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Asthma is a chronic debilitating disease that
afflicts millions. For reasons that are not
entirely clear, the incidence, morbidity and
mortality of asthma have risen in recent
decades1. Although details remain obscure,
genetic and environmental factors are thought
to contribute to the etiology of this disease.
Asthma is clearly heritable. The disease is
polygenic, however, and complexities in the
pattern of inheritance have greatly hampered
efforts to identify specific genetic substrates.
Nonetheless, over the past several years,
intense effort has been expended to map the
chromosomal locations of genes involved in
susceptibility to asthma. The first phase of
the mapping effort pointed to as many as 20
different loci across the genome2–4, including
a particularly likely locus on the long arm of
chromosome 5 (5q31-33), which contains the
T helper type 2 (TH2) cytokine gene cluster5,6.
Attention is now focused on sufficient nar-
rowing of such loci to allow positional
cloning of disease-associated alleles. To date,
however, few groups have been able to travel
the path from locus to gene. In this issue of
Nature Immunology, McIntire et al.7 identify
a new gene family, which lies within the
murine region syntenic to human chromo-
some 5q, as being susceptibility genes for
experimental allergic asthma. These data may
explain the importance of this region in
human asthma, as well as provide a new
mechanistic framework with which to under-
stand T cell differentiation.

The pathophysiology of asthma is thought
to arise from inappropriate immune respons-
es to ubiquitous inhaled antigens in geneti-
cally susceptible individuals. As primary
orchestrators of specific immune responses,
CD4+ T cells have been implicated in the
pathogenesis of allergic airway disease.
There is ample evidence that the asthmatic
lung is populated by CD4+ T cells that pro-
duce TH2-type cytokines, including inter-
leukin 4 (IL-4), IL-13, IL-5 and IL-9. TH2
cytokines surely underlie the recruitment and
activation of a number of effector cells (for
example, mast cells and eosinophils) and
mediators (for example, immunoglobulin E
(IgE)) that provide phenotypic markers of
asthma8 (Fig. 1). A specific TH2 cytokine, IL-
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13, appears to be integral to the downstream
functional pathophysiology, that is, airway
hyperresponsiveness (AHR) and mucus
hypersecretion. Despite firm evidence for the
role of TH2 cytokines in asthma pathogene-
sis, a question still remains unanswered:
what drives the skewed TH2 response to oth-
erwise harmless antigens in asthmatic indi-
viduals? Considerable progress has been
made in the identification of factors that reg-
ulate TH1 cell differentiation (IL-12, IL-18
and T-bet). However, despite sustained
efforts aimed at identification of factors that
regulate TH2 differentiation, such factors
have remained elusive.

McIntire et al.7 exploited the high degree
of homology between murine and human
genomes to delve into the asthma suscepti-
bility locus on human chromosome 5q.
Specifically, they generated a series of con-
genic strains in which small regions of chro-
mosome 11, syntenic to human chromosome

5q, derived from resistant mice (DBA/2)
were bred onto the susceptible (BALB/c)
background. This approach allowed for char-
acterization of a single locus without inter-
ference from the many other epistatic genes
that influence the asthmatic phenotype.
Through screening of these lines, they iden-
tified a congenic line (HBA) that contained a
segment of chromosome 11 inherited from
the resistant DBA strain that conferred
reduced TH2 responses. Using classic genetic
analytic approaches, they showed that sus-
ceptibility to both TH2 cytokine production
and AHR do indeed map to this region
(termed Tapr, for T cell and airway pheno-
type regulator) in segregating populations.
Notably, this single locus was sufficient to
confer susceptibility to the entire phenotype
in this model. The comapping of AHR and
TH2 cytokine production to Tapr underscores
the tight relationship between these two
traits in experimental allergic asthma.
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Figure 1. T cell regulation of allergic airway responses. Stimulation of allergen-specific T cells by
allergen-derived peptides—presented by dendritic cells in the context of class II major histocompatibility
complex (MHC) molecules—results in the differentiation of CD4+ T cells into TH2 cytokine–producing cells
in genetically susceptible individuals.TIM family members expressed on the cell surface of T cells may also
regulate differentiation of T cells into either TH1 or TH2 cytokine–producing cells.TH2 cells coordinately reg-
ulate the allergic response. IL-4 directs the expansion or acts as a growth factor for the expression of these
cells; IL-4 and IL-13 regulate the synthesis of IgE by B cells and mucus cell hyperplasia; and IL-5 regulates
the differentiation and egress of eosinophils from the bone marrow into the blood. B, B cell; EOS, eosinophil;
IFN-γ, interferon-γ;TH,T helper cell; DC, dendritic cell.
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Strikingly, Tapr is distinct from regions of
chromosome 5q that contain other asthma
candidate genes, such as the cytokine gene
cluster (IL-4, IL-5 and IL-13) and the genes
encoding IL-12p40 and Tmp (the IL-
12–responsiveness locus).

Positional cloning of Tapr identified a new
gene family, referred to as TIM (for T cell,
immunoglobulin domain, mucin domain).
All three TIM family members encode cell
surface glycoproteins with common structur-
al motifs that include signal peptides,
immunoglobulin domains, mucin domains, a
transmembrane region and an intracellular
tail with consensus tyrosine phosphorylation
sites. Comparison of the sequences of the
three TIM family members in the two strains
of mice showed sequence variants in two
members, TIM-1 and TIM-3, that cosegre-
gated with T cell phenotype. As multiple
variants were found in both TIM family
members, it is not entirely clear at this point
whether susceptibility is conferred by a sin-
gle variant in one of the two genes or by
inheritance of a haplotype across the region.
Nevertheless, these findings strongly support
the concept that variants in this gene family
confer susceptibility to TH2-mediated devel-
opment of airway hyperresponsiveness.

Although the exact mechanisms by which
TIM family members regulate T cell
cytokine production are currently unknown,
the following paradigm is suggested. Shortly
after T cell activation, TIM family members
are expressed on the surface of T cells; sub-
sequent engagement of TIM family members
by a ligand that remains to be identified
sends a signal to the antigen-presenting cell
(APC) that influences T cell cytokine pro-
duction. TIM family members appear to reg-
ulate cytokine production, not early T cell
activation, as both proliferation and IL-2
production were equivalent in the congenic
and susceptible strains. McIntire et al.7 cite
unpublished data from Kuchroo and col-
leagues showing that the effects of TIM-3 on
T cell differentiation occur via alteration of
APC function, not via signal transduction
that occurs in the T cell itself. The signal
conveyed to the APC could conceivably alter
production of cytokines such as IL-12.
However, McIntire et al. state that IL-12
expression was equivalent in cultures of cells
from susceptible and congenic strains, which

suggests that TIMs does not influence the
amount of IL-12 produced. Interestingly,
they also show a reduction in IL-10 expres-
sion in the resistant and congenic strains of
mice. Perhaps TIM signaling regulates IL-10
or some unknown soluble mediator produced
by APCs, which ultimately directs the nature
of the T cell response.

There is also a suggestion that different
TIM family members may differentially reg-
ulate T cell cytokine production. This con-
cept is supported by further unpublished data
from Kuchroo’s group, which shows that
TIM-3 directs TH1 differentiation, the
assumption in the current study being that
TIM-1 directs TH2 cytokine production.
However, as variants were found in both
genes in the congenic strain, it remains to be
determined whether the various TIM family
members have differential effects on TH1-
TH2 cytokine production. Clearly this is all
conjecture at this point, validation of which
awaits the results of detailed mechanistic
studies on this new gene family.

The importance of this gene family to
human asthma is currently unknown. As
human asthma is clearly polygenic, variants
in a single gene family are unlikely to explain
the entire spectrum of the disease. Never-
theless, the chromosome 5q region is a hot-
bed of candidate genes. There are strong
associations between asthma-related traits
and several genes in this region, including
those encoding IL-139–11, CD1412 and Tmp113.
It is entirely possible that TIM, or its human
homolog hHAV-cr1 (human hepatitis A cellu-
lar receptor), is the true asthma gene within
this region and that the associations with
other variants within this region are strictly
due to linkage disequilibrium with variants in
TIM-hHAVcr1. Alternatively, inheritance of
multiple independent variants within this
region may be necessary for expression of
disease along with contributions from other
loci across the genome. For example, inheri-
tance of TIM variants may predispose to TH2
cytokine production in response to inhaled
antigens, although the known polymorphisms
in the promoter and coding region of the gene
encoding IL-13, for example, may serve to
enhance its downstream effector functions.
Clarification of these issues awaits detailed
studies of this gene family (TIM-hHAVcr1)
in human asthmatics.

The current explosion in asthma incidence
in westernized countries must reflect environ-
mental changes, not underlying genetic sub-
strates. The hygiene hypothesis postulates a
relationship between the propensity for
developing allergy and the reduction of infec-
tious stressors during early childhood1.
McIntire et al. point to an epidemiological
study that associates a history of exposure to
hepatitis A with protection from atopy and
asthma. They suggest that interactions be-
tween the hepatitis A virus and TIM may
reduce TH2 differentiation and reduce the
likelihood of developing asthma. It is more
likely that serological evidence of exposure
to HAV is merely a marker of a high frequen-
cy of transmission of fecal-oral pathogens1.
However, if the association of TIM-hHAVcr1
with TH1-TH2 cytokine regulation holds up,
there are likely implications for organ-specif-
ic autoimmune diseases, such as arthritis and
diabetes, in addition to allergic disorders
such as asthma. Of note, regions of murine
chromosome 11 have also been linked to dia-
betes and autoimmune encephalomyelitis in
experimental models14,15. Although much
remains to be learned about the TIM family
members, the discovery of this new gene
family will undoubtably fuel investigations
into the molecular mechanism(s) by which
they regulate T cell cytokine production in
health and disease. The ultimate hope is that
new insights into the mechanisms governing
T cell cytokine production will lead to devel-
opment of new therapeutic strategies for the
treatment of diverse immunologically medi-
ated disorders.
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