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SUMMARY: Several natural rubber latex (NRL) allergens have recently been purified and
characterized at the molecular level. This progress has been essential for the assessment of
their roles and clinical significance. Current allergen nomenclature system lists 7 NRL aller-
gens. It is now well established that prohevein (Hev b 6) and hevein (Hev b 6.1) as well as an
acidic 16 kDa protein (Hev b5) represent major NRL allergens. Hydrophobic rubber particle
proteins, Hev b 1 (REF) and Hev b 3, seem to be important allergens to latex-allergic patients
with spina bifida. Hevb 1, Hev b 3, Hev b 5 and Hev b 6.1 or IgE-binding peptides derived
from them have been identified in NRL gloves. These proteins or peptides are thus resistant
to the highly denaturing conditions of glove manufacturing and, therefore, could act as ini-
tial sensitizers and lead to the development of Type I latex allergy.
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Immediate hypersensitivity reactions to natural
rubber latex (NRL) proteins have been increasin-
gly recognized during the past 15 years. Currently,
approximately 3 % of hospital employees and 5-10
% of physicians and nurses working in operation
units are allergic to NRL (reviewed in [19]).
Manufactured NRL products, such as surgical and
household gloves, catheters, condoms, baby paci-
fiers and toy balloons may contain allergenic pro-
teins capable of eliciting type I allergic reactions.
NRL, the raw material of natural rubber products,
is obtained during the process of tapping of the
rubber tree Hevea brasiliensis. NRL is formed in
the cytoplasm of specialized cells situated beneath
the bark of the rubber tree, and its protein content
is approximately 1-2 %. Proteins or peptides remai-
ning in the NRL products are obviously responsible
for sensitization processes in NRL allergy. In fresh
NRL, over 200 different polypeptides have been
demonstrated by 2-dimensional immunoblotting
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but only some 25 % them bound IgE antibodies
from latex-allergic patient sera and can be consi-
dered as allergens [6, 16]. Recently, substantial pro-
gress has been made in the purification and mole-
cular characterization of several NRL allergens
which has facilitated the assessment of their signi-
ficance and given grounds for proper comparison
of the results obtained by different researchers. In
the present communication the current knowledge
of NRL allergens will be reviewed.

NATURAL RUBBER LATEX ALLERGENS
CHARACTERIZED AT THE MOLECULAR
LEVEL

Rubber elongation factor (Hev b1)

Rubber elongation factor (REF) is tightly
bound to rubber particles but can be solubilized
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e.g. by detergents [12]. REF was the first NRL
allergen characterized at the molecular level and
was suggested to be the major allergen in NRL and
the only allergen present in one latex surgical
glove [11]. In more recent studies, however, IgE-
antibodies to highly purified REF, detected by
immunoblotting and ELISA, were practically
confined to the subgroup of patients with spina
bifida [5]. Yeang et al. [20] reported similar results
using recombinant REF and it thus appears that
IgE response to Hev b 1 is for some reason rare in
adult latex-allergic patients but common in
patients with spina bifida and/or other congenital
anomalies and histories of multiple surgical ope-
rations.

Prohevein (Hev b 6) and mature hevein
(Hev b 6.1)

Hevein is the most predominant protein in NRL,
compartmentalized in lutoids, the vacuolar struc-
tures of the laticifer cells present in the rubber tree
[9]. It is a chitin-binding protein suggested to be
involved in the coagulation of latex and to play a
role in the protection of rubber tree wounds by
inhibiting the growth of several chitin-containing
fungi [9, 13]. Hevein is synthesized as a 20 kDa
preproprotein (prohevein) that is posttranslatio-
nally processed into aminoterminal hevein (43
amino acids) and the carboxyterminal 138-amino-
acid C domain.

Purified prohevein bound IgE by immunoblot-
ting and ELISA in sera from 69-83 % of NRL-aller-
gic patients and elicited positive SPT reactions in
the majority of NRL-allergic patients [2, 4]. Only
a minority (15 %) of patients with antiprohevein
IgE antibodies had IgE against the prohevein C-
domain whereas IgE antibodies to purified hevein,
the 43 amino acid N-terminal fragment of prohe-
vein, were found by ELISA in 56 % of NRL-aller-
gic patient sera [4]. Purified hevein also elicited
positive SPT reactions in all patients showing IgE
to the N-terminus of prohevein. The roles of pro-
hevein and hevein as major NRL allergens were
recently confirmed in articles published by
Beezhold et al. [7] and Chen et al. [10].

Hydrophobic rubber particle protein
(23-27 kDa) (Hev b 3)

Most pediatric patients with spina bifida seem
to react, in addition to REF, to another hydro-
phobic rubber-particle-associated protein which
showed partial homology to REF and had an
apparent molecular weight of 27 kDa {3]. The
amino-acid sequences of tryptic peptides from the
27 kDa protein and from a 23 kDa protein later
described by Lu et al. [14] were in essence identi-
cal suggesting that these proteins are the same or
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they represent different isomers or modifications
of the same protein. This protein has later been
designated as Hev b 3 by Yeang et al. [20]. who
also reported that the molecule appears to be rela-
tively unstable with a tendency to fragment into
several polypeptides of lower (from 24 kDa to
about 5 kDa) molecular weight.

Acidic 16 kDa NRL protein (Hev b 5)

Using cDNA library from Hevea brasiliensis latex
and IgE from serum of a latex-allergic health care
worker Slater et al. [17] identified, cloned and
sequenced a novel NRL allergen, designated
Hev b 5, against which 92 % of health care wor-
kers and 30 % of spina bifida patients with NRL
allergy had IgE antibodies. At the same time
Akasawa et al. [1] reported molecular identifica-
tion and mass spectrometric data of an identical
protein. The latter authors also isolated and clo-
ned the cDNA coding for this protein from a latex
cDNA library and showed that the deduced amino
acid sequence form the ¢cDNA was nearly identi-
cal to that obtained by amino acid sequencing of
enzymatically digested internal peptides.
Importantly, Hev b 5 was isolated also from 6 of
8 commercial NRL glove brands analyzed [1].
These data suggest that Hev b 5 may play a signi-
ficant role in latex allergy.

Hevamine

A 30-kD NRL protein, purified and identified as
hevamine showed IgE binding only in 3 % of NRL-
allergic patients [2] suggesting that hevamine
plays a minor role as an NRL allergen.

Endo-1,3-beta glucosidase (endoglucanase)
(Hev b 2)

Alenius et al. [2] purified a 36-kD NRL protein
which showed high homology to several plant
endo-1,3-B-glucosidases. This 36 kD protein
bound IgE in sera from 21 % of NRL-allergic
patients and was therefore considered as a signi-
ficant NRL allergen. Molecular data on an endo-
glucanase from the rubber tree lutoid-body frac-
tion, designated as Hev b 2 by Sunderasan et al.
[18], show that the IgE-binding protein purified
by Alenius et al. [2] represent the same protein.

Patatin-like NRL protein (Hev b 7)

Beezhold et al. [8] showed that 23 % of latex-
allergic patients recognize a latex protein that has
sequence homology to a broad class of plant pro-
teins known as patatins. In the current allergen
nomenclature system this protein has been assi-
gned as Hev b 7.
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NATURAL RUBBER LATEX ALLERGENS
IDENTIFIED IN MANUFACTURED RUBBER
PRODUCTS

Until now, relatively little has been known about
the exact molecular specificities and forms of
allergens eluting from NRL gloves or other manu-
factured products. A recent study showed that
hevein (Hev b 6.1) constituted up to 70 % of the
total allergen activity of a high-allergen glove [4].
Preliminary results suggest that, in quantitative
terms, hevein indeed can be the most important
NRL allergen eluting from at least high-allergen
medical gloves [15]. In addition, the presence of
Hevb 1[11,15], Hevb 3 [14] and Hevb 5[1]in
NRL gloves has been documented but additional
studies are needed to elucidate to what extent
these and other proteins or peptides are respon-
sible for the total allergenic potential of various
manufactured products.

COMMENTS AND PROSPECTS
FOR FUTURE RESEARCH

The primary molecular structure of several
significant NRL allergens have recently been sol-
ved (Table I) and also the three-dimensional struc-
ture of a major NRL allergen, hevein, is known.
Obviously, there may be additional, currently
unrecognized allergens and the issue is further
complicated by the multitude of cross-reacting
allergens observed in several fruits and plants,
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Table I. — Natural rubber latex allergens: Nomanclature 1997

Conventional/original name Systematic MW  Sequence  Refe-
name (kDa) data rences
Rubber elongation factor Hevb 1 14.6 C* 11, 10
(REF)
-1,3-glucanase Hevb2 34.36 C 2,18
23-27kD Hevb3 2327 P 3, 14,20
rubber particle protein
Microhelix protein complex  Hevb4 100-115 P 18
Acidic C-serum protein Hevb5 16 C 1,17
Prohevein Hevb 6 20 C 8,2
Hevein Hev b 6.1 4.7 C 8,4,6,9
Prohevein C-domain Hevb 6.2 14 C 4
Patatin-like protein Hevb7 46 C 7

* C = complexe sequence known, P = partial sequence known.

such as banana, avocado, kiwi, and chestnut (for
review, see [19]). Future studies will undoubtedly
be focused on the analysis of immunodominant
epitopes in the allergen molecules and in possi-
bilities to modify or destroy them to decrease their
allergenic potential. Knowledge of the whole
spectrum of NRL allergens will help researchers
to develop more specific in vivo and in vitro tests
for diagnostic purposes and the production of
pure allergens could provide tools for immuno-
therapy. This information will also be helpful for
rubber manufacturers in developing ways to pro-
duce less allergenic gloves and other NRL pro-
ducts.
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