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Introduction

Carbohydrate structures are often regarded as antigens
that elicit isotype-restricted antibody responses: in humans
predominantly T-cell-independent IgM and IgG2 responses

U-3]. Polysaccharides that are not attached to peptide struc-
tures will usually be incapable of inducing the antigen-spe-
cific T:cell responses that are necessary for switching B
cells to isotypes like IgE and IgGa. Glycoproteins, in which
relatively small carbohydrate groups are linked to immuno-
genic peptide structures, could, however, provide T-cell help
for class switching of carbohydrate-specific IgM-bearing B
cells.

For IgE antibodies, recognition of carbohydrate epitopes
was demonstrated earlier [4]. For IgGo antibodies it was
suggested that there is a restriction to peptide epitopes. For
example, in contrast to the strong IgGo responses observed
in parasite-infected patients in general, phosphocholine-

Abstract
From a group of 92 patients receiving grasspollen immunotherapy, and selected
on grounds of high IgGo titers against Lol p I, sera were tested for IgGa antibodies
against the glycosylated grass pollen allergen Lol p XI. In 72 of 92 cases IgGo
antibodies were demonstrated. The N-glycanof Lol pXlwas earlier shown to be
an epitope for IgE antibodies. In the present sfudy it was demonstrated that the
carbohydrate structure is also recognized by IgGa antibodies, illustrating that
IgGa responses are not immuno-restricted to peptide epitopes, as was suggested
in several reports.

containing polysaccharides from filarial parasites or
group-A carbohydrate from Streptococcus pyogenes weîe
shown to lack the capacity to induce IgGo antibodies in
these patients [3]. These carbohydrate structures, howeveg
belong to the T:cell-independent antigens. These observa-
tions should not be generalized to all carbohydrate epitopes,
especially those on T:cell-dependent antigens. In this study
we investigated whether anti-carbohydrate IgGo could be
demonstrated in sera from grass pollen-allergic patients un-
dergoing immunotherapy. After prolonged allergen immu-
notherapy, predominantly IgG antibodies of the IgGa sub-
class are induced t5]. Grass pollen extracts used in this treat-
ment contain several T:cell-dependent glycosylated
antigens. We recently purified and characterized one of
these antigens, the major allergen Lol p XI [6]. This allergen
contains an lgE-binding carbohydrate determinant. This
was demonstrated bythe finding that IgE binding was hard-
ly affected by protease-digestion (proteinase K) of the al-
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lergen, but almost completely disappeared after chemical
deglycosylation (trifluoromethanesulfonic acid, TFMS).
Lolp XI was used as a model glycoprotein to investigate
whether carbohydrate-specific IgGo antibodies are induced
during immunotherapy.

Materials and Methods

Grass pollen allergen, Lolium perenne ponen was purchased from
Diephuis Laboratories (Groningen, The Netherlands). pollen extract
was made as described elsewhere [7]. The major allergenLo/p XI was
purified from the extract by means of monoclonal antibody affinity
purification and gelfiltration, as previously reported [6]. Radiolabel-
ing with t2tl or Lol p xI (20 pg) was performed by the chloramine T
method.

L. perenne extract was protease digested with proteinase K (Boehr-
inger Mannheim, Germany). Deglycosylation was performed with
TFMS. Both procedures are described elsewhere [6]. The efficiency
and specificity of these treatments were monitored with monoclonal
antibodies directed to carbohydrate determinants and directed to pep-
tide epitopes [6]. It was shown that the protease digestion resulted in a
more than 1,000-fold enrichment for carbohydrate determinants
(>95% recovery), whereas the TFMS treatment gave a similar shift in
favor of peptide epitopes (also with >95% recovery).

Protease digested L. perenne extract, originating from 5 mg lyo-
philized extract, was coupled to I g cNBr-activated Sepharose (phar-
macia, Uppsala, Sweden) for application in an lgGa-binding assay.

All sera were from grass pollen-allergic patients receiving immu-
notherapy. A selection was made from hundreds of sera submitted for
routine diagnostic allergy tests, on grounds of a high IgG. titer against
Lol pl(>|}%binding with 1.25 pl serum in an allergen-binding assay
with 125-labeled Lol pl).

The radio-allergosorbent test (RAST) was performed as described
earlier [4]. In short, Sepharose-coupled proteinase K-treated L.pe-
renne extract (0.5 mg/test) was incubated overnight with 1.25 pl serum
in a final volume of 300 pl phosphate-buffered salinel}.3o/obovine se-
rum albumin/O.|% Tween 20 (PBS-AT). After washing, bound anti-
bodies were detected with '25l-labeled mouse monoclonal anti-human
IgGa (cLB: MH 164-l). Results are expressed as percent binding of
total counts added, results of <20/o were regarded as negative.

IgGa antibodies ̂against Lol p XI were measured in an allergen-
binding assay withtzsl-Lol p xr. Sepharose-coupled monoclonal anti-
human IgGa (0.5 mgltest) was incubated with 1.25 trtlserum and 50 pl'25l-labeled Lol pxr(20,000 cpm) in a final volume of 350 prl pBS-AT.
Results are expressed as percent binding of total counts added (<l%
was regarded negative). In a competitive RIA serum was pre-incubat-
ed for 2 h with 50 pl z. perenne extract (treated or untreated). Results
are expressed as percent inhibition compared to an uninhibited value
(PBS-AT added instead of inhibitor).

100

1 3 1 0 3 0 1 0 0
Lot p Xt (% bound 125t-Lot p xty

Fig.1. Anti-Lol p XI and anti-carbohydrate IgGa responses. IgGo
antibodies against Lol pXl and against L. perenne-derived sugar
groups were measured, the former in an allergen-binding assay
with r2sl-labeled Lolpxr, the latter in a RAST wiih Sepharose-cou-
pled proteinase K-digested Z. perenne extract. Results are shown for
all sera with IgGa against Lol pXl (n: 82), and are expressed in per-
cent binding of total counts added 1r2sl-labeled Lot pxr orr2sl-labeled
monoclonal anti-humail IgGa).

Results

In an allergen-binding RIA with r25l-labele d Lot p XI, g3
of 92 sera (> 90"/ù with high IgGo titers against Lot p I dem-
onstrated specific IgGo antibodies against LotpXI (>I%
binding with 1.25 pl serum). The mean percent binding of
the positive sera was 13.7+13% (SE). In a binding assay
with Sepharose-coupled proteinase K-digested L. perenne
extract, specific IgGo against carbohydrate determinants
was demonstrated in75 of 82 Lol p Xl-reactive sera (fig. l.).

Fifteen sera with IgGo antibodies against Lol p XI were
tested in a competitive RIA with r25l-labeled LolpXI and
treated (proteinase K and TFMS) and untreated pollen ex-
tract as inhibitor. For all sera > 98% inhibition was found
with untreated pollen extract. In most cases the binding was
only partially inhibited by the treated extracts. For all sera,
the percentage inhibition, reached with protease-digested
extract, plus the percentage inhibition, reached with TFMS-
treated extract, added up to >95%inhibition. This is shown
for 5 sera in table 1. This complementary effect was further
confirmed for 6 sera by adding both TFMS-treated extract
and proteinase K-treated extract simultaneously. Again, in-
hibition was > 95%.
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Untreated
TFMS
Proteinase K
TFMS+proteinase K

Table 1. Relative importance of carbohydrate and peptide deter-
minants for IgGa anti-Lol pXI

Inhibitor Serum
No. 14 No. l7 No.49 No. 7l No. 89

Discussion

In this study it was shown that IgGa antibodies reactive
with Lol p XI are found in the majority of grass pollen im-
munotherapy patients with high IgGo titers against Lol pI.
Responses to both allergens were not correlated, as was
judged by a Spearrnan rank correlation (R:0.09; p:0.4).
In inhibition assays, the IgGo response was shown to be di-
rected to both the peptide backbone of Lol p XI and its car-
bohydrate group. By means of Sepharose-coupled carbohy-
drate determinants, derived from total pollen extract, it was
demonstrated that 7 5 of 82 sera with IgGo antibodies against
Lol p XI had anti-carbohydrate IgGo.These findings do not
support the hypotheses that IgGa responses are restricted to
peptide-derived epitopes, as was suggested in several stud-
ies [-3]. Carbohydrate epitopes presented to the immune
system in the context of T:cell-dependent antigens aîe capa-
ble of inducing IgGo antibodies with anti-sugar specificity,
as was already known for IgE antibodies [4].
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In a competitive RIA witht2sl-Lol pXI, it is shown that inhibition
of IgGa binding with Lol p extract can be explained by a combination
of carbohydrate and peptide determinants. Results are given as per-
centages inhibition. Some sera have IgGa anti-Iol pXl that is predom-
inantly anti-peptide (No. 14,89, and especially 7l), others have IgGa
that is more anti-carbohydrate (No. 17 and49). The last row illustrates
that inhibition with a mixture of TFMS and proteinase K-treated pol-
len extract adds up to complete inhibition, as is the case with untreated
extracts.
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