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Summary. - Allergens are molecules normally present
in the environment, responsible of inducing the so called
atopic diseases. These diseases are characterized by the
highproduction of allergen-specific IgE antibodies, which
bind to mast-cells and basophils. The cross-linking of the
cell-bound IgE induces the production and/or release of
various inflammatory mediators (histamine, leukotrienes,
platelet-activating-factor, etc.), which trigger a cascade
of events resulting in the allergic syndromes. Once the
diagnosis of allergy has been made, two different thera-
peutic approaches can be followed: a) the pharmacologic
management, aimed mainly at preventing or controlling
the symptoms resulting from the release of mediators by
effector cells,; b) the specific immunotherapy, consisting in
the administration to the patient of increasing amount of
the relevant allergens, opportunely prepared and even-
tually chemically modified. In order to have the latter
approach correctly applied it is necessary to gain a wider
knowledge on both regulation of IgE synthesis and aller-

gens characteristics.
KEY WORDS: IgE, allergens, atopy, characterization, purification,
standardization.

Riassunto (Gli allergeni ¢ le malattie atopiche). - Gli
allergeni sono costituiti damolecole normalmente presen-
ti nell’ambiente e responsabili delle cosiddette malaitie
atopiche. Queste malattie sono caratterizzate dalla produ-
zione di elevati livelli di anticorpiIgE, capaci di legarsi a
mastociti e basofili. L'interazione tra |’ allergene e le IgE
legate alle membrane cellulari induce la produzione elo il
rilascio di vari mediatori dell’ infiammazione (istamina,
leucotrieni, fattore attivante le piastrine, ecc.), che attiva-
no una serie di eventi a cascata responsabili della patolo-
gia allergica. Dopo che la diagnosi di patologia allergica
é stata posta, due differenti approcci terapeutici vengono
in genere seguiti: a) laterapia farmacologica, il cui scopo
fondamentale é la prevenzione o la riduzione dei sintomi
risultanti dal rilascio di mediatori dalle cellule effettrici;
b) la immunoterapia specifica, che consiste nella sommi-
nistrazione al paziente di dosi crescenti degli allergeni

verso i quali é sensibilizzato, opportunamente preparati
ed eventualmente modificati chimicamente. Al fine di
applicare correttamente questa seconda strategia tera-
peutica é indispensabile acquisire sempre pil ampie
conoscenze sia sui meccanismi che regolano la produzio-

ne di IgE sia sulle caratteristiche degli allergeni.
PAROLE CHIAVE: IgE, allergeni, atopia, caratterizazione, purifi-
cazione, standardizzazione.

Introduction

Allergens are molecules, normally present in the envi-
ronment, which are responsible of inducing the so called
atopic diseases. These diseases are characterized by a high
production of allergen-specific IgE antibodies, which bind
to high-affinity (10°- 10'°M) Fc_R (Fc_RI) on mast-cells
and basophils [1]. The IgE production, together with the
release by T and B lymphocytes of regulatory factors, is
not only dependent on the presence of allergens, but it also
requires a defined genctic background of the patient, since
only particular subjects are able to mount an allergic
response to such very common molecules.

The reintroduction of the allergen, which cross-links
Fc, R-bound IgE, induces the production and/or release of
various inflammatory mediators (histamine, leukotrienes,
platelet-activating-factor, etc.), which trigger a cascade of
events resulting in the allergic syndromes, such as oculo-
rhinitis, asthma, etc. Among the above mentioned media-
tors, histamine has been considered to play a major role.
This bioactive amine (MW 111) causes smooth muscle
contraction of human bronchioles and small blood vessels,
increased permeability of capillaries, and increased secre-
tion by nasal and bronchial mucous glands. Since its
maximal reaction occurs in 1-2 minates, in humans it can
be considered responsible for the symptoms of hay fever,
urticaria, angioedema, etc.

Once the diagnosis of allergy has been made, two
different therapcutic approaches can be followed: a) the

" pharmacologic management, aimed mainly at preventing
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or controlling the symptoms resulting from the release of
mediators by effector cells, is based essentially on the
administration of three classes of drugs: antihistamines,
which resemble histamine chemical structure and block
histamine receptors on shock organ cells; corticosteroids,
which are able to inhibit histidine decarboxylase, an enzy-
me that converts histidine into histamine; cromolyn so-
dium and related compounds, which probably acts by
stabilizing the lysosomal membranes containing the che-
mical mediators; b) the specific immunotherapy (SIT),
consisting in the administration to the patient of increasing
amount of the relevant allergens, opportunely prepared
and eventually chemically modified; the mechanisms
underlying the well known clinical efficacy of SIT are still
unclear, although significant changes in serological para-
meters (such as the increase of the specific IgG level and/
or the reduction of the specific IgE level) have been
associated in the literature to the positive outcome of SIT
[2, 3]. For decades it has been postulated that allergen-
specific IgG present in serum and secretions after IT may
block allergens before their interaction with cell-bound
IgE. However, this blocking activity has some relevance in
the protective effect observed after venom IT, and it is
unlikely to act as a major mechanism with inhalant aller-
gens. On the other hand, the reduced level of specific IgE
found after IT can be ascribed to the induction of specific
suppressor T cells [4]. )

It is evident, therefore, that the development of impro-
ved strategies to the diagnosis and treatment of atopic
diseases requires a wider knowledge on both allergens
characteristics (this point being essentially related to the
problem of the standardization of the preparations to be
used for the diagnosis and the therapy) and regulation of
IgE synthesis.

Regulation of IgE response

Since the beginning of this century, atopy has becen
recognised as a peculiar disease, induced by several fac-
tors. It has been calculated that nowadays the percentage
of people suffering from allergic diseases is around 20%,
reaching higher values in those areas where pollution
represents an important problem. As already outlined, the
main feature of atopy is the high level of immunoglobulin
E produced in response to environmental allergens. Since
the discovery of this isotype, a large body of papers on
regulation of the IgE synthesis have been published, and
the results have been obtained both in the human model
and in the murine modecl as well. As for the production of
other Ig classes, IgE are produced by B lymphocytes and
require the presence of antigen presenting cells (macro-
phages and B cells) able to process and present fragments
of antigen to antigen-specific T ccll. This antigen presen-
tation is restricted to the major hystocompatibility com-
plex (MHC), in the sense that B cells, T cells and macro-
phages must have identical Class IT molecules, produced
by genes coded in a particular MHC region.

Afterthe presentation hastaken place, T cells will either
stimulate (T helper) or suppress (T suppressor) the B cells
to produce immunoglobulins. The important role played
by T cells in the regulation of IgE production has been
proved in the early 1970s by several experiments carried
out in animal models, based on the selective depletion of
T cells by neonatal thymectomy [5] or whole-body irradia-
tion [6] and administration of immunosuppressive drugs
[71, followed by passive transfer of syngeneic T cells.
Interestingly, these experimental measures affected selec-
tively IgE, but not IgG synthesis, indicating that these two
isotypes are subject to different regulatory influences. In
humans, the study of serum IgE levels in patients with
primary immunodeficiency disorders [8] gave similar
evidences.

In the murine model where a more detailed investiga-
tion has been carried out, it was possible to demonstrate
that several IgE-specific factors are released by T cells
upon optimal stimulation. Ishizaka’s group isolated and
characterized two IgE-binding factors, which were able to
down-regulate (IgE-suppressive factor, IgE-SF) or up-
regulate (IgE-potentiating factor, IgE-PF) the IgE produc-
tion [9]. These factors, both displaying a molecular weight
of 15,000 Da, are coded by the same gene, but they are
different, and therefore behave differently, according to
the presence of oligosaccharide residues: IgE-PF has both
N-linked and O-linked oligosaccharides, while IgE-SF
contains only O-linked oligosaccharides. The glycosyla-
tion of these factors, and therefore their biological activi-
ties, is controlled by two T cell factors, glycosylation-
inhibiting factor (GIF) and glycosylation-enhancing fac-
tor (GEF), which regulate the post-transcriptional glyco-
sylation processes of the IgE-binding factors peptide [9].
Therefore, the balance between GIF and GEF appears to
determine the nature of IgE-binding factors produced by T
cells and their effects on the IgE production.

IgE-binding factors of B cell origin have been also
described. In humans, the attention has mainly been focus-
sed on the IgE-binding factor/Fce RII. The low-affinity
receptor for the Fc part of IgE (Fc_RII, 10 - 107 M) [10]
was cvidentiated on B cells and on various other hemo-
poietic cells such as monocytes/macrophages, eosinophils
and platelets, while the presence of Fc, RII on T lympho-
cytes remains controversial. It was then demonstrated the
identity of Fc, RII with the CD23 surface marker of the B
lymphocytes [11, 12]. Briefly, Fc, RI/CD23 is a tran-
smembrane glycoprotein witha molecular weightof 45,000
Da, with a proteolytic cleavage site. A soluble fragment of
Fc, RII with a MW of 37,000 Da is released from the cell
surface; this fragment further degrades into 33,000 Da,
25,000 Da and finally 12,000 Da species. This family of
soluble molccules, all retaining IgE-binding activity ex-
cept the 12,000 Da species, constitutes the IgE-binding
factors of B cell origin, termed sCD23. The cleavage of Fc,
RII into sCD23 is inhibited by IgE, whose binding to the
receptor stabilizes the molecule on the cell surface. The
biological role of Fe, Rl and of its soluble fragment in the
regulation of IgE production is still unclear, although it has



been reported that soluble Fe, RII/sCD23 is able to poten-
tiatc human IgE synthesis [13], while the intact ch RII
may be involved in the downregulation of IgE production,
probably by cross-linking with IgE and formation of
immune complexes [14].

The regulatory role played by T cells in the IgE synthe-
sis is not restricted to the production of IgE-binding
factors: a different pathway of IgE regulation essentially
based on the reciprocal role of two T-cell derived lympho-
kines, interlecukin-4 (IL-4) and interferon-y (IFN-y), has
been recently disclosed [15].

The initial observations about the in vitro and in vivo
inducing effect exerted by IL-4 on the IgE production by
murine B cell blasts [16] were soon followed by reports in
humans, all pointing to the key role played by IL-4 in the
regulation of IgE synthesis. Recently, evidence was pre-
scnted that IL-4 from helper T cells drives the B cell
response toward the IgE isotype, acting as an IgE-swit-
ching factor [17]; furthermore, IL-4 is a potent inducer of
Fce RIT on both B cells and monocytes, and may contribu-
te to the activation of B cells.

The IgE synthesis induced by IL-4 can be negatively
regulated by IFN-y. These two lymphokines can be produ-
ced by two different subsets of T helper cells (Th 1 and Th
2), as clearly demonstrated in the mouse model, but they
can also be the product of the same T cell clone. Then, the
balance between the two subsets of T helper cells, or
between the amounts of lymphokines produced by the
same clone, will determine the levels of IgE synthesis and
more generally the isotype of the immune response. It
seems that in humans the relative synthesis of IL-4 and
IFN-y that T cells are capable to produce is different in
atopic and nonatopic individuals: in particular, the increa-
sed prevalence of T cell clones able to produce IL-4
appears to be a distinctive feature of patients withcommon
atopy.

Additional cellular and/or molecular signals seem to be
involved in the induction of IgE synthesis, but their precise
role still needs to be determined. It is clear that alterations
of one or more of these regulatory mechanisms are respon-
sible of the hyperproduction of IgE, which characterizes
the atopic patient.

However, besides the great effort reserved to the study
of the basic mechanisms involved in the IgE regulation, a
great body of work has been carried out from the bioche-
mical point of view, in order to investigate if the allergen
(and/or its presentation by accessory cellsto T cells) is able
to lead in certain individuals, with an appropriate genetic
background, to the hyperproduction of IgE whereas in
others it drives antibody response toward other isotypes.

Characterization of allergenic preparations

Many substances have been recognised to have allerge-
nic properties; for example mites, bee and wasp venom,
from animal origin, and pollens, from plant origin; aller-
gens have been also found in foods [18].
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From the analysis of the characteristics of the allergens
some common propertics have been defined. Generally
they are glycoproteins, with a molecular weight ranging
from a few thousands up to 70,000 Da and an isoclectric
point generally acidic. They are easily absorbed through
the mucous membranes and easily released from the aller-
genic sources, together with other non allergenic molecu-
les [19]. However, these features are shared by many other
antigenic substances, thus indicating that they do not
represent a peculiarity of allergenic molecules.

Allergensare generally obtained by extractive procedu-
re from araw material, and the crude extract represents the
starting material for the purification procedures. Morco-
ver, the raw material has been obtained in the past by
collccting the sample of interest from the environment, but
now it is commonly accepted that a standardised source
(cultured plants for pollens, cultured mites, clearly identi-
fied strains for molds, etc.) is preferable.

The crude extract is characterized by using scveral
biochemical and immunochemical techniques, some of
them specially developed for this purpose. Table 1 reports
a list of the most important techniques used. In order to
facilitate the description of these methods, they have been
conventionally divided into three groups, the in vivo met-
hods, the in vitro methods and the biochemical mcthods.

The in vivo methods are essentially two, the skin-prick
test (SPT) [20] and the provocation tests (PT) [21]. The
former method is based on the interaction between the
soluble allergen and the sensitised cell in the skin of the
patients. The SPT is easily performed by adding a drop of
allergens preparations over the skin of the volar region of
the arm, this addition followed by a gentle scarification in
correspondence with the drop. This procedure allows the
contact of the active molecules with the IgE-bearing cells
resident in the skin, eliciting a wheal reaction in positive
sensitised subjects. The reaction can be quantitated by

Table 1. - Methods applied to pollen allergen characteri-
zation

In vivo methods

Skin prick test (SPT)
Provocation test

In vitro methods

Radio allergo sorbent test (RAST)
RAST inhibition
Gel precipitation techniques
Crossed immuno electrophoresis (CIE)
Crossed radio immuno electrophoresis (CRIE)
Immunoblotting
Histamine release from Basophils

Biochemical methods

Determination of protein content

Determination of protein nitrogen content
Isoelectric focussing

Polyacrylamide gel electrophoresis (SDS-PAGE)
High performance liquid chromatography (HPLC)
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measuring the wheal area, either in relation or not with the
wheal produced by a standard histamine solution. This
method has been also used for the standardisation of
allergenic extracts and for monitoring the efficacy of the
immunotherapy.

The provocation tests are essentially based on the same
principle than the SPT, although in this case the allergen
solution is applied either on the conjunctival mucosa or, as
an aerosol, on the mucosa of the respiratory tract. In both
instances, the effect of the exposure can be recorded in a
semiquantitative way by scoring the degree of the hyperae-
mia of the conjunctive or the degree of impairment of
several respiratory parameters. Of course, these two tech-
niques, especially the latter, have some disadvantages, due
to the high degree of risk accompanying the tests, and
therefore are generally carried out on a non-routinary
basis.

The in vitro methods have been more recently introdu-
ced in order to simplify and improve the in vivo methods
for the diagnosis of allergic diseases and for allergen
characterization. These methods are generally based on
immunochemical techniques and have been of great im-
portance in the characterization of allergenic extracts.
They are generally based on the interaction of the different
epitopes present in the various components of the extract
with antibodies present in the patient serum or raised in
experimental animals.

The most important in vitro techniques are radio-aller-
go-sorbent-test (RAST) [22], RAST-inhibition [23], baso-
phil degranulation [24], gel precipitation techniques (CIE,
CRIE) [25], immunoblotiing [26] and immunoassays with
monoclonal antibodies (MoAbs) [27].

The RAST procedure is able to directly detect specific
IgE in the serum of the patients. The allergens preparations
are covalently coupled to a solid phase (originally paper
disks activated by cyanogen bromide) that is incubated
with the human sera. After washings, the solid phase is
incubated with an '»I-labelled rabbit anti-human IgE and,
after further washings, the radioactivity, proportional to
the amount of human IgE bound to the solid phase, is
counted in a y-counter. This system has been recently
standardised by several companies and results are now
expressed as units per ml. Unfortunately, the different
unitage systems do not allow a direct comparisons of the
specific IgE values obtained by using the kits of different
companies.

This technique, opportunely modificd (RAST-inhibi-
tion), has been easily applied to the characterization of
allergenic extracts; in this casc, a reference solid phase-
allergen/human IgE antibody system (RAST) is inhibited
by serial dilutions of standard allcrgenic extract or unk-
nown extract: the results are plotted, analysed by mathe-
matical interpolation and the amounts of the extracts
producing 50% of inhibition of the system are compared.

Another in vitro technique is the degranulation test,
based on the measurement of the histamine released from
IgE-sensitised basophils upon allergenic challenge. This
test has been called degranulation test since granules

present in the basophils and containing several mediators,
including histamine, are no longer detectable after the
reaction has occurred.

The test can be carried out either on basophils-enriched
peripheral blood lymphocytes (B-PBL) from allergic
subjects, already sensitised with IgE, or with B-PBL from
normal subjects, that can be passively sensitised upon
incubation with serum from allergic subjects. In both
cases, the reaction can be elicited by incubating the sensi-
tized cells with the allergen preparation, and the released
histamine can be quantitated by a chemical procedure.
Alternatively, the number of cells with cytoplasmic granu-
les can be counted before and after the allergenic challen-
ge; this system, although very simple and not expensive, is
only semiquantitative. A great advantage of the degranu-
lation test is that it resembles in vitro what happens in vivo,
avoiding any direct exposure of the patient with the aller-
genic extract. However, the complexity of the equipments
required for quantitative histamine determination renders
this method more suitable for research purposes than for
the diagnosis of allergic diseases.

Other than RAST and RAST-inhibition, other techni-
ques (such as crossed-immuno-electrophoresis, CIE, and
crossed-radio-immuno-electrophoresis, CRIE) have been
applied in order to elucidate the complexity of the raw
allergenic preparations commonly employed and of the
purified allergens. Differently from the other techniques,
CIE requires a step in which the various components of the
extract are precipitated in agar gel by using a polyclonal
rabbit antiserum; the precipitin arcs can be clearly eviden-
tiated by staining the agarose gel in different ways, thus
producing a pattern which allows the extract to be charac-
terized. Furthermore, in order to recognise which precipi-
tin arc/s are produced by allergenic molecules, the gel is
incubated with the patient serum (CRIE). The IgE contai-
ned in the serum sample will bind to the epitopes available
on the precipitated components and will be evidentiated by
incubation with radiolabelled anti-human IgE and autho-
radiography. The results will indicate which precipitin
arcs obtained in the CIE are allergens and how many
individual patients sera are able to recognise a given
precipitated component, allowing an estimation of which
one is more frequently recognised by a given panel of
allergic sera, and leading to the definition, firstly introdu-
ced by Lowenstein [28], of major (more frequent) and
minor (less frequent) allergens.

In the last decade, a new powerful technique, the
immunoblotting, has been applied to the characterization
of allergenic extracts. The test is based on the properties
that proteins and glycoproteins, and allergenic extracts as
well, have 1o react with specific ligands (antibodies, lec-
tins, etc.) once bound in a strong way to nitrocellulose
paper (blotting), even after they have been separated by
either sodium-dodecyl-sulphate-polyacrylamide-gel-elec-
trophoresis (SDS-PAGE) or isoelectric focussing (IEF).
Theblotted allergenic extractis incubated with the patients
sera, then with a radiolabelled anti-human IgE and finally
developed by X-rays exposure. The results allow to indi-



viduate the rclevant components able to interact with the
human IgE (allergens), and to estimate which onc is more
frequently recognised by a given panel of sera from aller-
gic paiients, again allowing the dcfinition, by a diffcrent
technique, of major and minor allergens.

A greatimprovement hasbeen achieved by applying the
MoAbs technology to the characterization of allergenic
extract. MoAbs have been produced against a large num-
ber of major and minor allergens (Table 2), and after they
have been characterized in terms of specificity, affinity
constant, epitope recognised, they have been employed
both in quantitative binding assays for analitycal purposcs
or in analytical and preparative affinity chromatography.
Several radioimmunoassays have been developed against
many allergens [30]: they are generally two-sites immu-
noassays and require two monoclonal antibodies specific
for different epitopes of the same allergen. A few allerge-
nic preparations, containing a relevant component quanti-
tated by using in this assay as a standard the corresponding
highly purified material, are now available on the market.

In the third group of techniques are included all the
biochemical techniques, which have been appliced in the
past to the characterization of many biological substances
and also to scveral relevant allergens. Basically, these
classical biochemical techniques are SDS-PAGE [31],
low pressure gel chromatography [32] and high perfor-
mance liquid chromatography (HPLC) [33], and isoclcc-
tric focussing (IEF) [34]. However, in some circumstances
the high number of components contained in the extracts
has often required the combined usc of these techniques
with immunochemical techniques (i.e. RAST, RAST-
inhibition, CRIE, immunoblotting, etc.) in order to get the
various fractions characterized in terms of allergenic acti-
vity. However, even with the combined use of several
methods, the complexity of the extract under investigation
did not allowed, in some cases, a good characterization of
the component(s) of interest.

As a result of these studies, many allergens have been
extensively investigated, the relevant molecules identi-
ficd, allowing a better approach to the standardization of
the products still used for the diagnosis and the therapy of
allergic diseases.

Purification of allergens

Once the allergenic preparations have been characteri-
zed by using the techniques already described, a great
effort has been put in the purification of the relevant
allergens, in order to make pure reference materials avai-
lable for the standardization of the allergenic extracts used,
and also for the preparation of balanced mixtures of well-
known allergens to be used in the diagnosis and immunot-
herapy. For this reason, allergens preparations from seve-
ral relevant sources were deeply characterized and major
and minor allergens purified.

Several procedure have been used in order 1o get rele-
vant allergens purified. They are represented by common
biochemical procedures, such as general chromatographic
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Table 2. - Pollen allergen specific monoclonal antibodies

Source Specificity Sequence  Epitopes

Grass

Lolium perenne Lolpl (a) >6

Dactylis glomerata Dacgl 4

Poa pratensis Ag27 1

Weeds

Ambrosia

artemisiifolia Ambal (a) 3
Amb a Il 2

Parietaria judaica Parjl 2(b)

Trees

Betula verrucosa BetvI

Olea europaea Oleel

House dust mites

D. pteronyssinus Derpl (a) 5(b)
Derpll (a) 1(b)

D. farinae Derfl (a) 2 (b)
Der f IT (a) 3(b)

Cat

Felis domesticus Feld1 4
Feld 1 2 (b)

Insects

Chironomus tummi Chitl (a) 5

Apis mellifera Mellitin (a) 1

(a) Partial or N-terminal sequence available.
(b) Two-site monoclonal antibody immunoassay developed.
(Modified from Chapman [29]).

procedures [35], salt fractionation [36], and preparative
isoclectric focussing [37], by immunochemical methods -
affinity chromatography on lectins [38] and monoclonal
antibodies [39] - and, more recently, by genetic enginee-
ring [40].

Table 3 reports a partial list of the most important
allergens investigated, purified and characterized.

One out of the most important problems related to
allergen purification is represented by the fact that in the
crude extracttherelevant allergen(s) are often contained in
very minute amounts, thus rendering the biochemical
approach quite complicate. Moreover, the yield of the
biochemical purification is generally low, while on the
other hand the purified allergen(s) should be available in
large quantities, suitable for further biological studies. The
availability of purified allergenic components does not
secem to be useful at the diagnostic level since some false
negative reactions could occur in those patients reactive
only with other allergenic components different from
those tested; on the other hand, single purified allergenic
components could be used for a better immunotherapy,
providing the identification of the relevant components for
agiven patient is available. In this case, in fact, it would be
advisable to use in the SIT the relevant allergenic compo-
nent only, in order to prevent the subject to get in contact
with, and eventually sensitised to, other components for
which he was negative before the treatment. From this, the
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Table 3. - List of some highly purified allergens

Allergen Molecular weight pI Allergen Molecular weight pl

1. POLLEN ALLERGENS: GRASSES, WEEDS AND TREES Dog

G Albumin (a) 65,000 4.7
rass globulin fraction (a) ; .

Timothy grass - Phleum pratense Ag2(a) 65,000 4.5
Phlp VIII 10,000 3.9 Agl3(a) - -
Phlp VI 15,000 49 AgD4 (a) 16,000-20,000 4.5-55
PhlpV 15,000 45
Phlp VII 34,000 9.4 Farm animals

Cocksfoot/Orchard grass - Dactylis glomerata Horse
Ag26(a) 75,000 - Fraction b2 (a) 34,000 41
Ag32(a) 23,000 - Component I (a) 22,000 4.2

R Component III (a) 38,000 -
Rye grass - Lolium perenne Equel 19,000 41
LolpI 27,000-34,000 5.1-5.25
Equcll 51,000 38
LolpII 11,000 53
Lol p Il 11,000 9.4 Equ ¢ IIT 31,000 39
Lol pIV 50,000 ; Agl5(a) 36,000 3.75
Agl(a) - 54 Cow
Ag6(a) <10,000 3.9 BosdI 24,000 3.6
Bosd II 20,000 42

Weed Bos d Il 22,000 46

Short ragweed - Ambrosia elatior Agld (a) >200,000 -
Ambal 37,800 5.0
Amb a Il 38,200 5.9 Invertebrates
Amb a1l 12,100 8.6
AmbaV 5,000 9.5 Mites
Amb a VI 11,000 basic Dermatophagoides p.

Tree Agpl (a) 24,000 4754

Dpt12 () 27,000 5.8-7.0

Birch - Betula verrucosa Derpl 30,000 4.6-6.9
Major BP allergen (a) 20,000 - Derp I 12,000 6.4
Ag7-8 (a) 17,000-10,000 5.6
Agé(a) 29,000 5.2 Dermatophagoides f.

BetvI 17,000 55 Der f1 28,000 70
Agl9 (a) 27,000-30,000 6.7

Alder - Alnus incana }(’Zoc.krloaches R

Alnil 22,500 48 eriplaneta americana )
Cr-l(a) 25,000 <prealbumin

Plane - Platanus acerifolia Cr-ll(a) 63,000-65,000 f—globulin

DEIV (a) 22,000 3.8
4. FOOD ALLERGENS

Hazel - Corylus avellana

Coral 13,500 54 Milk
B-lactoglobulin (a) 36,000 -

2. FUNGAL ALLERGENS

Fungus Egg

Al ia al (= Al i is) VE-54B (a) 31,500 4.1-45
ternaria aiternata (= lernaria temus

6,000 -
Altal 25,000-50,000 40 ":gg‘:} ) ;7’000 )
Agl(a) 60,000 4.0 glz(a, R
AgB (a) 40,000 4.3
Ag8 (a) 30,000 43 Cod
Gadcl 16,200 4.75

Cladosporium herbarum
Clahl 13,000 3.4 5. STINGING INSECTS
Clah I 25,000 5.0

Aspergillus fumigatus Apis rr.wlhfer a
Ag3(a) 24,000 45 ApimI 15,800 10.5
Agl0(a) - . Apim II 50,000 basic
Ag40 (a) - - Apim III 2,840 basic

49,000 idi

3. ANIMAL ALLERGENS Allergen B (a) & acidic

Domestic pets Vespula spp.

Cat VesgV 25,000 basic
Main epithelia (a) 32,000 <albumin Vesgl 35,000 basic
Allergen 1 (a) 30,000-60,000 38 Vesgll 45,000 basic
FeldI 24,000 35 Acid phosphatase (a) - acidic
Ag3(a) 70,000 4.5 Ag24-25 (a) 6,000 basic

(a) For these allergens it xas not possible to inequivocally introduce the new nomenclature recently adopted for purified allergens [46]. (Modified

from Dreborg et al. [18]).



idea of the balanced mixture of purified allergenic compo-
nents for the diagnosis and of an ad hoc preparation for
therapy. All these concepts have been clearly discussed by
Aas [41], who proposed a model for grading of allergen
extract quality. According to this Author at the bottom of
the list are placed those preparations that have been until
recently used, that are merely crude extracts submitted to
any purification procedure. At the top of the list is placed
a theoretical product defined as a mixture of purified,
chemically defined characterized and quantitated material
representing all major and minor allergens found in the
original crude extract. Of course, non-allergenic material
and irritants are removed. At present, the use in diagnosis
and immunotherapy of the theoretical mixtures proposed
by Aasisnot possible because highly purified allergens are
not yct available in large amount.

Practically, between the former theoretical and the
latter dismissed preparations, a number of intermediate
products are available on the market and are commonly
employied for diagnosis and immunotherapy: they are still
crude extracts which underwent some steps of purification
in order to remove irritants and low molecular weight
components. In some circumstances, when reagents are
available, the major allergen(s) is/are guantitated by
immunoassays by using MoAbs and by other techniques
by using polyclonal antibodies: this procedure allows the
final product to be characterized and the active ingredients
at least in part quantitated, thus partially ensuring a batch
to batch consistency.

However, in order to get as close as possible to the
highest level of quality of the extracts proposed by Aas,
two different approaches, based on methods alternative to
the classical purification procedures, have been attempted
with the aim of recovering pure allergens in large amount:
affinity chromatography on lectins or monoclonal antibo-
dies and genetic engineering. The usefulness of affinity
chromatography with the lectins has been evaluated in
several instances, and the results have clearly indicated
that thistechnique can be used in addition to the others with
the aim of improving the purity of the final product.
However, since almost all the components of the crude
extract are glycoproteins, the use of lectin-chromatogra-
phy has been found without utility when performed on the
early stages of the purification procedure. On the contrary,
affinity cromatography with monoclonal antibodies has
been revealed to be of some utility, since several paper
havebeen published concerning either single-step or multi-
steps purification of a relevant allergen with good purity
and good yield of the product [42,43]. However, problems
have been encountered in the scaling up of the purification
procedure: up to now, although monoclonal antibodies
against a number of allergens have been produced, only a
few have been used for purification purposes and none has
been routinarely introduced by any Company in the manu-
facturing procedures of allergenic extracts. At the same
time great effort was put in the application to allergen
preparations of the possibilities recently offered by genetic
engineering. By using this technique, a few major aller-
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gens have been already cloned, and produced in large
amounts [44,45]. Interestingly, the presence on the natural
allergens of sugar residues absent in the cloned product, a
problem which has been often encountered for other pro-
ducts, does not seem to represent a problem in this case
since the IgE of the patients are gencrally directed against
proteic structures. However, to fully evaluate the possibi-
lities offered by this new approach it will be advisable to
wait until several of these products will become available
for the clinical evaluation.

Standardization of allergenic extracts

The heterogeneity of the components present in the
crude extract has dramatically risen the issue of standardi-
zation and quality control of allergen preparations. A few
points have to be considered. As stated above, theoretical
preparations, as those indicated by Aas, are not available,
and will not be available for many years. Therefore, in
order to have a satisfactory product, the extracts should be
at least qualitatively and quantitatively standardised. For
this standardisation process, international standard prepa-
rations should be prepared and used, and clearly described
and evaluated methods should be available. A few years
ago, manufacturers were used to produce and sale their

Table 4. - Units commonly employed in the evaluation of
allergenic extracts potency

In vivo units

Histamine equivalent units, HEP
Biological units, BU (1 HEP = 1000 BU)
Allergic units, AU

In vitro units
RAST inhibition units, PRU
Others

Weight/volume units
Noon units
Protein nitrogen units, PNU

Table 5. - International organizations and regulatory
agencies involved in standardization of allergens

World Health Organization

Intemational Union of Immunological Societies -
Allergen Standardization Subcommittee

Nordic Council on Medicines
Food & Drug Administration

European Economic Community - Committee for
Proprietary Medicinal Products

Council of Europe - European Pharmacopoeia Commission
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allergenic preparations without any in process or final
quality control. This led to the presence on the market of
preparations displaying a broad degree of allergenic acti-
vity evaluated at the diagnostic levelin terms of sensitivity
and specificity and at the therapeutic level in terms of
efficacy and safety. With a few exceptions, this trend has
been inrecent years replaced by the idea that at least batch
to batch consistency has to be obtained by the manufactu-
rers. This means that a given batch of a given allergenic
preparation obtained by one manufacturer has to be com-
parable within definite limits to a previous batch and to a
future batch. This internal standardization has been essen-
tially carried out by quantitative SPT, RAST-inhibition,
immunoblotting, always comparing by statystical analysis
the batch under investigation with an internal standard,
different from company to company. Moreover, this stan-
dardization process led to the presence on the market of an
increasing number of units (Table 4), essentially defined
on the basis of the techniques employed by a manufacturer

in the standardization process and different from those
used by another manufacturer. Therefore, several interna-
tional organizations (Table 5) have been involved with the
aim of defining international reference preparations each
containing an assigned amount of international units. At
present, three standards for three common allergens only
(Dermatophagoides pteronyssinus, Ambrosia artemisii-
folia and Phleum pratense) have been defined by the In-
ternational Union of Immunological Societies (TUIS) Sub-
committee and are available for standardization purposes,
while others are under evaluation. However, in order to
achieve an international harmonization of the unitage
system, standard methods to be used with these reference
preparations must be established, and well defined pools
of sera from allergic patients must be settled by the
International Committee.
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