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Background: Current diagnostics for grass pollen allergy are
composed of mixtures of pollen of different grass species.
Their complex composition hamper s accur ate standar dization.
Objective: The aim of the study was to investigate whether
mixtures of grass pollen extracts can bereplaced by a single
pollen species and whether a single pollen species can be
replaced by a limited number of purified natural or recom-
binant major allergens.

Methods: Sera (n = 800) were selected on the basis of a gen-
eral suspicion for inhalant allergy and tested in a RAST for
IgE reactivity with pollen from 17 different grass species.
Cross-reactivity of 1gE responses was studied by means of
RAST inhibition. Sera with positive test results for grass
pollen weretested in a RAST for natural Lol p 1and Lol p 5
and recombinant Phl p 1 and Phl p 5.

Results: Specific IgE antibodies against one or more of the 17
pollen species were detected in 209 of 800 sera (26.1%). The
highest responses were observed against Poa pratensis fol-
lowed by Festuca rubra, Phleum pratense, and Dactylis glom-
erata. |gE responses were clearly lower (approximately by a
factor of 5) against only three species (Phragmites communis,
Cynodon dactylon, and Zea mays). With the exception of a
few low-responder sera, no sera were found to have negative
test results to the high responder species and positive results
to any of the other species. Sera with positive test results for
grass pollen (n = 154) were tested with purified Lol p 1 and
Lol p 5. IgE anti-Lol p 1 and Lol p 5 accounted for an aver-
age of 81% + 7% of total anti-grass pollen IgE. For 14 sera
(all with low anti-grass pollen I gE titers), a RAST with puri-
fied allergensresulted in a false-negative diagnosis for grass
pollen allergy. With recombinant Phl p 1 and Phl p 5, the
mean | gE reactivity was 57% + 6% of the anti-grass pollen
IgE response (n = 141), with 13 false-negative results.
Conclusion: One grass species is sufficient for in vitro diag-
nosis of grass pollen allergy. With purified natural Lol p 1
and Lol p 5, greater than 90% of grass-positive serais
detected. Around 80% of the IgE response to grass pollen is
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directed to these major allergens. Recombinant allergens,
produced in Escherichia coli, did not equal the IgE-binding
capacity of their natural counterparts. (J Allergy Clin
Immunol 1998;102:184-190.)

Key words: Grass pollen allergy, diagnostics, purified allergens,
recombinant allergens, group 1 allergen, group 5 allergen

Both in vivo and in vitro diagnostics for grass pollen
alergy are usualy performed with grass pollen extracts
from many different grass species. The same is true for
application of grass pollen extracts in immunotherapy.
The rationale behind this approach is to ensure that
species-specific IgE-binding epitopes are represented as
much as possible. It has been known for many years that
a large share of IgE antibodies against grass pollen are
cross-reactive among different grass species.-11 By mix-
ing different, largely cross-reactive species, any species-
specific structure will be diluted in an excess of cross-
reactive epitopes. It is therefore doubtful whether this
approach results in sensitive detection of (or effective
desensitization against) species-specific epitopes.

Over the past years, regulatory authorities have been
increasing their demands with respect to standardization
and quality control of allergen products for in vivo use.
Defining the composition of mixtures of pollen extracts,
each consisting of many different (glyco)proteins and
polysaccharides, is an almost impossible task. The trend
in alergen standardization is slowly moving from bio-
logic standardization toward the measurement of major
allergens.1213 To facilitate accurate measurement of
major allergens, mixing of different species should be
avoided. Isit possible to replace the present generation of
alergen products made from mixtures of grass pollen
with products made from pollen from a single grass
species? The first part of this study addresses this ques-
tion from the perspective of in vitro diagnostics.

Simplification could even go a step further. The two
most important major allergens in grass pollen are the
group 1 and group 5 alergens. For group 1 alergens, a
frequency of recognition by grass pollen—sensitive
patients of 90% to 95% was reported.14.15 For group 5
allergens, thisfigureis around 80% to 90%.15.16 The sec-
ond part of this study addresses the question of whether
in vitro diagnostics for grass pollen allergy can be per-
formed with a combination of purified group 1 and group
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Abbreviation used
BSA: Bovine serum abumin

5 dlergens. This was investigated for both natural and
recombinant molecules.

METHODS
Sera

From sera submitted for routine in vitro alergy diagnostics, a panel
of 800 serawas selected on the basis of thefollowing criteria: they were
submitted for measurement of total IgE, measurement of specific IgE
againgt the most common inhalant alergens, or both. In this way sera
originated from subjects with agenera suspicion of inhaant alergy.

A panel of sera(n = 63) from patients allergic to grass pollen living
in areas with rye (Secale cereale) grass cultivation was kindly provid-
ed by Dr. F. Roossen (ARTU Biologicals, Lelystad, The Netherlands).

A panel of sera (n = 240) from subjects living in an area where
Bermuda (Cynodon dactylon) grassis endemic was collected by the
Bloodbank of Orlando, Florida. Sera were included when the fol-
lowing question was answered affirmatively: Do you know that you
are allergic to grass pollen or do you suffer from hay fever symp-
toms during the spring and summer months?

Grass pollen extracts

Grass pollen from the following species were extracted as
described previouslyl5: Poa pratensis, Festuca rubra, Phleum
pratense, Dactylis glomerata, Arrhenaterum elatius, Lolium
perenne, Holcus lanatus, Agrostis stolonifera, Anthoxanthum odor-
atum, Alopecuris pratensis, Secale cereale, Triticum vulgare,
Hordeum vulgare, Avena sativa, Zea mays, Phragmites communis,
and Cynodon dactylon. Of each dialyzed and lyophilized extract,
100 mg (dry weight) was coupled to 5 gm of CNBr-activated
Sepharose 4B (Pharmacia & Upjohn, Uppsala, Sweden) for appli-
cation in RAST and RAST-inhibition assays.

Purified natural and recombinant allergens

Natural group 1 and group 5 alergens were purified from L.
perenne grass pollen extract as described previously.1> Briefly,
Lol p 1 was purified by hydrophobic interaction chromatography
with Phenyl-Sepharose (Pharmacia& Upjohn) followed by gel fil-
tration on Superdex 75 prep grade (Pharmacia & Upjohn). Lol p 5
was affinity-purified with monoclonal antibody 4B1. Purified
recombinant Phl p 1 (rPhl p 1) and Phl p 5 (rPhl p 5), produced in
Escherichia coli, were obtained from Biomay (Linz, Austria).817

For application in RASTs, Lol p 1, Lol p 5, rPhl p 1, and rPhl p
5 were coupled to Sepharose at a concentration of 100 g protein on
100 mg Sepharose. Protein was determined with BCA Protein
Reagent (Pierce, Rockford, IL), with bovine serum albumin (BSA)
as protein standard.

RAST/RAST inhibition

RASTs were performed as described previously.18 Briefly,
serum (50 pl) was incubated overnight with 0.5 mg of Sepharose
in a final volume of 300 pl phosphate-buffered saline/0.3%
BSA/0.1% Tween-20. After washing away unbound serum com-
ponents, radiolabeled sheep antibodies directed to human IgE
were added. After overnight incubation and washing, bound
radioactivity was measured. Results were expressed as RAST
units (RU) calculated by means of atotal IgE standard curve. This
curve was obtained by incubating seria dilutions of a serum with
known IgE content with Sepharose-coupled sheep antibodies
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TABLE I. RAST values for 17 grass pollen species

Mean ratio 95% Cl
F. rubra 1.04 0.99-1.10
Phl. pratense 1.06 1.01-1.12
D. glomerata 1.06 1.01-1.11
Ar. elatius 1.18 1.12-1.24
L. perenne 1.19 1.14-1.25
Hol. lanatus 1.20 1.16-1.25
Ag. stolonifera 131 1.24-1.34
Av. sativa 1.39 1.30-1.49
An. odoratum 1.47 1.39-1.55
Al. pratensis 1.49 1.41-1.57
T. vulgare 1.65 1.53-1.78
S cereale 171 1.61-1.81
Hor. vulgare 1.77 1.63-1.93
Phr. communis 5.45 4.65-6.38
C. dactylon 5.56 4.85-6.37
Z. mays 7.05 6.03-8.23

All RAST results were compared with responses to Po. pratensis (mean,
5.5+ 0.8 RU/ml) in paired Student’st test. The mean ratios of the
response to Po. pratensis and the 16 grasses are given. The 95% Cls of
these ratios illustrate that the response to Po. pratensis is significantly
higher than that to the other species, with the exception of F. rubra. The
number of sera tested was 209, except for the cultivated grasses Av. sativa,
T. vulgare, and Hor. vulgare (n = 196).

against human IgE instead of Sepharose-coupled allergen. A result
of greater than 0.3 RU was regarded as positive.

For RAST inhibition, serum was preincubated for 1 hour with
serial dilutions of inhibitor (allergen extract, 3.2 pg/ml to 2
mg/ml, or purified natural or recombinant allergen, 4 pg/ml to
0.5 mg/ml) before addition of Sepharose. For the uninhibited
value, serum was preincubated with phosphate-buffered
saline/0.3% BSA/0.1% Tween-20. Subsequent steps were identi-
cal to those described for the RAST. Results were expressed as
percentage of the uninhibited value.

RESULTS
IgE responses to pollen from 17 different
grass species

Of the 800 sera included in the study, 209 had a
positive RAST (>0.3 RU/ml) result for one or more of
14 pollen species tested initially. The mean IgE
responses decreased in the following order: Po.
pratensis, F. rubra, Phl. pratense, D. glomerata, Ar.
elatius, L. perenne, Hol. lanatus, Ag. stolonifera, An.
odoratum, Al. pratensis, S. cereale, Phr. communis,
C. dactylon, and Z. mays (Table ). Of these sera, 196
were subsequently tested on pollen of three addition-
al cultivated grass species (Av. sativa, T. vulgare, and
Hor. vulgare). In a paired Student’s t test, the RAST
values to Po. pratensis were shown to be significant-
ly higher than to the other species, with the exception
of F. rubra (p = 0.073). Spearman’s rank correlation
analysis revealed a close correlation between the IgE
response to Po. pratensis and to the other 16 species
(Rs [95% CI] ranging from 0.835 [0.789 to 0.872] to
0.992 [0.990 to 0.994]).

With a cut-off value of 0.3 RU/ml, 14 sera (6.7%)
showed negative test results for Po. pratensis but positive
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FIG. 1. High exposure to S. cereale (Sec c) pollen. RAST values (n
= 63) for S. cereale pollen are plotted against those found for D.
glomerata (Dac g) pollen. Results are expressed in RU/ml.

results for one or more of the other species. For nine of
these sera, al grass pollen RAST results were less than
0.5 RU/ml. The positive RAST results of the remaining
five serawere, without exception, in the low range (<1.15
RU/ml). The number of false-negative results with single
species—based grass pollen RASTs increased in the same
order as the mean RAST values decreased.

Cross-reactivity of anti-grass pollen IgE

To confirm the cross-reactive nature of anti-grass
pollen IgE, RAST inhibition was performed. The RAST
for pollen of 14 species (Phr. communis, C. dactylon, and
Z. mays not included) was inhibited with Po. pratensis
and D. glomerata extract, as well as the respective
homologous extracts. This analysis was performed for
two sera (A and B) with a clear positive RAST for the 14
grass pollen (>10 RU/ml). In both cases, approximately
90% inhibition was reached at a concentration of 2
mg/ml of pollen extract (data not shown). For serum A,
the mean of the quantities of Po. pratensis (59 + 12
pg/ml) and D. glomerata (63 + 14 pg/ml) needed for
50% inhibition was more than 2 times lower (p < 0.002)
than that of the homologous inhibitors (134 + 14 pg/ml).
For serum B, no significant difference (p > 0.2) was
found between Po. pratensis (45 + 11 pg/ml) and the
homologousinhibitors (35 £ 5 pg/ml). D. glomerata (8 £
2 pg/ml) was, however, 4.5 times more potent as an
inhibitor (p < 0.001). The degree of cross-reactivity
between Po. pratensis and D. glomerata or Phl. pratense
was investigated with 13 sera. In D. glomerata and Phl.
pratense RAST inhibitions, Po. pratensis was at least as
efficient as an inhibitor as both homologous extracts
(data not shown).

For the low-responder species (Phr. communis, C.
dactylon, and Z. mays), RAST inhibitions were & so per-
formed. Again, highly allergenic species like D. glomer-
ata turned out to be more potent inhibitors than the
homologous extracts (data not shown). Two sera with
higher RAST values for either S cereale or C. dactylon
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FIG. 2. High exposure to C. dactylon (Cyn d) pollen. RAST values
(n=77) for C. dactylon pollen are plotted against those found for
Po. pratensis (Poa p) and D. glomerata pollen. Results are
expressed in RU/ml.

(compared with Po. pratensis and D. glomerata) were
aso analyzed by RAST inhibition. Although the homol-
ogous extracts were more potent inhibitors, both Po.
pratensis and D. glomerata inhibited both RASTSs, with
60% to 80% inhibition at 2 mg/ml (data not shown).

Influence of high exposure to pollen of S.
cereale or C. dactylon

IgE responses to pollen of cultivated grasses (e.g., S
cereale) and of grasses not growing in the Netherlands
(e.g., C. dactylon) are lower than those to abundant grass
species like Po. pratensis and D. glomerata, and they are
largely cross-reactive to the latter species. We sought to
determine if this is also true when exposure to these low
IgE—binding pollens is higher. A panel of 63 sera from
patientsalergic to grass pollen living in the vicinity of rye
(S cereale) cultivation was tested in a RAST for S
cereale and for D. glomerata. The mean ratio (95% Cl in
a Student’s t test) of the RAST values to both grass
species (D. glomerata and S. cereale) was 1.7 (1.5t0 1.9).
Responses to both species closely correlated (Rg[95% Cl]
=0.970[0.950 to 0.982]). No sera were found that react-
ed significantly stronger to S. cereale than to D. glomera-
ta (Fig. 1). The same comparison was made between
responses to both species for the group of 209 sera with
normal pollen exposure. The overall picture was virtually
identical: the mean ratio D. glomerata/S. cereale was 1.6
(1.5t0 1.7) and the Ry was 0.978 (0.971 to 0.983).

A panel of 240 sera from subjects exposed to Bermu-
dagrass (C. dactylon) pollen wastested in aRAST for C.
dactylon, Po. pratensis, Phl. pratense, and D. glomerata.
The percentages of positive RAST results (>0.3 RU/ml)
were 32%, 29%, 28%, and 29%, respectively. IgE
responses to Po. pratensis and D. glomerata were 1.2
(95% CI: 1.0 to 1.5) times higher than those to C. dacty-
lon. There was no significant difference between the
RAST results for Phl. pratense and C. dactylon (Phl.
pratense/C. dactylon, 1.2; 95% ClI, 0.9 to 1.4). When the
mean ratios (95% Cl) Po. pratensis/C. dactylon, D. glom-
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FIG. 3. C. dactylon (Cyn D) RAST inhibition. C. dactylon RAST was inhibited with C. dactylon, D. glomerata (Dac g), and Po. pratensis (Poa
p). RAST values of two sera for C. dactylon, D. glomerata, and Po. pratensis, respectively, were 157.8, 162.1, and 147.5 RU/ml (A) and 5.5,
5.3, and 5.9 RU/ml (B). Results are expressed as percent of uninhibited value.
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FIG. 4. RAST with purified group 1 and 5 allergens A, RAST results (n = 154) for natural Lol p 1 and Lol p 5 were combined and plotted
against RAST for L. perenne (Lol p) extract. B, RAST results (n = 141) for recombinant (rec) Phl p 1 and Phl p 5 were combined and plot-
ted against RAST for L. perenne extract. Results are expressed in RU/ml.

erata/C. dactylon, and Phl. pratense/C. dactylon were
compared for the C. dactylon—exposed and nonexposed
population, a significant difference was observed (p <
0.001). Exposure resulted in 4 to 5 times lower ratios.
IgE responses to C. dactylon and the three other species
demonstrated a strong correlation (Rg > 0.865). This is
illustrated in Fig. 2 for Po. pratensis.

Cross-reactivity was studied by RAST inhibition.
One serum with alow positive RAST result to C. dacty-
lon and a negative RAST result to the other species was
tested in a C. dactylon RAST inhibition. Po. pratensis
and D. glomerata did not inhibit the RAST (data not
shown). A similar picture was observed for a serum with
RAST values 1.7 to 1.9 times lower to Po. pratensis, D.
glomerata, and Phl. pratense than to C. dactylon (data

not shown). When sera with similar reactivities to C.
dactylon as to the other three species were tested, a het-
erogeneous picture was observed. In some cases, C.
dactylon was a more potent inhibitor of the C. dactylon
RAST than Po. pratensis and D. glomerata, and com-
plete inhibition was not always reached with the latter
species (Fig. 3, A). For other sera, however, Po. praten-
sis and D. glomerata were more potent inhibitors (Fig.
3, B). Thiswas also the case for serawith alower RAST
value for C. dactylon than for the other three species.

IgE reactivity to purified Lol p 1 and Lol p 5

IgE reactivity to purified Lol p 1 and Lol p 5 was test-
ed in aRAST for 154 serawith a positive RAST result to
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FIG. 5. Lol p 1 RAST inhibition. Lol p 1 RAST was inhibited with
rPhl p 1 (rec) and with Phl. pratense extract (nat) for three sera (#1,
#2, and #3). Results are expressed as percent of uninhibited value.
Uninhibited RAST values were 7.1, 5.5, and 6.3 RU/mlI, respec-
tively (serum dilution, 1:5).

L. perenne extract. Lol p 1-specific IgE was demonstrat-
ed in 129 of 154 sera (83.8%), and Lol p 5—specific IgE
was demonstrated in 96 of 154 sera (62.3%). The combi-
nation of both purified allergens resulted in 140 of 154
(90.9%) positive results. The mean (+ SEM) RAST for L.
perenne of the remaining 14 negative serawas 0.7 + 0.2
RU/mI, with three values greater than 1.0 RU/ml (2.4,
1.4, and 1.3 RU/ml). The correlation between RAST val-
ues for L. perenne and those for Lol p 1, Lol p 5, or Lol
p 1 plusLol p5wasanalyzed by Spearman’s rank corre-
lation coefficient. The Rg values (95% CI) were 0.895
(0.858 to 0.922), 0.851 (0.801 to 0.890), and 0.975
(0.966 t0 0.982), respectively (Fig. 4, A). The mean (95%
Cl) of theindividual ratios of IgE anti-Lol p 1 plusLol p
5/IgE anti-L. perenne was 0.81 (0.74 to 0.88), indicating
that IgE anti-Lol p 1 plus Lol p 5 accounted for 81% of
the total 1gE response to L. perenne pollen.

IgE reactivity to purified recombinant Phl p 1
and Phlp 5

IgE antibodies against rPhl p 1 and rPhl p 5 were deter-
mined inaRAST for 141 of 154 seratested on purified Lol
p1landLol p5. Specific IgE against the recombinant aller-
gens was demonstrated in 114 of 141 (80.9%) and 85 of
141 (60.3%) sera, respectively. With the combination of
rPhl p 1 and rPhl p 5, 128 of 141 sera (90.8%) showed a
positive RAST result. The mean RAST result (= SEM) to
L. perenne of the remaining 13 serawas 0.8 £ 0.2 RU/ml.
Asin the case of the purified natural allergens, only three
of these sera showed a grass pollen RAST result greater
than 1.0 RU/ml (2.4, 2.4, and 1.4 RU/ml). The correlation
between the RAST for L. perenne and for rPhl p 1, rPhl p
5, or rPhl p 1 plus rPhl p 5 was andlyzed by Spearman’s
rank correlation coefficient. The R values (95% Cl) were
0.860 (0.810 to 0.898), 0.771 (0.694 to 0.830), and 0.946
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(0.925 to 0.961), respectively (Fig. 4, B). The mean (95%
Cl) of the individua ratios of IgE anti-rPhl p 1 plusrPhl p
5/IgE anti-L. perenne was 0.58 (0.53 to 0.65).

The IgE responsesto rPhl p 1 and rPhl p 5 closely cor-
related with those of their natural counterparts from L.
perenne (R [95% ClI], 0.955 (0.937 to 0.969) and 0.985
(0.977 to 0.990), respectively). Nevertheless, the RAST
for the natural alergens was significantly higher than that
for the recombinant versions; 1.7 times (p < 0.001 by
paired t test) for group 1 alergen and 1.3 times (p < 0.001)
for group 5 allergen. Natural and recombinant group 1
alergenswere comparedinalLol p 1 RAST inhibition. As
the source of natural Phl p 1, total Phl. pratense extract
was used. Three serawith a higher RAST to Lol p 1 than
torPhl p 1 (1.7 to 3.3 times) were tested (Fig. 5). On apro-
tein basis, the recombinant allergen was at least 10 times
wesker as an inhibitor than the natural extract. Because
only afraction of thetotal protein (5% to 10%) is account-
ed for by Phl p 1, the difference in inhibitory potency is
more likely to be around a factor of 100.

DISCUSSION

This study has shown that pollen from a single grass
speciesis sufficient to perform reliable in vitro diagnosis
of grass pollen alergy. Eligible candidates are predomi-
nantly Festuceae, such as Po. pratensis, F. rubra, and D.
glomerata.1® An alternative would be Phl. pratense, an
Agrostideae. Application of Po. pratensis resulted in the
lowest number (14 of 209) of false-negative results, the
majority being borderline positive results for species like
D. glomerata or Phl. pratense. It is a widespread belief
that inclusion of different species in a mixture can obvi-
ate these (minor) problems. Such mixtures usually con-
tain between four to 10 different species and are used in
asimilar biologic potency as single species-based diag-
nostics. This implies that any (rare) species-specific
structure is diluted four to 10 times, thereby possibly
ending up under the detection limit. This study does not
deny the existence of species-specific epitopes but has
convincingly demonstrated their scarcity. The only guar-
antee to detect all possible specific structures would be to
test all specific species separately and not hidden in
largely cross-reactive mixtures. Because the clinical rel-
evance of such an approach is doubtful, it is probably not
worth the trouble and costs.

Exposure levels are most likely an important factor
in determining the potency of pollen needed to sensi-
tize atopic individuals. The species with high IgE-bind-
ing capacity all belong to abundantly growing grass-
es.20 Does high exposure to normally less abundant
species result in higher or more specific IgE responses?
This was investigated in two panels of sera from sub-
jects with clearly different patterns of exposure, com-
pared with the normal Dutch population. High expo-
sure to S. cereale did not result in significant differ-
ences. However, exposure to C. dactylon pollen, a
grass species not growing in The Netherlands, had a
significant effect. The ratio of IgE responses to differ-
ent pollen clearly changed in favor of C. dactylon.
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Nevertheless, D. glomerata and Po. pratensis were
suitable extracts to detect the majority of the C. dacty-
lon—positive sera. With D. glomerata, 10 of 80 sera
showed false-negative results, but the mean (+ SEM)
RAST value for C. dactylon was very low at 0.38 +
0.05 RU/ml. With Po. pratensis, these figures were 11
of 80 and 0.54 + 0.08 RU/ml. Spearman’s rank correla-
tion analysis revealed strong correlation between IgE
responses to Po. pratensis or D. glomerata on the one
hand and to C. dactylon on the other hand. This obser-
vation does not imply that all 1gE responses were com-
pletely cross-reactive. In RAST-inhibition assays,
some serawith similar RAST results for C. dactylon as
for D. glomerata and Po. pratensis showed only partial
cross-reactivity. This suggests that the observed close
correlation is not explained completely by cross-sensi-
tization but also by cosensitization.

The increased knowledge on mgjor allergens, and the
molecular cloning of most of these, has opened the way
toward the development of diagnostics and therapeutics
on the basis of purified natural or recombinant major
allergens.16:21 Their gpplication would facilitate standard-
ization and increase batch-to-batch consistency. Several
reports have addressed the question of whether a limited
number of (recombinant) major allergens can replace
allergen extracts for diagnostics.21-28 Most of these stud-
ies have focused on immunoblotting, but some have
focused on skin testing. Equivalence of natural and
recombinant allergens was often studied by immunoblot
inhibition, a technique that does not facilitate quantitative
comparison. Therefore in this study RAST and RAST
inhibition was used to investigate the potential of purified
natural and recombinant allergens. With a combination of
purified Lol p 1 and Lol p 5, greater than 90% of all L.
perenne—positive sera were detected. The serawith false-
negative results were, without exception, low responders.
The purified allergens bound approximately 80% of all L.
perenne-specific IgE. It can of course not be ruled out
that in individual casesthe L. perenne solid phase did not
reach the point of saturation for certain low-affinity inter-
actions. A single false-negative result and seven serawith
asignificantly lower (1.5 to 10 times) RAST for the puri-
fied allergens were analyzed on immunoblot (data not
shown). Four sera (including the serawith the false-nega-
tive result) did not detect any protein. The remaining four
sera predominantly reacted to Lol p 1 and Lol p 5. No
clear binding to other alergens (e.g., groups 2, 3, and 4)
was detected. The combination of group 1 and 5 allergens
is sufficient to make a diagnosis for the vast majority of
patients with positive reactions to grass pollen. Because
about 80% of all anti-grass pollen IgE is directed to these
major allergens, immunotherapy might be efficient with a
limited combination of purified allergens. To test this
approach, adouble-blind, placebo-controlled clinical tria
was recently performed in collaboration with HAL Aller-
gen Laboratories, using a combination of purified Dac g
1, Dac g 5, and Dac g 11 (analysis in progress).

The IgE-binding capacity of the recombinant aller-
gens Phl p 1 and Phl p 5 was significantly lower than
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that of natural Lol p 1 and Lol p 5. Thiswas especial-
ly true for group 1 allergen. Both allergens were
expressed in E. coli.817 This implies that the machin-
ery for posttranslational modificationsis very limited.
Group 1 allergens from grass pollen are glycosylated
proteins with six cysteines, probably forming disul-
fide bridges.29 The observed difference between nat-
ural and recombinant group 1 allergens might be
explained by the lack of glycosylation and incorrect
folding in E. coli. Recently, it was shown that group 1
allergens share homology with, and are functionally
active as, expansins.30 E.coli—derived recombinant
Lol p 1 turned out to be inactive, again suggesting
incorrect folding. For application of recombinant
allergens in diagnostics, use of eukaryotic expression
systems with appropriate possibilities for posttransla-
tional modifications, such as the yeast P. pastoris or
transgenic plants, is to be preferred. Whether correct
folding is essential for application in immunotherapy
is still an open question.

In summary, this study has demonstrated that diag-
nostics for grass pollen allergy can be simplified by
replacing mixtures by a single species (e.g., Po. praten-
sisor D. glomerata). Purified group 1 and group 5 aller-
gens cover greater than 90% of all sera with positive
results to grass pollen. The advantage of such a well-
defined diagnostic tool should be carefully weighed
against missing a small number of low-responder sera.
Recombinant allergens for diagnostic purposes should
preferably be produced in eukaryotic expression sys-
tems for achieving correct folding. The assumption that
the use of purified (recombinant) allergens from grass
pollen for immunotherapy is unattractive because of the
broad range of allergenic grasses, and the large number
of different allergens is refuted by the data presented
here. Only two purified alergens cover approximately
80% of all anti-grass pollen IgE.

We thank Dr. R. J. Manassa (ALO Inc., Columbus, Ohio) for
his help in obtaining serum samples from the bloodbank of
Orlando and Dr. F. Roossien (ARTU Biologicals, Lelystad, The
Netherlands) for supplying us with serum samples of patients
exposed to rye pollen.

REFERENCES

1. Leiferman KM, Gleich GJ. The cross-reactivity of IgE antibodies with
pollen allergens. |. Analyses of various species of grass pollens. J
Allergy Clin Immunol 1976;58:129-39.

2. Martin BG, Mansfield LE, Nelson HS. Cross-allergenicity among
grasses. Ann Allergy 1985;54:99-104.

3. Esch RE, Klapper DG. Cross-reactive and unique grass group | anti-
genic determinants defined by monoclonal antibodies. J Allergy Clin
Immunol 1987;79:489-95.

4. Gonzalez RM, Cortes C, Conde J, Negro JM, Rodriguez J, Tursi A, et
al. Cross-reactivity among five major pollen allergens. Ann Allergy
1987,59:149-54.

5. Matthiesen F, Lawenstein H. Group V allergens in grass pollens. II.
Investigation of group V allergensin pollens from 10 grasses. Clin Exp
Allergy 1991;21:309-20.

6. Van Ree R, Driessen MNBM, Van Leeuwen WA, Stapel SO, Aalberse
RC. Variability of crossreactivity of IgE antibodiesto group | andV aller-
gensin eight grass pollen species. Clin Exp Allergy 1992;22:611-7.

7. Smith PM, Ong EK, Knox RB, Singh MB. Immunological relation-



190 van Ree, van Leeuwen, and Aalberse

10.

11.

12.

13.

14.

15.

16.

17.

ships among group | and group V allergens from grass pollen. Mol
Immunol 1994;31:491-8.

. Laffer S, VaentaR, Vrtala S, Susani M, Van Ree R, Kraft D, et a. Com-

plementary DNA cloning of the mgjor alergen Phl p | from timothy grass
(Phleum pratense); recombinant Phl p | inhibits IgE binding to group 1
alergens from eight different grass species. J Allergy Clin Immunol
1994;94:689-98.

. Sridhara S, Singh BP, Kumar L, Verma J, Gaur SN, Gangal SV. Anti-

genic and allergenic relationships among airborn grass pollens in
India. Ann Allergy Asthma Immunol 1995;75:73-9.

Pham NH, Baldo BA. Allergenic relationship between taxonomically
diverse pollens. Clin Exp Allergy 1995;25:599-606.

Laffer S, Duchéne M, Reimitzer |, Susani M, Mannhalter C, Kraft D,
et a. Common IgE-epitopes of recombinant Phl p I, the major timothy
grass pollen alergen and natural group | grass pollen isoallergens. Mol
Immunol 1996;33:417-26.

American Academy of Allergy, Asthma and Immunology. Position
Statement: the use of standardized allergen extracts. J Allergy Clin
Immunol 1997;99:583-6.

Van Ree R. Analytic aspects of the standardization of allergenic
extracts. Allergy 1997;52:795-805.

Freidhoff LR, Ehrlich-Kautzky E, Grant JH, Meyers DA, Marsh DG. A
study of the human immune response to Lolium perenne (Rye) pollen and
its components Lol p | and Lol p Il (Rye | and Rye Il). I. Prevaence of
reactivity to the allergens and correlations among skin test, IgE antibody,
and 1gG antibody data. JAllergy Clin Immunol 1986;78:1190-201.

Van Ree R, Clemens JGJ, Aalbers M, Stapel SO, Aalberse RC. Char-
acterization with monoclonal and polyclonal antibodies of anew major
alergen from grass pollen in the group | molecular weight range. J
Allergy Clin Immunol 1989;83:144-51.

Stewart GA, Thompson PJ. The biochemistry of common aeroaller-
gens. Clin Exp Allergy 1996;26:1020-44.

Vrtala S, Sperr WR, Reimnitzer |, Van Ree R, Laffer S, Miller W-D,
et al. cDNA cloning of a major alergen from timothy grass (Phleum
pratense) pollen; characterization of the recombinant Phl pV allergen.
J Immunol 1993;151:4773-81.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

J ALLERGY CLIN IMMUNOL
AUGUST 1998

Aalberse RC, Koshte V, Clemens JGJ. Immunoglobulin E antibodies
that crossreact with vegetable foods, pollen, and Hymenoptera venom.
JAllergy Clin Immunol 1981;68:356-64.

Weber RW, Nelson HS. Pollen alergens and their interrelationships.
Clin Rev Allergy 1985;3:291-318.

Driessen MNBM, Derksen JWM, Spieksma FTM, Roetman E. Pol-
lenatlas van de Nederlandse atmosfeer. 1st ed. Hilversum (The Nether-
lands): Drukkerij Onkenhout; 1988.

Scheiner O, Kraft D. Basic and practical aspects of recombinant aller-
gens. Allergy 1995;50:384-91.

ValentaR, Vrtala S, Ebner C, Kraft D, Scheiner O. Diagnosis of grass
pollen allergy with recombinant timothy (Phleum pratense) pollen
allergens. Int Arch Allergy Immunol 1992;97:287-94.

Mohapatra SS, Sehon AH. Therapeutic potential of recombinant aller-
gens. Int Arch Allergy Immunol 1992;99:265-70.

Olsen E, Mohapatra SS. Recombinant allergens and diagnosis of grass
pollen allergy. Ann Allergy 1994;72:499-506.

Valenta R, Kraft D. Recombinant allergens for diagnosis and therapy
of allergic diseases. Curr Opin Immunol 1995;7:751-6.

Scheiner O. Recombinant allergens: biological, immunological and
practical aspects. Int Arch Allergy Immunol 1992;98:93-6.

Pauli G, Oster JP, Deviller P, Heiss S, Bessot JC, Susani M, et al. Skin
testing with recombinant allergens rBet v 1 and birch profilin, rBet v
2: diagnostic value for birch pollen and associated allergies. JAllergy
Clin Immunol 1996;97:1100-9.

Menz G, Dolocek C, Schonheit-Kenn U, Ferreira F, Moser M, Schneider
T, et a. Serological and skin-test diagnosis of birch pollen alergy with
recombinant Bet v I, the mgjor birch pollen allergen. Clin Exp Allergy
1996;26:50-60.

Perez M, Ishioka GY, Walker LE, Chesnut RW. cDNA cloning and
immunological characterization of the rye grass allergen Lol p 1. JBiol
Chem 1990;256:16210-5.

Cosgrove DJ, Bedinger P, Durachko DM. Group | allergens of grass
pollen as cell wall-loosening agents. Proc Natl Acad Sci USA
1997;94:6559-64.



