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Antigen-Driven HIV Expansion in Allergen-Specific T Cells
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ABSTRACT

In industrialized countries there is a high prevalence of allergy toward nickel ions. The exposure of affected
individuals to nickel leads to a delayed-type hypersensitivity reaction, which is induced by antigen-specific
CD4 and CDS8 T cells. Beside this antigenic potential, immunomodulatory properties of nickel ions were de-
scribed. To dissect the role of both mechanisms for HIV replication, we studied HIV expansion in PBMC of
nickel-allergic and nonallergic donors. Nickel ions promote HIV replication in PBMC as efficiently as pro-
tein antigens. The nickel-mediated virus expansion strictly required the presence of nickel-specific T cells.
Data obtained with nickel-specific CD4 T cell clones showed that antigen-mediated proliferation is an absolute
prerequisite for HIV expansion. However, the previously suggested immunomodulatory properties of nickel
ions do not seem to contribute to HIV expansion. As a widely distributed antigen with increasing numbers of
allergic people, nickel may be an important and underestimated factor of HIV expansion in vivo.

To REPLICATE EFFICIENTLY, the human immunodeficiency
virus (HIV) needs activated CD4 T cells. The activation of
these cells in vivo is triggered by antigen-presenting cells (APC)
loaded with antigenic peptides in major histocompatibility com-
plex (MHC) class II molecules. These MHC—peptide complexes
are recognized by specific T cell receptors (TCR) and trigger
activation signals. Such antigen-activated T cells provide an op-
timal intracellular environment for the replication of HIV. The
in vivo antigenic load can therefore influence the virus load.
Examples such as infection with mycobacteria, treponema, or
tetanus toxoid booster vaccination, all lead to a transient in-
crease of HIV in the plasma and in the rate of infected cells in
the peripheral blood.!~ This was also confirmed in the SIV
model where vaccinia virus-induced immune activation or anti-
genic stimulation by the Bacille Calmette—Guérin vaccine leads
to enhanced STV replication in vivo.*> Thus, antigen-dependent
virus replication can contribute to the evolution and the patho-
genesis of HIV/SIV.

There are an increasing number of allergic individuals in in-
dustrialized countries. Besides antibody-mediated allergies like
heyfever, a significant part of allergens induces a delayed type
hypersensitivity reaction (type IV), which is mediated by CD4
and CD8 T cells. Chemically, allergens comprise a large vari-
ety of different compounds from organic molecules like peni-
cillin to metal ions. The most prevalent metal allergen is nickel.
A recent epidemiological study in Germany has shown that

about 20% of females and 5.8% of the male population show
a positive patch test for nickel,® and the meta-analysis of global
patch test data indicates an average prevalence of about 15%.”
Because of this high frequency of nickel-allergic individuals,
we investigated whether the antigenic stimulation by metal ions
could promote the replication of HIV similarly to protein/pep-
tide antigens. Clearly, nickel ions are able to induce an MHC
class II-dependent T cell response.® In addition to the allergenic
potential, the immunomodulatory properties of nickel have also
been described. For example, human bronchial epithelial cells
produce the chemokine interleukin-8 (IL-8) after nickel expo-
sure.? The incubation of human umbilical vein endothelial cells
(HUVEC) with nickel leads to the activation of the transcrip-
tion factor NF-«B.!9 This transcription factor is of particular
interest in HIV replication, because it is one of the key players
in provirus transactivation. Clinical data about the consequences
of a DTH reaction for local or systemic HIV replication are not
yet available.

Infection studies of nickel-stimulated peripheral blood
mononuclear cells (PBMC) from nonallergic and nickel-aller-
gic donors (all patch tested) revealed a strong antigen depen-
dence for HIV replication. In total, PBMC of six donors (three
allergic and three nonallergic donors) were infected with HIV-
1Ly at day 5 after addition of NiSO, (Sigma, Deisenhofen,
Germany). At this time point, the proliferation of the PBMC
from the allergic patients was at its highest level (data not
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shown). Efficient virus production, monitored by measuring re-
verse transcriptase activity in the cell culture supernatant as pre-
viously described,'! was observed in the Ni*"-stimulated
PBMC of all three nickel-allergic donors. Reverse transcriptase
activity peaked at day 3 or day 7 postinfection (Fig. 1A). HIV
production was further enhanced in the presence of exogenous
IL-2 (Amersham, Braunschweig, Germany). PBMC of nonal-
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FIG. 1. Nickel-specific HIV expansion in PBMC of nickel
allergic donors. PBMC of nickel allergic and nonallergic blood
donors were left unstimulated or were stimulated by tetanus
toxoid (2.5 ug/ml) or the metal ions NiSO4 (5 X 1075 M),
CoCl;, (2.5 X 107> M), or ZnSOy (3.75 X 1076 M). At day 5
poststimulation, the cells were infected with HIV-1y ,; [200 cpm
of reverse transcriptase (RT) activity] and HIV production was
monitored for 3 weeks by determining RT activity in the cell
culture supernatant. (A) Peaks of RT activity in the PBMC of
the nickel-allergic donors (squares) and the nonallergic donors
(circles). Solid symbols indicate the presence of exogenous IL-
2 (10 U/ml). Data represent the mean of duplicates. (B) Kinetic
of HIV production of one representative allergic (left panel) and
nonallergic (right panel) donor out of three. Solid circles rep-
resent cultures with and open squares cultures without exoge-
nous IL-2. Symbols represent the mean of duplicates and error
bars represent the difference of the two measurements.
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FIG. 2. Antigen-mediated proliferation is required for HIV
expansion in nickel- and tetanus toxoid-specific CD4 T cell
clones. (A) CD4 T cell clones were stimulated with their cor-
responding antigen in the presence of irradiated (60 Gy), au-
tologous B-LCL as antigen-presenting cells and were infected
with HIV-1p, (200 cpm) 2 days later. Virus production was
monitored for 2 weeks by determining the amount of HIV-p24
by ELISA (NEN-DuPont, Dreieich, Germany) in the tissue cul-
ture supernatant. Antigen stimulation was also performed in the
presence of MHC class II-specific antibodies (anti-HLA-DR for
clones 10 and 11, anti-HLA-DQ for clone 12) and isotype con-
trol antibodies. Symbols represent the mean of duplicates and
error bars represent the difference of the two measurements for
clone 10; data for clone 11 and 12 represent single measure-
ments. (B) Antigen-specific proliferation of the nickel-specific
T cell clones was determined by measuring the uptake of 3H-
labeled thymidine (Amersham) from day 2-3 after stimulation.
Error bars represent the variation of duplicate measurements.

lergic donors incubated with nickel ions did support efficient
virus expansion only in the presence of IL-2 and with delayed
kinetics as compared to the antigen-mediated virus expansion
(Fig. 1A). To confirm that the PBMC of all donors are able to
promote antigen-dependent HIV expansion, cells were stimu-
lated with the recall antigen tetanus toxoid (TT) (Connaught,
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North York, Canada). Efficient antigen-dependent HIV repli-
cation was observed in all donors (Fig. 1B, and data not shown).
Beside nickel ions, cobalt and zinc ions (CoCl, and ZnSOy4 both
from Sigma) were used as controls. To exclude any toxic or
antiviral effects of the used metal salts, all the setups were done
with or without the addition of IL-2. In accordance to Kinter et
al.,'> HIV was able to replicate in all samples stimulated with
IL-2, even without antigen-specific stimulation.'?> Virus pro-
duction was detectable at day 10 or 14 postinfection (Fig. 1,
and data not shown) in all setups with missing antigen-specific
T cell responses. Therefore, toxic or antiviral properties of the
used metal salts were shown to be negligable and can be ex-
cluded.

To study the role of nickel as an antigen in detail, a more
defined experimental system with CD4 T cell clones was used.
Nickel- and TT-specific T cell clones, generated and stimulated
as described,'? were infected by HIV-1y,;. All tested clones
showed an antigen-dependent HIV replication (Fig. 2A, and
data not shown). The proliferative response of the nickel-spe-
cific clones 10 and 11 was suppressed in the presence of anti-
HLA class II antibodies (1243, ATCC, hybridoma supernatant
1:10), but to differing degrees. The proliferation of clone 11
could be suppressed to background levels, whereas the prolif-
erative response of clone 10 was reduced only to about 40% of
the antigen-specific proliferation (Fig. 2B). The incomplete sup-
pression of proliferation of clone 10 was reflected by an effi-
cient HIV replication. For unknown reasons HIV expansion was
even higher in the presence of anti-HLA-DR compared to the
stimulation with nickel alone or with the respective isotype an-
tibody (Fig. 2A). This seems to be a specific feature of clone
10, and was confirmed in an independent experiment (data not
shown).

The above observations might reflect different molecular in-
teractions between nickel ions and TCR and MHC molecules.
Nickel ions are not covalently linked to proteins, but rather form
coordination complexes with electron donors like nitrogen or
oxygen atoms in amino acid side chains.!# In recent years the
structural definition of antigenic epitopes for nickel-specific T
cell clones reveals various clone-specific features as previously
reviewed.! The coordination sites can be on the MHC II mol-
ecule and a limited selection of class II-associated peptides,'®
but also peptide-independent recognition by nickel-specific
cells has been described.!” This diversity in recognition might
influence TCR signaling and may provide an explanation for
the clone-specific inhibition efficiency by class II antibodies.
Furthermore it might explain the more efficient HIV replica-
tion under conditions of suboptimal TCR activation as observed
with clone 10 (Fig. 2B). A role of the anti-HLA-DR antibody
seems unlikely, because clone 11 with the same HLA restric-
tion showed no virus replication in the presence of HLA-DR
antibodies and corresponded to the complete suppression of pro-
liferation (Fig. 2A). This was also confirmed with the HLA-
DQ-restricted TT-specific clone 12. Proliferation and HIV pro-
duction were efficiently suppressed in the presence of HLA-DQ
(SVPL3, ATCC, hybridoma supernatant 1:10) specific anti-
bodies (Fig. 2A, and data not shown). Overall the infection stud-
ies with the T cell clones emphasized the importance of anti-
gen-mediated TCR signaling for virus expansion.

The present study demonstrated an efficient HIV replication
in nickel-specific primary CD4 T cells and T cell clones. In the
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West the prevalence of nickel allergic people is around 15% of
the population.!” Therefore, it can be estimated that about one
in seven HIV-infected individuals could also be allergic to
nickel. An absolute avoidance of contact to nickel is difficult
because of the wide usage of this metal in coins, jewelry,
watches, and alloys. During the nickel-induced contact hyper-
sensitivity reaction, nickel-specific CD4 T cells could be iso-
lated by skin biopsies.!'® These antigen-specific T cells and the
strong local immune activation might provide optimal condi-
tions for HIV replication and therefore accelerate virus evolu-
tion.
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