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Abstract

Background: The most potent allergens in the Spermato-
phytae family exhibit significant homology with en-
zymes. Some of these are though to be involved in pectin
metabolism, recognition of compatible stigma and deliv-
ery of sperm cells to the ovule. Objective: To test if glyco-
hydrolase activities from some Mediterranean tree pol-
lens could act as allergens in sensitized hosts. Methods:
Freshly collected Cupressus and Olea pollens were in-
vestigated for their glycohydrolase activities by means of
synthetic fluorogenic substrates and isoenzymes charac-
terized by DEAE-cellulose ion-exchange chromatogra-
phy. Binding of specific IgE was investigated by immu-
noblotting in 30 tree-sensitive subjects, as well as in 20
atopic non-tree-sensitive and 15 healthy controls. The
enzymes were also adopted to stimulate proliferation of
allergen-specific T cell clones. Finally, they were tested in
vivo in a cutaneous immediate wheal and flare reaction.

Results: 3-Galactosidase (B-GAL) is present with differ-
ent isoenzymatic patterns on both pollen extracts, could
be recognized by circulating IgE, as well as immunopre-
cipitated by sera from allergic subjects. The enzyme
could stimulate the proliferation of T cells from allergic
subjects, and favor the emergence of CD4+ T cell clones
with specific in vitro reactivity to B-GAL. Finally, the
enzyme induced in vivo a cutaneous wheal and flare
reaction in clinically sensitive subjects. Conclusions: De-
spite different isoenzymatic patterns, Olea-derived (-
GAL cross-reacted with that from cypress pollen, sug-
gesting that these enzymatic glycoproteins may repre-
sent major native allergens among these Mediterranean
trees.

Copyright© 2005 S. Karger AG, Basel

Introduction

Pollens of Cupressus arizonica, Cupressus sempervi-
rens and Olea europea are a major cause of allergy in the
Mediterranean area, where these species are widely found
[1, 2]. Cypress tree inflorescence is usually from Decem-
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ber to March and generally causes seasonal allergic rhini-
tis or oculorhinitis [3, 4]. A recent epidemiological survey
from a large cohort of young adults in central Italy showed
that the prevalence of sensitization is around 8% of the
general population [5]. Clinically an apparently heteroge-
neous group of subjects is affected, half of whom are
monosensitive to cypress, whereas the other 50% display
cutaneous sensitization, but less frequently respiratory
symptoms, which, when present, seem to be easily related
to Parietaria, O. europea and/or dust mites [5, 6].

There have been few attempts to quantify the real
prevalence of seasonal (June) rhinitis and/or asthma due
to O. europea allergy [7], but a cumulative percentage of
about 5% of the general population has been suggested
[8].

Therefore, the prevalence of clinical sensitization to
Mediterranean pollens is low, especially if one considers
the unusually higher amounts of grains released from
these trees, which largely exceed those of other nonarbore-
al species, such as Graminaceae or Parietaria [9, 10]. The
absence of small starch granules inside tree pollen grains
may partially explain the lower incidence of asthma
symptoms among patients sensitive to cypress or olive as
compared to grasses [11, 12], and indicate that higher
atmospherical counts are needed to induce airway sensiti-
zation [10]. In addition, patients allergic only to cypress
pollen have normal or subnormal total serum IgE levels
and lower specific IgE, as compared with polysensitized
ones [13].

Current knowledge about the biochemical character-
ization of Mediterranean tree pollens is based on the iden-
tification within fresh grain extracts [14, 15] of proteic
substances with defined molecular mass that identify ma-
jor and minor allergens [16, 17]. IgE reactivity has been
linked with sugar moieties of C. arizonica extract, pre-
sumably glycoproteins [18], and, in fact, many glycoprote-
ic substances with enzymatic activities have been de-
scribed among the commonest allergens [19]. Although it
is tempting to think that these biochemical properties
might contribute to allergenicity, as they are known to
induce IgE reactivity in the host, their role as complete
antigens has still not yet been demonstrated and there are
no conclusive data on the enzymatic activity of plant
allergens, enzyme distribution and cross-reactivity [20].
We, therefore, hypothesized that the presence of hydrolyt-
ic enzyme activities among the membranes of inapertu-
rate pollens, which have relevant physiological functions
in pollination processes in higher plants [21], could be the
source of allergenic substances, both in terms of IgE and T
cell reactivity.
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In this paper we detected several acidic glycohydro-
lases in Mediterranean tree (C. arizonica, C. sempervirens
and O. europea) pollen extracts and demonstrated that f3-
galactosidase (B-GAL) was the most prevalent. As its
enzymatic activity is specifically recognized by T cells and
it binds circulating IgE from sensitive subjects, it might be
a new cross-reactive pan-allergen in the Spermatophytae
family.

Materials and Methods

Patients and Controls

Sera were collected from 30 sensitive patients with clinical histo-
ries and positive skin prick test reactivity to our own as well as to
commercial (Lofarma, Milano, Bracco-Allergopharma, Milano and
Anallergo, Firenze, all in Italy), C. arizonica, C. sempervirens and
O. europea extracts. Informed consent was obtained from all partici-
pants to the study and the in vitro procedures were preliminarily
approved by the local ethical committee. All samples were screened
for the presence of specific IgE by conventional solid-phase RAST
(Pharmacia, Uppsala, Sweden). Clinically, 15 patients were mono-
sensitive to cypress, 10 to both cypress and O. europea, and the other
5 to Olea only. Twenty atopic subjects with skin reactivity to at least
four aeroallergens but no reactivity against cypress or Olea were also
enrolled in the study. Fifteen nonatopic control sera were obtained
from individuals with no history of allergic disease and no skin reac-
tivity to a panel of 24 seasonal and perennial allergens. Peripheral
blood mononuclear cells (PBMC) from 4/15 cypress-sensitive pa-
tients were used for in vitro culture experiments.

Pollen Collection and Preparation of Extracts

Samples of mature inflorescence from C. sempervirens, C.
arizonica and O. europea trees were collected separately, according to
the pollen calendar of central Italy. Pollens were collected on pol-
ished brown paper and then purified (up to 90%) by sequential siev-
ing. Extracts were prepared as previously described [22]. Briefly, 10 g
of pollens were defatted 3 times with 200 ml of diethyl ether and
dried overnight at room temperature, then suspended in 300 ml of
125 mM NaHCOs; and sonicated, on ice, with a 100-watt MSE ultra-
sonic disintegrator equipped with a ‘microtip’ at a 12-mW wave
amplitude (three sonications; 5 min each). The homogenate was
automatically stirred overnight at 4°C, then centrifuged at 22,000 g
for 30 min. Supernatants were used as native crude extracts.

Enzyme Assays

Glycohydrolase activity was evaluated in pollen extracts as de-
scribed [23], using 3 mM solutions of the appropriate synthetic sub-
strates for 4-MU-o-mannoside, 4-MU-B-galactoside, 4-MU-B-glucu-
ronoside, 4-MU-a-L-glucoside. Fluorescence of the released 4-meth-
yl-umbelliferone was measured on a Perkin Elmer LS-3 fluorimeter
(excitation 360 nm, emission 446 nm).

One unit of enzyme activity was defined as the amount of enzyme
that hydrolyzes 1 mol of substrate/min at 37 ° C. Protein content was
measured by the method of Bradford [24], using crystalline bovine
y-globulin as standard. Specific activity was expressed as U/mg of
protein.
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Cytochemical Localization of the Enzyme in Pollen Granules

Fresh cypress pollen grains were cytocentrifuged (Shandon-Lip-
shaw, Pittsburgh, Pa., USA) on chemically clean slides, air dried,
fixed or not with 4% formaldehyde and then stained for B-GAL
activity according to the simultaneous azo-coupling method of Haya-
shi [25], with naphthol-AS-BI-B-N-acetylgalactosaminide as sub-
strate and an incubation time of 60 min at 37°C. Sample staining
without adding the substrate was used as control.

Ammonium Sulfate Fractionation

Solid (NH4),SO4 was added to native pollen extracts (30 ml at
time) to give a final saturation of 50%, and stirred gently at 4°C for
60 min. The precipitate, tested for the absence of B-GAL activity,
was removed by centrifugation at 12,000 g for 30 min at 4°C and
discarded. The supernatant was brought to 80% saturation with
(NH4),SO,, stirred at 4°C for 7 h and the precipitate recovered by
centrifugation as before, and after testing for the absence of B-GAL
activity, the supernatant was discarded. In preparation for DEAE-
cellulose chromatography, the precipitate was dissolved in, and dia-
lyzed against, 0.01 M Na-phosphate buffer, 10 mA/ sodium chloride,
1 mM EDTA, pH 7.0.

DEAE-Cellulose Ion-Exchange Chromatography

DES52 DEAE-cellulose chromatography was performed according
to Norden et al. [26]. Samples from extracts were loaded into the
DEAE-cellulose column (1 ml) equilibrated with 0.01 M Na-phos-
phate buffer, 10 mA NaCl, 1 mM EDTA, pH 7.0. The column was
washed with the same buffer until the absorbance at 280 nm reached
zero, then developed with a linear gradient of NaCl (0.1-0.5 M) in
25 ml of buffer. The flow rate was 0.5 ml/min. Fractions were col-
lected and assayed for their activity towards the 4-MU-B-D-galacto-
side substrate. Finally, the column was eluted with 1.0 A/ NaCl in the
same buffer.

The enzymatically active peaks eluted within the gradient were
collected, concentrated to 0.5 ml, and dialyzed against 0.01 M Na-
phosphate buffer, pH 6.0 by vacuum dialysis (Sartorius apparatus,
Sartorius, Gottingen, Germany), and sterilized by filtration on
0.22-um Millipore filters.

Immunoprecipitation of B-GAL by Sera of Allergic Subjects

IgG-depleted (Affi-Prep Protein A, Bio-Rad Laboratories, Mila-
no, Italy) pooled sera (prepared separately) from cypress- or from
olive-allergic subjects were mixed with increasing amounts (from 1 to
10 pug/ml) of the crude C. arizonica, C. sempervirens and O. europea
extracts. After gentle shaking for 2 h at 4°C, aliquots of all mixtures
were centrifuged at 200 g for 1 min on a microcentrifuge (Beckman),
and the supernatant tested for B-GAL activity. The same experi-
ments were repeated with fixed amounts of B-GAL (200-230 mU/
ml) from DEAE-cellulose, and with the same amounts of commercial
preparation of B-GAL from Escherichia coli, Faseolus vulgaris and
bovine liver (Sigma Chemical Co., St. Louis, Mo., USA).

ELISA Detection of Specific IgE to f-GAL

Enzyme preparations from the DEAE-cellulose column were dia-
lyzed and concentrated before use. Coated plates (20 ug/ml of protein
in 96-well U-bottom plates; Becton Dickinson France) were incu-
bated with all IgG-depleted (Affi-Prep Protein A) serum samples and
developed with an alkaline-phosphatase-conjugated antiserum to hu-
man IgE (polyclonal anti-Fce receptor, Sigma) diluted 1:500 in PBS.
Mean absorbance was read at 450 nm. In some experiments, the
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recovered fractions after enzyme immunoprecipitation were also
used.

To test B-GAL extract inhibition of IgE reactivity, the more
active fractions from DEAE-cellulose chromatography (with known
specific activity) were serially diluted. Final volumes of 100 ul were
added to 250-ul aliquots of pooled sera, incubated for 2 h, centri-
fuged, and the supernatant tested in an ELISA assay, as above.
Human serum albumin served as a negative control.

Immunoblotting Detection of Specific IgE to Purified B-GAL

SDS-PAGE was performed using Laemmli’s method [27], under
reducing conditions, with a continuous gradient of 7.5-14% acrylam-
ide on 0.75-mm-thick ‘minigels’ at 12 mA. Gels were then blotted on
PVDF membrane (Bio-Rad) with a Bio-Rad transblot system. Trans-
fer was carried out for 120 min at 400 V [28].

IgG-depleted serum from cypress- and olive-sensitive, atopic
non-tree-sensitive and nonatopic subjects, diluted 1:2 in 0.5 ml PBS,
was used as primary antibody. Polyclonal anti-human IgE (alkaline
phosphatase or peroxidase-conjugated, all from Sigma) diluted 1:500
was used as secondary antibody. Membranes were finally incubated
in alkaline phosphatase or peroxidase substrates.

Recognition of Cypress B-GAL by T Cells of Allergic Subjects

Native crude extracts of C. arizonica and C. sempervirens were
used to induce the in vitro emergence of allergen-specific T cell lines
[29]. Briefly, 0.5-1 x 10° nonadherent PBMC/ml from each sample
were cultured in RPMI 1640 medium supplemented with 2 mA L-
glutamine (Gibco), 20 uM 2-mercaptoethanol, 100 U/ml penicillin,
50 ug/ml streptomycin (complete medium), and 10% FCS with
autologous dendritic cells in 24-well flat-bottomed culture plates
(Costar, Cambridge, Mass., USA) in a final volume of 3 ml. Cells
were exposed to native extracts without adding cytokines or growth
factors and restimulated every 2 weeks with autologous feeder cells
plus cypress extracts. PBMC suspensions of control health care work-
ers were cultured as described above. Proliferating lines were further
expanded with recombinant human interleukin-2 (rhIL-2, 50-
100 U/ml; EuroClone) and then tested in vitro for antigen specificity.
The specificity of T cell lines was assessed by incubating 2 x 10* T
cell blasts in triplicate 200-ul cultures in the presence of 103 irra-
diated autologous feeder cells plus purified or heat-inactivated (50°C
for 1 h) [30] cypress-derived B-GAL (10 pg/ml) in 96-well round-
bottomed microtiter plates (Costar) for 72 h at 37°C in a humidified
atmosphere of 5% CO,. Parallel control cultures were settled by incu-
bating the cells with tetanus toxoid (5 pg/ml). After pulsing for 16 h
with 0.5 pCi 3H-thymidine (Amersham Biosciences, Little Chalfont,
UK), radionuclide uptake was measured by scintillation counting.
Responses were considered as positive when the stimulation index
(ratio between the mean cpm obtained in triplicate T cell cultures
with autologous irradiated PBMC plus antigen and the mean cpm
obtained in triplicate cultures containing autologous irradiated
PBMC alone plus antigen) was >10.

B-GAL-specific T cell blasts were seeded at 0.5, 1 and 2 cells per
well in 96-well round-bottomed plates (Nunclone, Nunc, Denmark)
with 103 irradiated (5,000 rad) autologous non-T PBMC as feeder
cells, 1% (vol/vol) PHA and rIL-2 (20 U/ml) in complete medium
supplemented with 10% heat-inactivated human AB serum. Grow-
ing microcultures were then expanded at weekly intervals with 105
irradiated feeder cells and rIL-2. To expand established clones, T cell
blasts were restimulated every 3 weeks with 0.1% PHA-P and irra-
diated autologous feeder cells.
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The immunophenotype of emerging clones was established by
flow cytometry with the following mAbs: Cy-chrome-conjugated
anti-CD4 (clone RPA-T4; PharMingen, San Diego, Calif., USA), flu-
orescein (FITC)-conjugated anti-CD8 (PharMingen), anti-o8 (Sero-
tec), and anti-pan yd (clone 5A6.E9; T Cell Diagnostics, Woburn,
Mass., USA). The Lysis II program (Becton Dickinson) was used to
optimize gating of lymphocytes, providing an objective means of
excluding debris (noncellular events due to particulate matter) from
the lymphocyte gate.

Emerging T cell clones were reassayed for their reactivity to f3-
GAL from different sources (including heat-inactivated enzymes) by
means of 3H-thymidine incorporation after 5 days’ culture in the
presence of 103 irradiated autologous non-T cells as APC. Control
cultures were represented by autologous irradiated non-T cells plus
antigen. Results of in vitro stimulation are expressed in cpm % SD.

Phenotype and Cytokine Production of B-GAL-Specific T Cell

Clones

Phenotypes and intracellular IL-4, IL-5 and IFN-y were detected
by flow cytometry using the method of Jung et al. [31] with partial
modifications. Cells were stained with either phycoerythrin-conju-
gated anti-CD4 (PharMingen), anti-CD8 (PharMingen), anti-af3 (Se-
rotec, Marseille, France) mAbs or FITC-conjugated anti-yd (Serotec)
mAb for surface phenotyping. For the double-color staining proce-
dure, after permeabilization, intracellular cytokines were stained
with FITC-labeled anti-hIL-4, IL-5 and IFN-y mAbs (Becton Dickin-
son, San Jose, Calif., USA). Cytokine production was also measured
in the supernatants of B-GAL-specific CD4+ T cell clones after in
vitro priming with enriched enzyme, by means of commercially
available kits (IL-4 and IFN-y; Serotec) [23].

Invivo Testing of B-GAL Extracts

Cutaneous prick tests were performed with commercially avail-
able reagents (Anallergo, Florence, Italy; ALK-Abelld, Denmark) and
with our enriched B-GAL extracts on all allergic and control subjects.
Commercial reagents were used at the arbitrary dose of 1,000 BU/ml,
whereas B-GAL from cypress and olive pollens was used at 0.5 pg/ml
protein concentration. We also tested other sources of B-GAL, such
as those from F. vulgaris, bovine liver and E. coli (all from Sigma), all
adjusted to 0.5 pug/ml of protein content. The appearance of wheal
and flare reactions was recorded and their diameter measured. Mean
horizontal and vertical diameters are expressed in millimeters £SD,
as are the measurements of lesions 15 min after forearm puncture.

Results

Glycohydrolase Activities in Pollen Extracts

Total protein yield of pollen extraction was 49.5 mg for
C. arizonica and 53.8 mg for O. europea. Pollen extracts
hydrolyzed synthetic fluorogenic substrates for the acidic
glycohydrolases: a-fucosidase, -hexosaminidase, f-man-
nosidase, a-mannosidase, B-GAL and B-glucuronidase.
Table 1 shows enzyme levels with a wide range of activi-
ties. B-GAL had the highest specific activity.

Figure 1 illustrates the B-GAL isoenzyme pattern of
C. arizonica (fig. 1a) and O. europea (fig. 1b) pollen ex-
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Table 1. Glycohydrolase-specific activity in crude pollen extracts

Substrate C. arizonica  C. sempervirens O. europea
B-Galactosidase 47.21+£3.12 44.68+4.23 66.11+1.8
B-Hexosaminidase 0.19+0.06 0.28+0.04 2.73+£0.9
o-Mannosidase 1.47+0.12 2.05+0.22 49.00+1.5
B-Mannosidase 0.16x£0.02 0.19+£0.03 0.10£0.1
a-Fucosidase 0.09+0.03 0.07+0.01 0.02+0.05
B-Glucuronidase n.d. n.d. 0.16+£0.20

Specific activity: mean values (mU/mg of protein) = SD repre-
sent ten independent experiments, all performed in triplicate. n.d. =
Not detectable.

tracts. Two enzymatically active peaks were resolved
upon application of the NaCl gradient to cypress extracts,
accounting for 3.3% (peak I) and 2.2% (peak II) of the
loaded activity. No further activity was eluted by washing
with 1 M NaCl. O. europea pollen extract (fig. 1b) gave
rise to a large enzymatically active peak that accounted
for over 40% of the loaded activity.

Identical isoenzymatic patterns were also obtained
with crude pollen extracts that had previously been frac-
tionated with ammonium sulfate.

Localization of B-GAL Activity in Cypress Pollen

Grains

Cytochemical staining for the enzyme substrate re-
vealed that B-GAL activity was mainly located on the sur-
face of the cypress pollen grain (fig. 1c, arrows). No mem-
brane leaching occurred during the entire procedure, be-
cause the staining pattern was not affected whether sam-
ples were pretreated with 4% formaldehyde or not.

SDS-PAGE and Immunoblotting Analysis of

Pollen-Derived B-GAL

SDS-PAGE performed on enzymatically active peaks
derived from DEAE-cellulose chromatography indicated
selected bands that were peculiar to B-GAL enriched from
tree pollens (lanes 2 and 3), as compared with the pattern
of whole cypress extract (lane 1). In particular, B-GAL
from cypress resolved in two proteic bands of approxi-
mately 50 and 46 kDa, whereas olive pollen B-GAL
showed an isolated 46-kDa proteic band.

Immunoblotting experiments (fig. 2b) demonstrated
that circulating IgE from both cypress- and olive-allergic
subjects was able to bind the 46-kDa polypeptides. In par-
ticular, 14 out of 15 patients monosensitive to cypress (as
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Fig. 1. a DEAE-cellulose chromatography of cypress-derived B-GAL
isoenzymes. Native cypress extract containing enzyme activity was
fractionated upon NaCl gradient. Resolved peaks are depicted.
b DEAE-cellulose chromatography of Olea-derived B-GAL isoen-
zymes. Native O. europea extract was processed as above. The
profiles are representative of at least ten independent experiments.
¢ Cytochemical staining of B-GAL activity on fresh cypress pollen
grains. Left side represents pollen grains stained without adding
enzyme substrate, right side shows a positive reaction (arrows on
brown dots) after adding naphthol-AS-BI-B-N-acetyl-galactosamin-
ide as enzyme substrate. Original magnification x 400.

Fig. 2. a SDS-PAGE of enzymatically active fractions from cypress
(lane 1: native extract; lane 2: fractions from 47 trough 57) and olive

Membrane -GAL as Cross-Reactive
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pollens (lane 3: fractions 49 trough 53). The experiment is represen-
tative of four different extractive procedures performed on freshly
collected pollen grains. The same amount of protein was loaded into
each track. b Immunoblotting of native C. arizonica extract (lane 1)
and enriched cypress (lane 2)- and olive-derived B-GAL (lane 3). A
representative experiment of all performed in sensitive subjects (n =
30) is depicted. Lane 4 is a representative negative control sample.
¢ SDS-PAGE of B-GAL extracts from cypress and olive pollens per-
formed after immunoprecipitation with a serum pool from sensitive
subjects. Samples assayed after immunoprecipitation (IP) showed
the complete disappearance of proteic bands characteristic of the
enzyme-enriched samples (B). A representative experiment of all
those performed is depicted.
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Table 2. Immunoprecipitation of

enriched p-GAL C. arizonica  C. sempervirens O. europea E. coli Bovine liver  F. vulgaris
Patients 36.2+2.9% 34.0+3.8* 40.2+5.1* 80.7x7.5 90.2%+3.5 78.3%6.7
Atopics 89.2+48 84.6+5.7 90.3+8.5 81.2+48 86.5+42 80.7t4.5
NC 95.5+3 96.3+3.2 93.6+52 88.6x3.8 952%2.7 91.5%3.5

Enzyme contents in the supernatant are expressed as % (£ SD) of specific activity of
reference samples incubated with normal human purified IgG fraction (from Immuno, Gene-
va, Switzerland) diluted in PBS. Reference extracts had known enzyme activity (200-
230 mU/ml). IgG-depleted serum samples from cypress-sensitive (n = 15), olive-sensitive
(n = 5), control atopic (n = 10) and normal subjects (NC, n = 10) were tested in three separate
experiments performed in duplicate. * p < 0.005.

in lane 2) and 5 out of 5 monosensitive to olive pollen (as
in lane 3) gave a result as that depicted in figure 2b. Nine
out of ten tested samples from patients sensitive to both
cypress and olive pollens had specific IgE to the same 46-
kDa protein fraction from B-GAL of both pollen sources
(data not shown). In the same manner, 12 out of 15
patients monosensitive to cypress had specific IgE to the
46-kDa fraction of the olive-derived B-GAL extract, and
all subjects monosensitive to olive showed specific IgE to
the 46-kDa fraction from cypress-derived -GAL in the
direct immunoblotting assay (data not shown). Negative
results were always observed with sera from atopic non-
tree-sensitive subjects (n = 20) and from 15 healthy con-
trols, and are represented by lane 4 in figure 2b. For a
comparison, figure 2b shows in lane 1 the spectrum of IgE
reactivity to the whole cypress extract, which includes,
together with that to the 46-kDa fraction, the specificities
toward peptides (42, 53 and 82 kDa) other than those
observed in experiments performed on the cypress -
GAL-enriched fraction as in lane 2.

Immunoprecipitation of B-GAL by Sera of Sensitive

Subjects

Preliminary IgG depletion was employed in all samples
tested including those of atopic control patients. Values of
total IgG after Affi-Prep Protein A separation were less
than 0.01 mg% for the 15 cypress-sensitive, 0.03 mg% for
the 5 olive-sensitive and 0.02 mg% for the 10 control atop-
ic subjects. IgG-depleted sera from allergic subjects immu-
noprecipitated B-GAL from tree extracts (table 2), as indi-
cated by the significant fall in specific activity assayed in
the supernatants. Incubation of purified E. coli-, F. vulgar-
is- or bovine- and liver-derived B-GAL with the same
serum samples did not significantly decrease enzyme ac-
tivity of the supernatants. Unchanged activity levels of
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other glycohydrolases, such as a-mannosidase or -hexos-
aminidase (data not shown), confirm the specificity of -
GAL immunoprecipitation. There were no appreciable
changes in the enzymatic activity of the supernatants of
samples incubated with normal control sera.

SDS-PAGE analysis of cypress and olive B-GAL frac-
tions performed after enzyme immunoprecipitation with
pooled patient sera showed 50- and 46-kDa proteic bands
from cypress extract and 46 kDa from olive extract disap-
peared (fig 2c¢).

ELISA Detection of Specific IgE to f-GAL

Figure 3a illustrates the results of the ELISA assay for
specific IgE detection for all cypress extracts. No reactivi-
ty was detected when crude cypress extract was matched
with normal sera. Mean optical density for all patient
samples was significantly higher for both crude or B-GAL-
enriched extracts (p < 0.001 with respect to normal con-
trols). After immunoprecipitation the same B-GAL-de-
pleted fractions demonstrated a significant reduction in
their IgE reactivity.

Since IgE from cypress- and olive-sensitive subjects
binds a 46-kDa proteic fraction present on both B-GAL
extracts, we looked for cross-reactivity among patients’
sera adopting the same ELISA assay. Figure 3b shows that
preincubation of sera from cypress- and olive-sensitive
subjects with, respectively, Olea- or cypress-derived [-
GAL cross-inhibited specific IgE reactivity and that a
>50% inhibition of positive results occurred with purified
enzyme fractions ranging from 10 to 100 nU/ml.

Allergen-Specific T Cell Lines and Clones

T cell reactivity was tested against undenatured whole
cypress extract and B-GAL from the tree pollens, as well
as from E. coli, F. vulgaris and bovine liver. Heat-inacti-
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vated (50°C for 1 h) enzymes from all sources were used
as a control of antigenic specificity [28]. In healthy control
subjects there was no appreciable response to in vitro
stimulation with either whole cypress extract or enriched
B-GAL (data not shown). Figure 4a shows the prolifera-
tive response (cpm £ SD of incorporated *H-thymidine
in experiments performed in triplicate) of all growing T
cell lines from cypress-allergic subjects before cloning.
Responding T cell lines were selected on the basis of their
3H-thymidine incorporation following in vitro stimula-
tion with B-GAL from cypress extract, as compared with
the same cultures exposed to an irrelevant antigen (teta-
nus toxoid, 5 pg/ml). Heat-inactivated B-GAL gave com-
parable results in terms of 3H-thymidine incorporation, as
the active enzyme, thus ruling out the possibility of a
direct functional effect of the enzymatic protein, not
mediated by an MHC-restricted peptide presentation
pathway. The two (LC12C and LC8B) with greatest in
vitro specific reactivity (with respect to cpm from control
cultures) were then cloned.

Among all the emerged clones (34 of CD4, 5 of CDS§
and 2 of y6 phenotype), 18 CD4+ and 2 CD8+ demon-
strated a significant in vitro proliferation against both
cypress- and olive pollen-derived B-GAL. They showed
once again a slightly lower 3H-thymidine incorporation
when tested against heat-inactivated enzymes (data not
shown). Another 16 CD4+, 3 CD8+ and 2 yd TcR+ T cell
clones reacted specifically only with cypress-derived -
GAL. However, no clones reacted with other purified
enzymes (fig. 4b). Functionally all CD4+ B-GAL-specific
T cell clones were of the ThO phenotype, as confirmed by
intracellular cytokine staining with monoclonal anti-
bodies against human IL-4, IL-5 and IFN-y (fig. 4c).
Indeed, the net cytokine secretion pattern (obtained by
subtracting the pg/ml secreted by samples containing only
APC plus antigen from those also containing T cells) of
the 18 CD4+ T cell clones that reacted with -GAL from
both cypress and olive pollen extracts was confirmed by in
vitro IL-4 and IFN-y production (fig. 4¢) after stimulation
with the corresponding purified enzyme.

In vivo Testing of Cypress-Derived -GAL Activity

Pollen-derived B-GAL fractions were tested in vivo for
their ability to induce an immediate cutaneous reaction.
Extracts derived from E. coli, F. vulgaris and bovine liver
were also employed at the same proteic concentrations as
pollen B-GAL (0.5 ug/ml). Table 3 shows the means of the
wheal and flare reactions to each purified extract. The two
pollen-derived B-GAL demonstrated a full reactivity
when cross-tested in cypress- or Olea-sensitive patients.

Membrane -GAL as Cross-Reactive
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Il Crude cypress extract
+ NC sera

[J Crude cypress extract
+ patient’s sera
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Fig. 3. a ELISA detection of specific IgE to different cypress extracts.
Crude cypress extract and DEAE-cellulose fractions before (B-GAL
enriched) and after immunoprecipitation (B-GAL depleted) were
incubated with pooled sera of 15 cypress-sensitive patients and 15
control subjects (NC). The reaction was developed with an alkaline
phosphatase-conjugated anti-human IgE antibody (Sigma). Mean
optical densities (OD) £ SD of bound circulating IgE are reported.
b ELISA cross-inhibition with cypress or Olea-derived B-GAL. Vari-
able amounts of cypress-derived peak II extract were preincubated
with pooled Olea-sensitive sera (n = 5), whereas Olea-derived B-GAL
was preincubated with pooled cypress-sensitive sera (n = 15), all
diluted 1:2.5 in PBS-Tween 1%. Human serum albumin served as
control. Mean optical densities £ SD of bound circulating IgE to
specific allergen after cross-adsorption are reported.

Among other enzyme sources employed, only F. vulgaris-
derived B-GAL demonstrated a minimal cutaneous wheal
reaction in tree-sensitive subjects, which however did not
significantly differ from that of controls. E. coli- and
bovine-derived enzymes always gave negative results.

Discussion

In the present study we identified unexpectedly high
levels of B-GAL activity in crude extracts of pollens from
C. arizonica, C. sempervirens and O. europea species. -
GAL was partially purified with ammonium sulfate pre-
cipitation and DEAE-cellulose chromatography. Interest-
ingly, it possessed some typical allergenic properties: the
ability to bind circulating specific IgE, in vitro induction
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Fig. 4. Functional characteristics of B-GAL-specific T cells. a 3H-
thymidine incorporation (mean cpm * SD) of T cell lines derived
from 4 different cypress-sensitive subjects. Autologous irradiated
non-T cells were employed as APC. All experiments were performed
with active enzyme, heat-inactivated cypress-derived -GAL or teta-
nus toxoid as control antigen. A 5- to 10-fold increase (above the
basal values) in mean cpm after stimulation with cypress-derived
enriched B-GAL was considered a reliable index of antigen specificity
of responding cells. b In vitro proliferative response of six representa-
tive CD4+ T cell clones to B-GAL from E. coli, F. vulgaris, bovine

liver, C. arizonica and O. europea extracts. ¢ A representative ThO
cytokine secretion pattern of a CD4+ T cell clone, as evidenced by
intracellular staining with FITC-conjugated mAb directed toward
human IL-4, IL-5 and IFN-y. d Net cytokine production pattern of
all 18 (B-GAL cross-reactive) CD4+ T cell clones. Supernatants were
collected after 36 h of antigen stimulation and assayed for IL-4 and
IFN-y production. Net values (pg/ml) are calculated by subtracting
cytokine levels derived from samples with APC alone plus antigen
from those containing also B-GAL-specific T cells.

Table 3. Cutaneous skin prick tests with

. Enzyme source Cypress allergic Olive allergic Control atopic Normal controls
enriched B-GAL g (I}ngatients)g 5 patients% 20 patientsr)) (15 patients)
C. arizonica 15.3+3.1%* 9.1+2.5* 3715 2.9+0.6
O. europea 8.4+ 1.6% 14.8 4. 1** 2.9+0.8 3.1£1.1
F. vulgaris 54+2.4 62+2.8 3.0£1.8 2.2+09
E. coli 3.5+£1.6 2.7+£0.8 34+1.2 32+1.1
Bovine liver 2.8+£0.9 2.9+0.6 3114 2.5+0.5

Tree-allergic subjects (n = 20) were considered as monosensitive on the basis of the con-
cordance of clinical symptoms with pollen calendars in our county. Values represent (in mm
+ SD) mean diameters of cutaneous horizontal and vertical wheal and flare reactions. * p <
0.05; ** p < 0.005 with respect to controls.
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of B-GAL-specific T cell clones from allergic subjects, and
full IgE cross-reactivity. These properties were not ob-
served in purified enzymes from other vegetal or mamma-
lian species. In addition, in vivo skin prick testing demon-
strated that only pollen-derived B-GAL induced wheal
and flare reactions in sensitized subjects.

B-GAL (EC 3.2.1.23) catalyzes the hydrolysis of termi-
nal B-galactoside linkage in ganglioside GM1, other car-
bohydrate-containing compounds such as glycolipids, gly-
coproteins and glycosaminoglycans, and several artificial
substrates. Lysosomal -GAL has been purified to appar-
ent homogeneity from different sources and species [32].
In mammalian tissues most of the active enzyme is
present in a high-molecular-weight aggregate, and only a
small fraction is found as 64-kDa monomer polypeptide.

In pollen-derived B-GAL from both cypress and olive
trees, the IgE-binding site is the 46-kDa peptide, which
seems to posses cross-reactive properties. It could be
immunoprecipitated by sera of sensitive subjects. Cy-
press-derived B-GAL showed an additional 50-kDa frac-
tion that is not recognized by specific IgE of sensitive sub-
jects, but can be coimmunoprecipitated together with the
46-kDa peptide. Therefore, it seems advisable to assume
that these two fractions functionally aggregate in vivo in
an higher molecular enzyme complex.

B-GAL has been isolated and cloned from apple and
tomato where its surface location at the onset of ripening
determined its definition as exo-(1—4)-B-D-galactanase.
In a recent classification, class II-IV B-glucanases are
extracellular acidic proteins without the C-terminal glyco-
sylated extension, which are related to developmental and
physiological processes in healthy plants [33]. In particu-
lar, the tomato-derived enzyme has the most active frac-
tion within a protein band at 75 kDa on SDS-PAGE [34],
whereas the apple-derived B-GAL shows many active
fractions in the polypeptides of 32, 44 and 78.5 kDa [35].
Recently, Ole e 9 allergen from O. europea pollen has been
shown to possess B-1,3-glucanase activity with a molecu-
lar mass of 46.4 kDa [36]. Further examples of B-GAL
activity are those described in Brassica [37] and tobacco
[38] pollens, in which the enzyme seems to be involved in
pollen tube growth and/or fertilization.

Several other enzyme activities in pollen extracts from
Taxodiaceae and Cupressaceae have been described.
However, they were assumed on the basis of homology
between cloned peptide fragments from the pollen extract
and some pectate lyase and polymethylgalacturonase
isoenzymes secreted by plant pathogenic bacteria [39].
Their role in inducing pollen allergy is only suspected for
Jun a 1 [40], the major allergen from Juniperus ashei and

Membrane -GAL as Cross-Reactive
Allergen in Mediterranean Tree Pollens

for Cup a 1[41], a 37-kDa protein from C. arizonica, both
with pectate lyase activity. Moreover, the 43-kDa fraction
of Platanus acerifolia has been identified to possess poly-
galacturonase activity and some cross-reactivity with Cu-
pressaceae pollen allergens [42]. Although only few exper-
iments have been designed to directly investigate the
allergenic potential of a previously purified glycohydro-
lase protein from tree pollens, it could be noted that this
class of hydrolytic enzymes is particularly expressed both
in plant pollens and foods, with which they share signifi-
cant homology in amino-acidic sequences [42]. Thus, the
coexistence of different enzymatic activities (e.g. pectate
lyase, polymethylgalacturonase and glycohydrolase) at the
surface of pollen grains from Mediterranean trees would
influence their recognition and processing as allergens,
given that mucosal surfaces are the primary sites of pollen
exposure.

Our study confirmed that the enzyme protein complex
was localized on the surface of cell wall, as in other pollens
[32], fruits and vegetables. Furthermore, pollen-derived
polypeptides from enriched B-GAL which bind circulat-
ing IgE from allergic subjects seem to be similar to active
peptides from apple- or from tomato-derived B-GAL.
Since this glycoprotein has a broad spectrum of activity
stimulating the hydrolyses of glycolipids, regardless of gly-
cosphingolipids or nonceramide glycolipids [43], the en-
zyme activity may facilitate the cell wall rupture during
the pollens’ reproductive season and penetration into mu-
cosal epithelial barriers. Once penetrated, the pollen
membrane with the active enzyme, as well as other pro-
tein, glycoprotein or lipid complexes interact with muco-
sal APC, thus initiating the local allergic immune re-
sponse. Indirect evidence for this mechanism is the in
vitro generation of B-GAL-specific T cell lines and clones
after an immunization protocol adopting autologous den-
dritic cells as APC. Cross-reactivity of most T cell clones
to enriched cypress- and olive-derived enzyme seems to
be specific, since it was not observed with other vegetal or
mammalian enzymes. Moreover, most reactive clones
display the CD4+ phenotype with a ThO subtype pattern
of cytokine production, which is common to several aller-
gen-specific T cell clones [44].

The fact that one of the major allergens in Mediterra-
nean tree pollens is an enzyme may also explain the loss of
biological activity [30, 45] in starved pollen grains, a find-
ing we previously described for commercial cypress vac-
cine preparations [46]. This may have profound clinical
implications in the management of the allergic patient.
Most if not all pharmaceutical companies are supplied
with pollen extracts collected, and probably stored for a
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long time, by foreign manufacturers. Then, simplified
extractive procedures for cost-restraining policies togeth-
er with long-term storage of pollens may affect their bio-
logical characteristics, thus compromising their diagnos-
tic accuracy and, perhaps, therapeutic efficacy.

Finally, the ubiquity of enzymes with hydrolase activi-
ty in higher plants suggests they could be panallergens that
induce cross-reactivity between different vegetable
sources (especially between pollens and fruits). They
could be distinct from pathogenesis-related proteins [47],
which are usually triggered by environmental factors.
Cross-reactivity among whole olive pollen extracts and
those from unrelated pollens, such as cypress, has been
described [20]. Our results indicate that the B-GAL en-
zyme purified from both pollens contains proteic subunits
that share common IgE-binding epitopes. However, be-
cause of the different isoenzymatic pattern, cross-reactivi-
ty did not always indicate coexisting clinical sensitization.
In fact, although all subjects were positive to cutaneous
skin prick tests with purified B-GAL obtained from both
pollen sources, only one third reported defined seasonal
respiratory symptoms (15/30 in winter and 5/30 in spring)

presumably related to only one plant-related clinical aller-
gy. On the other hand, not all the cypress-specific T cell
clones we tested in vitro cross-reacted with olive-derived
B-GAL. Thus, the antigenic properties of diverse isoen-
zymes could substantially differ in their ability to either
stimulate T cell reactivity or to bind specific IgE. Purified
enzyme functions as complete antigen in stimulating the
in vitro reactivity of T cell lines and clones. However,
while the IgE reactivity is apparently restricted to the
46-kDa fraction in both cypress and olive extracts, an IgE
unreactive 50-kDa fraction could be coimmunoprecipi-
tated in B-GAL preparations from cypress pollen. This
would suggest that conformational characteristics of un-
denatured cypress antigen may drive different humoral
and cellular immune responses. Indeed, as opposed to
that observed in circulating IgE reactivity, T cell clones
generated from cypress-sensitive subjects were not fully
cross-reactive against Olea-derived B-GAL. For these rea-
sons, studies on the N-terminal sequence of pollen-
derived B-GAL and cloning of the T cell receptor of
B-GAL-specific T cells are now in progress in our
laboratory.
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