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Abstract

Background: Several recombinant allergens have been
shown to be potentially useful for diagnosis of IgE-me-
diated allergy, but only a few recombinant allergens are
at present commercially available in serological assays
for detection of specific IgE. The aim of this study was to
evaluate the IgE binding to the recombinant major dust
mite allergens rLep d 2 and rTyr p 2 and compare it with
the IgE binding to the commercial mite extracts Lepido-
glyphus destructor and Tyrophagus putrescentiae in the
Pharmacia RAST CAP System. Methods: The recombi-
nant allergens rLep d 2 and rTyr p 2 were immobilised
on ImmunoCAPs, and sera from 461 Swedish farmers
who are frequently exposed to mites were analysed for
specific IgE antibodies. Immunoblotting was performed
to evaluate discrepancies between the results obtained
with the recombinant and the commercial CAP assays.
Results: The IgE values of each recombinant assay sig-
nificantly correlated with the IgE values of the corre-
sponding commercial CAP assay. The sensitivity of the
rLep d 2 assay was 73.3% and that of the rTyr p 2 assay,

60.5% of that provided by the commercial L. destructor
and T. putrescentiae assays. Two subjects out of 416,
who tested negative in the commercial L. destructor as-
say, were positive to rLep d 2. The corresponding fig-
ures for rTyr p 2 and the T. putrescentiae extract were
5/418. The possibility that these subjects were sensi-
tised to L. destructor and T. putrescentiae could not be
excluded. Conclusions: The data suggest that it may be
possible to use rLep d 2 and rTyr p 2 on ImmunoCAPs to
detect and quantify IgE antibodies to these, the major al-
lergens of L. destructor and T. putrescentiae. It appears
likely that the addition of just a few more recombinant
L. destructor and T. putrescentiae allergens in the CAP
assay will be sufficient for in vitro diagnosis of IgE me-
diated allergy to L. destructor and T. putrescentiae.

Introduction

Allergy to the dust mitesepidoglyphus destruct@and
Tyrophagus putrescentiag not only common among indi-
viduals living in rural environments, e.g. farmers [1-4], but
has also been shown to affect city dwellers [5, 6]. Im-
munoblotting studies have revealed at least one major aller-
gen in each species, Lep d 2 and Tyr p 2, respectively [7, 8],
and these have been cloned and expressed as recombinant
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allergens [9—-11]. Both allergens belong to the group 2 mite Materials and Methods
allergens, which have also been foundDermatopha-

goides pteronyssinus, D. farinaad Euroglyphus maynei ~ Serum Samples

The 461 serum samples selected for this study were obtained from

[12]. farmers participating in an epidemiological follow-up study of respi-
A serological diagnostic test, usually RAST (radio allefatory allergy [27]. All sera had previously been analysed [27] for spe-

gosorbent test) [13], is a valuable tool to help cliniciarfic IgE toL. destructor(d71) andT. putrescentia¢d72) in the Phar-

identify the allergens of importance in allergic disease.Racia RASP FEIA CAP System (Pharmacia and Upjohn
agnostics, Uppsala, Sweden). Forty-five sera were positive for d71

great disadvantage with many in vitro systems for the detgﬁ]—d 43 for d72
mination of specific IgE, is that they are based on allergen '

extracts from non-purified biological sources, which makes preparation of rLep d 2 and rTyr p 2

standardisation difficult and batch-to-batch variation likely. Mite allergens Lep d 2 and Tyr p 2 were both expressed as C-ter-
This problem can be overcome by using recombinant a||§}'mal 6Xx His-tagged recombinant proteins (rLep d 2.01 and rTyr p 2)

: . scherichia colias described previously [10, 11]. Recombinant
gens, as they can be produced in a pure and defined fg?ﬂcﬁeins were recovered from inclusion bodies, solubilised and puri-

and in practically unlimited amounts [14]. However, the ré_:ed by metal affinity chromatography and dialysed against M15
combinant allergens that have been produced do not all bgE, pH 7.4. Purity was confirmed by SDS-PAGE and amino acid
IgE antibodies to the same extent as their natural countgmposition analysis. IgE binding properties of the recombinant al-

parts [15-18], making it necessary to evaluate the IgE bid@_{gens were evaluateq by immunoplotting using sera from mite-all_er-
ing capacity of each recombinant allergen before it is usgg f2mers: The protein concentration was calculated from the amino
cid composition obtained after hydrolysis and amino acid analysis in

ina diagn_OStiC test. Th? Pharma(?ia CAP Sys_tem (Uppsaj®harmacia-LKB Alpha Plus 4151 instrument. Purified rLep d 2 and
Sweden) is a diagnostic test calibrated against the Worlglr p 2 were kept at —20°C until used.

Health Organisation standard for IgE, and gives quantita- _

tive values for both total and specific IgE [19]. Recombi- EXxtract Preparations

. . : Extracts ofL. destructorandT. putrescentiagvere prepared from
nant allergens fromhspergillus fumigatu$20, 21], birch sieved whole cultures obtained from Allergon (Angelholm, Sweden).

[22, 23], honey bee [24Malassezia furfuf2S] and rye  tpe cultures were extracted in 0.M5NaCl, 0.02% Nahlat 1/10
grass [26] have been evaluated in the RAST CAP assa) for 16 h at room temperature, centrifuged at 6d@@hd filtered
with promising results. The two birch pollen allergens, rB#trough a 0.8tm Millex-HA filter (Millipore, Bedford, Tex., USA).
v 1 and rBet v 2, and the timothy grass pollen allergens PRE protein concentration was determined with the Pierce Bicin-

- p oninic Acid Protein Assay Reagent (Pierce Chemical Company,
{)hl';hhl P2, ang:g!rpciir; nOtW commercially available ockford, Ill., USA). Extracts were kept at —20°C until used.
e armacia ystem.

The aim of this study was to compare the results ob- Recombinant InmunoCAP Assay
tained using the recombinant allergens Lep d 2 (rLep d 2)rLep d 2 and rTyr p 2 were immobilised at the same concentration
and Tyr p 2 (rTyr p 2) in the Pharmacia RAST CAP Systerfto cellulose solid phase (ImmunoCAP) by covalent binding. Cou-

. . . : . ling concentration was adjusted to attain a linear measurement range
with those obtained using commercial whole mite extra d a background below 0.35 kilounits of allergen-specific IgE per

d71(L. destructorjand d7ZT-_ PUU?SCG_ntiae)A‘” analysec_zl litre (KUa/l), the established value for a positive result in the RAST
sera were from farmers participating in a study of respiratoAP System. The recombinant ImmunoCAPs were used in the Phar-

ry allergy [27]. Most of these farmers are constantly exsacia automated RAST FEIA CAP System, according to the manu-
posed to mites in their daily work, and about 10% are serf§fiurer's instructions. Serum samples containing 3dE35 kUil

. . . against the recombinant allergens were analysed twice, as were sera
tised tolL. destructoror T. putrescentigeaccording to which had a negative RAST to the recombinant allergens but a posi-

RAST a_nd Skin prick tests using _Wh0|e mite .e.xtract. |n_0fiVe RAST to d71 or d72. The sensitivity of each recombinant assay
der to investigate whether additional sensitised subjeetss defined as a percentage of the number of samples positive to the

could be detected with the recombinant ImmunoCAPs weresponding commercial assay for whole mite extract.
also analysed sera with negative RAST for d71 and d72.SDS PAGE and Western Blotting
SDS-PAGE of mite extracts followed by immunoblotting SDS-PAGE and immunoblotting were performed as described

was used to compare IgE binding to native (n)Lep d 2 apghiier [8]. Briefly, crude extracts (1 mg) bf destructorandT. pu-

Tyr p 2 with IgE binding to the recombinant allergens oifescentiagwere separated under non-reducing conditions in homo-

ImmunoCAPs. geneous gels (15%) and electroblotted to a polyvinyldiene difluoride
membrane. After blotting, the membrane was blocked, cut into strips,
incubated with serum samples diluted 1:4, and subsequently im-
munostained to visualise IgE-binding proteins. Sera positive for a 15-
kD allergen inL. destructorextract and a 16-kD allergenTh putres-
centiae extract were scored positive for nLep d 2 and nTyr p 2,
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Table 1. Serological results from 58 subjects sensitisdd testructorand/orT. putrescentiae

Subject RAST RAST Immuno- RAST RAST Immuno- Subject RAST RAST Immuno- RAST RAST Immuno-
d71 rLepd2 blot d72 rTyrp 2 blot d71 rLepd2 blot d72 rTyrp 2 blot
kua/l  Kkua/l Lepd2 kw/l kuall Tyrp 2 kua/l  kua/l Lepd2 kw/l kuall Tyrp2

1 17 0.56 + 5.8 4.3 + 30 0.76 0.94 + 0.35 0.77 +
2 14 29 + 10 19 + 31 0.73 <035 - 13 <035 -
3 12 16 + 5.0 7.3 + 32 0.72 084 + 043 <035 +
4 11 <035 - 0.48 <035 - 33 0.72 <035 - 0.89 <035 -
5 11 14 + 6.2 17 + 34 069 23 + 0.49 0.87 +
6 8.6 17 + 15 <035 - 35 062 1.1 + 0.57 0.81 +
7 8.2 10 + 17 10 + 36 0.62 0.79 + 0.53 0.64 +
8 5.2 53 + 4.8 3.9 + 37 0.58 0.90 + 0.62 0.67 +
9 4.9 9.9 + 2.9 6.5 + 38 0.55 0.83 + <0.35 <0.35

10 3.9 6.1 + <0.35 <0.35 39 055 <035 - 0.66 <035 -

11 3.7 4.3 + 2.6 2.7 + 40 0.47 0.39 - 0.97 <035 +

12 3.7 4.6 + 2.1 3.1 + 41 047 <035 - <0.35 <0.35

13 3.2 4.8 + 25 3.0 + 42 046 <035 - <0.35 <0.35

14 3.2 3.7 + <0.35 <0.35 43 042 <035 - 0.53 <035 -

15 2.7 4.7 + 2.3 3.3 + 44 039 <035 - 093 <035 -

16 2.7 2.4 + 3.1 3.0 + 45 038 <035 - <0.35 <0.35

17 2.2 25 + 1.8 2.2 + 46 <0.35 0.88 + 1.0 0.77 +

18 21 34 + 1.7 1.9 + 47 <0.35 0.54 + <0.35 <0.35

19 1.8 13 + 095 59 + 48 <0.35 <0.35 1.2 <0.35 -

20 1.6 2.9 + 042 19 + 49 <0.35 <0.35 0.63 <035 -

21 14 <035 - 16 <035 - 50 <0.35 <0.35 044 <035 -

22 1.3 6.1 + 3.0 2.4 + 51 <0.35 <0.35 039 <035 -

23 098 0.78 + 14 0.77 + 52 <0.35 <0.35 0.38 <035 -

24 092 13 + 11 0.99 + 53 <0.35 <0.35 035 <035 -

25 092 <035 - <0.35 <0.35 54 <0.35 <0.35 <0.35 2.1 -

26 087 11 + 0.56 0.62 + 55 <0.35 <0.35 <0.35 1.1 -

27 085 11 + <0.35 <0.35 56 <0.35 <0.35 <0.35 0.43 -

28 0.84 <035 - 094 <035 - 57 <0.35 <0.35 <0.35 0.42 -

29 0.76  0.99 + <0.35 <0.35 58 <0.35 <0.35 <0.35 041 -

RAST values for d71, rLep d 2, d72 and rTyr p 2 are shown. Immunoblot results are designated + for positive and — foretectadive d

of nLepd 2 and nTyr p 2.

respectively. Identification of nLep d 2 and nTyr p 2 was based on the Results
results from inhibition of the extracts with corresponding recombi-
nant allergens [manuscript in preparation].

Statistical Analysis -
Correlation coefficients were determined with Spearman rank cd L. destructorallergens (d71) were analysed for specific
relation analysis. The median values for IgE are expressed with igE to rLep d 2 in the CAP assay. All serological data for
terquartile ranges.

Serological Analysis with rLep d 2

and rTyrp 2

Evaluation of rLep d 2 in the CAP Assay
Atotal of 461 serum samples with a known RAST value

subjects with a positive RAST for rLep d 2 (n = 35) and/or
d71 (n = 45) are shown in table 1.

The median values for specific IgE to rLep d 2 and d71
for the group with a dual positive RAST were in the same
range, 2.9 and 2.1 ki, respectively (table 2). A signifi-
cant correlation of IgE values was obtained between the two
CAP assays, with an value of 0.70 (p<0.001) (fig. 1).
The sensitivity of the rLep d 2 CAP assay was 73.3%, as 33
subjects were positive for rLep d 2 among the 45 with a pos-
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Fig. 1. Correlation of specific IgE values . .::'. .
obtained by Pharmacia CAP System. Im: $°
munoCAP d71 is prepared with destructor 0.3 . .
extract and ImmunoCAP rLep d 2 with rLep 03 ! 0 100
d 2. Plotted values are from 47 subjects pos rLep d 2 ImmunoCAP (kU,/1)

tive for at least one of the two ImmunoCAPs.
IgE values<0.35 kU./I are given as 0.34.

Table 2. Subjects with positive and negative RAST for d71, rLep d 2, d72 and rTyr p 2 (median value, 25th and 75th percentiles)

n d71  Median 25th—75th rLepd2 Median 25th—75th n d72 Median  25th-75th rmyrp 2 Median 25th—75th
kUa/I percentile kU/I percentile kU/I percentile ku/l percentile
kUa/I kU /I kU /I kU /I
33 + 2.1 0.76-3.9 + 2.9 0.99-6.1 26+ 1.9 0.70-3.1 + 2.6 0.83-4.2
12+ 0.64 0.45-0.86 - 17+ 0.66 0.44-0.97 -
2 - + 0.63, 0.80 5 - + 0.43 0.42-1.1
414 - - 413 - -

itive RAST for d71. SDS-PAGE and immunoblotting con- The IgE values obtained with the rTyr p 2 and d72
firmed this result. Thirty-two of the 33 subjects tested posissay correlated significantly; & 0.61, p<0.001) (fig. 2).
tive for nLep d 2 in extract df. destructotblotted to mem- Among the 43 farmers with a positive RAST for d72, 26
brane (table 1). Furthermore, none of the 12 subjects withubjects also tested positive for rTyr p 2 (table 2), giving a
positive RAST for d71 who tested negative in the rLep ds&nsitivity of 60.5% for the rTyr p 2 assay. Seventeen sub-
assay displayed specific IgE to nLep d 2 on immunoblotgects were positive for d72 but negative in the rTyr p 2 assay
Two subjects among the 416 who had a negative RAGable 1). Fifteen of these subjects were also negative for
for d71 tested positive in the rLep d 2 CAP assay (No. #8yr p 2 in extract off. putrescentiaeas analysed by im-
and 47) (table 1). Both subjects were also positive for nLepunoblotting. This is to be compared with the immunoblot-

d 2 on immunoblots. ting results of the 26 subjects who were positive in the rTyr
p 2 CAP assay. All of them were also positive for nTyr p 2
Evaluation of rTyr p 2 in the CAP Assay in extract ofT. putrescentiaétable 1).

All 461 serum samples were analysed for specific IgE to Five subjects with a negative RAST for d72 (n = 418;
rTyr p 2 in the CAP assay. Serological data for subjects witto 54-58) (table 1), displayed a positive RAST for rTyr p 2.
a positive RAST for rTyr p 2 (n = 31), and/or d72 (n = 43}However, they were all negative in immunoblotting for nTyr
the commercial. putrescentiaextract in the CAP System, p 2 in theTyrophagusextract.
are shown in table 1.
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Fig. 2. Correlation of specific IgE values ¢
obtained by Pharmacia CAP System. Im: : Ve,
munoCAP d72 is prepared wilh putrescen- . Li . ..
tiae extract and ImmunoCAP rTyr p 2 with ' 03 = 1 10 100
rTyr p 2. Plotted values are from 48 subject:
positive for at least one of the two Immuno- FTyr p 2 ImmunoCAP (KU,f)
CAPs. IgE values<0.35 kU/I are given as
0.34.
Discussion The sensitivity of the rLep d 2 and the rTyr p 2 CAP as-

says, 73.3 and 60.5%, was calculated with the whole extract

Our goal is to obtain a reliable diagnostic test for the dust the standard. These results are in good agreement with
mites L. destructorand T. putrescentiaevhich uses stan- our earlier results from immunoblotting experiments where
dardised recombinant allergens with no batch-to-batch vasie demonstrated that Lep d 2 and Tyr p 2 are indeed the ma-
ation and has high sensitivity. In this study, we have coupligd allergens in extracts af destructorandT. putrescentiae
the recombinant major mite allergens Lep d 2 and Tyr p 2[#G 8]. Furthermore, most subjects were sensitised only to a
ImmunoCAP and used them in the Pharmacia CAP Systéew allergens other than Lep d 2 and Tyr p 2. Other studies
to screen for specific IgE antibodies among a group of 464ing the CAP assay to compare recombinant major aller-
farmers daily exposed to mites. The aim was to evaluate gens and corresponding whole extracts obtained a sensitivi-
outcome in comparison to the commercial whole mite ety of the recombinant assays in the same range as we did
tracts d71(L. destructorland d72T. putrescentiae) [20, 24, 26].

There was a high correlation between the IgE values toTo evaluate possible unspecific binding to rLep d 2 and
the allergens rLep d 2 and rTyr p 2 and to their correspomdlyr p 2 in the CAP assay, we used sera from farmers who
ing extracts. The correlation coefficients were 0.70 amde frequently exposed to mites who tested negative in the
0.61, respectively, and this concords with data from othRAST to L. destructorand T. putrescentiaeAmong 416
studies involving major allergens [24, 26]. On the othaubjects with negative RAST ta destructorand 418 tor.
hand, Crameri et al. [20] obtained a correlation coefficieptitrescentiagonly 2 were positive for rLep d 2 and 5 to
of only 0.31 when comparing IgE values for the commerciglyr p 2 (table 2). The 2 subjects who were positive for rLep
A. fumigatusextract (m3) and rAsp f 1, one of the major ald 2 were probably sensitised to this allergen, as they also
lergens of that fungus. They speculate that rAsp f 1 Irested positive for Lep d 2 in the destructorextract with
munoCAP might contain about 200 times more Asp f 1 théme immunoblotting method. One reason why they were
m3 ImmunoCAP, since the extract is known to contain lopositive in the CAP assay for rLep d 2 but negative for the
amounts of Asp f 1. This illustrates the difficulty in compamhole extract could be that the two ImmunoCAPs expose
ing assays employing recombinant allergens with those tkizd relevant epitopes to different degrees. The 5 serum sam-
use the commercially available whole extracts. We feel thaes with a negative RAST far. putrescentiaeand a posi-
it is more appropriate to discuss the sensitivity and unspiee RAST for rTyr p 2 were also negative for nTyr p 2 in
cific binding of an assay to evaluate the possible use ifnamunoblotting with extract of. putrescentiacHowever,
diagnostic test. 3 of these sera were very close to the cut-off value of 0.35

Serological Analysis with rLep d 2 Int Arch Allergy Immunol 1999;120:43-49 47
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kU/l. In a previous study [27], these 5 subjects tested nesgHficient to diagnose pollen allergy. We have earlier, iden-
ative in the skin prick test using commercial extract dified at least 21 allergen componentd.indestructorwith
T. putrescentiaeA skin prick test with the recombinantimmunoblotting [7]. Several of these are of minor impor-
allergen might reveal whether they score false-positive temce and will probably not be necessary in a diagnostic
the in vitro test. test. Nevertheless, it is obvious that allergens other than
The use of pure recombinant allergens in in vitro diagnd-ep d 2 and rTyr p 2 must be added in order to detect as
sis has been evaluated in several studies, and the geneealy positive subjects as when using the whole extracts. It
conclusion is that assays using only one single recombinalsio remains to be investigated whether a battery of individ-
allergen are more specific, but less sensitive [20, 21, 24&l recombinant allergens or a ‘cocktail’ should be used for
The decrease in sensitivity is of course usually the resultagftimal results.
relying on only one allergen, but it might also be a conse-
quence of the coupling procedure [24]. Therefore, each re-
combinant allergen to be applied in a diagnostic test has toacknowledgments
be individually evaluated.
The number of recombinant allergens needed to achieve'Ve thank Maria Lundberg at MIAB, Uppsala, for skillful produc-

: e ; ; ; ion of recombinant ImmunoCAPs. Financial support for this study
optlmal sensitivity for a dlagnostlc assay will probably Varye)\me from the Swedish Council for Work Life Research, the Swedish

toa grgat e>_<ter1t. For diagnosis of allergy e.g. to the mngi‘b?lndation for Health Care, Sciences and Allergy Research, the
A. fumigatust will be necessary to use several recombinagivedish Asthma and Allergy Association, the Swedish Society of
allergens, a#\. fumigatuscan produce more than 40 allerMedicine, the Trygg-Hansa Foundation Fund, the Magn. Bergvall

gens [20, 28]. In contrast, the use of just a few recombindmtindation, the Hesselman Foundation, the Konsul Th.C. Bergh
allergens from tree [29] and grass pollen [30] seems to Bndation and the Karolinska Institutet.
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