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To evaluate the use of recombinant allergens for the diagnosis of grass pollen allergies, we examined the levels of IgE
antibodies specific for grass pollen as by immunoassays. SDS-PAGE analysis of two baiches of Kentucky bluegrass
pollen extracts demonstrated that there was considerable variability in allergen content of extracts. which in turn
affected quantitation of specific IgE antibodies by different immunoassay procedures. Furthermore. the levels of IgE
antibodies in human sera specific for a recombinant grass pollen allergen, rKBGS.3, were examined by enzyme
immunoassay. The results demonstrated that quantitation of ISE antibodies specific for even one single allergen may
be used to discriminate sera of allergic individuals with respect to IgE specific for grass pollen in general. 4

ositive correlation. v = .82, was found for IgE binding of the recombinant allergen and the crude extracts of grass

s lens. It is concluded from these results that a single recombinant allergen or a combination of a few major "
recombinant allergens can substitute the crude extract for in vitro as well as in vivo diagnostic purposes.

INTRODUCTION

Diagnosis of atopic allergy is based
on clinical history and the detection
of specific IgE antibodies by com-
“ination of in vivo (skin prick test)
ad in vitro (RAST) techniques.’
Fhe measurement of specific IgE
antibody binding 1s influenced by
the inherent heterogenity of most
allergen extracts and significant var-
1ations in the preparation of these
extracts used for the analysis.> Pol-
len extracts of individual grass spe-
cies contain about 30 different pro-
ein components, which may be
present in variable concentrations,
and more than ten of these are ca-
pable of inducing specific IgE anti-
bodies.** The current procedures
for diagnosis of IgE-mediated aller-
gies employing the extracts, which
may be considered adequate only
for categorizing the class of aeroal-
lergens, lack the resolution to pin-
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point the allergenic component the
individual 1s allergic.

[t is expected that replacement of
crude extract with a mixture of a
few major allergens. against which
almost all patients have IgE anti-
bodies, would standardize the
analysis and minimize the existing
uncértainties. Molecular cloning
techniques provide the potential
means to produce necessary
amounts of pure allergens; some of
which may be difficult, if not im-
possible to isolate from natural
sources. This technology has re-
cently been emploved to obtain
structural information of many al-
lergens, and several recombinant al-
lergens have been synthesized in a
pure and water soluble native
form.*”

We have recently cloned and ex-
pressed a group of allergens, Poa p
[X, from Kentucky bluegrass
(KBG) pollen.®!" which are shown
to be present in most other grasses.'”
Our previous results demonstrated
that the Poa p IX allergens consti-
tute a major allergens of grass pol-
lens." In this study, we have inves-
tigated the use of a single allergen
for quantitation of grass pollen spe-
cific IgE antibodies in humans. by
using the rKBG8.3 as a model for
total IgE, which represents a water
soluble. recombinant polvpeptide

representing the conserved region of
the Poa p IX allergens.'* Our results
demonstrate that a single recombi-
nant allergen or possibly the com-
bination of recombinant allergens
could replace the crude extracts for
diagnostic purposes.

MATERIAL AND METHODS

Preparation of Grass Pollen
Extracts

A 1% (wt/vol) suspension of pollen,
Poa pratensis or Phleum pratensis
(Hollister-Stier, Ontario, Canada).
in TBS (0.01 M Tris-HCI. pH 7.4,
0.15 M NaCl) containing 0.01%
NaN; and | mM PMSF was incu-
bated with shaking overnight at
4°C. Pollen grains were removed by
filtration (Whatman 3MM), and the
pollen extract was further concen-
trated 10X by ultrafiltration (YM3,
Amicon, MA, USA) and stored in
aliquots at —20 °C. The protein con-
centration was determined bv the
Bio-Rad protein assay.

Human Sera

Individual sera from allergic pa-
tients in Norway were kindly pro-
vided by Nyvcomed AllergenLab.
Oslo, Norway. The sera were origi-
nally analyzed by RAST for differ-
ent allergens and by PRIST* as de-
scribed by the manufacturer. These
analyses were performed based on
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requests by clinicians. Of 94 selected
sera, 20 gave RAST score class <
(class 0). 20 sera gave >1 and <2
(dass 1), 20 sera gave >2 and <3

class 2), 20 sera gave >3 and <4
(class 3). and 14 sera gave >4 (class
4). These sera were originally se-
lected based on their reactivity in a
Phleum (timothy g6) RAST. The
use of these sera for extended ex-
aminations was approved by health
authorities in Norway.

Expression and Purification of
Recombinant Allergenic Proteins
The recombinant allergenic pro-
teins were isolated as described re-
cently.!® Briefly, overnight cultures
were diluted 1 in 10 into | liter of
L-broth containing 50 wg/mL of
ampicillin and incubated at 37 °C
for one to four hours. Then, isopro-
pvl  thiogalactopyranoside — was
added at 0.5 mM to induce high-
level expression of the fusion pro-
tein. After four hours of incubation.
cells were pelleted. resuspended in
20 mL of buffer containing 20 mM
phosphate, pH 7.3, and 1% Triton
-100 and frozen at =70 °C. The
cells were quick-thawed at 37 °C,
sonicated and the lvsate was cleared
by centrifugation at 18,000 g for 20
minutes at 4 °C. Supernatant was
mixed with swollen and washed glu-
tathione agarose beads (Sulphur
Linkage, Sigma Chemical Co. St.
Louis. MQO) in the ratio 10:1
(vol:vol) to allow specific binding of
the GST moiety of the fusion pro-
teins to the glutathione on the
beads. After incubation on a roller
for 30 minutes at 4 °C. the beads
were subsequently washed by 53X 13
mL of phosphate buffer and 1 X 15
mL of 50 mM tris-HCl, pH 8.0. The
recombinant allergenic polvpeptide
was cleaved from its fusion partner,
glutathione-S-transferase. while the
latter was still bound to the gel. by
thrombin. The washed beads were
suspended in 30 mM tns-HCL pH
8.0 containing 150 mM NaCl and
125 mM CaCls, and subsequently
added with thrombin ( 1:5300: wt/wt)
at room temperature. The cleaved
protein was obtained 1n the super-
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natant after centrifugation of the
beads.

Protein concentration of the
cleaved product was measured by
the Lowry method by dotblotting
the diluted samples onto nitrocel-
lulose membrane (Schleicher &
Schull, 0.45 um) followed by stain-
ing mth 0.1% amido black in iso-
propanol/acetic acid (25%/10%)
Bovine serum albumin. diluted in
the same solvent, served as the pro-
tein standard. Eluted materials were
aliquoted and stored at =20 °C.
SDS-PAGFE and Immunoblotting
SDS-PAGE was performed in a dis-
continuous system according to
Laemmli'* using a Fisher mini slab
gel apparatus. Samples were pre-
pared in loading buffer: 0.06 M Tris-
HCI buffer, pH 6.8 containing 2%
SDS and 3% 2-ME. Western blot-
ting was performed using PolyBlot
(American Bionetics. Inc. CA) with
a discontinuous buffer system as de-
scribed by the manufacturer. The
membranes were  subsequently
blocked by incubation in TBS/1%
gelatin for at least six hours. and
then incubated overnight with hu-
man IgE serum diluted 1:100 in
TBST/0.1% gelatin. IgE antibody
binding was detected by incubation
of these filters overnight with alka-
line phosphatase-conjugated goat
anti-human IgE (Tago, CA, USA).
2000-fold diluted in TBST with
0.1% gelatin. The membranes were
washed 5x. four minutes each in
TBST between each incubation
step. and nitroblue tetrazolium and
S-bromo-4-chloro-3-indolyl  phos-
phate were used as substrates. The
enzvmatic reaction was stopped by
incubating the membranes in 30
mM Trs-HCL. pH 8.0. 100 mM
EDTA.

Enzvme Immunoassay in
Microtitre Plates

Proteins. 10 ug/mL of buffer, were
coated on wells of microtiter plates
(Nunc. Immunoplate, Denmark)
overnight. The wells were further
blocked by phosphate buffer con-
taining 1% gelatin for eight hours.
Subsequent to washing 5x  with

phosphate bufter containing 0.03%
Tween 20. the wells were incubated
with human serum diluted with the
washing butfer containing 0.1% gel-
atin overnight. Atter washing. alka-
line  phosphatase-conjugated sec-
ondary antibodies (goat anti-human
[eE (TAGO). diluted 3000-fold)
were added and the wells were in-
cubated overnight. Following wash-
ing with phosphate buffer contain-
ing Twin 20, the color reaction was
developed by adding the substrate |
mg/mL p-nitrophenvl phosphate in
0.1 M Tris-HCI bufter containing
NaCl and MgCl> and the optical
density was measured at 405 nm 1in
a Titertek Multiscan spectropho-
tometer (Flow Laboratories. Mc-
Lean. VA). All washing steps were
performed with the Nunc “Elsa
hand washer™ and all incubation
steps were performed at room tem-
perature.

RESULTS

The variations in allergen content of
grass pollen extracts. The variations
in allergen content of grass pollen
extract and its impact on analysis
for allergen-specific IgE antibodies
was examined. The SDS-PAGE
electrophoretogram of two batche:
of Kentucky bluegrass pollen ex-
tracts are illustrated in Figure 1.
These two extracts used in our pre-
vious studies™'! were prepared by
the same procedure bul based on
two different batches of Kentucky
bluegrass pollen. These extracts
contained significantly  ditferent
profiles of proteins, including al-
most total absence of the major Po.
p IX allergens of Mr 28.000 anc
32.000 in extract I.'" Extract II has
been shown to contain all previ-
ously identified groups of grass pol-
len allergens'' and was selected for
use in this study.

Since the 93 human sera used In
this study were selected by screenin:
for grass pollen-specific [gE antibor
ies using RAST g6 (timothy). ar
our ELISA immunoassay syvster
differed from the RAST system with
respect to the solid phase. the sec-
ondary antibodies and the label: a
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timothy extract was prepared for the A
comparison of the initial RAST data

with that of the Kentucky bluegrass- 1.80
specific IgE antibodies. Figure 2A .
shows the correlation plots of o) 1.28 1 .
F \ST/g6 (timothy) and IgE-EIA/ e 3
t1:nothy of these sera. The results = 0.88 r. .
indicated a low correlation between < .
the two methods (r = .28). The o 0%, .
analysis, however, of IgE antibodies 0.32 - : O .
specific for timothy and Kentucky ' T e e
bluegrass in the EIA-system gave : Nascasiiecddthoasdi .
L . 0.00
very similar results (Fig 2B; r = .92). 0 1 2 3 4 5
The correlation plot of binding of
[2E to timothy and the total IgE in :
—1e same sera (Fig 2C) indicated no RAST (TlmOthy 96) .
wgnificant non-specific binding of
IgE in the EIA. These results dem- B
onstrated that the variation in aller-
gen content of grass pollen extracts
1.80
~ Q128
KB G S
: 0.98
T <
(% 0.64
¢ -66 . @ 0.32
X }
0.00
000 0.32 0.84 096 1.28 1.80
Timothy/EIA (OD)
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=
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Figure |. SDS-PAGE. 10% disc. gel. of TOta! lgE (IU/mI)
two extracts, [ and II. of two different batches Figure 2. Correlation of IgE-binding to different grass pollen extracts as determined by ELISA
of Kentucky bluegrass poilen. Migration of immunoassay and RAST using 96 human sera (diluted 1/30). A: correlation between IgE binding
molecular weight standards as well as IgE- of timothy extract determined by ELISA 8immunoassay (EIA/OD) and RAST/g6. B: correlation
binding proteins of Mrt 28. 29 and 32000 are of IgE binding of timothy and Kentucky bluegrass extract determined by ELISA immunoassay.
indicated. C: correlation of IgE binding of timothy extract by ELISA immunoassay and total IgE by PRIST.
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and that the type of solid phase used
in the assay influenced the quanti-
tation of specific IgE antibodies.
The recombinant Poa p IX aller-
gens and their [gE-binding epitopes.
The recombinant Poa p IX aller-
gen, TKBG31, encoded by ¢DNA
KBG31, was used to investigate its
IgE binding ability and its applica-
tion in diagnosis of atopic allergy.
To be useful in in vitro as well as in
vivo analysis, the exposure of more
than one IgE-binding epitope on a
molecule is mandatory. Several de-
fined fragments of the recombinant
allergen prepared by expression of
subclones of the cDNA KBG31 (Fig
3A) were used to localize epitopes.
The recombinant allergen produced
by E. coli containing the expression-
vector, the pGEX2T-1,"3 is water-
soluble and hence, the native con-
formation of the allergen is ensured.

The IgE-binding to the recombinant
protein was inhibited by preincu-
bation of pooled human sera with
different fragments and control pro-
teins (Fig 3B). The non-inhibitory
effect of recombinant GST revealed
that no JgE was binding to the GST
part of FP-rKBG3.1. The partial in-
hibition by rKBGS8.3 demonstrated
that the part of rKBG3.1 overlap-
ping with rKBGS8.3, expose [gk-
binding epitope(s), and that the N-
terminal part of rKBG3.1 expose
additional IgE-binding epitope(s).
The rKBG7.2 which represent the
C-terminal part of rKBGS.3 was
previously shown to expose IgE-
binding epitopes.!' These results
demonstrated that the tKBG31 ex-
poses at least three different sets of
IgE-binding epitopes and that two
of these are located within the
rKBGS8.3, which previously has

Fragment

— P rKBG31
— > rKBG3.T
t > 1KBG7.2

t ¥ 1KBG8.3

Inhibitor conc. (/mi) .

Buffer

FP-rKBG3.1, 25ug
FP-rKBG3.1, 150ug
rKBG8.3, 25ug
rKBG8.3, 175ug

rGST, 150ug

0.50

Figure 3. (A) Schematic representation of the recombinant Poa p IX allergen. rKBG31. and
defined fragments prepared by pGEX2T-1 expression vector system. (B) Inhibition of binding of
human IgE antibodies to FP-rKBG3.1 as determined by ELISA immunoassay. A pool of sera.
diluted 1/30. was preincubated with different concentrations of FP-rKBG3.1. tKBGS.3 and
recombinant glutathione-S-transferase. and subsequently added to wells coated with FP-rKBG3. 1.
The extent of inhibition was determined by EIA as described.

been produced in non-fused form.'"
Quantitation of Poa p IX Molecules
in KBG Pollen Extract

Because rKBGS.3 represent the
conserved region of the Poa p IX
allergens, the soluble rKBGS8.3 was
used to quantitate the concentration
of the Poa p IX allergens in Ken-
tucky bluegrass pollen extract, by
comparing the ability of Kentucky
bluegrass extract and rKBGS.3, re-
spectively, to inhibit binding of hu-
man IgE antibodies to rKBGB8.3 (Fig
4). Incubation of allergic human
sera (a pool of sera of 11 patients
allergic to grass pollens, at 1:100
dilution) with 63 ug/mL of
rKBG8.3 and 330 pug/mL of Ken-
tucky bluegrass extract inhibited to
the same extent of the IgE binding
to Poa p IX allergens. Incubation of
a about five individual serum with
the same allergens indicated that the
recombinant allergen was able to
block from 18% to 33% (mean
20%) the IgE binding of Kentucky
bluegrass pollen extract (data not
shown). Further. the slopes of the
inhibition curves produced by
rKBGS8.3 and ¢rude Kentucky blue-
grass extract were similar. It is in-
ferred from all these studies that the
Poa p X constituted approximately
20% of the total proteins in the
KBG extract.

Comparison of Serum IgE Binding
to Recombinant rKBGS.3 and to
Crude Pollen Exitracts of KBG
Titration curves of IgE binding to
rKBGS8.3 and Kentucky bluegras:
pollen extract in serum of four higl
[gE-responders and one non-re-
sponder are shown in Figure 5 A
and B. The results indicated that
high IgE-responders against Ken-
tuckyv bluegrass are also high re-
sponders against Poa p IX. The SDS-
PAGE immunoblot analvsis using
the same sera with Kentucky blue-
grass extract (data not shown) ind:
cated that the four high-binding ser.
appear to have similar reactivities.
The 93 sera from potential grass
pollen-allergic individuals. already
screened by RAST and by ELISA
immunoassay using Kentucky blue-
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Figure 4. Quantitation of Poa p [X-like proteins in Kentucky bluegrass pollen extract. The
capacities of Kentucky bluegrass pollen extract and rKBG8.3. respectively. to inhibit binding of
human IgE antibodies to rKBG:8.3 were compared. The allergic human sera (a pool of sera from
11 patients allergic to grass pollen) at a dilution of 1:100. was preincubated with different protein
concentrations of the two inhibitors and subsequently added to rKBG8.3 coated wells for ELISA
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grass extract, were further analyzed
for IgE biding by immunoassay with
rKBGSE.3 (Fig 6). The correlation
between IgE-binding to rKBGS8.3
and to the extract of Kentucky blue-
grass, with a correlation coefficient
.32, demonstrated that the spectra
-ad titer of individual specificities
of IgE antibodies varied consider-
ably among the sera (Fig 6A). To
discriminate between positive and
negative sera, a Kentucky bluegrass
extract-specific IgkE cut-off value
correlating to RAST score class |
was chosen and indicated that 86
<2ra(91.5%) were either double pos-
“ive or negative for rKBGS.3 and
-BG. while eight (8.3%) did not
agree (data not shown). There was
no significant correlation between
total IgE level and IgE for rKBGS.3
(Fig 6B). which indicated non-spe-
cific IgE-binding in the ELISA im-
munoassayv svstem.

Taken together. these results lead
¢ the inference that the IgE binding

+ Kentucky bluegrass extract and
.1e recombinant allergens are cor-
refated in the high IgE responders.

DISCUSSION

Current diagnostic methods utilize
crude pollen extracts for quantita-
tion of specific IgE antibodies in
human sera, thus the complex mix-
ture of allergenic and nonallergenic
proteins are immobilized onto a
solid phase for the determination of
allergen-specific IgE antibodies. As
is demonstrated in this study, the
extract based diagnosis has two ma-
jor drawbacks: first, the SDS-PAGE
pattern of the two extracts of Ken-
tucky bluegrass pollen, prepared ac-
cording to the same procedure,
demonstrated significant qualitative
and quantitative differences that
may exist between extracts from the
same species of grass pollen. It is not
known whether these differences are
related to the onginal protein con-
tent of the pollen or are secondary
effects of storage of the pollen
caused bv enzvmatic degradation.
Second. the various tvpes of solid
phases and coupling techniques em-
ploved lead to spurious results relat-
ing to the amount of the individual
allergens that are present on the

solid phases. The comparison of the
ELISA immunoassay and RAST
method for quantitation of IgE an-
tibodies specific for timothyv pollen
demonstrated that sera of certain
individuals gave a low reading with
ELISA immunoassay and a high
reading with RAST and vice versa.
In essence, the diagnosis bv these
methods using the crude allergen
extracts do not provide reliable re-
sults.

Because of (1) the magnitude of
variation in the existing diagnostic
procedures due to the extensive dif-
ferences (up to 100-fold) in dller-
genic potency- of extracts. and (2)
the availability of the recombinant
allergens, we were prompted to ex-
amine the alternative approaches
for the diagnosis of grass allergies
with Poa p IX allergens used here as
a model. The Kentucky bluegrass
extract employed in this study was
previously shown to contain all ma-
Jjor grass pollen allergens." The sim-
ilarity of IgE-binding of Kentucky
bluegrass extract examined by two
different methods. ie, immunoblot-
ting and ELISA immunoassay, and
the high degree of correlation be-
tween IgE-binding to the Kentucky
bluegrass and timothy by the ELISA
Immunoassay, are consistent with
our existing knowledge of cross-re-
activity between allergens from dif-
ferent grasses,'>'*'* and led to the
inference that the Kentucky blue-
grass pollen extract emploved in this
study was a proper reference for
quantitation of grass pollen-specific
IgE antibodies by the ELISA im-
munoassay.

A member of the Poa p IX aller-
gens, previously demonstrated to be
a major group of allergens'! wus
shown to expose at least three sets
of lIgE-binding epitopes. two of
which were located within the C-
terminal fragment rKBGS.3. The
rKBGR.3 constituting the conserved
part of the Poa p IX was used to
estimate that the Poa p IX allergens
make up 20% of the protein content
of Kentucky bluegrass pollen ex-
tract. The rKBGS.3 was considered
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Figure 5. Binding of human IgE by four high responder sera and one nonresponder serum to
recombinant and native Kentucky bluegrass pollen allergens. A: Titration of binding to rK BG8.3
and B: Titration of binding to Kentucky bluegrass pollen extract, by ELISA immunoassay.
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(A7 24 human sera (diluted 1/30) as determined by ELISA immunoassay. Line of correlation
indicated, and cut-off OD values for positive specific IgE are marked with arrows. B: Correlation
of IgE binding to rKBG8.3 and total IgE in the same sera.

a5 a possible replacement for the
crude pollen extract by the ELISA
immunoassay. The results of the
comparison, however, indicated
thit a single major grass pollen al-
n can not replace the crude ex-
.ct for quantitation of specific [gE
stibodies towards grass pollen.
While using the IgE antibodies of
‘he high-responder sera, which con-
ain IgE antibodies toward most aj-
°rgens in an extract.'” a better cor-
elation was found between the IgE
inding of the extract versus the
‘combinant allergen, as also was
idicated by the initial experiments

:mmmmmmu_mnmmm%m&mﬁwmmm

(Fig 3). A lower correlation value
with sera of intermediate and low
IgE-binding is probably due to the
existence of more pronounced IgE
responses of these individuals to-
ward selected allergens. Alterna-
tively. this may be because of the
broad spectra of specificities but low
titer of each specificity of the IgE
antibodies in the sera. Quantitation
of antibodies specific to all the aller-
gens in an extract is a formidable
task. since both the concentration
of antibodies specific for the indi-
vidual allergen varies from sera to
sera and different allergens are pres-

entin varying amounts on the solid
phase. Any method would therefore

seldom give a true quantitation of

the concentration of al] the relevant
antibodies in the samples. Our re-
sults demonstrated that the recom-
binant allergen alone could quali-
tatively descriminate between posi-
tive and negative sera equally well
as the crude extracts,

In summary, the evidence pre-
sented herein demonstrate that in-
deed for diagnostic purposes it may
be feasible to replace the crude ex-
tract with the major recombinant
allergen(s). Since severa] of the nra-
Jor allergens of grass pollen have
been cloned, 5718 ¢ s expected on
the basis of these results that acom-
bination of a few of these allergens
would result in a reproducible assay

for quantitation of grass pollen-spe-
cfic IgE in serum. In addition to its
use in in vitro analysis, our dem-
onstration that rK BGS.3 exposes at
least  two IgE-binding epitopes,
makes it an interesting molecule for

In Vvivo analysis of grass pollen al-
lergy.
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ORAL BECLOMETHASONE SUPPRESSES CALCIUM

ABSORPTION

To study possible effects of swallowed beclomethasone on absorption of
calcium the authors evaluated calcium absorption by a strontium absorp-
tion test in a double-blind, randomized, placebo-controlled trial in 12
normal adult volunteers. Each swallowed beclomethasone dipropionate
capsules, 500 pg twice each day, or placebo for | week and the alternate
capsules for a second week. Ingestion of beclomethasone was associated
with a 12% reduction in strontium absorption (P < .01) and a 23%
reduction in 24 hour urinary cortisol excretion. Mean reduction in stron-
tium absorption was 20.3% in the six subjects who received beclometha-

sone the first week and placebo the second week (P < .005).

Decreased calcium absorption from the swallowed conicosteroid n
patients treated with inhaled beclomethasone dipropionate may contribute
to long term reduction in bone density.

—RMS

Smith BJ, Phillips PJ, Pannall PR. et al. Effect of orally administered
beclomethasone dipropionate on calcium absorption from the gut in
normal subjects. Thorax 1993:48:890-3.
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