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Abstract

Background: Natural rubber latex proteins have been
implicated in severe allergy in individuals exposed to la-
tex products, particularly health care workers. Until re-
cently, only crude antigens were available to study the
immune response in these patients. In recent years a
number of relevant allergens have been purified, but
few have been used in lymphocyte studies. Hence, to
better understand the immunological mechanisms in-
volved in latex allergy, we investigated the response of
peripheral blood mononuclear cells (PBMCs) to various
purified natural rubber latex allergens. Methods: Using
conventional protein purification methods and gene
cloning, we have obtained 6 natural rubber latex pro-
teins. We studied allergen-specific IgE levels and PBMC

of the allergens studied, but PBMCs from controls failed
to respond to these antigens. Serum IgE to the antigens
was detected in 11-90% of the patients. Conclusion:
Fifty-seven percent of the latex-allergic patients demon-
strated PBMC responses to at least one of the latex al-
lergens tested, but there was no direct correlation be-
tween serum IgE levels and PBMC responses. However,
since none of the control subjects showed any PBMC
stimulation, this may prove useful in determining sensi-
tization to latex. Among the allergens studied, the pre-
dominant mononuclear cell responses were directed
against Hev b 2, while serum IgE against rHev b 6 was
demonstrable in the greatest number of patients. The
crude latex allergens were toxic to PBMCs and hence,
the purified allergens may be of greater value in demon-

strating sensitization of patients to latex allergens.
Copyright © 1999 S. Karger AG, Basel

Introduction

responses to these allergens along with 3 crude latex
antigen preparations. Results: Of the 28 latex-allergic
health care workers studied, 16 reacted to one or more

Natural rubber latex allergy is a recognized occupational
allergy among health care workers (HCW) [1-7]. The pa-
tients are exposed to latex allergens present in various
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health care products made of natural rubber latex [8—12]. @fmonstrate significant stimulation induction of PBMC re-
particular concern are gloves, tubing, stoppers, and maponses with several purified antigens while other antigens
frequently used devices in health care maintenance. TheBeited variable mononuclear cell responses. The IgE bind-
devices are made from latex of the rubber trémsea ing of the various purified antigens varied from 11 to 89%
brasiliensis which contains about 1-2% of proteins [13]Jamong the latex-allergic patients.

Over 240 polypeptides have been demonstrated in natural

rubber latex by two-dimensional polyacrylamide gel elec-
trophoresis (PAGE) with at least 40—-80 showing binding
with specific IgE or IgG antibodies [14-15]. A number of p_tients and Controls

these peptides may be cleavage products from several of thesmcs from 28 latex-allergic HCW, 6 patients with rhinitis but
major latex proteins, as demonstrated by the N-termimal clinical latex allergy, and 2 normal healthy controls were studied.

amino acid sequence analysis of a number of polypeptidl@f@rme‘j consent was obtained from all of the patients. The study was
resolved in two-dimensional electrophoresis [16] approved by the Institutional Human Research Review Committee.
’ Patients were diagnosed as having latex allergy when the follow-

In recent Years’_conSiderable a}tFent_ion has been direqF%dcriteria were present: (1) a history of skin and respiratory symp-
towards the identification and purification of relevant late@ms usually progressing from contact dermatitis through urticaria to

allergens associated with latex allergy [17]. Molecular biesthma and/or anaphylaxis on latex contact, particularly with latex
logical methods have also been employed and a numbeglgye powder inhalation; (2) immediate wheal and flare skin reaction

genes encoding latex allergens have been cloned andtg;gtex glove antigens; (3_) IgE antibodies to natural rubber Ia_tex an_tl-
s or latex extract antigens as detected by an enzyme-linked im-

. . gé
pressed. Currently, 8 major allergens have Intemat'or?ﬁrnosorbent assay (ELISA) or a radioallergosorbent test (RAST),
Union of Immunological Sciences designation and seveeald (4) a history of allergic reaction to one or more of the cross-reac-
more allergens have been identified. Most of them hatiee antigens such as bananas, avocados or other food allergens. All
been purified to homogeneity by conventional purificatioPP‘tie“tS were examined in detail and a questionnaire was used to

. . record the detailed case history, onset, and progress of the disease.
methods or by molecular cloning techniques [17]. The e first three criteria were met by all patients, while the fourth was

quences of S_0me of these aIIergens_ have been compareq @pie. Al patients showed skin test reactivity to ammoniated latex
homology with other known protein allergens. A few Oéxtract (Bencard, Canada) and glove extracts used in day-to-day
these latex allergens lik¥l,3-glucanase, microhelix com-work. On initial diagnosis, all had significant serum levels of specific

ponents, rubber elongation factor, patatin-like protein, chitfE to latex allergens by RAST, ELISA or Western blot. The patients
: . ingluded nurses, technologists, physicians and medical students.
nase, enolase, manganese superoxide dismutase, and pFaﬁﬁix HCW with seasonal rhinitis, but no latex specific IgE in the

ins have sequence homology with other'al.lergens Whilgrm, and negative skin test reactivity to latex allergens were studied
others are unique and do not share any similarity [16, 18s-controls. In addition, 2 laboratory workers with no latex allergy
27]. Epitopes, particularly B-cell epitopes, have been studere also studied. Clinical latex allergy, as indicated by detailed ex-
ied for several of the major allergens, including Hev b amination and case history, skin and serological tests, was ruled out in
rHev b 5, and rHev b 6 [28—30]. However, very few studi@l 8 control subjects.

have been conducted to characterize the T-cell response inntigens

latex allergy [31-33]. The major problem in earlier studies In the present study, we used 3 crude and 6 purified latex antigens
was the toxicity of crude latex proteins, either from naturéifble 1). Two of the crude antigen extracts were obtained from exam-
rubber latex or from finished latex products, to human p'@g:ltion gloves and the third from crude latex sap. The glove extracts

. were made from Perry X-am and Baxter Triflex gloves as described
ripheral blood mononuclear cells (PBMCs) [34]. Howevefﬁeviously [6, 12, 35]. Briefly, 10 g of glove were cut into 12cm

a number of relevant purified natural_and recombinant latg%ces and extracted with 50 mi of sterile phosphate-buffered saline
allergens have recently become available and may not besisg a magnetic stirrer for 2 h at room temperature. The fluid was de-
toxic as the crude extracts. In order to gain a better undeanted, centrifuged, and the supernatant dialyzed against distilled wa-

standing of the immunological mechanisms involved in |4er at 4°C. These antigens designated as gloves 1 and 2 were aliquot-
d and stored at —70°C for up to 6 months.

tex allergy, we have undertaken the present study to deFer-The crude latex sap antigen was prepared as described previously

mme the response of PB_MCS from latex aIIer_gic patientss]. Briefly, Malaysian nonammoniated (MNA) latex, a gift from
utilizing purified latex antigens. We also studied the IgEnsell International, was collected in sterile containers without any

binding of the sera with the allergens to compare their céfiditives and frozen immediately before transport to the laboratory.
lular and humoral immune responses. We evaluated { samples were transported frozen to the USA. In the laboratory,
PBMC responses of a total of 36 subjects, including HC e latex was allowed to thaw slowly at 4°C, and the fluid from the

. ) ! ) coagulated sap was collected and centrifuged at 3,000 rpm for 30 min.
with latex allergy and non-latex-allergic controls using Skxhe supernatant designated as MNA was collected, dialyzed, charac-
purified latex allergens. The results of the present stuyized, and stored as described above [36].

Materials and Methods
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Purification of Hevb 1, 2, 3, 4 Table 1. Latex allergens used in this study
Fresh latex obtained by tappihkig brasiliensisrees was collected
into chilled containers at the Rubber Research Institute of Malaysiev b 1 — rubber elongation factor (14 kD), rubber cream
Experimental Station, Sungei Buloh, Selangor, and Hev b 1, 2, 3, ardv b 2 -81,3-glucanase; latex B-serum
4 were fractionated and purified as described [13, 37]. Briefly, the Iatev b 3 — small rubber particle protein (24 kD); rubber cream
tex was centrifuged and the rubber cream (top fraction), the fractiefev b 4 — microhelix protein (50-57 kD); latex B-serum
containing lutoids (bottom fraction), and the C-serum (the middlgev b 6 — prohevein (20 kD); cloned and expressed
fraction) were separated. Hev b 1 and Hev b 3 were extracted from tev b 7 — patatin-like protein (43 kD); cloned and expressed
rubber cream and solubilized in a detergent mixture of 0.1% TritonMNA — Malaysian nonammoniated latex; crude latex sap
100 and 1% sodium dodecyl sulfate (SDS) and purified by prepam@tove 1 — Perry X-am; protein extract
tive electrophoresis [38]. Hev b 2 and Hev b 4 were prepared from t¢ove 2 — Baxter Triflex; protein extract
bottom fraction of centrifuged latex as reported previously [20]. The
lutoids were ruptured by repeated freezing and thawing followed by
dialysis. The protein precipitated during dialysis was redissolved in
0.35M NaCl and Hev b 2 and Hev b 4 were purified using gel filtra-
tion with Sephacryl S-200 (Pharmacia, Sweden). These two proteins

were eluted with 0.3 NaCl as the two major peaks. The antigens were titrated at various concentrations to determine the
optimal concentration for stimulating PBMC responses in vitro. The
Cloning and Expression of rHev b 6 cultures were pulsed with O&i per well of PH]-thymidine (specif-

The gene encoding prohevein was amplified by means of PGRactivity 6.5 Ci/mmol; Amersham, Arlington Heights, Ill., USA) for
from a cDNA library generously supplied by Dr. Anil Kush of thethe final 18-hour of culture. The cells were harvested on glass fiber
University of Singapore [39]. Primers were designed to obtain tHiters and the radioactivity measured on a beta scintillation counter
full-length prohevein gene by PCR as described previously [28]. Tifelicromedic Systems, Inc.). The stimulation index (SI) was calculat-
amplified PCR product was purified and subcloned in the pMALc2d as the mean counts per minute of triplicate experimental wells di-
expression vector (New England BioLabs, Beverly, Mass., USAyided by the mean counts per minute of triplicate control wells (no
Escherichia col(TB1) was transformed with pMALc2 vectors with antigen). The proliferation responses were considered positive if the
and without the prohevein gene insert. The fusion protein was eSF was>3 and the standard deviations between the experimental
pressed along with maltose binding protein. Maltose-binding protemean counts per minute and control mean counts per minute were
expressed from vectors without prohevein inserts was used as a awonoverlapping. All PBMCs were also tested for mitogen (con-
trol in IgE ELISAs and in the PBMC stimulation assays. canavalin A)-induced proliferation as described previously [32].

Cloning and Expression of rHev b 7 Enzyme-Linked Immunosorbent Assays

The gene encoding Hev b 7 was cloned as described previously All 9 antigens were studied for IgE binding activity by ELISA, as
[40]. The GST Gene Fusion System (Pharmacia Biotech Inc., Piscpteviously described [6, 43]. The concentrations of latex antigens
away, NJ) was used to express rHev b 7. The fusion protein Hewsed to coat ELISA plates (Immulon Il, Fisher Scientific, Itasca, lll.,
7/GST, was purified using glutathione agarose beads [40]. The pudSA) were determined by checkerboard titration of each latex protein
fied rHev b 7 was dialyzed against water, lyophilized, and resuspendith sera from patients with latex allergy [6, 36, 43]. Polystyrene mi-

ed in 100 nM Tris (pH 9) and stored at —40°C. crowell plates were coated with latex proteins diluted in PBS as de-
scribed previously [6, 43]. The wells were blocked with 0.5% BSAin
Characterization of the Antigens PBS containing Tween-20 (PBS-T) prior to the addition of a 1:25 di-

The protein content in the crude antigens, purified antigens, ahdion of the patient serum. After incubation at room temperature for
recombinant proteins was determined using Lowry, Coomassie bl8é, the wells were washed and treated with a 1:500 dilution qil100
binding or bis-cinchoninic acid protein assays (Pierce Chemichiotinylated goat anti-human IgE (Vector, Burlingame, Calif., USA).
Company, Rockford, Ill., USA) [41, 42]. The purified native proteinsThe plates were incubated for 1 h followed by washing and addition
and recombinant antigens expressed in the fusion protein pMal 2 vec-
tor or GST fusion system were studied for their SDS-PAGE profile,

Western blot analysis and for their binding with known latex allergic
and nonallergic patient sera, as described before [43].
Fig. 1. PBMC responses of control subjects and latex-allergic pa-

Antigen Induced PBMC Stimulation tients to purified Hev b latex allergens. PBMCs from individual con-

The PBMC proliferation assays were carried out in 96-well, Urol subjects (n = 6) and latex allergic patients (n = 28) were cultured
bottom microtiter plates. PBMCs were obtained from heparinized triplicate U-bottom microwells with optimal concentrations (table
blood as described previously [32]. Two hundred microliters of med?) of the designated Hev b allergens. Proliferative responses were de-
um containing X10° PBMCs were cultured in each well with ortermined following 6—7 days of culture (see Materials and Methods for
without various concentrations of latex allergens. The cells were cdktails). The Sls shown for each subject were calculated as the mean
tured in culture medium consisting of complete RPMI-1640 mediugounts per minutes of wells containing Hev b allergens divided by the
supplemented with 2 mmol/l glutamine, penicillin (100 U/ml), strepmean counts per minute of wells containing no antigen. Sl val3es
tomycin (100ug/ml), and pooled human AB serum (C-Six Diagnoswere considered as positive. The asterisk denotes a response that was
tics, Germantown, Wisc., USA). The cultures were incubated at 37 8Gnsidered negative because the standard deviations (SD) of the ex-
in a humidified incubator containing 5% ¢fr a total of 6—7 days. perimental and control mean counts per minute were overlapping.
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of a 1:1,000 dilution of streptavidin peroxidase (Sigma, St. Louis,
Mo., USA). The plates were incubated for an additional hour and per-
oxidase reactivity was detected by the addition of orthophenylene di-
amine. Color development was stopped by the additiobH2SO,,

and the optical density (OD) values were read in an automated ELISA
plate reader using a 490-nm filter (Molecular Devices). The blanks
were subtracted and the mean OD values compared.

Statistical Evaluation

Sl values from the PBMC response assays and mean IgE OD val-
ues obtained from the ELISAs were compared using the t test. Ap val-
ue of 0.05 was considered significant for delineating the groups.

Results

Response of PBMCs from the Latex-Allergic Patients to

Different Allergens and Extracts

The results of PBMC responses from individual patients
to each of the 9 antigens tested are shown in figures 1 and 2.
Of the 28 latex allergic HCW patients studied, 16 patients
showed a positive PBMC response to at least one of the
antigens. None of the control subjects demonstrated a posi-
tive PBMC response towards any of the antigens studied
(fig. 1, 2). The 16 latex-allergic patients who demonstrated
a positive response showed considerable variation in their
response to different antigens. Three of these patients failed
to respond to any of the 3 crude latex extracts used in the
study (table 2). Although none of the 16 patients studied
showed PBMC responses towards all 9 antigens, the major-
ity reacted to 4 or more of them.

The overall PBMC responses of the 28 latex-allergic pa-
tients against each individual antigen varied considerably.
For each of the 9 antigens tested, the mean Sls of the latex-
allergic patients were significantly greater than those of the
control subjects (fig. 3). Among the purified Hevea pro-
teins, Hev b 2 induced the greatest level of reactivity (fig.
3). Hev b 2 also induced high Sls from individual latex-al-
lergic patients (fig. 1) with 80% of the positive responders

Fig. 2. PBMC responses of control subjects and latex-allergic pa-
tients to crude latex-allergens. PBMCs from individual control sub-
jects and latex allergic patients were cultured in triplicate U-bottom
microwells with optimal concentrations (table 2) of the designated
crude latex allergens. Proliferative responses were determined follow-
ing 6—7 days of culture (see Materials and Methods for details). The
Sls shown for each subject were calculated as the mean counts per
minute of wells containing Hev b allergens divided by the mean
counts per minute of wells containing no antigen. Sl vaiki@svere
considered positive. The asterisk denotes a response that was consid-
ered as negative because the standard deviations (SD) of the experi-
mental and control mean cpm were overlapping.

Johnson/Kurup/Sussman/Arif/Kelly/
Beezhold/Fink



10

Latex
Allergic [n=28]

B Control [n=6]

~
in
1

Fig. 3. Combined PBMC responses to latex
allergens of latex-allergic patients and cont
trol subjects. PBMCs from individual control
subjects (n = 6) and latex-allergic patients (n
= 28) were cultured in triplicate U-bottom
microwells with optimal concentrations
(table 2) of the designated latex allergens.

Stimulation Index (+S.E.)
n
1

b
in
1

Proliferative responses were determined fol- 0

lowing 67 days of culture (see Materials and Hevbhl Hevb2 Hevb3 Hevbd rHevb6 rHevh? MNA  Glovel Glove2
Methods for details). The data shown are the .

mean Sls£ SEM) for each group of subjects Antigen

for each individual latex allergen. ¥p0.05.

0.6

Latex *
Allergic [n=28] -

059 B Control [n=6] T

-
e
+a
1
!
1

IgE, O.D. at 490 nm (+8.E)
= =
[ w
1 1

Fig. 4. Specific IgE against different puri-

fied and crude latex-antigens in the sera of 13- 0.14

tex allergic patients and controls. Antigen-

coated wells of microtiter plates were

allowed to react with a 1:25 dilution of the - EE !

various sera. The color developed was read at Hevbl Hevb? Hevb3 Hevbd rHevbs rHevb? MNA  Glovel Glove2

490 nm using an ELISA plate reader. The da-
ta shown are the meanSEM for each indi-
vidual latex allergen. *g0.05.

Antigen

exhibiting stimulation indices of 5 or greater. The least réions each induced responses from 9 latex-allergic patients
activity was noted against Hev b 3 and Hev b 4 (fig. 3). Tl#g. 2), and the overall responses to these antigens were
natural rubber latex extract (MNA) stimulated the PBMCgreater than the MNA response (table 2).

of only 2 latex-allergic patients (fig. 2, table 2) and the over-

all mean Sl was low (fig. 3). The 2 glove antigen prepara-
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Table 2. Responses of PBMCs from latex-allergic patients and control subjects to latex aflergens

Proliferative response (St3)P

Hev bl Hev b2 Hev b3 Hev b4 rHev b6 rHev b7 MNA Glove 1 Glove 2
(2.5pg/ml) (5.0ug/ml) (2.5ug/ml) (1.25pug/ml) (2.5ug/ml) (2.5pg/ml) (1.25pug/ml) (2.5ug/ml) (2.5ug/ml)

Controls (n=6) — - - - - - - - -
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a  Following dose titration experiments, the antigen concentrations used were found to be optimal for inducing proliferatsesrespo

b The Sl was calculated as the mean cpm of triplicate experimental wells containing antigen divided by the mean cmp ddriplitate
wells (no antigen). The proliferative responses were considered positive (+) if the SBveasl the standard deviations between the ex-
perimental mean counts per minute and control counts per minute were nonoverlapping.

Latex Specific IgE Antibody in the Sera high serum IgE levels to various allergens studied, only 1
The combined results of the IgE ELISAs are shown ipatient (subject 19) showed significant PBMC stimulation
figure 4. The latex-allergic patients had significantly highewith the corresponding allergens. Similarly, several of the
allergen-specific serum IgE levels when tested initially dusubjects with low or nondetectable IgE levels showed
ing the diagnosis (data not shown). Among the controls, ostrong PBMC responses to particular antigens and vice
ly 2 subjects showed significant levels of IgE antibody. Oneersa, indicating no demonstrable correlation between the
showed reactivity towards 2 antigens (Hev b 2 and Glowmntibody response and T cell response in the latex-allergic
2), while the other one reacted to 1 antigen (rHev b 7). @&tients (table 3).
the 28 latex-allergic patients studied, 11-89% had de-
tectable serum IgE levels against individual antigens (data
not shown). Specific IgE against rHev b 6 was significantly Discussion
elevated in latex-allergic patients compared to normals,
while other antigens showed marked variations. One latex- This study is the first to report on PBMC responses of la-
allergic patient had no detectable serum IgE to any of thex allergic patients towards a panel of 6 purified latex pro-
antigens tested. teins. Previous studies investigating lymphocyte responses
The serum IgE levels and PBMC response data wele latex antigens had reported on responses to only 1 or 2
compared to determine whether there was any correlatipurified latex proteins [31, 32, 44]. While the PBMC re-
between the two sets of data. As shown in table 3, thesponse assays used in the current study did not look direct-
was no correlation between latex-specific serum IgE titehg at T cells, these assays provided a relative measure of T
and PBMC responses. Of the 3 latex-allergic patients witiell reactivity towards the antigens tested. In other studies,
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Table 3. IgE and PBMC response in patients with latex allergy

IgE and PBMC Antigens
response %

Hevbl Hevb2 Hevb3 Hevb4 rHevb6 rHevb7 MNA glovel glove2

IgE + PBMC + 0 10 2 3 11 3 1 7 9
0 35 7 11 39 11 4 25 32
IgE + PBMC — 5 3 1 10 14 5 19 12 16
18 11 4 35 50 18 68 43 57
IgE — PBMC + 7 6 5 1 1 4 1 2 0
25 21 18 4 4 14 4 7 0
IgE — PBMC — 16 10 20 14 2 16 7 8 3
57 36 71 50 7 57 25 29 11

+ = Significant IgE antibody and Sl of PBMC compared to normals; — = no significant difference between normal
controls and the patients in the IgE antibody level or PBMC stimulation.

we have found that mononuclear cell proliferative responBBMCs at concentrations above 1L@/ml (data not
es towards latex allergens are dominated by CD4+ T cedlsown). Reducing the MNA concentration increased the vi-
[unpubli. data], which is not surprising since CD4+ helper @bility of PBMC, but failed to result in enhanced stimula-
cells have been shown to play an important role in IgE prtben (data not shown). This was likely due to suboptimal
duction [45]. concentrations of relevant proteins in the diluted crude ex-
Among the purified antigens tested in the current studyact. Similar toxicity of crude latex allergens to T-cell lines
Hev b 2 induced the strongest responses, as evidenceday been reported [34].
the greatest number of responding patients (16/28 patients)The lack of PBMC responses to any of the latex antigens
and by the intensity of the overall response (table 2, fig. ®y the control subjects indicates that the stimulatory re-
All patients that responded to at least 1 of the allergens tesgtonse of PBMCs by the various latex allergens are specif-
ed also responded to Hev b 2. Among the purifitd ic and nonmitogenic. Although most of the latex-allergic
brasiliensisproteins, rHev b 6 induced the second highegttients studied showed elevated latex-specific IgE when
overall PBMC response (table 2, fig. 3; n = 12). These riested at the time of the diagnosis of latex allergy, several of
sults suggest that the Hev b 2 and rHev b 6 antigens maythem demonstrated decreased latex-specific IgE levels
significant to the cell-mediated immune response in latewhen the PBMC response was studied. Most of these pa-
allergy. Hev b 3, on the other hand, consistently inducéiénts were not exposed to latex for over a year and showed
PBMC stimulation in only 25% of the latex-allergic HCWmarkedly reduced IgE levels to latex allergens. In spite of
patients. This may be due to the fact that this antigenttree high IgE responses to the crude antigens (67—-89%), rel-
membrane bound allergen, has been considered to be nadireely few patients (3—-32%) showed PBMC responses to
specific for spina bifida patients with latex allergy [38, 46he same antigen preparations. On the other hand, 35 and
47]. Only 3 (11%) of the latex-allergic patients showed IgB9% of IgE-positive patients showed PBMC responses to
reactivity to Hev b 3, while 1 out of 4 elicited a PBMC reHev b 2 and rHev b 6 allergens, respectively (table 3), sug-
sponse to this antigen. As reported previously, this antiggasting that there may be a better correlation between IgE
is less reactive to IgE in the sera of HCW patients [28, 46¢vels and PBMC responses when purified specific latex
indicating that it is not a significant allergen in HCW paantigens are used.
tients. In summary, we have demonstrated that Hev b 2 and
Three crude antigen preparations were tested in thidev b 6 latex proteins are capable of inducing strong cellu-
study. Two latex glove extracts induced responses froma immune responses in a significant number of latex-aller-
patients each (table 2). We anticipated that the glove eje HCW patients. These results suggest that Hev b 2 and
tracts would not be the most potent stimulators of PBM@Eev b 6 may play dominant roles in the latex-specific T-
proliferation since the extracts are composed of a mixturec#ll responses of latex-allergic patients. In addition, the pre-
proteins at varying concentrations. MNA induced poor resent study confirms that purified antigens can be used effec-
sponses (fig. 2, tables 2, 3) and was found to be toxictieely to study and evaluate lymphocyte responses in latex
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avoiding serious anaphylactic reactions resulting from latex
exposure in sensitized subjects with low levels of IgE or
those who are in relapse.
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