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Abstract
HIV-1 gp120 interacts with IgE VH3+ on the surface of
human basophils and mast cells (FcÂRI+ cells), acting as a
viral immunoglobulin superantigen. gp120 from differ-
ent clades induces mediator release from FcÂRI+ cells.
gp120 also induces IL-4 and IL-13 synthesis in human
basophils. The chemokine receptors CCR3 and CXCR4,
which are coreceptors of HIV-1 infection, are expressed
by human FcÂRI+ cells. HIV-1 Tat protein is a potent che-
moattractant for basophils and lung mast cells, interact-
ing with CCR3. Incubation of basophils with Tat protein
upregulates the surface expression of the CCR3 receptor.
There is evidence that human FcÂRI+ cells could be
infected in vitro by M-tropic HIV-1 strains.

Copyright © 2001 S. Karger AG, Basel

Introduction

Since their discovery, mast cells have intrigued immu-
nologists, biochemists and pharmacologists because of
their complexity and fascinating pleiotropic properties

[1]. Mast cells may be found anywhere, but they are most
numerous beneath epithelial and mucosal surfaces. Hu-
man mast cells play a central role in the pathogenesis not
only of allergic disorders [2], but also of a variety of
immunological disorders, through the elaboration of
proinflammatory and fibrogenic mediators and various
cytokines [3–6]. Recently, the possibility of mast cells and
their mediators being involved in the host defense against
bacterial infections has been raised [7–10].

In rodents at least, mast cells are involved in the
defense against bacterial infections. This role is largely –
though not solely – mediated by cytokines produced by
mast cells activated by bacterial products, e.g. toxins, lipo-
polysaccharides or cell wall proteins. Mast cell-derived
cytokines such as GM-CSF, TNF-· and IL-8 are capable
of modulating the activity of phagocytes. These interac-
tions have been confirmed in animal models of bacterial
infection, but little is known about the involvement of
FcÂRI+ cells (basophils and mast cells) in viral infections
in man.

The last two decades saw two apparently unrelated
events: the appearance of the acquired immunodeficiency
syndrome (AIDS) due to the human immunodeficiency
viruses HIV-1 and HIV-2 [11] and a pandemic of allergic
disorders, the latter affecting up to 15% of the population
of industrialized countries [2, 12]. While there is no
apparent relation between these two disorders, a number
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of features of HIV infection suggest that hypersensitivity
arises in these patients. For example, the Th1 and Th2
cytokine profile is deranged in HIV-1 infection because of
a shift towards Th2 cytokines [13–21], and serum IgE lev-
els are raised in HIV-1-infected children [22–27] and
adults [21, 28–33]. Moreover, HIV-1-infected patients
have enhanced symptoms of allergic disorders [34–36]
and HIV-1 antigens induce histamine release from baso-
phils [4, 37, 38].

Th1 and Th2 Responses in HIV-1 Infection

The first evidence that there is a shift from a ‘Th1-like’
toward a ‘Th2-like’ pattern of cytokine production by
peripheral blood lymphocytes during the early stages of
HIV-1 infection was provided by Clerici et al. [14] and
Clerici and Shearer [15]. Two other groups, however,
were unable to confirm an overall shift in the cytokine
pattern toward the Th2 subset in either lymph nodes or T
cell clones from HIV-1-infected individuals [39, 40].
However, preferential replication of HIV-1 in Th2 and
Th0 cells rather than in Th1 clones was demonstrated
[40].

Increased Th2 cytokine production has been generally
confirmed using different approaches [17–21], and only a
few studies have not found a polarized Th2 state during
HIV-1 infection [41]. These discrepancies may have a
number of explanations, such as different methods, the
production of Th2-like cytokines by cells other than lym-
phocytes (e.g. mast cells and basophils), cell activation by
HIV-1 superantigens, and cytokines other than IL-4 (e.g.
IL-13) being critical for Th2 cell polarization.

Studies in various geographical regions have reported
elevated serum IgE concentrations in HIV-1-infected
adults [21, 28–33] and children [22–27]. High IgE levels
have been associated with disease progression in both
children [22–27] and adults [33–42] and have been sug-
gested as a marker of poor prognosis in these patients.

The elevated IgE levels cannot be explained solely by
HIV-1-mediated polyclonal activation. In fact, although
polyclonal gammopathy and activated B cells are found in
infected individuals [43], no correlation has been found
between IgE levels and either IgG or IgA [29, 42, 44].

At least two cytokines (IL-4 and IL-13) play a key role
in IgE production in humans [45–47]. IL-4 and IL-13
induce Â germline mRNA expression in purified B cells,
which accounts for their ability to drive the switching of B
cells to the IgE isotype. IL-4 and IL-13 are produced by
activated Th2 cells [45–47], human basophils [3, 4, 48–

50] and mast cells [48, 50–54]. An additional signal for
IgE synthesis is provided by the interaction of CD40
expressed by B cells with its natural ligand (CD40L)
expressed by activated T cells. Activated mast cells and
basophils also express CD40L [48, 50], which is overex-
pressed on mucosal mast cells of allergic individuals [54].
This is consistent with the observation that activated
mast cells and basophils, which release IL-4 and IL-13,
express CD40L and can induce B cells to synthesize IgE
[48, 54].

Activation of IL-4 and IL-13 Release from FcÂRI+

Cells by gp120

HIV-1 enters the body mainly through mucosal sur-
faces, where mast cells are particularly abundant. The
envelope glycoprotein gp120 plays a major role in the ear-
ly events of HIV-1 infection by binding to CD4 on host
cells, which causes conformational changes in gp120, i.e.
affecting the exposure and/or formation of binding sites
for the chemokine receptors (CCR5 or CXCR4) that serve
as obligate coreceptors for virus entry [55, 56].

Certain strains of viruses can use CCR3, present on
human basophils [57, 58] and mast cells [58, 59], as the
coreceptor for HIV-1 infection [60–63]. Interaction with
coreceptors induces further conformational changes in
the envelope protein and exposure of the fusion domain
of the gp41 subunit, which then mediates fusion of the
opposed cell and virus membranes [64]. Thus, mast cells
and basophils can be exposed to shed or virus-bound
gp120 during the early phases of infection.

HIV-1 gp120 is a member of the immunoglobulin
superantigen family [65–67] and interacts with immuno-
globulin VH3 gene products. This might explain the super-
antigenic activation of B lymphocytes in patients with
AIDS [43]. We have recently investigated whether gp120
is able to activate human basophils and mast cells.
Recombinant gp120 from divergent HIV-1 isolates
(gp120MN, gp120SF2, gp120LAV, gp120CM) from different
viral clades (B and E) of various geographical origins
increased IL-4 and IL-13 mRNA expression, in parallel to
the secretion of histamine from basophils and lung mast
cells purified from subjects negative for anti-HIV-1 and
HIV-2 antibodies [4, 38]. By contrast, IFN-Á mRNA was
not detected in any of the gp120-stimulated basophil
preparations. This provided evidence that gp120-me-
diated stimulation of basophils and mast cells induced
only cytokines of the Th2 profile. These results also indi-
cate that the capacity to induce Th2-like cytokine release
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is a feature of gp120 maintained throughout the evolution
of the virus. Figure 1 shows that nanomolar concentra-
tions of gp120 induce IL-4 and IL-13 secretion from baso-
phils from normal donors negative for HIV-1 and HIV-2
antibodies.

gp120 activates human mast cells and basophils
through the interaction with specific IgE, since removal of
IgE completely blocks the envelope glycoprotein’s effect
on IL-4 and IL-13 secretion. Preincubation of gp120 with
two human monoclonal IgM VH3+ also inhibited its effect
on this secretion from basophils. By contrast, preincuba-
tion with monoclonal IgM possessing a VH6 domain had
no effect. Thus, binding to the VH3 domain prevents
gp120 interacting with IgE bound to FcÂRI on basophils
and lung mast cells.

It is therefore possible that during the early phase of
HIV-1 infection, when there are high levels of viremia and
spreading of the virus [13], basophils and mast cells may
be exposed to virus-bound or shed gp120 [68]. This may
be an initial, critical source of IL-4 and IL-13, thereby
favoring a shift toward a Th2 phenotype. In advanced
HIV-1 infection, when CD4+ T cells are decreased,
FcÂRI+ cells might also provide a useful pool of Th2-like
cytokines.

Our findings might also be important from a quantita-
tive viewpoint. Th2 cells account for 0.2–2% of CD4+

cells [69], and basophils account for 1% of peripheral
blood leukocytes [1, 70, 71]. In addition, human lympho-
cytes produce less IL-4 than is generated by immunologi-
cally challenged basophils [49, 50]. Therefore, during both
early and advanced HIV-1 infection, basophils and mast
cells might be a source of cytokines that contribute to the
polarization of CD4+ cells toward Th2 cells and to the
increased IgE levels.

Cytokines released from FcÂRI+ cells might also indi-
rectly affect HIV-1 entry into CD4+ cells. Upregulation of
CXCR4 by IL-4 [72] facilitates HIV-1 infection of T cells
[73], suggesting an amplification loop of polarized Th2
responses based on the induction of chemokine receptors
by gp120-stimulated IL-4 and IL-13 from FcÂRI+ cells.

The evidence that FcÂRI+ cells could contribute to the
immune dysregulation in HIV-1 infection by acting as a
source of Th2 cytokines (IL-4 and IL-13) might reconcile
the apparently conflicting results of several investigators
[39–41]. In fact, these findings all highlight the impor-
tance of a specific viral superantigen, gp120, acting on cell
types other than lymphocytes in the production of Th2-
like cytokines during HIV-1 infection.

Fig. 1. Effect of increasing concentrations of gp120 on IL-4 and IL-
13 release from human basophils from normal donors negative for
HIV-1 and HIV-2 antibodies (mean B SEM from three separate
experiments). Error bars are not shown when graphically too small.

Effect of HIV-1 Tat Protein on Human FcÂRI+

Cells

Another important area of interest is the interaction
between HIV-1 Tat protein and human FcÂRI+ cells. Tat
protein is expressed in HIV-1-infected cells and plays a
primary role in viral gene expression and replication [74].
The protein is also secreted by HIV-1-infected cells [75–
77] and can reactivate latent infection [78]. Extracellular
Tat protein can activate uninfected cells in a paracrine
fashion, thus reproducing some of the effects of HIV-1 on
immune cells.

We recently reported that Tat protein causes concen-
tration-dependent chemotaxis of basophils and mast cells
purified from donors negative for antibodies to HIV-1
and HIV-2 [79]. Like many other chemokines, Tat protein
caused a rapid, transient increase in the intracellular Ca2+

concentration that was abolished by preincubation with
anti-Tat monoclonal antibody. Preincubation of human
FcÂRI+ cells with an anti-CCR3 monoclonal antibody also
blocked the chemoattractant effect of Tat as well as the
chemotactic activity of eotaxin. There is compelling evi-
dence that certain strains of HIV-1 can use CCR3 as a
coreceptor [60–63]. Interestingly, preincubation of puri-
fied basophils with Tat protein upregulated the surface
expression of CCR3 on these cells [79].

These findings demonstrate that HIV-1 Tat protein is
functionally active on human FcÂRI+ cells through its



92 Int Arch Allergy Immunol 2001;125:89–95 Marone/de Paulis/Florio/Petraroli/Rossi/
Triggiani

Table 1. Role of human mast cells and basophils in HIV-1 infection

HIV-1 gp120 induces histamine and leukotriene C4 release from
human basophils and mast cells of normal donors negative for
antibodies to HIV-1 and HIV-2

HIV-1 gp120 induces Th2 cytokines (IL-4 and IL-13) from human
basophils from normal donors negative for antibodies to HIV-1
and HIV-2 through interaction with IgE VH3+

HIV-1 Tat protein is chemotactic for human basophils and mast
cells

HIV-1 Tat protein upregulates CCR3 receptors on human basophils
and mast cells

HIV-1 Tat protein induces IL-4 and IL-13 release from human baso-
phils from normal donors negative for antibodies to HIV-1 and
HIV-2

Cord blood mast cells express CXCR4 and CCR5 receptors
CCR3 and CXCR4 receptors are constitutively expressed by isolated

human mast cells and basophils
Human mast cell/basophil precursors can be infected in vitro by M-

tropic HIV-1 strains

interaction with the CCR3 receptor. In addition, upregu-
lation of CCR3 on human basophils and mast cells by this
protein could facilitate infection of FcÂRI+ cells by certain
strains of HIV-1.

Thus, during HIV-1 infection, when there are high lev-
els of Tat protein in serum and in biological fluids [77],
Tat protein could possibly influence the directional mi-
gration of human FcÂRI+ cells, contributing to the recruit-
ment of these cells at sites of HIV-1 infection. In addition,
the Tat-mediated upregulation of CCR3 in human
FcÂRI+ cells might facilitate these cells’ interaction with
HIV-1.

Are Human Mast Cells and Basophils
Susceptible to HIV-1 Infection?

Two distinct HIV-1 proteins (gp120 and Tat) can inter-
act with different surface molecules on FcÂRI+ cells. In
addition, either directly or indirectly, i.e. through the
release of cytokines, both can upregulate chemokine re-
ceptors (CCR3 and CXCR4) acting as coreceptors for
HIV-1. These cells might therefore be a novel reservoir of
HIV-1 infection. Table 1 summarizes several findings
that support the role of human FcÂRI+ cells in HIV-1
infection.

Li et al. [80] have presented evidence that a population
of mast cells/basophils in human peripheral blood of aller-
gic patients expresses CD4 and the chemokine receptors
CCR3, CCR5 and CXCR4. They also reported that this

population of cells can be infected in vitro by a M-tropic
strain of HIV-1. This interesting observation suggests that
mast cell/basophil progenitors in peripheral blood could
be infected by M-tropic HIV-1 strains.

Although these in vitro results must be extended to see
whether this finding applies in vivo, they carry potential
implications for HIV-1 pathophysiology. Infected mast
cell/basophil precursors can migrate to lymphoid organs
and brain tissue, thus serving as a reservoir of HIV-1.
Interestingly, lymph nodes from AIDS patients have in-
creased mast cell density [81], and mast cells are one of
the few immune cells in the brain [82]. Thus, infected
FcÂRI+ cells might turn out to be a carrier of HIV-1 to
lymph nodes and across the blood brain barrier to micro-
glia and astrocytes.

Closing Remarks

We have provided evidence that human FcÂRI+ cells
may be directly or indirectly involved in HIV-1 infection
by showing that gp120 from different clades is a potent
stimulus of IL-4 and IL-13 release from basophils and
mast cells. gp120 functions as a viral superantigen by
interacting with the VH3 region of IgE. Because the VH3
family is the largest of the human repertoire (approxi-
mately 50%), it is likely that shed or virus-bound gp120
interacts frequently with VH3+ IgE bound to basophils of
normal or early-infected individuals. HIV-1 Tat protein
also induces IL-4 and IL-13 from human basophils. Thus,
these two unrelated HIV-1 proteins, gp120 and Tat, can
induce the synthesis of Th2 cytokines, thereby favoring a
shift toward a Th2 phenotype. IL-4 and IL-13 induced by
these proteins from FcÂRI+ cells might also interact with
specific receptors on B cells, in turn inducing Â germline
mRNA expression and causing the switch to the IgE iso-
type. This sequence of events, schematically represented
in figure 2, could help explain the elevated IgE levels in
HIV-1-infected children and adults [21–33].

Human FcÂRI+ cells might be involved in HIV-1 in-
fection in other ways as well. HIV-1 Tat protein, secreted
by HIV-1-infected cells [75–77], is a potent chemoattrac-
tant for human FcÂRI+ cells and upregulates the expres-
sion of CCR3 receptor on their surface [79]. Human
mast cells [58, 59] and basophils [57, 58, 79] express
CCR3 receptor, which can be used by several strains of
HIV-1 [60–63]. It has also been shown that cord blood-
derived mast cells [59, 83, 84], mature mast cells and
basophils [84] express the CXCR4 receptor, a coreceptor
for HIV-1 [55, 56]. Together, these data provide strong
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Fig. 2. Schematic representation of the interactions between HIV-1
and human mast cells and basophils (FcÂRI+ cells). Mast cells are
particularly abundant on human mucosal surfaces, a common port of
entry of HIV-1 virus. In addition, the early phases of HIV-1 infection
are associated with high levels of viremia. Therefore, mast cells and
basophils can be exposed to HIV-1 during the early phases of infec-
tion. Shed gp120 or virus-bound gp120 interacts frequently with
VH3+ IgE bound to FcÂRI+ cells of early-infected individuals. This
interaction induces IL-4 and IL-13 release, thereby favoring a shift
toward a Th2 phenotype. IL-4 and IL-13 might also interact with

specific receptors, inducing Â germline mRNA expression in B cells
switching to the IgE isotype. HIV-1 Tat protein secreted by infected
cells is a potent chemoattractant for human basophils and mast cells,
interacting with the chemokine receptor CCR3. Extracellular Tat can
also influence IL-4 and IL-13 release from these cells. Mast cells from
cord blood express CXCR4 and CCR5, the principal coreceptors for
HIV-1. Human basophils and mast cells also express CXCR4. The
observation that human FcÂRI+ cells express CCR3 and CXCR4,
coreceptors of several strains of HIV-1, raises the possibility that,
under certain conditions, these cells can be infected by HIV-1.

support for the suggestion that human basophils and mast
cells play a role in the progression and immune dysregula-
tion of HIV-1 infection.

Unraveling the complex interactions in HIV-1 infec-
tion in which mast cells and basophils play prominent
roles should help clarify whether they are simply effectors
or rather master cells, at the same time or at different
times in the disease process.
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