
A new mechanism for immunologic initiation of asthma
Allen P. Kaplan*
Department of Medicine, Division of Pulmonary and Critical Care Medicine, Allergy, and Clinical Immunology, Medical University of
South Carolina, Charleston, SC 29425

N
onallergic asthma (intrinsic
asthma) refers to a popula-
tion of asthmatics in whom
there is no evidence of IgE-

mediated hypersensitivity, i.e., skin tests
or radioallergosorbent tests (RAST) to
a wide variety of common inhalant aller-
gens are negative (1). This form of
asthma accounts for �40% of adult
asthmatics (but only �10% of childhood
asthmatics) and demonstrates histologi-
cal and biochemical features that are
strikingly similar to asthma that is asso-
ciated with allergy. Thus, prior studies
have suggested that they represent the
same ‘‘immunopathologic’’ entity, even
though the initiating mechanisms are
necessarily different (2). The work by
Kraneveld et al. (3) in this issue of
PNAS demonstrates that light chains
that are antigen-specific can sensitize
BALB�c mice via either the cutaneous
or intranasal route such that subsequent
bronchial challenge with antigen can
lead to release of mast cell protease 1
(mMCP-1), a measure of mast cell de-
granulation, mucosal exudation into the
airway lumen, leukocyte accumulation
in bronchoalveolar fluid, and increased
airway hyperreactivity. Thus, the conse-
quence of antigen challenge leads to all
of the key features of asthma. Antigen
challenge after passive administration of
light chain was shown to lead to the
same phenomenon. Further evidence of
a requirement for mast cells was shown
by performing the same experiments in
mast-cell-deficient mice, which did not
manifest the changes seen in the
BALB�c mice, and reconstituting the
response by administration of mast cells
for normal littermates. The entire pro-
cess was then inhibited by administra-
tion of a 9-mer peptide (F991) derived
from Tam-Horsfall protein that binds
(and presumably inactivates) free light
chains. It should be noted that the au-
thors’ use of the term ‘‘allergic’’ in the
article title implies an ‘‘immunologic’’
mechanism that is antigen-specific and
does not relate to allergic or ‘‘extrinsic’’
asthma where IgE-mediated hypersensi-
tivity is requisite. It is therefore a model
of the human disorder we refer to as
nonallergic or intrinsic asthma.

The immunopathologic appearance
of all forms of human asthma are, in-
deed, strikingly similar. For example,
the T lymphocyte subpopulation infil-
trating the lung is strongly skewed to
Th2 cells (4), there is a prominent eo-

sinophilic infiltrate (sometimes associ-
ated with a blood eosinophilia), and
there is a particular role for cytokines
derived from Th2 cells such as IL-4,
IL-5, IL-13, and IL-25 (5), plus CC
chemokines (6) reactive with chemo-
kines receptors CCR3, CCR4, and
CCR8 (such as eotaxins and TARC),
and to a lesser degree CXC chemo-
kines reactive with the CXCR3 recep-
tor (7, 8). Allergic and nonallergic
asthma also share the presence of
hyperresponsiveness of the bronchial
smooth musculature, as demonstrated
by graded inhalation of methacholine;
both show evidence of ‘‘remodeling’’
with laying down of proteins along the

basement membrane, smooth muscle
hypertrophy and hyperplasia, and
development of myofibroblasts with
secretion of growth factors and con-
nective-tissue elements (9). Gradually,
there can be a decrease in pulmonary
function and decreased reversibility
with bronchodilators. Such abnormali-
ties are often particularly prominent in
the nonallergic asthmatic population
and can also be associated with resis-
tance to the effects of corticosteroid.

The initiation mechanism for allergic
asthma requires sensitization of respi-
ratory (pulmonary) mast cells by IgE
antibodies reactive with inhalant aller-
gies such as dust mite, cockroach,
pollen proteins, and mold spores. Sub-
sequent inhalation of allergen leads to
interaction of the allergenic epitopes
with cell-bound IgE, so as to indirectly
cross-link IgE receptors (10), followed
by activation of secretory pathways to
release histamine, leukotrienes C4�D4,
prostaglandin D2, platelet activating
factor (PAF), and a wide array of cyto-
kines and chemokines. There is an im-
mediate allergic response (1–20 min)
with vasodilatation, an increase in
vascular permeability and bronchocon-
striction, followed by a slower ‘‘late-

phase’’ response (4–8 h) characterized
by the aforementioned cellular infil-
trate (Th2 lymphocytes, eosinophils,
monocytes, and basophils) and a more
prominent and sustained increase in
bronchospasm (11) that is demonstra-
ble even if the inciting allergen is no
longer present. No such scenario can
be described for nonallergic asthma
because an early inf lammatory phase
cannot be defined, but the response
described is virtually identical to the
allergic late-phase response.

This study by Kraneveld et al. (3)
raises many mechanistic possibilities
that have not yet been addressed. Al-
though the authors have previously
shown that mast cells are activated in
their mouse model of nonallergic
asthma (12), it is not intuitively obvi-
ous how antigen-specific light chains
can activate a mast cell to lead to an
asthmatic response. For example, do
free light chains interact with mast
cells, and, if so, what membrane pro-
tein (receptor) is involved? Is dimer-
ization of light chain a requirement so
as to cross-link membrane elements?
Are the mast cell signal transduction
pathways activated different from those
initiated by cross-linking of IgE recep-
tors? Is there secretion of histamine,
leukotriene, cytokines, and chemokines
as we would anticipate in any model
for asthma? If such a mechanism were
operative in human nonallergic asthma,
what are the allergens involved and
can T or B cell reactivity to those al-
lergens be demonstrated? The authors
do add a tantalizing bit of data demon-
strating that the blood level of free
light chain in both allergic and nonal-
lergic asthmatics is higher than is seen
in normal controls or even allergic in-
dividuals who do not have asthma.
There are, of course, no data to
indicate that such light chains are
pathogenic in man or that any antigen
specificity is associated with the ele-
vated levels they report. The require-
ment, however, for free light chains is
emphasized by the inhibition with pep-
tide F991, which does not interact with
light chain as part of an intact Ig mole-
cule, and they could not reproduce
their data by passive infusion of the
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It is not obvious
how antigen-specific

light chains activate a
mast cell to lead to an

asthmatic response.
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IgG antibody from which the light
chains were derived.

Clearly, much work is needed to ex-
plain the observations made on a molec-
ular level and to determine whether
such a mechanism is relevant to human
asthma, and particularly nonallergic
asthma. It is interesting to note one
other report of a similar, curious induc-
tion mechanism for asthma, in this case

a human study. Intradermal injections of
peptides derived from cat allergen that
are reactive with T cells but not with
IgE antibody result in an asthmatic re-
sponse upon inhalation challenge with
the antigen (13). There was no skin re-
activity observed nor any histamine or
leukotriene release in bronchoalveolar
lavage fluids (14), indicating absence of
a definable early-phase response and,

thus far, no evidence of mast-cell de-
granulation. A role for free light chains
was not considered, but a search for
such reactivity, as an alternative to a
strictly T-cell-mediated event, would be
of interest. It is hoped that studies such
as these will lead to information that
will shed light on initiating mechanisms
for asthma that are immunologic but
independent of IgE.
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