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The primary molecular changes that lead to development of acquired immunodeficiency syndrome (AIDS)

are very poorly understood, as are the mechanisms underlying the protection of the developing human from

the maternal immune response. Recent data suggests that the human immunodeficiency virus (HIV) may be

using the glycosylation system of the T lymphocytes to acquire glycans for its glycoproteins that enable it

to disrupt carbohydrate dependent immune cell interactions or induce aberrant immune reactions. Consistent

with this hypothesis, gp120 from HIV infected human H9 lymphoblastoid cells expresses biantennary

N-linked glycans with a bisecting GlcNAc sequence on 11% of their total oligosaccharides. This specific

carbohydrate sequence has recently been shown to protect K562 erythroleukemic cells from natural killer

(NK) cell responses when presented on the cell surface. We have recently demonstrated that bisecting

biantennary type N-linked glycans are also expressed on the human zona pellucida (ZP); previous lectin

binding studies indicate that it is also expressed on human spermatozoa. Thus both the human gametes and

HIV produced by H9 cells carry this same protective carbohydrate epitope on their outer surfaces. Human α-

fetoprotein expressed in the developing human also carries the bisecting GlcNAc sequence, indicating that

it may be suppressing the emerging fetal immune response by using its carbohydrate sequence as a functional

group. We have suggested that the developing human and the gametes are also protected by soluble

immunosuppressive glycoproteins found in the amniotic fluid and seminal plasma known as glycodelin-A

(GdA) and glycodelin-S (GdS) respectively. Structural analysis of their N-linked oligosaccharides combined

with other functional studies suggest that GdA and GdS employ their very unusual carbohydrate sequences

as functional groups that enable them to manifest their immunosuppressive activities. GdA and GdS are

significant components of our recently proposed model for the protection of the developing human and

gametes designated the human fetoembryonic defence system hypothesis. A striking relationship now

emerging is that the same unusual carbohydrate sequences associated with these immunosuppressive

glycodelins are also specifically expressed on intravascular helminthic parasites, Helicobacter pylori, human

tumour cells, and HIV infected T lymphocytes. The information presented in this review suggests that two

new corollaries should be added to our recently proposed defence system hypothesis: (i) mimicry or acquisition

of glycans that are used in this protective system by pathogens or tumour cells may enable them to either

subvert or misdirect the human immune response, thereby greatly increasing their pathogenicity; and (ii)

expression of glycoconjugates used in this system by normal cells and tissues outside the reproductive

system may protect them from immune responses, especially in those cases where major histocompatibility

recognition is either absent or minimal. A better understanding of this hypothesis and its corollaries may

enable us to address the molecular mechanisms underlying not only AIDS but also a host of other very

serious pathological conditions in the human.
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Introduction potential immune responses would also be beneficial for the
propagation of the species. We have recently proposed that

The protection of the developing human from the maternalthe developing human and the gametes are protected by a
immune response is a vital function in reproduction (Hegde,system of soluble and cell surface associated glycoconjugates

that are localized to the male and female reproductive systems1991). Similarly, defending human spermatozoa and eggs from
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(Clark et al., 1996). We have referred to this model as the the expression of an appropriate carbohydrate sequence for
binding. For example, E-selectin will bind directly to glyco-human fetoembryonic defence system hypothesis. Thus both

the human reproductive system and human immunodeficiency lipids with sialyl Lewisx sequences at their terminal ends
(Phillips et al., 1990; Larkinet al., 1992). Other carbohydratevirus (HIV) induce immunosuppression in the human, the first

in a spatially and temporally regulated manner, the other in a specific interactions require that both the oligosaccharide
sequence and the protein component must be recognized fordisseminated fashion that induces a systemic loss of immune

response. specific binding to occur. A model for this type of interaction
is the observation that high affinity binding of CD22 to aIt has previously been suggested that HIV could disrupt the

carbohydrate dependent adhesion/signalling system required by glycoprotein requires not only terminalα2–6 linked sialic acid
but also an appropriate protein structure (Powell and Varki,the immune system to manifest its biological activities (Adachi

et al., 1988; Kashiwagiet al., 1994; Velupillai and Harn, 1994; Hanasakiet al., 1995; Powellet al., 1995). Thus many
glycoproteins and mucins that express terminalα2–6 linked1994). However, to our knowledge, a coherent paradigm

detailing how acquired immunodeficiency syndrome (AIDS) sialic acid will not bind to CD22 (Hanasakiet al., 1995).
If a viral protein can appropriately mimic the structure ofcould be caused by aberrant glycosylation processes induced

by HIV infection has not yet been presented. Also, there has the naturally-occurring T cell protein used in the immune
response, then it may also be able to interact with the samebeen no suggestion that HIV is using the same system that

protects the developing human and the gametes from the glycosyltransferases as the T cell proteins, enabling it to
acquire the same glycans. If appropriate glycan expressionimmune response to manifest its pathological activities. We

will outline some new lines of evidence relating to the alone is sufficient to enable a viral glycoprotein to inhibit or
evoke a particular immune or inflammatory response, thenimmunosuppressive glycodelins (Dellet al., 1995; Koistinen

et al., 1996; Morris et al., 1996) that complement relevant simple acquisition of the glycan may be sufficient to cause a
pathological response. However, if both the protein and theolder data supporting the concept that AIDS is the result of

carbohydrate dependent pathological effects evoked by HIV carbohydrate sequence together are necessary to obtain the
appropriate determinant necessary to interfere with a crucialinfection. Moreover, it is now apparent that not only HIV but

many other pathogens may integrate themselves into this immune response (e.g. an HIV glycoprotein that could bind
to CD22), then both the protein and the carbohydrate sequencesystem to protect themselves and promote their infectivity and

pathological effects. must be close enough in structure to fit the binding site of the
complementary immune receptor glycoprotein.

In this model of HIV action, the key is to generate an
Glycosylation of HIV glycoproteins: the develop- HIV glycoprotein(s) that can block carbohydrate dependent
ment of diversity interactions that occur in the immune system or induce aberrant

immune responses. It is significant that there are severalComplex N-linked glycans are assembled in a multienzyme
process involving the action of specific glycosidases and reports detailing the structural similarity between the protein

components of HIV glycoproteins and native T cell glyco-glycosyltransferases in both the endoplasmic recticulum and
Golgi apparatus (Kornfeld and Kornfeld, 1985; Dennis, 1991). proteins (Goldinget al., 1988; 1989; Imbertiet al., 1991;

Dalgleishet al., 1992; Levy, 1993). Thus it is not unreason-The potential types of glycan sequences that can be synthesized
by any specific cell type will be determined in part genetically able to postulate that viral glycoproteins could also acquire

complementary functional glycans by mimicking the proteinby the cell specific expression of these enzymes. However,
the type of glycan that will be attached to any particular protein structure of T cell glycoproteins.

Upon initial infection, progeny virus may not need to expresswill be dependent upon the interaction of these glycosidases and
glycosyltransferases with their protein substrates (Helenius, a glycoprotein or combination of proteins that can potently

block glycoconjugate dependent interactions in the immune1994). Therefore the three-dimensional structure of a protein
and the location of its specific glycosylation sites will also be system. The primary goal of the virus in its early infective

stage is to establish itself in cell types that allow it to becrucial factors for determining the structure of the glycans
attached to a glycoprotein. Logically, the specificity of this protected and propagate. In addition, immediate destruction of

the immune system would be counterproductive because therecombination could provide a mechanism for cell specific
functionality in certain cases. An understanding of these factors would be insufficient time for transmission of the virus to

another host. Because of its high rate of mutation, productivelyis essential for comprehending how aberrant glycosylation
processes could play a key role in the development of AIDS. infected cells produce mutant viruses that would either be

destroyed or propagate depending on their ability to infectHIV is unique because of its ability to preferentially infect
T lymphocytes (Barre-Sinoussiet al., 1983). Thus, at the other cells and evade or misdirect the immune response.

Mutant HIV proteins with slightly different three dimensionaloutset, the virus has access to the set of specific T cell lineage
glycosylation enzymes. These enzymes presumably enable the structure will be generated over time that will differentially

interact with the glycosylation machinery thus enabling themT cell to synthesize oligosaccharides that normally act as
‘functional groups’ for T cell glycoproteins involved in carbo- to acquire different glycans. The virus would therefore select

the appropriate composite glycoprotein(s) that could defeat thehydrate dependent immune cell interactions.
It has been established that some lectin-like proteins immune system by combining its high mutational rate with

the T cell lineage glycosylation system.involved in the immune or inflammatory response need only
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Figure 1. BisectingN-linked glycans referred to in the text. R1 and R2 refer to either attached hydrogen or sugars as described previously
(Yamashitaet al., 1983). Two absolute requirements for E-PHA binding are firstly the presence of a GlcNAc linkedβ1–4 to theβ-linked
mannose of the trimannosyl core sequence (the ‘bisecting’ GlcNAc); and secondly, a singleN-acetyllactosamine sequence with an accessible
terminal galactose attached viaC-2 of theα1–6 linked mannose of the core.

What would be the predicted effects of such manoeuvringet al., 1988). Thus glycoproteins carrying this sequence may
by HIV? First, viral isotypes carrying the ‘right’ sequences be capable of blocking NK cell activity when expressed on
could suppress immune responses directed against them.the cell surface.
Secondly, the variant viruses produced by this mechanism There is evidence indicating that HIV may also acquire
could interact with the carbohydrate receptors of differentbiantennary glycans with the bisecting GlcNAc sequence.
cells, enabling them to infect a variety of different immune Infection of human H9 lymphoblastoid cells with HIV yields
and non-immune cell types. Finally, soluble or cell surfaceviral gp120 that bears a substantial proportion of glycans that
associated viral glycoproteins carrying the appropriate carbo-specifically bind to E-PHA (Mizuochiet al., 1990). Analysis
hydrate chains could inhibit normal immune function or induceof the N-linked glycans associated with gp120 indicates that
aberrant immune response. Eventually, a variant virus or a set~11% of these oligosaccharides carry the bisecting GlcNAc
of variant viruses would arise that could overwhelm theon their biantennary glycans (Figure 1) (Mizuochiet al., 1990).
immune system, leading to the development of AIDS. We have recently reported that E-PHA binds to the surface

of the human zona pellucida (ZP) in a carbohydrate-specific
manner (Patankaret al., 1996). The plasma membranes ofHIV and the human gametes: potential carriers
human spermatozoa also bind E-PHA in a carbohydrateof immunosuppressive carbohydrate sequences
dependent manner (Cross and Overstreet, 1987). This resultRecent evidence indicates that surface expression of a
suggests that the ZP of the human egg that surrounds thespecific glycan sequence induces the suppression of a
embryo before hatching is coated with an immunosuppressiverestricted cell-mediated response. The insertion of glyco-
carbohydrate sequence that may protect it from NK cells, thephorin into the surface membranes of K562 erythroleukemic
most prevalent immune cell type in the uterus that is responsiblecells renders them much more resistant to human natural killer
for the majority of its innate immune response. Spermatozoa(NK) cells (El-Ouagariet al., 1995). However,N-glycanase
which must enter the uterus to fertilize the egg may also betreatment of glycophorin prior to its insertion renders it inactive
protected from such cell-mediated responses by expressingas an immunosuppressive glycoprotein in this experimental
bisectingN-linked glycans on their surfaces. It also suggestssystem. The carbohydrate sequence responsible for this
a rather significant potential convergence: that human gameteseffect is a biantennaryN-linked glycan carrying the bisecting
and HIV may carry the same immunosuppressive carbohydrateGlcNAc sequence (Figure 1) (El-Ouagariet al., 1995). This
sequencein vivo.type of glycan sequence is specifically recognized by the lectin

α-Fetoprotein (AFP) is a glycoprotein associated with theknown as erythroagglutinating phytohemagglutinin (E-PHA)
yolk sac and fetal liver that has been implicated in mediating(Cummings and Kornfeld, 1982; Yamashitaet al., 1983;
immunosuppression of the fetal and perhaps maternal responsesMizuochi et al., 1990). E-PHA will only bind to bi- or
(Tomasi, 1978). Suppression of the emerging fetal immunetriantennary glycans carrying the bisecting GlcNAc sequence
response during pregnancy is also likely to be crucial for(Figure 1).
maintaining tolerance of the developing human. Data collectedAdditional evidence supporting E-PHA binding glycans in
some time ago indicates that AFP is a carrier of bisectingN-the suppression of NK cell mediated response has been reported
linked glycans that react specifically with E-PHA (Tsuchidamore recently. Stable transfection of K562 cells with the
et al., 1984). Therefore AFP may be blocking NK cell functionenzyme that catalyses the synthesis of the bisecting GlcNAc
and perhaps other immune functions within the uterus. It issequence (GlcNAc transferase III) yields transformants that
significant that the level of bisecting GlcNAc sequence onbind E-PHA and are completely resistant to NK cell-mediated
AFP peaks around 16 weeks and then declines slowly so thatlysis (Yoshimuraet al., 1996). In addition, another study
at birth no bisecting GlcNAc sequence are detected (Ishiguro,indicates that infection of human NK cells with HIV renders

them incapable of responding to K562 cell targets (Robinson 1991). Therefore AFP is likely to be another soluble component
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Figure 2. UnusualN-linked glycans associated with glycodelin-A.

of the human fetoembryonic defense system that suppresses exclusively carries high mannose typeN-linked oligosacchar-
ides at its first glycosylation site (Asn-25) (Morriset al., 1996).fetal immune responses primarily by using its carbohydrate

chains as functional groups. The protein components of GdA and GdS are very similar
based onN-terminal sequencing, mass spectrometric analysis ofGlycans other than the bisectingN-linked glycans may play

a role in mediating immunosuppression. Analysis of gp120 tryptic peptide fragments, size and charge after deglycosylation,
and immunological cross reactivity (Koistinenet al., 1996).from H9 cells indicates that.80% of their oligosaccharides are

high mannose-type glycans (Mizuochiet al., 1990). Mannose However, unlike GdA, GdS does not block human sperm–
zona pellucida binding (Morriset al., 1996) but has previouslyreceptor proteins expressed primarily on macrophages play an

essential role in the protection against bacterial pathogens been implicated as an immunosuppressive component of human
seminal plasma (Boltonet al., 1987). Studies are now underway(Ezekowitz and Stahl, 1988). There is evidence that HIV

infection impairs alveolar macrophage mannose receptor func- in our laboratories to determine exactly how GdS manifests
its immunosuppressive effect.tion againstPneumocystis carinii(Koziel et al., 1993). Whether

this immunosuppressive effect on mannose receptor function This potential type of localized induction of tolerance
need not be limited to the reproductive system. It is moreby HIV or its glycoproteins is direct or indirect remains to be

determined. likely a poorly understood general phenomenon that also acts
as a protective tissue specific counterbalance to the so called
‘danger hypothesis’ (Matzinger, 1994; Pennesi, 1996) whichNatural forms of immunosuppression mediated
suggests that signals from pathogenic organisms or viruses areby glycoconjugates
necessary to trigger immune response. For example, it is now

Recent studies indicate that a highly localized form of immuno-apparent that glycophorin, a major erythrocyte glycoprotein,
suppression is mediated via glycoconjugate expression duringcarries a carbohydrate sequence that could protect erythrocytes
the process of human reproduction. Glycodelin-A (GdA) is afrom NK cell mediated cytotoxicity (El-Ouagariet al., 1995).
major endometrial glycoprotein induced during pregnancy thatThe recent demonstration that immunoreactive forms of
manifests several immunosuppressive effectsin vitro (Bolton glycodelin are also expressed in megakaryocytes and the ovary
et al., 1987; Pockleyet al., 1988; Pockley and Bolton, 1990; suggests the possibility that this glycoprotein may also be
Okamotoet al., 1991). GdA expresses very unusual fucosylatedprotecting cells and tissues at other sites (Morrowet al., 1994;
lacdiNAc sequences (GalNAcβ1–4[Fucα1–3]GlcNAc) on the Kamarainenet al., 1996). This type of localized carbohydrate
terminal ends of some of itsN-linked glycans (Figure 2) (Dell mediated suppression may be very critical when the expression
et al., 1995). Oligosaccharides terminated with this sequenceof major histocompatibility antigens is either absent or low.
have been shown to potently block selectin-mediated adhesion The concept that tolerance or immunosuppression can be
of neutrophils to inflamed endothelium (Grinnellet al., 1994). induced by soluble and cell surface associated glycoconjugates
GdA also carries oligosaccharides withα2–6 linked sialic acid is significant because the next logical extrapolation is that
at their terminal ends (NeuAcα2–6Gal(NAc)β1–4GlcNAc) viruses, bacteria and parasitical organisms that can mimic or
(Figure 2), potential ligands for CD22, a human B cell receptoracquire one or more components of this system logically would
glycoprotein (Powell and Varki, 1994; Hanasakiet al., 1995; be able to circumvent or misdirect the immune response.
Powell et al., 1995). CD22 is thought to interact with CD45, Strong evidence exists that precisely this type of subterfuge is
the leukocyte specific receptor-linked phosphotyrosine phos-being manifested not only by HIV but by several other types
phatase involved in T cell activation, via itsα2–6 linked sialic of pathogens.
acid terminals (Stamenkovicet al., 1991; Satoet al., 1993;
Sgroi et al., 1995). These findings suggest that GdA may

Mimicry of oligosaccharide ligands found onutilize its carbohydrate sequences as ‘functional groups’ that
glycodelin-A and glycodelin-S by pathogenicenable it to manifest its immunosuppressive activities.
organismsA seminal plasma analogue of GdA designated glycodelin-

S (GdS) has recently been characterized by us and shown to Schistosomiasis is a parasitical disease that in its chronic form
leads to immunosuppression (Allen and Maizels, 1996). Theexpress major biantennaryN-linked glycans terminated with

unusual Lewisy (Ley) and Lewisx (Lex) sequences (Koistinen specific deficit involves a substantial diminution of Th-1 (cell-
mediated) responses and enhancement of Th-2 (humoral)et al., 1996; Morris et al., 1996) (Figure 3). GdS also
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Figure 3. UnusualN-linked glycans associated with glycodelin-S.

Figure 4. Oligosaccharide sequences expressed by human pathogens that are also associated with the glycodelins. R1 and R2 represent the
remainder of the glycan sequences associated with the lipopolysaccharides (not shown).

responses in patients carrying these parasites (Pearceet al., of such glycans may confer a protective effect on these
intravascular parasites enabling them to circumvent potential1991). A similar type of shift in immune response is observed

in leishmaniasis (Reineret al., 1993), HIV infection (Shearer cell-mediated immune responses by the host (Clarket al.,
1996).and Clerici, 1992; Sheret al., 1992) and cancer (Pisaet al.,

1992; Rustinet al., 1993; Nakagomiet al., 1995). Schistosomes also express terminal Lex active sequences on
their eggs (Koet al., 1990), the same carbohydrate sequenceOne of the unusual features of glycosylation in schistosomes

and filarial worms is the surface expression ofN-linked glycans associated with GdS (Morriset al., 1996). A polyvalent form
of Lewisx is also expressed on their gut antigens (Figure 4)with terminal fucosylated lacdiNAc sequences, the same deter-

minants found in GdA (Srivatsanet al., 1992; Kanget al., (Van Damet al., 1994). Aberrant humoral responses directed
against this gut antigen yield antibodies that cross react1993) (Figure 4). It has been postulated that the expression
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with the Lewisx determinants on intravascular cells. Since Therefore it is likely that HIV affects Ley expression by one
or more of the following mechanisms. HIV could induce anneutrophils abundantly express Lex sequences, this response

was proposed to be responsible for the neutropenia observed increase in the specific glycosyltransferases necessary for Ley

synthesis or alternately increases the expression of the normalin patients infected with this parasite (Van Damet al., 1994).
In schistosome infected mice, Lex based neoglycoproteins glycoprotein carriers of the Ley epitope. Another possibility is

that HIV infected Ley reactive cells are more resistant to thespecifically induce B cell proliferation and greatly increase
the secretion of interleukin 10 (IL-10) and prostaglandin E2 cytotoxic effects by immune effector cells, leading to an

overall increase in their relative percentage in the circulation(Velupillai and Harn, 1994). IL-10 is thought to negatively
influence Th-1 (cell mediated) responses, causing a shift to during the progression to AIDS.

The precise role of the Ley determinant in the humanTh-2 (humoral) responses (de Waal-Malefytet al., 1991;
Fiorentinoet al., 1991). These intravascular parasites probably immune response is not yet clearly understood. However,

Velupillai and Harn (1994) have demonstrated that Ley basedalso possess protective mechanisms that inactivate humoral
responses, making them virtually invulnerable to all forms of neoglycoproteins induce IL-10 production by B cell enriched

spleen cells from normal but not schistosome infected mice.immune response.
Another very significant pathogen is the bacteriumHelico- Alternately, or in addition, the Ley sequence, when expressed

on an appropriate protein carrier, may act as a functional groupbacter pylori, an organism that has now been unequivocally
shown to induce gastric ulcers in humans (Warren, 1983; enabling that glycoprotein to induce aberrant immune responses

or mediate signals that protect tumour or HIV infected cellsMarshall, 1983, 1995). Recent studies indicate that terminal
Lex and Ley sequences are also expressed on the lipopoly- from the immune response. It will be absolutely essential to

determine how these unusual carbohydrate sequences attachedsaccharides produced by this organism (Figure 4) (Aspinall
et al., 1996a, 1996b). There is evidence that the antibody to GdS and to T cell glycoproteins influence immune function.

Another very significant factor to consider here is the preciseresponses directed against this bacterium, possibly against the
Lex determinant, may play a role in the development of an manner in which the Ley epitope is presented on human

glycoproteins. GdS exists as a dimer in solution, so the greatautoimmune reaction that contributes to the disease process
(Aspinall et al., 1996a). majority of GdS molecules present multiple Lex and Ley

terminals just as the neoglycoproteins in in-vitro systems doWe find it significant that the same terminal carbohydrate
sequences found on GdA (fucosylated LacdiNAc) and GdS (Velupillai and Harn, 1994). Moreover, the ligands are pre-

sented onN-linked oligosaccharides rather thanO-linked(Ley/Lex) are also associated with helminthic and bacterial
pathogens. It is very likely that such glycans are expressed to oligosaccharides, allowing very close spatial alignment of

divalent Ley, divalent Lewisx or mixed Lex/Ley epitopes (Morriseither subvert or misdirect the human immune response. The
same situation is likely directly applicable to HIV infection et al., 1996) (Figure 3). Of course, the protein component of

GdS may also play a vital role in any potential immuno-leading to AIDS.
suppressive interaction involving this glycoprotein.

Induction of Ley antigen expression in HIV-
infected T cells The dual effects of azidothymidine

Indirect evidence also suggests that AIDS could be caused byLey active biantennary glycans are expressed on ~53% of all
GdS monomers in either its monovalent (Ley/Lex active) or induction of aberrant glycosylation. 39-Azidothymidine (AZT,

zidovudine) is a drug that has been shown to temporarilydivalent form (di-Ley) (Morris et al., 1996) (Figure 3). The
percentage of CD81 lymphocytes expressing the Ley epitope alleviate symptoms in AIDS patients (Fischlet al., 1987). On

the other hand, AZT also blocks mitogen stimulated humanincreases from 3–5% in uninfected lymphocytes to 20–25%
in patients with AIDS (Adachiet al., 1988). CD41 cells also lymphocyte proliferationin vitro, suggesting that it could have

immunosuppressive effects (Heagyet al., 1991). AZT and itsundergo similar changes in the expression of Ley following
HIV infection (Kashiwagiet al., 1994). This increase in the metabolites are relatively poor inhibitors of DNA polymerases

at the levels found in human cells and tissues (Hallet al., 1994).percentage of Ley positive cells is directly correlated with
the severity of clinical immunosuppression manifested by However, recent studies indicate that the major metabolic form

of AZT (monophosphorylated AZT) is a powerful inhibitor ofHIV infected patients (Kashiwagiet al., 1994). Elevated Ley

expression is likely a direct result of HIV infection, since the pyrimidine nucleotide sugar transport at physiological concen-
trations, making it a potent inhibitor of glycosylation (Hallpercentage of human H9 lymphoblastoid cells reactive with

anti-Ley specific antibody increases from 12% under normalet al., 1994; Yanet al., 1995).
If the pathological effects of HIV infection are caused bycircumstances to 97% after exposure to HIV (Kashiwagiet al.,

1994). Another interesting correlation here is that Ley is aberrant glycan expression, then AZT therapy should be
positively synergistic in the short term (blocking both viralinduced on many malignant tumour cell types (Hiraishiet al.,

1993). The Ley epitope has also been associated with malignant replication and glycosylation). However, because glycosylation
is ultimately necessary for immune and inflammatorycells undergoing apoptosis, a common process observed in

HIV infected CD41 lymphocytes (Hiraishiet al., 1993). responses, the long-term effect of high dose AZT treatment
should be both cytotoxic and immunosuppressive, as DuesbergLey sequences were not detected on HIV or HIV glycopro-

teins in patients or in H9 cell culture (Kashiwagiet al., 1994). (1988) asserts. The resulting clinical observations indicating a
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relatively brief period of efficacy for high dose AZT treatment outside the reproductive system may protect them from immune
responses, especially in those cases where major histo-thus indirectly support a potential glycobiological cause for

AIDS. compatibility recognition is either absent or minimal.
This paradigm is presented not to exclude or denigrate other

potential models explaining how HIV related pathology is
Conclusions induced. Absolute evidence supporting this hypothesis as the

sole mechanism for AIDS induced pathology is not availableThe information that we have presented here suggests that
pathogenic organisms are synthesizing or acquiring specific at this time. However, a more complete understanding of the

system that protects the developing human and the gametescarbohydrate sequences to deflect or subvert the human immune
response. This mimicry or acquisition by such pathogens infers from potential immune responses may enable us to address

the molecular basis underlying not only AIDS but also a hostthat the immune system uses specific carbohydrate dependent
interactions for discrete recognition and signalling events in of other pathological conditions in the human.
the reproductive system and perhaps elsewhere in human
tissues. Our studies also suggest that the immune and repro-
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