Today, 13,

490-494.

Cohen, I.R. & Atlan, H. (1989), Network regulation of
autoimmunity : an automaton model. J. Autoimmun.,
2, 613-625.

Cohen, I.R., Holoshitz, J., van Eden, W. & Frenkel, A.
(1985), T-lymphocyte clones illuminate pathogenesis
and affect therapy of experimental arthritis. Arthri-
tis Rheum., 28, 841-845.

Cohen, I.R. & Young, D.B. (1991), Autoimmunity,
microbial immunity and the immunological homun-
culus. Immunol. Today, 12, 105-110.

Coutinho, A. & Bandeira, A. (1989), Tolerize one, toler-
ize them all: tolerance is self-assertion. Immunol. To-
day, 10, 264-266.

Duesberg, P.H. (1989), Human immunodeficiency virus
and acquired immunodeficiency syndrome: correla-
tion but not causation. Proc. Natl. Acad. Sci. USA,
86, 755-764.

Elias, D., Reshef, T., Birk, O.S., van der Zee, R., Wal-
ker, M.D. & Cohen, I.R. (1991), Vaccination against
autoimmune mouse diabetes with a T-cell epitope of
the human 65-kDa heat shock protein. Proc. Nat|.
Acad. Sci. USA, 88, 3088.

Ellerman, K.E., Powers, J.M. & Brostoff, S.W. (1988),
A suppressor T-lymphocyte cell line for autoimmure
encephalomyelitis. Nature (Lond.), 331, 265-267.

Embretson, J., Zupancic, M., Beneke, J., Till, M.,
Wolinsky, S., Ribas, J.L., Burke, A. & Haase, A.T.
(1993), Analysis of human immunodeficiency virus-
infected tissues by amplification and in situ hybridi-
zation reveals latent and permissive infections at
single-cell-resolution. Proc. Natl. Acad. Sci. USA, 90,
357-361. '

Fauci, A.S. (1993), CD4* T-lymphocytopenia without
HIV infection. No lights, no camera, just facts. N.
Engl. J. Med., 328, 429-431.



AUTOIMMUNITY AND AIDS: PROSPECTS FOR THERAPEUTIC INTERVENTION 181

Gelderblom, H.R., Reupke, H. & Pauli, G. (1985), Loss
of envelope antigens of HTLV-III/LAYV, a factor in
AIDS pathogenesis? Lancet, ii, 1016-1017.

Golding, H., Robey, F.A., Gates III, F.T., Linder, W.,
Beining, P.R., Hoffman, T. & Golding, B. (1988),
Identification of homologous regions in human im-
munodeficiency virus I gp4l and human MHC
class I Bl domain. J. Exp. Med., 167, 914-923.

Groux, H., Torpier, G., Monté, D., Mouton, Y., Capron,
A. & Ameisen, J.C. (1992), Activation-induced death
by apoptosis in CD4* T cells from human im-
munodeficiency virus-infected asymptomatic indivi-
duals. J. Exp. Med., 175, 331-340.

Guilbert, B., Dighiero, G. & Avrameas, S. (1982), Natur-
ally occurring antibodies against nine common anti-
gens in human sera. — I. Detection, isolation, and
characterization. J. Immunol., 128, 2779-2787.

Habeshaw, J., Hounsell, E. & Dalgleish, A. (1992), Does
the HIV envelope induce a chronic graft-versus-host-
like disease? Immunol. Today, 13, 207-210.

Hafler, D.A., Cohen, I., Benjamin, D.S. & Weiner, H.L.
(1992), T-cell vaccination in multiple sclerosis: a
preliminary report. Clin. Immunol. Immunopath., 62,
307-313.

Ho, D.D., Cao, Y., Zhu, T., Farthing, C., Wang, N., Gu,
G., Schooley, R.T. & Daar, E.S. (1993), Idiopathic
CD4* T-lymphocytopenia. Immunodeficiency
without evidence of HIV infection. N. Engl. J. Med.,
328, 380-385.

Hoffenbach, A., Langlade-Demoyen, P., Dadaglio, G.,
Vilmer, E., Michel, F., Mayaud, C., Autran, B. &
Plata, F. (1989), Unusually high frequencies of HIV-
specific cytotoxic T lymphocytes in humans. J. Im-
munol., 142, 452-462.

Hoffman, G.W., Kion, T.A. & Grant, M.,D, (1991), An
idiotypic network model of AIDS immunopathogen-
esis. Proc. Natl. Acad. Sci. USA, 88, 3060-3064.

Holoshitz, J., Naparstek, Y., Ben-Nun, A. & Cohen, [.R.
(1983), Lines of T lymphocytes induce or vaccinate
against autoimmune arthritis. Science, 219, 56-58.

Horton, R. (1993), Natural autoimmunity. Lancet, 341,
932-933.

Howell, M.D., Winters, S.T., Olee, T., Powell, H.C.,
Carlo, D.J. & Brostoff, S.W. (1989), Vaccination
against experimental allergic encephalomyelitis with
T-cell receptor peptides. Science, 246, 668-670.

Hsia, K. & Spector, S.A. (1991), Human immunodeficiency
virus DNA is present in a high percentage of CD4*
lymphocytes of seropositive individuals. J. Infect.
Dis., 164, 470-475.

Imberti, L., Sottini, A., Bettinardi, A., Puoti, M. & Pri-
mi, D. {1991), Selective depletion in HIV infection
of T cells that bear specific T-cell receptor V; se-
quences. Science, 254, 860-862.

Isaksson, B., Albert, J., Chiodi, F., Furucrona, A., Krook,
A. & Putkonen, P. (1988), AIDS two months after
primary human immunodeficiency virus infection.
J. Infect. Dis., 158, 866-868.

Israél-Biet, D., Venet, A., Beldjord, K., Andrieu, J.M. &
Even, P. (1990), Autoreactive cytotoxicity in HIV-
infected individuals, Clin. Exp. Immunol., 81, 18-24.

Jeannet, M., Sztajzel, R., Carpentier, N., Hirschel, B. &
Tiercy, J.-M. (1989), HLA antigens are risk factors
for development of AIDS. J. Acquired Immune
Defic. Syndr., 2, 28-32.

Jerne, N.K. (1974), Towards a network theory of the im-
mune system. Ann. Immunol. (Inst. Pasteur), 124C,
373-389.

Joly, P., Guillon, J.-M., Mayaud, C., Plata, F., Theo-
dorou, 1., Denis, M., Debré, P. & Autran, B. (1989),
Cell-mediated suppression of HIV-specific cytotoxic
T lymphocytes. J. Immunol., 143, 2193-2201.

Kakimoto, K., Katsuki, M., Hirofuji, T., Iwata, H. &
Koga, T. (1988), Isolation of T-cell line capable of
protecting mice against collagen-induced arthritis.
J. Immunol., 140, 78-83.

Kaplan, J.E., Spira, T.J., Fishbein, D.B., Bozeman, L.H.,
Pinsky, P.F. & Schonberger, L.B. (1988), A six-year
follow-up of HIV-infected homosexual men with lym-
phadenopathy: evidence for an increased risk for
developing AIDS after the third year of lym-
phadenopathy. J. Amer. Med. Ass., 260, 2694-2697.

Karin, N. (1991), The interactions between Mycobacterium
tuberculosis and the immune system leading to the de-
velopment of autoimmune disease. PhD Thesis. Weiz-
mann Institute, Rehovot, Israel.”

Klatzmann, D. & Gluckman, J.C. (1986), HIV infection:
facts and hypotheses. Immunol. Today, 7, 291-296.

Klatzmann, D. & Montagnier, L. (1986), Approaches to
AIDS therapy. Nature (Lond.), 319, 10-11.

Kopelman, R.G. & Zolla-Pazner, S. (1988), Association
of human immunodeficiency virus infection and au-
toimmune phenomena. Am. J. Med., 84, 82-88.

Kowalski, M., Ardman, B., Basiripour, L., Lu, Y., Blohm,
D., Haseltine, W. & Sodroski, J. (1989), Antibodies
to CD4 in individuals infected with human im-
munodeficiency virus type 1. Proc. Natl. Acad. Sci.
USA, 86, 3346-3350.

Lanzavecchia, A. (1989), Harming and protecting responses
to HIV. Res. Immunol., 140, 99-103.

Lanzavecchia, A., Roosnek, E., Gregory, T., Berman, P.
& Abrignani, S. (1988), T cells can present antigens
such as HIV gpl20 targeted to their own surface
molecules. Nature (Lond.), 334, 530-532.

Lehmann, P.V., Sercaz, E.E., Forsthuber, T., Dayan,
C.M. & Gamon, G. (1993), Determinant spreading
and the dynamics of the autoimmune T-cell repertoire.
Immunol. Today, 14, 203-208.

Lider, O., Karin, N., Shinitzky, M. & Cohen, I.R. (1987),
Therapeutic vaccination against adjuvant arthritis using
autoimmune T-lymphocytes treated with hydrostatic
pressure. Proc. Natl. Acad. Sci. USA, 84, 4577-4580.

Lider, O., Reshef, T., Beraud, E., Ben-Nun, A. & Cohen,
1.R. (1988), Anti-idiotypic network induced by T-cell
vaccination against experimental autoimmune en-
cephalomyelitis. Science, 239, 181-183.

Lohse, A.W., Mor, F., Karin, N. & Cohen, I.R. (1989),
Control of experimental autoimmune encephalomye-
litis by T cells responding to activated T cells. Science,
244, 820-822,

Louie, L.G., Newman, B. & King, M.-C. (1991), Influence
of host genotype on progression to AIDS among HIV-
infected men. J. Acquired Immune Defic. Syndr., 4,
814-818.

Lyerly, H.K., Matthews, T.H., Langlois, A.J., Bologne-
si, D.P. & Weinhold, K.J. (1987), Human T-cell lym-
photropic virus III; glycoprotein (gp120) bound to
CD4 determinants on normal lymphocytes and ex-
pressed by infected cells serves as target for immune
attack. Proc. Natl. Acad. Sci. USA, 84, 4601-4605.



182 H. ATLAN ET AL.

Maddox, J. (1991), AIDS research turned upside down.
Nature (Lond.), 353, 297.

Martinez-A., C., Marcos, M.A.R., de la Hera, A., Mar-
quez, C., Alonso, J.M., Toribio, M.L. & Coutinho,
A. (1988), Immunological consequences of HIV in-
fection: advantage of being low responder casts
doubts on vaccine development. Lancet, i, 454-457.

Montagnier, L., Gougeon, M.L., Tschopp, R., Guétard,
D., Lecoeur, H., Rame, V., Garcia, S., Lopez, O.
& Olivier, R. (1991), New insights on the mechanisms
of CD4* lymphocytes depletion in AIDS, in
“6th Cent Gardes Meeting’’ (M. Girard & L. Valette)
(pp. 9-17). Pasteur-Mérieux, Paris.

Morrow, W.J., Isenberg, D.A., Sobol, R.E., Stricker, R.B.
& Kieber-Emmons, T. (1991), AIDS virus infection
and autoimmunity : a perspective of the clinical, im-
munological, and molecular origins of the autoaller-
gic pathologies associated with HIV disease. Clin.
Immunol. Immunopath., 58, 163-180.

Moser, M., Mizuochi, T., Sharrow, S5.0., Singer, A. &
Shearer, G.M. (1987), Graft-vs-host reaction limited
to a class I MHC difference results in a selective defi-
ciency in L3T4* but not in Lyt-2* T helper cell
function. J. Immunol., 138, 1355-1362.

Offner, H., Hashim, G.A. & Vandenbark, A.A. (1991),
T-cell receptor peptide therapy triggers autoregula-
tion of experimental encephalomyelitis. Science, 251,
430-432.

Oh, S.-K., Cruikshank, W.W., Raina, J., Blanchard, G.C.,
Alder, W.H., Walker, J. & Kornfeld, H. (1992), Iden-
tification of HIV-1 envelope glycoprotein in the se-
rum of AIDS and ARC patients. J. Acquired Immune
Defic. Syndr., 5, 251-256.

Ohtani, Y., Kakumu, S., Fuji, A. & Murase, K. (1987),
Autoantibodies against liver cell membrane detected by
enzyme-linked immunosorbent assay in acute and chronic
liver disease. Clin. Immunol. Immunopath., 43, 9-22.

Owhashi, M. & Heber-Katz, E. (1988), Protection from
experimental allergic encephalomyelitis conferred by
a monoclonal antibody directed against a shared
idiotype on rat T-cell receptors specific for myelin
basic protein. J. Exp. Med., 168, 2153.

Pantaleo, G., Grazoisi, C. & Fauci, A.S. (1993), The im-
munopathogenesis of human immunodeficiency vi-
rus infection. N. Engl. J. Med., 328, 327-335.

Pereira, P., Bandeira, A., Coutinho, A., Marcos, M.-A.,
Toribio, M. & Martinez-A., C. (1989), V-region con-
nectivity in T cell repertoires. Ann. Rev. Immunol.,
7, 209-249.

Plata, F. (1989), HIV-specific cytotoxic T lymphocytes.
Res. Immunol., 140, 89-95.

Procaccia, S., Lazzarin, A., Colucci, A., Gasparini, A.,
Forcellini, P., Lanzanova, D., Uberti Foppa, C.,
Novati, R. & Zanussi, C. (1987), IgM, IgG and IgA
rheumatoid factors and circulating immune complexes
in patients with AIDS and AIDS-related complex with
serological abnormalities. Clin. Exp. Immunol., 67,
236-244.

Puppo, F., Ruzzenenti, R., Brenci, S., Lanza, L., Scudelet-
ti, M. & Indiveri, F. (1991), Major histocompatibili-
ty gene products and human immunodeficiency virus
infection. J. Lab. Clin. Med., 117, 91-100.

Roubaty, C., Bedin, C. & Charreire, J. (1990), Prevention
of experimental autoimmune thyroiditis through the
antiidiotypic network. J. Immunol., 144, 2167-2172.

Sadat-Sowti, B., Debré, P., Idziorek, T., Guillon, J.-M.,
Hadida, F., Okzenhendler, E., Katlama, C., Mayaud,
C. & Autran, B. (1991), A lectin-binding soluble fac-
tor released by CD8*CD57* lymphocytes from
AIDS patients inhibits T-cell cytotoxicity. Eur. J. Im-
munol., 21, 737-741.

Salk, J. (1987), Prospects for the control of AIDS by im-
munizing seropositive individuals. Nature (Lond.),
327, 473-476.

Salk, J., Bretscher, P.A., Salk, P.L., Clerici, M. & Shearer,
G.M. (1993), A strategy for prophylactic vaccination
against HIV. Science, 260, 1270-1272.

Sastry, K.J. & Arlinghaus, R.B. (1990), A novel HIV vac-
cine strategy. Hematol. Pathol., 4, 157-159.

Schattner, A. (1988), Human immunodeficiency virus in-
fection and autoimmune phenomena. Am. J. Med.,
85, 463-464.

Schneider, J., Kaaden, P., Copeland, T.D., Oroszlan, S.
& Hunsmann, G. (1986), Shedding and interspecies
type seroreactivity of the envelope glycopolypeptide
gp120 of the human immunodeficiency virus. J. Gen.
Virol., 67, 2533-2538.

Schnittman, S.M., Psallidopoulos, M.C., Lane, H.C.,
Thompson, L., Baseler, M., Massari, F., Fox, C.H.,
Salzman, N.P. & Fauci, A. (1989), The reservoir for
HIV-1 in human peripheral blood is a T cell that main-
tains expression of CD4. Science, 245, 305-308.

Shearer, G. (1983), Acquired immune-deficiency syndrome
(AIDS): a consequence of allogeneic Ia-antigen recog-
nition. Immunol. Today, 4, 181-185.

Shearer, G.M. (1986), AIDS: an autoimmune pathologic
model for the destruction of a subset of helper T lym-
phocytes. Mt. Sinai J. Med., 53, 609-615.

Shearer, G.M. & Clerici, M. (1992), T helper cell immune
dysfunction in asymptomatic, HIV-1 seropositive in-
dividuals: the role of THI-TH2 cross-regulation.
Chem. Immunol., 54, 21-43.

Siliciano, R.F., Lawton, T., Knall, C., Karr, R.W., Ber-
man, P., Gregory, T. & Reinherz, E.L. (1988), Anal-
ysis of host-virus interactions in AIDS with anti-gp120
T-cell clones: effect of HIV sequence variation and
a mechanism for CD4* cell depletion. Cell, 54,
561-575.

Simmonds, P., Beatson, D., Cuthbert, R.J.G., Watson,
H., Reynolds, B., Peutherer, J.F., Parry, J.V., Lud-
lam, C.A. & Steel, C.M. (1991), Determinants of HIV
disease progression: six-year longitudinal study in the
Edinburgh haemophilia/HIV cohorts. Lancet, 338,
1159-1163.

Smith, D.K., Neal, J.J., Holmberg, S.D. & Centers for
Disease Control (1993), Idiopathic CD4* T-lympho-
cytopenia task force. Unexplained opportunistic in-
fections and CD4* T-lymphocytopenia without HIV
infection. An investigation of cases in the United
States. N. Engl. J. Med., 328, 373-379.

Steel, C.M., Beatson, D., Cuthbert, R.J.G., Morrison, H.,
Ludlam, C.A., Peutherer, J.F., Simmonds, P. &
Jones, M. (1988), HLA haplotype A1 B8 DR3 as a
risk factor for HIV-related disease. Lancet, 332,
1185-1188.

Stricker, R.B., McHugh, T.M., Moody, D.J., Morrow,
W.J.W., Stites, D.P., Shuman, M.A. & Levy, J.A.
(1987), An AIDS-related cytotoxic autoantibody
reacts with a specific antigen on stimulated CD4*
T cells. Nature (Lond.), 327, 710-713.



AUTOIMMUNITY AND AIDS: PROSPECTS FOR THERAPEUTIC INTERVENTION 183

Terai, C., Kornbluth, R.S., Pauza, C.D., Richman, D.D.
& Carson, D.A. (1991), Apoptosis as a mechanism
of cell death in cultured T lymphoblasts acutely in-
fected with HIV-1. J. Clin. Invest., 87, 1710-1715.

Texier, B., Bedin, C., Roubaty, C., Brézin, C. & Char-
reire, J. (1992), Protection from experimental autoim-
mune thyroiditis conferred by a monoclonal antibody
to T-cell receptor from a cytotoxic hybridoma specific
for thyroglobulin. J. Immunol., 148, 439-444.

Vandenbark, A.A., Hashim, G.A. & Offner, H. (1989),
Immunization with a synthetic T-cell receptor V-
region peptide protects against experimental autoim-
mune encephalomyelitis. Nature (Lond.), 341, 541-544,

Van Eden, W., Holoshitz, J., Nevo, Z., Frenkel, A., Klaj-
man, A. & Cohen, I.R. (1985), Arthritis induced by
a T-lymphocyte clone that responds to Mycobacte-
rium tuberculosis and to cartilage proteoglycans.
Proc. Natl. Acad. Sci. USA, 82, 5117-5120.

Van Eden, W., Thole, J.E.R., van der Zee, R., Noordzij,
A., van Embden, J.D.A., Hensen, E.J. & Cohen, I.R.
(1988), Cloning of the mycobacterial epitope recog-
nized by T lymphocytes in adjuvant arthritis. Nature
(Lond.), 331, 171-173.

Van Laar, J.M., Miltenburg, A.M.M., Verdonk, M.J.A.,
Leow, A., Elferink, B.G., Daha, M.R., Cohen, I.R.,
de Vries, R.R.P. & Breedveld, F.C. (1993), Effects
of inoculation with attenuated autologous T cells in
patients with rheumatoid arthritis. J. Autoimmun.,
6, 159-167.

Viscidi, R.P., Mayur, K., Lederman, H.M. & Frankel,
A.D. (1989), Inhibition of antigen-induced lympho-

cyte proliferation by Tat protein from HIV-1. Science,
246, 1606-1608.

Watanabe, R., Wege, H. & ter Meulen, V. (1983), Adop-
tive transfer of EAE-like lesions from rats with
coronavirus-induced demyelinating encephalomyeli-
tis. Nature (Lond.), 305, 150-153.

Weinhold, K.J., Lyerly, H.K., Stanley, S.D., Austin, A.A.,
Matthews, T.J. & Bolognesi, D.P. (1989), HIV-1
gp120-mediated immune suppression and lymphocyte
destruction in the absence of viral infection. J. Im-
munol., 142, 3091-3097.

Weisbuch, G. (1986), Networks of automata and biologi-
cal organization. J. Theoret. Biol., 121, 255-267.

Young, A.T. (1988), HIV and HLA similarity. Nature
(Lond.), 333, 215.

Zarling, J.M., Ledbetter, J.A., Sias, J., Fultz, P., Eich-
berg, J., Gjerset, G. & Moran, P.A. (1990), HIV-
infected humans, but not chimpanzees, have circulat-
ing cytotoxic T lymphocytes that lyse uninfected
CD4* cells. J. Immunol., 144, 2992-2998.

Zhang, J., Medaer, R., Stinissen, P., Hafler, D. & Raus,
J. (1993), MHC-restricted depletion of human mye-
lin basic protein-reactive T cells by T cell vaccination.
Science, 261, 1451-1454.

Ziegler, J.L. & Stites, D.P. (1986), Hypothesis: AIDS is
an autoimmune disease directed at the immune sys-
tem and triggered by a lymphocytic retrovirus. Clin.
Immunol. Immunopath., 41, 305-313.

Zinkernagel, R.M. (1988), Virus-triggered AIDS: a T-cell-
mediated immunopathology? Immunol. Today, 9,
370-372.



