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SUMMARY

The allergenic properties of the proteins of two lyophilized fractions of fresh natural rubber latex
obtained by ultracentrifugation, the C serum and the sedimented bottom or lutoid fraction, have been
compared with those of the serum proteins of two samples of high ammonia latex (HAL), [A]JHALS
obtained from HAL stored for more than 1 year, and [M]HALS derived from HAL stored for 6 weeks
before ultracentrifugation and lyophilization. The most potent source of allergenic polypeptides both for
skin prick testing of latex-sensitive patients and for immunoblots of their blood serum was the lutoid
fraction of fresh latex. Skin prick tests and immunoblots of patients’ sera showed that the allergenicity
of the ammoniated latex decreased during storage. Skin prick tests using fractions of [A]HALS, C serum
and lutoid proteins obtained after passage through a Sephacryl S300 column showed that the
components of all three preparations which eluted in the largest volumes were almost equally effective
in provoking the largest number of responses. Immunoblots of the sera of 43 latex-sensitive individuals
showed that the majority (66%) of sera of the adult allergic patients reacted with a polypeptide of 19 kD.
No characteristic pattern of binding latex polypeptides could be recognized in the sera from patients
who were also asthmatic or from those who had had an anaphylactic response to latex proteins.
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INTRODUCTION in some countries. This has raised the question why, during the 40

Rubber gloves for surgical use have been made by dipping aformegrgsz]fvr:ﬁg:a;? d ?Leuzgnggtig:]pt):ﬂ;iitiﬁrgm:rise dtg)efore Nutter's
into a solution of natural rubber in a hydrocarbon solvent for about ' N -
Natural rubber latex, the exudate of the specialized laticifers of

a century. This process has been largely superseded by the use pf

an aqueous concentrate of natural rubber latex, a technique devé 1e rubber tredevea brasiliensi¢Euphorbiaceae), consists of a

oped in the 1930s. It was not until 1979 that contact urticaria>'SPeNsion of rubberpartlcle_s (d|amet_é]_1i}1um) Coated with &
attributed to gloves made from latex was described by Nutter [l];phos_phollpld- and _polypept!de-_contalnlr_lg half unit mt_embra}ne
however, a report in 1927 of an apparent type 1 allergy referred téremlnlscent of a high dgnsny Ilpoproteln), embeddeq in which
the development of urticaria resulting from wearing a dentalareanumber of polypeptides, the major component being tie 14

prosthesis said to have been made of rubber [2]. In the interveninésrsseo(ﬁslfg :(L)Iblz es%?éosncgitlrr?r;ozat(;z:ﬁ ngzit Ff(?/rtlclgtseiireuig(
period, delayed hypersensitivity reactions (type 4) of an eczema-I t cytop 9 o pre ’
; also contains some subcellular organelles, the most important of

been widely recognized [3] and largely overcome, resulting in theWh'Ch’ from the viewpoint of the potential allergenic protein

marketing of products labelled ‘hypoallergenic’. However, the content of manufactured latex goods, is the lutoidic tonoplast

spate of reports published since Nutter's 1979 description an&VT'Ch hans1 a sr;r&gletnemlbratniﬁlrnd V\::;ﬁh shtiovxs tfhfer prt?lpetrnes gf
the establishment of universal precautions for barrier protectio ¢ lysosome and a tonopiast. acentriiugation of freshly tappe

from blood and body fluids in 1987 by the US Centres for Disea\sg"jltex yields three principal zones, a supernatant layer of rubber

Control [4], suggests that type 1 allergy to latex products hasoartlcles, a clear cytoplasmic or C serum, and a bottom fraction

: . . . o isting largely of lutoid particles. The lysed lutoid fraction
hed almost epid t th high gonsisting .
reached aimost epidemic proportions In groups with hig eXposurcontams about 25% of the total latex proteins [5].

Correspondence: R. Kekwick, School of Biochemistry, University of ~ Latex for use in the manUfaCtU_re of dippgd goods (glov_es, toy
Birmingham, Edgbaston, Birmingham B15 2TT, UK. balloons, catheters and condoms) is ammoniated after tapping from
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the tree and the rubber content enriched from 30% to 60% bwalnuts,n = 1; hazelnutsp = 1). In 20 cases latex allergy became
centrifugation in a cream separator. The ammonia content is theapparent during surgery.
adjusted either to-0% (high ammonia latex (HALS)) or to-®% The age of the patients ranged from 21 to 71 years, 67% of
(low ammonia latex fortified with thiuram and zinc oxide (LATZ)). whom were under 40 years, the modal decennial class (37%) being
During the course of storage and centrifugation the lutoid particles30—39. The group included 17 healthcare workers, and two others
lyse and the proteins are liberated into the latex serum. The latex iwho were involved in hospital administration. Atopy, including
then allowed to mature for about 4-6 weeks during which itseither asthma or rhinitis to pneumallergens and atopic dermatitis,
mechanical stability increases sufficiently for an adequate coatingvas reported in 16 patients.
to be obtained on dipping a former coated with a coagulant (almost
invariably Ca (NQ@),). Latex currently used for manufacture Latex preparations
in S.E. Asia is normally matured for 4-6 weeks. Before the midThe two protein fractions of fresh latex used, the C serum and the
1970s most gloves in use in Europe and the USA were manulutoid fraction, were obtained from latex of unidentifietevea
factured in these regions from ammoniated latex concentratelones prepared in the laboratories of the Rubber Research Institute
transported from S.E. Asia, which involved far longer maturationof Malaysia by the ultracentrifugation procedure of Archer &
periods of from 3 to 12 months or more during transport, distribu-Sekhar [10], lyophilized immediately after separation, and stored
tion and storage [6]. at—20C. The soluble proteins of the lutoid fraction were extracted
Allergic sensitivity is invariably reported to manufactured by stirring with PBS and the solid material was removed by
articles, indeed there appear to be no reports of the sensitizatiotentrifugation.
of rubber estate workers to fresh latex. Whilst the manufactured Two preparations of the rubber-free serum of ammoniated
goods are of necessity made from ammoniated latex, there is sonlatex were used. The first, [A]HALS, was obtained by ultracen-
evidence fromin vitro studies that the proteins thereof may be lesstrifugation (1 h, 4000@) of a commercial preparation of HAL
allergenic than those of fresh latex [7,8]. As a result, a standardizedhipped from Malaysia to be used in rubber manufacture in
commercial allergen preparation based on fresh latex has recentiurope. The second, [MJHALS, was similarly prepared from
been described [9]. ammoniated (0%) latex concentrate prepared in the labor-
Amongst the latex preparations which can be used as atories of the Rubber Research Institute of Sri Lanka, flown to
potential source of allergens are: the total serum from either th&ngland and stored at approx.°80for 6 weeks before ultra-
aged HALS as used in Europe and the US ([AJHALS), or the centrifugation. Both preparations were lyophilized and stored at
matured 4—6-week-old [M]JHALS currently in use in S.E. Asia, the —20°C.
F serum obtained by freezing and thawing fresh latex [10], the C
serum and the lutoid fraction obtained by ultracentrifugation o
fresh latex. These may all contain sensitizing polypeptides. (The
serum suffers from the slight disadvantage that the proteins ar
exposed to proteolytic action during the period of thawing the late
and extrusion of the serum therefrom.)

fo . .

'_Skln prick testing

kin prick tests were carried out on all patients with a commercial
atex preparation marketed for allergen testing (Stallergenes SA,
)ﬁ:resnes, France) at a concentration ofytOprotein/ml. SPTs of
In the most extensive study dh vitro reactions so far laboratory prepared fractions of latex proteins derived from the

published [11], a preparation of F serum obtained from frozenSera of [AJHALS, fresh C serum and the lysed lutoid fraction of

fresh latex was used to detect IgE antibodies to 19 different Iate)]:rGSh latex (see below) were sterilized by filtration through20

polypeptides in 22 latex-allergic persons, clearly establishing th /m memprane filter (Mllllpore, Watford, UK.) after adojustment of
allergenicity of the polypeptides of fresh latex. he protein C(_)n(_:entratlon to ],&g/ml._A solution of 03% human
The aim of this study was to compare the allergenicity of theS€TUm albumin in ®% NaCl containing 50% glycerol andoa%

- 0 :
soluble proteins from ammoniated latex, [A]HALS and [M]HALS, pgzngltfotrrr]r_l ed tlh?. negt;atlvekcotrlltrol an_? 9% cotdellnﬁ phols(;j)_hate lNaS
and from fresh latex, C serum and lutoid proteins, and to identifyaf 3emn? wklns| shoWu lon IO ma: et retﬁoil |vre con Ir(t) ) h VI\]I‘etﬁ 'amififr
the major allergenic polypeptides. 0 ch was aiso greater than or equal to halt the posilive

control weal was considered positive.

MATERIALS AND METHODS ) ) )
Protein fractionation

Description of patients Soluble proteins of [A]JHALS, C serum and the lutoid preparation
The 43 adults (39 females, four males) who volunteered to takgyere fractionated by gel filtration on a Sephacryl S300 column,
part in this study had been seen previously in consultation at thgs 2.5 cm, in 001 m phosphate buffer pH-Z at 4C.

Centre d’Allergie of the Hpital Rothschild with a clear-cut history The protein content of each fraction was estimated by the
of immediate sensitivity to latex goods as well as a positive skingradford [12] procedure. The column was calibrated with standard
prick test (SPT) to latex. Most of the subjects complained either Ofpreparations of fibrinogen I1gG, bovine serum albumin (BSA),
contact urticaria r{ = 10), or of angiooedeman(= 7) or both  oyalbumin, carbonic anhydrase, myoglobin, lactoglobulin ribonu-
(n=5), and at least 11 had experienced one or more episodes @fgase, lysozyme and cytochrome C. The polypeptide composition

anaphylactic shock due to latex. Five patients were suffering fromyt the fraction was analysed by SDS-PAGE [14].
asthma caused by latex, with crises occurring at work, and three

patients had rhinitis. In four patients, latex allergy was diagnosed

after anaphylactic shock or angiooedema after ingestion of fruiEstimation of total and latex-specific IgE in blood serum
(avocadon = 3; bananan = 1). Of the remaining patients the case Total IgE was assayed by the CAP system (Pharmacia, St Quentin-
histories revealed that five had previously experienced angiooeen-Yvellines, France) according to the manufacturer’s instructions.
dema following the eating of fruit (avocado= 2; bananan = 1; Results are expressed as kUAIl the samples were tested for
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latex-specific IgE antibodies by using the commercially available 500 —

CAP system. These results are also expressed astkeltut-off of [A]JHALS 18 j2)
positivity being 035 kUA. 400 - 3

, " : : 2300 —10 2
Detection of latex-specific serum IgE by immunoblotting c =
Samples of latex proteins (1Q@y) were subjected to SDS—-PAGE g 200 g
in 12% polyacrylamide with 32% bisacrylamide gels and were & N ¢ T N 7 15 5
electroblotted by the Towbirt al. [13] procedure on to nitro- 100 2 3 \/ 5| 6 S
cellulose membranes (Schleicher & Schuell; Anderman, Kingston 1 | | | | ) 0
on Thames, UK; @ pm). The membrane binding sites were 0 0.2 0.4 0.6 0.8 1 1.2
blocked with 5% low fat skimmed milk powder (Marvel, Stafford,
UK) in Tris-buffered saline (TBS) pH-Z containing @.% Tween 200 15
20. Blots were incubated with sera from allergic patients diluted Cserum 2
1:5 with TBS. After washing the blot with TBS containing 5% ,5,150 - ﬁ
Marvel, bound IgE was detected with biotin-labelled anti-IgE = 7 7 10 >
(Diagnostics Products Corp., Los Angeles, CA) dissolved in TBS .S 100 |- L ‘e
containing 5% Marvel followed by avidin conjugated with alkaline ‘s / 6 e
phosphatase dissolved in TBS. The enzyme binding was detecte® gg |- 3 5 75 g
with the chromogenic substrate 5-bromo-4-chloro-3-indolyl 1 7 4 z
phosphate. 0 l 1 | | | 0

0 02 04 06 08 1 1.2
RESULTS 500 —

. , . : Lutoid 1% e
Skin prick tests with latex protein preparations 400 - f'\ ’g
A comparison of the responses of some of the latex-allergic 5 P ~ °
subjects with SPTs using the four different latex protein prepara-3300 = /_\/J 110 :E
tions is shown in Table 1. Whilst 88% of the subjects in a group of 5 ] 8
33 patients responded to the lutoid protein preparation and 82% ofo 200~ s 2
the same group to C serum, only 15% of 27 members of this groupn' 100 _1 /\/ 3 5 g
responded to [A]JHALS, but 56% of 18 of these patients responded _/2\- 4 ? z
to the fresher [M]JHALS. 0 . ' . L 0

Fractions obtained by gel filtration of [A]JHALS, C serum and 0 0-2 0-4 06 08 1 1-2
lutoid fraction proteins were used in SPTs on 15 patients (Fig. 1). Mol. wt Kav

The parent [A]JHALS gave only a small number of responses (1/ kD 300 45 19 n

15). Protein from [A]JHALS eluting in the largest volume from the Fig. 1. Fractionation of latex protein preparations on Sephacryl S300.

column (which would be expected to have the lowest molecularFractions were bulked to give numbered samples used for skin prick tests

weight) produced a response in most of the patients in the groufSPTs) of a group of 15 patients. The histogram shows the number of

(13/15). Analogous fractions from C serum and lutoid preparationgesponses to each sample.

also gave a response with nearly all the members of the group (15/

15 and 14/15, respectively). Theoretically, it would be expectedcomposition was similar. Bands corresponding to polypeptides of

that these fractions would contain the polypeptides of lowestmol. wt 43, 32, 29, 24 and 19 kD could be detected in all three

molecular mass; however, SDS—PAGE (Fig. 2) indicates that thisractions, but the lutoid fraction had particularly high concentra-

was not entirely true, a number of polypeptides of relativetions of 27 and 24 kD polypeptides.

molecular mass far greater than that expected from thg K

values of the calibrating proteins being eluted in these fractionsResolution of reactive polypeptides by immunoblotting

This effect must be attributed to interactions of the proteins withA comparison of the numbers of positive immunoblots obtained

the column matrix. It is also evident from the SDS—-PAGE analysiswith the four protein preparations (Table 2) shows as in the SPTs

showing a comparison of the allergenically most active fractionsthat the lutoid preparation was the richest source of reacting

of the three latex preparations (Fig. 2) that their polypeptidepolypeptides. Whilst 80% of the sera of 43 patients tested had
sera reacting with at least one polypeptide of the lutoid fraction,
when 11 of these sera were tested against latex C serum only five

Table 1. Comparison of the responses to fresh and ammoniated Iate>(31%) reacted. Again, of the two ammoniated latex preparations,

protein preparations in skin prick tests [MJHALS, although much less effective than the lutoid prepara-

tion, was a better source of IgE binding polypeptides than

[AJHALS. Of the group of 43 sera, 37% reacted with at least

one polypeptide of [MJHALS, whilst only 9% of 22 of the group

Lutoid Cserum [MJHALS [AJHALS reacted with [A]JHALS polypeptides.

Table 3 shows the relative molecular masses of the polypep-

Positive response/no. sera  29/33 27/33 10/18 4/27  tides bound by the different patient sera. In general these coincided

Tested 88% 82% 56% 15% in the four latex preparations. Binding polypeptides were more

evident in the lutoid fraction, and all of the sera giving a positive
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Fresh latex Ammoniated latex




340 R. Kekwicket al.

kD five CAP class Il and two CAP class | sera failed to give detectable
immunoblots. On the other hand, two of the CAP class 0 sera gave
positive immunoblots, one reacting with two polypeptides and the
other with one. Sera of CAP class IV reacted with an average of
three, whilst those of CAP class Il reacted witld 2nd those of
CAP class |, #4 polypeptides.

66
DISCUSSION

The highest response rate for both theivo andin vitro tests was
obtained with the native proteins of the lutoid particle extract. In
SPTs, the response to the [A]HALS both in the series reported here
and also in another series of latex-allergic patients (unpublished
observation) was quite poor, but the response to the [M]JHALS was
much greater. The differences seem to be due to the concentrations
of allergenic proteins in the different latex preparations. Gel
filtration of [A]JHALS produced a fraction eluting in the highest
volumes which evoked almost as high a response at the same
protein concentrations as the analogous fractions derived from the
fresh latex preparations. It is noteworthy that the gel filtration
elution patterns, which are to an extent indicative of the molecular
mass distribution of the proteins, are different for the preparations
studied. The [A]JHALS showed a much higher proportion eluting in
smaller volumes (which would have a higher relative molecular
mass) than the preparation from fresh latex. The fractions corre-
sponding to a higher molecular mass were poorly allergenic,
whether derived from HAL C serum or lutoid. Thus the lower
allergenicity of the parent [A]JHALS could be attributed to the

45

29

24

14

1

2 3 4

Fig. 2. SDS-PAGE of the most reactive Sephacryl S300 latex protein
fractions shown in Fig. 1. Lane 1, Mol. wt markers; lane 2, lutoid fraction 6;
lane 3, C serum fraction 7; lane 4, [A]JHALS fraction 7.

immunaoblot with any of the preparations reacted with this fraction.
Frequently polypeptides in the lutoid fraction binding IgE were not

detected in any other preparation. The five polypeptides most.

frequently binding IgE had relative molecular masses of 59, 39
31,19 and 15 kD, respectively, and more of the sera (66%) reacte
with the 19-kD polypeptide than any other. Of the 13 sera reactin
with only one polypeptide, 10 reacted with the 19-kD polypeptide
An immunoblot of one of the sera against SDS—PAGE of protein
extracted from a commercial examination glove also showed

S

increase in the apparently high molecular mass (presumably
ggregated) material formed in storage in the presence of ammo-
’d Having regard to the imprecision of the estimation of the
relative molecular mass of a polypeptide by SDS-PAGE, it is

qikely that the polypeptide to which a molecular mass of 19 kD has

been attributed in this study corresponds to the 20-kD allergen of
Aleniuset al. [11], to which a 77% response was reported. About

binding of IgE to a 19-kD polypeptide $39% of the patients in this study and 70% of a group of blood

In general, sera with high latex-specific IgE levels reacted Wi,[hdonors having antibodies to latex proteins in another study reacted

: : .. with this polypeptide (unpublished observation). If indeed the same
a larger number of latex polypeptides and those with lower specific olypeptide is being recognized by the sera in both studies, this

IgE with fewer. Thus, of the 17 sera giving a CAP class Ill or above,p . . . -
. S ) component becomes a prime candidate for consideration as the
11 reacted with more than one polypeptide in the immunoblots. .
. . . ~major allergen of latex.
There were exceptions, however. Whilst one of the group havin
only a class | reaction in the CAP test reacted with four polypep-

g Although the greater sensitivity of latex-allergic persons to
tides and two reacted with three polypeptides in the immunoblotsfresh as opposed to ammoniated latex proteins in SPTs does not

Seem to have been previously reported, higher response rates to the
proteins of non-ammoniated latdr vitro, both in the Radio-
Table 2. Polypeptides bound in immunoblots of fresh and ammoniated@llergosorbent test (RAST) [7] and in the immunoblot tests [8],
latex preparations have been observed.
No relation could be discerned between the patients’ symptoms
and the pattern of bound polypeptides in asthmatics, nor did the

Fresh latex Ammoniated latex  sera of the healthcare workers or of the patients who had had

i anaphylaxis react with a particular array of polypeptides. A high

Lutoid ~ Cserum  [MJHALS [AJHALS ohqrtion of responses (80%) to the polypeptides of the Iutoid

No. patients’ sera tested 43 16 43 2 fragtion of fresh latex was given by the sera of a group of 43
No. of latex-specific IgE patlgnts (Table 2), whilst only 30% of the same group bound
sera (CAP) positive 41 16 41 22 peptides of [M]JHALS. When sera of some of the 43 patients were
No. of positive tested against C serum, few positive immunoblots (31%) were
immunoblots 35 5 16 2 obtained and only 9% of a group of 22 sera taken randomly from
Total polypeptides bound ‘B - 097 - the 43 bound any polypeptides of the [A]JHALS. The sera also on

no. latex positive sera average bound more of the lutoid polypeptides than those of

[M]HALS. All of the sera giving a positive reaction with any of

© 1996 Blackwell Science Ltd, Clinical and Experimental Immunoldb§4337-342
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Table 3.1gE levels of and latex polypeptides bound by sera of latex-sensitive patients

Reacting polypeptides

Latex Total (rel. mol. mass kD)

Patient Age specific IgE
no. (years) Sex HCW Surgery AS A AT SPT IgE (kJ/ (kU/ll) 59 48 39 32 30 27 24 22 19 16 14
CAP class V

1 a7 M - + + -+ 7-45 6@ 616 + - - - - - -+ - =
CAP class IV

2 28 F - - -+ 4+ 8-35 33 >2000 - - - - - - - - 4+ + -

3 23 F - + + - = 8-20 36 116 - - 4+ + - + + + - - -

4 38 F + - + 7-30 36 298 -+ + o+ o+ + -

5 39 F - - - - + 8-15 38 253 + - - - - - + + + - -

6 40 F - + -+ = 6-18 38  >2000 - - - - = e
CAP class lll

7 50 F + - - + - 10-40 18 721 + + - - - - -+ - -

8 27 F + - -+ o+ 7-40 1P 1118 - - - - - + - + + - -

9 31 F - - - - 5-30 7 301 -+ - + + + - + + 4+ -
10 37 F - - - - - 15-20 R4 ND - - - - - - - - - + -
11 21 F +) - - o+ - 5-20 6 245 T e
12 29 F + - - - - 6-32 -6 361 - - + + - - - - - - +
13 34 F + - - - + 8-30 ‘6 171 - - - - - - - - 4+ - +
14 45 F + - - - o+ 6-25 6 260 - - - - - - - - + - -
15 31 M + - - 6-30 g ND - - - - - - - - 4 - -
16 24 F +) + - - = 4-20 B 55 - - - - - - - - +# +
17 35 F + + + + - 15-20 B 54 - - + + + - - - - - -
18 31 F - - - - 11-45 4 136 - - - - - - - - - 4+ -
CAP class Il
19 43 F - + + o+ o+ 6-35 ¥  >2000 -+ + + + - - - + - -
20 35 F + + -+ o+ 7-35 3 350 - - - - - - - - 4+ - -
21 63 F - + - - o+ 5-42 8 36 - - - - - - - - - =
22 54 F - + - - - 8-30 ‘3 54 + -+ + + - - - = -
23 NA F - - - - — 10440 a 51 - - - + + + - - + + -
24 71 M - + - - - 7-25 2 413 - - - - - - - - - - -
25 29 F - + - - o+ 4-25 3 561 - - - - - - - - + - -
26 33 F + + - — - 15440 3 36 + - - - - - - - - - %
27 27 F + - - - - 10-50 -2 92 - - - - - - - - + - -
28 25 F + - - - - 6-26 ] 217 - - - - - - - - 4+ - -
29 46 F + + - - + 15-50 2 131 - - - - - - - - - - =
30 36 F - - + - - 10-45 2 62 - - - - - - - - - - -
31 48 F - + - - - 5-30 ‘9 21 - - - - - - - - + - -
32 24 M - - - -+ 5-30 ) ND R T
33 68 F + + - = 8-20 -4 21 - - - - - - - - + - -
34 38 F - + + -+ 7-40 1 245 - - - - - - - - - = -
35 28 F + - - - 6-45 1 105 + - - - - - = - - - =
CAP class |
36 22 M + - -+ - 9-32 o 54 - - - - - - - - - - -
37 39 F + - - 8-30 -87 93 - - - - - - - - + -
38 54 M - + - - - 1545 63 109 - - - - - - - = = =
39 27 F + - -+ = 7-35 a8 10 - - - - 4+ - - - + - +
40 36 F - - - - - 5-20 -88 262 - - 4+ o+ o+ = - = = = =
CAP class 0
41 40 F - - - + 4-20 <B5 148 - + - - + - - - - - -
42 34 F - + -+ 4+ 5-25 <@5 3000 - - - - - - - - 4+ - =
43 59 F - - - - + 10-32 <85 67 - - - - - - - - - - -

% active sera binding 20 17 25 25 25 11 3 6 66 17 14

HCW, Healthcare worker; +, other hospital worker; surgery, reaction apparent at surgery or dental surgery; AS, reaction involved anaphylaxis; A,
asthmatic; AT, atopic, SPT, skin prick test, weal and flare diameters in mm; IgE, concentration;ifNRUJhot determined; NA, not available.
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the latex protein preparations reacted with the lutoid polypeptidesl.anka for the supply of latex preparations, and Stallergenes SA for the
and in general the molecular weights of the polypeptides bound bterilization of the samples.
the different preparations corresponded. Frequently, however,
polypeptides detected in the lutoid fraction by the sera were not
detected in the other preparations. REFERENCES
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