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Summary
Histamine-releasing factor or HRF is a collective term used for a heterogeneous group of factors

with different modes of action. The current review is focussed on IgE-dependent HRF that require

the presence of certain types of IgE (designated IgE1) to induce histamine release. IgE1 might be a

structurally different IgE molecule, or, alternatively, autoreactive IgE. A subgroup of IgE-dependent

HRF does not bind to IgE, such as cloned HRF p23. This factor turned out to be a basophil-priming

cytokine. Alternatively IgE-dependent HRF might be an autoallergen. Several groups demonstrated

IgE antibodies to human proteins. However, not all IgE autoallergen-containing extracts induce

histamine release of appropriately sensitized basophils. In culture supernatants of human

mononuclear cells an autoallergenic activity (Agmn) is found, but no binding to IgE1 was found

yet. Agmn might be an autoallergen, since it is cross-reactive with a grass pollen allergen in the

stripped basophil assay.

IgE-dependent HRF and IgE1 may play a role in the late allergic reaction (LAR). However, IgE1

responsiveness to Agmn (IgEmn1) was not required for a bronchial LAR. IgEmn1 is associated with

chronic allergic disease, since the prevalence of IgEmn1 is high in the serum of severe asthmatics and

atopic dermatitis patients. Our hypothesis is that exogenous allergens induce IgE antibodies cross-

reactive with an endogenous protein. During a LAR, these endogenous proteins are released and the

subsequent IgE-mediated reaction prolongs and aggravates the allergic and/or asthmatic symptoms.

In conclusion, HRF is a confusing term since it is used for different activities. It might be better to

avoid this terminology on and just describe the activity of the factors. Autoallergenic activity is likely

to explain most, if not all, IgE-dependent activity.

Introduction

First reports of an activity derived from human cells capable
of inducing release of histamine from human basophils, called
‘histamine-releasing factor (HRF)’, originated from the late
1970s [1]. Histamine-releasing activity (HRA) was found in
culture supernatants of different human cell types, such as
thoracic duct lymphocytes [2], T lymphocytes [3], B lympho-
cytes [3], alveolar macrophages [4], monocytes [3], platelets
[5], and neutrophils [6]. This activity turned out to be a
mixture of IgE-independent [7] and IgE-dependent factors [8].
At least one of the components induced histamine release
similar to IgE-mediated stimuli in dose dependence, calcium
and temperature requirements, and kinetics [8]. There are
factors, such as soluble (s)CD23 and autoanti-IgE, which do
not discriminate between different IgE subpopulations. Other
stimuli release histamine from basophils only in the presence
of a special type of IgE, called IgE1 [9]. Since the introduction
of the term ‘HRF’, several speculations have been made
about the nature and mode of reactivity of this IgE molecule.
IgE1 or HRF-responsive IgE might be an autoantibody, or
alternatively a structurally different IgE molecule. Prelimin-

ary results indicated that they play a role in the late allergic
reaction [10–12]. Initially, the search for IgE-dependent
factors and IgE1 was hindered by the presence of fast-acting
IgE-independent histamine-releasing factors, such as MCP-1.
Since IgE-independent histamine release was already near to
maximum after 1min, these factors interfered with the
measurement of IgE-dependent activity [13]. The influence
of the IgE-independent factors was minimized by treatment
with heparin-agarose, which binds chemokines [13]. A
breakthrough in the HRF field was the cloning of an IgE-
dependent HRF (p23) in 1995 [14]. However, this factor
turned out not to be responsible for the IgE-dependent
histamine releasing activity found in culture supernatants of
cells [15]. Very important was also the demonstration of IgE
binding to human proteins in 1996 by two groups [16, 17].
Overall, it can be concluded that HRF is a heterogeneous

group of proteins with different modes of action. ‘Histamine-
releasing factor’ is a confusing term, and thus from now on it
might be better to avoid this nomenclature’, and just mention
individual activities. The new terminology is depicted in Fig.
1. In summary, some HRFs are independent of IgE for their
activity, such as chemokines. The IgE-dependent HRFs can
be subdivided into non-IgE binding and IgE-binding factors.
Priming factors, such as IL-3 and cloned HRF p23, belong
to the first group. These factors do not induce release itself,
but up-regulate IgE-dependent histamine release. At first
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recombinant (r)HRF was thought to be a ‘classical IgE-
dependent HRF’, but it turned out not to bind IgE and at
least for its cytokine-like activity it seems not to be dependent
on IgE1. The nature of the IgE antibody is not clear yet;
glycosylated or polymeric IgE might be candidates. However,
other priming factors might not discriminate between
different subgroups of IgE. The same is true for IgE-
dependent HRF binding to IgE: some only react with a
subgroup of IgE (auto-allergens, lectins), whereas others do
with all IgE (autoanti-IgE, sCD23 [18], eBP [19]). The current
report is focussed on IgE-dependent factors that need a
subgroup of IgE to exert their activity. Autoallergen Agmn,
the HRF produced by human mononuclear cells is discussed
in more detail.

IgE-independent histamine-releasing factors

The group of IgE-independent HRFs consists mainly of
chemokines [20]. Members of the monocyte chemotactic
protein (MCP) family are the most potent IgE-independent
factors [21–24]. Other chemokines such as RANTES (regu-
lated upon activation, normal T cell expressed and secreted)
[25], MIP-1a (macrophage inflammatory protein-1a) [26], and
eotaxin [27] also act as IgE-independent HRF, but are weaker
than the MCP family. In HRF preparations, it is sometimes
difficult to measure IgE-dependent activity in the presence of
IgE-independent HRA, because IgE-independent histamine
release is induced extremely fast: approximating maximum
release already within 1min [13]. Pasmans et al. [13]
demonstrated that IgE-independent activity was removed
from culture supernatants by treatment with heparin–
agarose. Some cytokines also induce histamine release from
human basophils, such as interleukin (IL)-1 [28, 29] and IL-3
[30, 31]. However, these data are controversial. The activity of
IL-3 was only demonstrable at relatively high concentrations
of Ca21 (5mM) [30] or in the presence of D2O [31]. Moreover,
the HRA of IL-1 [32] and IL-3 [33] could not be reproduced
by other groups.

IgE-dependent histamine-releasing factors

The activity of IgE-dependent HRFs discussed in this review
depends on some special features of the cell surface IgE [12].
This IgE was called IgE1, whereas IgE that does not induce
responsiveness to HRF is IgE� [9]. IgE-dependent HRFs are
produced by different cell types, for instance by macrophages
[8], mononuclear cells [34], and platelets [9], and are present in
nasal washings [12], blister fluids during the late allergic
reaction in the skin [11], and broncho-alveolar lavages [12].
Histamine release by IgE-dependent factors is a relatively
slow process, 50% of maximal release after 5–10min, which is
similar to that by anti-IgE or allergen [8, 12]. The IgE
dependency of HRF was supported by the observation that
the removal of IgE from basophils with lactic acid abolished
the response to HRF [8, 12]. The responsiveness to HRF of the
stripped basophils was restored by in vitro re-sensitization
with IgE1 serum, but not with IgE� serum [12]. In contrast,
both IgE� and IgE1 sera restored the reactivity to anti-IgE.
IgE1 serum also conferred responsiveness to basophils with
IgE� on their surface. Moreover, pre-incubation of basophils
containing IgE1 with anti-IgE in a calcium-free medium
resulted in a complete desensitization to HRF-induced
histamine release [8, 12]. Desensitization with HRF reduced
the response to anti-IgE, but not to an IgE-independent
stimulus such as fMLP. Furthermore, IgE dependency was
demonstrated by heating IgE1 serum at 56 1C that destroys
IgE antibodies, and by removal of IgE by absorption with
Sepharose-coupled anti-IgE [12, 34]. Finally, wortmannin, an
inhibitor of IgE-mediated activation of basophils by inhibit-
ing PI3 kinase, abolished the response to HRF [34].
There are at least three possibilities to explain the

responsiveness of IgE1: (i) IgE1 reactivity is mediated by
IgG anti-IgE antibodies, (ii) IgE1 is structurally different
from IgE� , or (iii) IgE1 is autoreactive IgE. In the following
paragraphs these hypotheses are described in more detail.

Hypotheses concerning the nature of IgE1

Anti-IgE antibodies IgE1 reactivity might not be mediated
by IgE alone, but in combination with IgG anti-IgE

Fig. 1. Overview of histamine-releasing factors.
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antibodies [35, 36]. Anti-IgE antibodies have been described
to modulate basophil histamine release in a stimulating as
well as in a blocking manner [36, 37]. Purification of IgE1

indicated that IgG anti-IgE antibodies are not likely to be
responsible for the IgE1 reactivity [38].

Heterogeneity of IgE1

The feature discriminating IgE1 from IgE� might be present
in the constant region of IgE. According to this hypothesis,
both HRF and a structurally different form of IgE are
necessary to achieve full basophil activation. HRF might then
exert a priming effect on basophils. The histamine-releasing
activity of the IgE-dependent HRF p23 cloned by MacDo-
nald et al. [14] might be due to such a priming process.
It has been suggested that variations in glycosylation of IgE

molecules account for the functional heterogeneity of IgE1

and IgE� [12]. This hypothesis was tested by stimulating
basophils with lectins [39], some of which are known to
release histamine from basophils by interaction with carbo-
hydrate groups on IgE antibodies [40]. However, none of the
eight tested lectins differentiated betweenby basophils with
IgE1 or with IgE� on their surface [39]. These findings, of
course, do not exclude the possibility that there are
differences in glycosylation.
Another possibility is that IgE1 is an alternative splice

variant of the IgE molecule. Besides the ‘classic’ secreted
form, isoforms with an altered carboxyl terminus of the heavy
chain have been characterized and expressed using recombi-
nant techniques [41–43]. In the ‘tailpiece’ isoform, two
carboxy-terminal amino acids present in ‘classic’ secreted
IgE (190 kDa) are replaced by eight novel amino acids. It
contains a C-terminal cysteine that could be involved in the
formation of dimers/multimers [41, 42]. The ‘IgE tailpiece’
was shown to be primarily present in human plasma as
complexes of approximately 300 and 338kDa [44]. However,
by size exclusion chromatography of IgE1 serum, it was
shown that IgE1 to Agmn is not likely to be polymeric IgE.
Agmn reacted with monomeric IgE, whereas high molecular
weight fractions did not sensitize basophils to release
histamine to HRF [45]. Another isoform is ‘IgE grandé’,
which contains 134 additional C-terminal amino acids [41],
and ‘IgE chimeric’, in which the last 37 amino acids are
replaced by 27 amino acids from the CH5 site (a cryptic exon,
revealed by the use of a novel splice site within CH4), making
it 10 acids shorter than ‘IgE classic’ [41]. It is possible that
IgE1 is one of these isoforms, and is preferentially expressed
in severe or chronic allergy.
Another possibility is that the structural difference of IgE1

is present in the variable region of the heavy chain (VH) of
IgE. A variable binding of polyclonal human IgE antibodies
to staphylococcal protein A has been described [46]. This
binding is dependent on the VH subgroup. Correlation
between VH subgroups and IgE1 has not yet been demon-
strated.

Autoreactive IgE A third possibility is that IgE1 plays a role
in autoallergy. According to this theory, IgE1 is an HRF-
specific IgE antibody, and HRF is an IgE autoantigen.
Autoallergy might be a driving force behind chronic airway
inflammation, and explain how an intermittent disease

becomes a chronic disease. Some exogenous allergen might
induce IgE antibodies that are cross-reactive with an
endogenous protein. A triggering event (such as allergen-
induced inflammation) causes the release of endogenous
protein (HRF or autoallergen). This potentially results in a
self-sustained allergic inflammatory reaction.

IgE-dependent HRF not binding to IgE

Priming factors are known to influence the histamine release
of basophils. Chemokine-depleted HRF preparations pro-
duced by human mononuclear cells (Agmn) contain, besides
IgE-dependent histamine-releasing activity, a priming factor
that up-regulates allergen-induced histamine release even
from basophils not releasing histamine to Agmn. Several
cytokines have been described that enhance activation of
basophils, such as rHRF p23 [47], IL-3 [48], IL-5 [49], and
granulocyte macrophage-colony stimulating factor (GM-
CSF) [48]. The identity of the factors responsible for the
priming capacity of the Agmn preparation is not known.
HRF p23, also known as translationally controlled tumour

protein (TCTP) [50], has been purified from a culture
supernatant of the human U937 monocyte macrophage cell
line by MacDonald et al. [14]. Despite the fact that this HRF
induces histamine release from basophils of IgE1 donors, this
factor does not seem be an IgE-dependent HRF as defined in
previous publications. HRF p23 primes basophils of IgE1 as
well as IgE� donors for anti-IgE mediated histamine release
and secretion of IL-4 and IL-13 [47]. With affinity chromato-
graphy or enzyme-linked immunosorbent assays it was shown
that rHRF p23 did not interact with IgE1 [51]. The signalling
pathway triggered by rHRF p23 differs from that of IgE-
dependent stimuli. Recombinant HRF p23 did not release
histamine from a rat basophilic leukaemia cell line transfected
with the functional human high-affinity IgE receptor and
sensitized by IgE1, whereas anti-IgE did [52]. Moreover, it
was shown that agents such as rottlerin enhanced histamine
release induced by rHRF p23 in basophils from IgE1 donors,
whereas histamine release induced by anti-IgE or allergen was
not altered [53]. Recently, it has been shown that the
reactivity of rHRF p23 did not appear to involve the IgE1

molecule, but that basophils of IgE1 donors were hyper-
releasing, which was associated with low intracellular levels of
the 50-inositol phosphatase SHIP [15]. Thus, rHRF p23
discriminates between basophils, not between different IgE
molecules (IgE1 or IgE� ). In some cases rHRF p23 also act
as a ‘classical’ HRF; however, this activity is quite rare. Only
four of 106 sera of atopic patients with and without asthma
exhibited IgE1 reactivity to rHRF p23 in the stripped
basophil assay, and histamine release required high concen-
trations of rHRF (64mg/mL) [54] (manuscript in prepara-
tion).
Recombinant HRF p23 also activates other cells besides

basophils. It induced IL-8 secretion from GM-CSF primed
eosinophils and enhanced TNF-a-stimulated IL-8 secretion
[55]. Moreover, rHRF p23 was shown to be chemotactic for
human eosinophils, and to induce calcium flux in eosinophils
from 25% of donors [55]. This was also found in the
eosinophil-like cell line, AML-3D10, which does not express
the FceR1a [55]. Preliminary findings also indicate that rHRF
affects T cells [15].
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All these results suggested that rHRF signals through its
own receptor on basophils and other cells [47]. The nature of
this HRF p23-specific receptor is still unknown.

IgE-dependent histamine-releasing factors binding
to IgE: autoallergens

Histamine-releasing activity found in culture supernatants of
human cells resembles that of conventional allergens, which
might suggest that IgE autoallergens are involved. Structural
and immunological similarities between exogenous allergens
and human proteins have been described. IgE cross-reactivity
was demonstrated between profilin from birch pollen and
from human platelets using immunoblotting techniques [56].
Human profilin induced basophil histamine release from two
individuals allergic to birch pollen profilin, whereas it did not
from control subjects. Moreover, the allergens manganese-
dependent superoxide dismutase, acidic ribosomal phospho-
protein type 2 and cyclophilin A, B and (to a minor extent) C
from Aspergillus fumigatus were shown to be IgE cross-
reactive with their human homologues [17, 57, 58]. Both
human and fungal proteins elicited a strong immediate-type
allergic skin reaction in individuals allergic to A. fumigatus,
and induced comparable proliferative responses of mono-
nuclear cells.
In immunoblotting experiments, Valenta et al. [16] showed

that patients suffering from severe forms of atopy have IgE
autoantibodies. IgE autoantibodies have been detected in sera
from atopic dermatitis (AD) patients, recognizing different
proteins in human cellular extracts. A strong IgE binding was
associated with severe forms of atopic eczema [59]. However,
we recently showed that IgE autoantigen-containing extracts
did not induce histamine release of appropriately sensitized
basophils [60].
HRF produced by mononuclear cells, HRFmn, has

intensively been studied in the stripped basophil assay by
our group [54, 61]. Since this culture supernatant contains
autoallergenic activity it was called autoallergen(s) Agmn. The
exact nature of the factor(s) is still not clear. Results indicated
that Agmn is distinct from HRF p23 and that the IgE
responsiveness to Agmn is much more common than rHRF
p23 [54]. Out of 82 atopic non-asthmatics and asthmatics with
mild/moderate asthma, 46% had IgEmn1 in their serum,
whereas only one serum of a rhinitis patient responded to
rHRF p23. The difference of the factors was also obvious
from another study: in sera from 2/13 patients with AD and
0/11 with severe asthma IgE responsiveness to rHRF p23 was
found, whereas sera from 10 of the AD patients and 8 of the
severe asthmatics contained IgEmn1. Other results indicated
IgE binding to immunoblotted human protein as found by
Valenta et al. [16] and IgE responsiveness to Agmn are also
not the same activities. No significant association was found
between the presence of IgE autoantibodies to blotted human
proteins and IgEmn1 in serum. These antibodies might be
distinct entities that may co-occur in atopic patients [60].
There are data to suggest that at least one of the factors

present in culture supernatants of human mononuclear cells is
cross-reactive with a grass pollen allergen. By sensitization of
stripped basophils with serum of atopic patients, we found
that 33 out of 38 IgEmn1 serum were RAST positive to grass
pollen (40.4 IU IgE/mL), whereas only 11/44 from the

IgEmn� were RAST positive to grass pollen [54]. Also, in
our previous study an association with IgE to grass pollen
was found [61]. To study this putative cross-reactivity, IgE
antibodies to grass pollen were removed from IgEmn1 sera.
Basophils sensitized by four out of five depleted sera had a
decreased IgE responsiveness to Agmn. In one serum the IgE
responsiveness to Agmn was not changed at all, which suggests
that more than one activity is present in the preparation.
Variation in cross-reactivity is a known phenomenon. For
instance, IgE to grass pollen profilin is not always cross-
reactive with birch profilin [62]. In addition, it is possible that
the Agmn culture supernatant, which is only partially purified,
contains more than one autoallergen. In Fig. 2, the results
obtained by absorption of one patient serum is shown. By
removing specifically IgE against high or low molecular
weight fractions it was found that most IgE responsiveness to
Agmn was removed after absorption to a 420kDa grass
pollen fraction. These results do not support the fact that
Agmn is profilin, from which cross-reactivity between birch
and human has been described [63], as a possible autoallergen.
If the factor present in culture supernatants of mononuclear

cells is an autoallergen, it should be possible to show IgE
binding to this factor. So far, IgE binding to Agmn has not
been detected by RAST and radioimmunoprecipitation
assays. Possibly the concentration of autoallergens is too
low for detection in IgE-binding assays. The ‘putative’
autoallergen represents only a minor fraction of the total
protein in the allergen preparation, and the sensitivity of IgE-
binding assays is expected to be compromised by the
irrelevant proteins before the bioassay is affected.

Fig. 2. Cross-reactivity between Agmn and a grass pollen allergen. IgE
against grass pollen was removed from the IgEmn1 serum obtained from a
mild asthmatic patient. As control, the serum was absorbed to glycine and
house dust mite. Subsequently, basophils were sensitized by the absorbed
serum, and stimulated by Agmn (a), grass pollen, or house dust mite extract (b).
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Putative in vivo role of IgE1 and Agmn

The clinical relevance (if any) of IgE1 and IgE-dependent
factors in vivo is also still not clear.
The relation between IgE1 and the clinical status of

patients was investigated by studying the sensitizing capacity
of serum to release histamine in response to Agmn in the
stripped basophil assay. In serum from non-atopic non-
asthmatic subjects a low prevalence of IgE responsiveness to
partially purified Agmn was found (o5%) [54, 61]. Of atopic
non-asthmatics and mild asthmatics, 42% and 49% had
IgEmn1, respectively [54]. These results confirmed those of
another study, in which IgEmn1 was found in serum of 44%
of patients with allergic asthma, 11% with non-allergic
asthma, and 29% with rhinitis [61]. The presence of IgE1 in
asthmatic patients was associated with a high bronchial
sensitivity to histamine, which might indicate that IgE1

contributes to allergic disease.
For decades it has been assumed that IgE-dependent HRF

and IgE1 play a role in the induction of the late allergic
reaction (LAR). In many individuals, the acute allergic
reaction is followed by an LAR 4–11h later [64, 65]. During
the acute allergic reaction, IgE antibodies on the surface of
mast cells are cross-linked by environmental allergens, which
cause the release of mediators. This, in turn, attracts
inflammatory cells, such as basophils, neutrophils, eosino-
phils, monocytes, and lymphocytes to the allergic site [66–69].
Since the LAR occurs without a renewed exposure to
allergen, the hypothesis was that the activation of basophils
during the late reaction [70–72] was induced by the reaction of
IgE1 with IgE-dependent HRF [73]. HRF might also exert an
effect in the LAR by binding to IgE molecules present, for
instance, on eosinophils [74, 75] and monocytes [76, 77], or by
binding to an ‘HRF’-specific receptor on cells [78]. The role of
HRF/IgE1 in the LAR was supported by the observation
that IgE-dependent HRF was present in late-phase skin
blister fluids [11] and late-phase nasal lavages [12].
However, recent results did not support the hypothesis that

IgEmn1 is an essential component in the induction of a late
allergic reaction [54]. Atopic patients without and with mild/
moderate asthma were bronchially provoked with house dust
mite, and the mean change in forced expiratory volume in 1 s
(FEV1) during the LAR (4–10h after provocation) was
measured. The presence of IgEmn1 was shown not be essential
for an LAR: 63% of the patients with an LAR had no
IgEmn1 in their serum. Moreover, 71% of patients with
IgEmn1 did not have an LAR. No positive correlation was
found between the prevalence of IgEmn1 and the LAR. In
conclusion, IgE responsiveness to Agmn did not play a
significant role in the drop of FEV1 during the LAR, and is
not the cause of a bronchial late allergic reaction. However,
the presence of IgEmn1 might be an aggravating factor in
asthma (manuscript in preparation): IgE responsiveness to
Agmn was higher in the serum of severe asthmatics (81% of
patients) than that in the serum from mild/moderate
asthmatics (49% of patients) (Fig. 3) [54]. Also in atopic
dermatitis, IgEmn1 was shown to be very common; it was
found in 77% of tested sera. The hypothesis is that Agmn is
released during the late or chronic reaction and if Agmn-
responsive IgE is present, it may lead to an aggravation of
atopic symptoms.

Hypothesis about HRFmn and IgEmn1

Combining the results obtained during our studies to Agmn,
we can hypothesize about the role of IgEmn1 and Agmn

in vivo. IgEmn1 is proposed to contribute to chronicity of
allergic disease. More specifically, IgEmn1 is a risk factor for
severe asthma, since prevalence in this group is very high
(manuscript in preparation). Additionally, it might also play a
role in other chronic allergic disease, like atopic dermatitis. It
is still not entirely clear if IgEmn1 is produced during an
allergic reaction to exogenous allergens and subsequently
induces a chronic allergic reaction, or, alternatively, that IgE1

is induced by endogenous allergens released during the
chronic allergic reaction. Since some IgEmn1 is cross-reactive
with a grass pollen allergen, it is most likely that IgE1

production is induced by an exogenous allergen.
In summary, Agmn might be released during the late or

chronic allergic reaction. If IgE antibodies with cross-
reactivity to Agmn (induced by exogenous allergens, such as
grass pollen) are also present, the subsequent IgE-mediated
reaction to the Agmn might prolong and aggravate the
allergic and/or asthmatic symptoms even in the absence of
exogenous allergen exposure. This hypothesis is summarized
in Fig. 4.
Our results might indicate that patients with IgEmn1 in

their serum are at risk of getting a more severe and chronic
allergy. This theory might have therapeutical consequences,
for instance a more aggressive pharmacological treatment.
Moreover, if the grass pollen allergen cross-reactive with
Agmn is identified, the effects of immunotherapy might be
investigated.

Concluding remarks

Even after more than 20 years of research in relation to
histamine-releasing factors the identity is still not clear.
However, it is obvious that we are not dealing with a single
factor. HRF is a heterogeneous group of proteins with
different modes of action. Some factors influence histamine
release of basophils independent of IgE, whereas others need
IgE to exert their activity. However, the group of IgE-
dependent HRF is also very diverse: some factors do and

Fig. 3. Prevalence of IgEmn1 in different patient groups. Stripped
basophils were sensitized by incubation with the serum of non-atopic
controls (n5 15), or of patients with atopic non-asthma (n5 33), allergic
mild asthma (n5 49), allergic severe asthma (n5 27), and atopic dermatitis
(n5 13), and stimulated by Agmn.
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other factors do not bind to IgE. Moreover, both groups
consist of factors discriminating between subpopulations of
IgE, and of factors that do not.
IgE-dependent HRFs found in culture supernatants of

human cells, the ‘classical HRF’, is likely to belong to the
category of autoallergens.
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