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Abstract: Art v 1 isthe major alergen of mugwort (Artemisia vulgaris) pollen,
asignificant cause of hay fever all over Europe. Specific immunotherapy isthe
only treatment modality for alergic disease. Application of modified allergens
makes the treatment safer and more efficient. In this work, two out of three (ci-
traconic anhydride, cis-aconitic anhydride, 2,3-dimethylmaleic anhydride) test-
ed anhydrides were proven to be suitable for chemical modifications of aller-
gens. Art v 1 was modified by cis-aconitylation and citraconylation in order to
obtain derivatives of Art v 1 that may be suitable for further immunological test-
ing. Acylation of Art v 1 gave derivatives (cagArt v 1 and citArt v 1) with about
80 % modified amino groups. The derivatives were in the monomeric form and
had dramatically reduced pl values. Both derivatives were relatively stable at
neutral pH values, while the acyl groups undergo hydrolysis under acidic con-
ditions. Modification of alergens by cis-aconitylation and citraconylation could
be anew tool for obtaining alergoids.

Keywords: allergoid; mugwort pollen; Art v 1; chemical modification; allergen-
-specific immunotherapy.

INTRODUCTION

IgE-mediated allergy is a globa problem affecting more then 40 % of the
population in industrialized countries.1 In contrast to symptomatic treatments,
specific immunotherapy (SIT) is the only prophylactic desensitizing therapy for
allergy.23 SIT modifies cellular and humoral responses to alergens by driving
the immune response from the T helper 2 (Th 2) towards the T helper 1 (Th 1)
type and generating allergen-specific regulatory T cells that can suppress the
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responses of effector T cells, accompanied with an increase in allergen-specific
antibodies of the IgG class (blocking antibodies).# On the other hand, the poten-
tial for local and systemic reactions has forced improvements to the traditiona
use of allergen extracts. The main approaches involve the generation of hypoal-
lergenic derivatives, by chemical modification®6 or protein engineering of re-
combinant allergens,’:8 which are aimed at reducing potentially fatal reactions to
allergen administration during immunotherapy. On the other hand, atered aller-
gens have to retain their immunogenicity, i.e., recognition of the modified aller-
gen by T cells. Finally, it would be useful to have immunogens with an inherent
strong Th 1-skewing potential, which is usually obtained by the usage of an adju-
vant (e.g., amonophosphoryl lipid).°

Scavenger receptors (SR) expressed on antigen presenting cells (APC) bind a
variety of polyanionic ligands, thus delivering them into the endolysosomal path-
way.10 Many proteins are known to become SR ligands when chemically modi-
fied to enhance their negative charge by alteration of the e-amino groups of their
lysine residues with acetic or maleic anhydride.1! It was shown that maleylating
protein immunogens, so that they become SR ligands, leads to a more efficient
antigen presentation to T cell receptors and to a greater immunogenicity with a
dominantly Th 1 type of immune response.12.13 The main problem with usage of
modified immunogens is a reduced immunogenicity as consequence of affinity
loss of T cell receptors for the modified epitopes. Shakushiro et al.14 showed that
ovabumin (OVA) maodified to become more acidic by succinylation (Suc-OVA),
maleylation (Mal-OVA) or cis-aconitylation (Aco-OVA) was efficiently taken up
by dendritic cells (DC) via SR. Mal-OVA and Aco-OVA were efficiently cross-
-presented by DC, while cross-presentation of Suc-OV A was hardly observed. In
contrast to Mal-OV A and Aco-OV A, which are prone to deacylatation in lisoso-
mes, Suc-OVA is chemically stable under acidic conditions. As a consequence,
succinyl groups inhibit ubiquitin conjugation on the lysine residues, which is
important in proteasomal degradation,1® leading to the lack of recognition by T
cellsthrough T cell receptors (TCR).

Although a clear reduction in immunogenicity was observed for many aller-
goids,56 hitherto the approach of reversible modification of alergens with the
aim of preserving immunogenicity and recognition of T-cell receptors has not
been reported.

Mugwort (Artemisia vulgaris) pollen is an important cause of alergy in Eu-
rope. Ninety-five percent of patients with mugwort allergy are sensitized to Art v
1, the sole major allergen in mugwort pollen.16.17

The aim of this work was to modify chemically Art v 1 with new modifying
agents with specific features, i.e., the introduction of highly negative charges that
may enable them to react with scavenger receptors on antigen presenting cells
and their reversible modification that may improve their immunogenicity when
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compared to the traditionally used chemically modified allergens. In this study,
three new chemical agents were tested and the obtained allergoids were bioche-
mically characterized. Purified Art v 1 was modified by citraconic, cis-aconitic
and 2,3-dimethylmaleic anhydride. cis-Aconitylation and citraconylation of Art v
1 gave derivatives (caaArt v 1 and citArt v 1), with about 80 % modified amino
groups and dramatically reduced pl values, which could make them good can-
didate alergoids. The stability of the bond formed enables further animal testing
of these derivatives.

EXPERIMENTAL

Citraconic anhydride, cis-aconitic anhydride, 2,3-dimethylmaleic anhydride and 2,4,6-tri-
nitrobenzensulfonic acid (TNBS) were purchased from Sigma-Aldrich (Steinheim, Germany).
All other chemicals used in thiswork were of analytical grade.

Acylation of Artv 1

Art v 1 was isolated from pollen extract of Artemisia vulgaris and purified by ion-ex-
change HPLC.18 Art v 1 (1.5 mg/ml) in 4 % NaHCO; was treated with the bolus addition of
15 portions of cis-aconitic or dimethylmaleic or citraconic anhydride during 30 min with ex-
tensive mixing at 4 °C. The final anhydride concentration was 400 mM. After every bolus ad-
dition, the pH was adjusted to 9.0 with solid Na,CO5. The mixture was extensively dialyzed
against phosphate buffered saline (PBS) for 20 h at 4 °C. All samples were stored at —20 °C
until use.

Determination of the free amino groups

The free amino groups were determined using the TNBS method.1® The results are ex-
pressed as the means of three different determinations for modified Art v 1 as a percentage of
the number of amino groups determined for the native Art v 1 (expressed as 100 %).

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE), native PAGE and
isoelectric focusing (IEF)

Native and modified Art v 1 were analyzed by SDS PAGE (12 % polyacrylamide gels)
under reducing condition using the Laemmli method.2° Molecular weight standards were run
simultaneoudly. Native PAGE was redlized as for the SDS PAGE but under native conditions,
without the addition of SDS in the sample buffer and in the electrophoresis buffer. The protein
bands were stained with Coomassie Brilliant Blue R-250.

High-performance gel filtration liquid chromatography (HPLC)

Size exclusion HPLC was performed using an Akta HPLC system equipped with a Su-
perdex 75 PC 3.2/30 (3.2 mmx300 mm) column (Amersham Pharmacia Biotech, Sweden).
Before analysis, the samples were centrifuged (20 min, 12000 g) and 10 pl of the supernatant
was injected onto the column. The components were eluted with 50 mM Tris buffer pH 8.2
containing 0.2 M NaCl and 1 mM EDTA at aflow rate of 0.05 ml/min and detected at 215
and 280 nm.

Protein concentration determination

The protein concentrations of the native and modified proteins were determined spectro-
photometrically at 280 nm using an extinction coefficient 640 ml mg1 cmrl, calculated for Art
v 1 as described previously.18
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pH stability

The pH stability of the Art v 1 derivatives was estimated by determination of the free
amino groups remaining after exposure of the derivatives to PBS (pH 7.2), 100 mM acetate
buffer (pH 4.5) or 100 mM phosphate buffer (pH 2.0) at 37 °C for 1, 4 and 18 h. The results
are expressed as means of two different determinations for modified Art v 1 as a percentage of
the number of amino groups determined for the native Art v1 (expressed as 100 %).

RESULTS AND DISCUSSION

In present study, Art v 1 was modified by adding negative charges, which
should, in principle, facilitate SR-mediated uptake and presentation of this aller-
gen by APC and increase its immunogenicity. After treatment of Art v 1 with cis-
-aconitic and citraconic anhydrides, Art v 1 derivatives, caaArt v 1 and citArt v1,
respectively, were obtained with 80 % of the amino groups modified. In the 2,3-di-
methylmaleic anhydride-treated Art v 1, number of amino groups was similar to
that in unmodified Art v 1 (Tablel). As dimethylmaleyl groups easily hydrolyze
at neutral pH,2L it is supposed that Art v 1 was actually modified with 2,3-dime-
thylmaleic anhydride but that this derivative (dmaArt v 1) was hydrolyzed during
the 20 h diaysis against PBS. All derivatives were completely soluble over a
wide range of pH values (2.0-10).

TABLE |. Percent of remaining amino groups after Art v 1 treatment with citraconic, cis-aco-
nitic and 2,3-dimethylmaleic anhydride, estimated by the TNBS method

Derivative Amino groups, %
Artv1 100+2.7
CitArtv 1 23.1+1.8
casArtv 1 222415
dmaArtv 1 96.6+3.8

SDS PAGE demonstrated that caaArt v 1 and citArt v 1 were monomers with
molar masses virtually indiscernible from that of unmodified Art v 1 (Fig. 1a).
The size exclusion chromatograms (Fig. 2) show that, according to the retention
times of the derivatives, citArt v 1 (t, = 22.35 min) and cagArt v 1 (t, = 21.83 min)
had dightly increased molecular masses compared to unmodified Art v 1 (t, = =
23.69 min). Retention of the monomeric structure, with molar masses similar to
that of native Art v 1, as well as their complete solubility, makes these derivati-
ves promising candidates as immunogens for allergen immunotherapy.

The native PAGE results show that the derivatives were very acidic in con-
trast to native Art v 1 (pl around 8), which did not even enter into the running gel
(Fig 1b). caaArt v 1 was more acidic than cit Art v 1 because it has one carboxyl
group more per introduced acyl group. By IEF, it was observed that the pl value
of the derivatives was lower then 3.5 (results not shown). These results suggest
that these derivatives with a very high negative charge density could be good SR
ligands. Also with a so significantly altered structure, it is expected that the IgE
binding would be dramatically reduced.
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1

2
(b)
Fig. 1. @) SDS PAGE of unmodified Art v 1 (lane 1), caaArt v 1 (lane 2) and citArt v 1

(lanel); b) native PAGE.
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Fig. 2. Size exclusion chromatograms of native Art v 1 (panel A),
CitArt v 1 (panel B) and caaArt v 1 (panel C).

The pH stability test of the Art v 1 modifications showed that at physiolo-
gical pH (pH 7.4), the half life is 30 and 25 h for caaArt v 1 and citArt v 1, res-
pectively. At pH 4.5 (pH in the lysosoma compartment), the half-life of caaArt v
1 and citArt v 1 was 6 and 2 h, respectively. Finally, at pH 2.0, the half-life of
both derivatives was about 2 h (Fig. 3). The stability of the derivatives at pH 7.0
should enable their relatively long half-life in circulation. On the other hand, their
short half-life in an acidic environment, such as lysosomes during antigen proces-
sing, should enable these modified allergens to retain immunogenicity, i.e. to sti-
mulate allergen specific T cellsin asimilar manner to native alergens.

In order for a protein to act as a good SR-ligand, it must have a certain ne-
gative charge density. On the other hand, a too high level of acetylation or succi-

2009 Copyright (CC) SCS

@080

EW MG MO



364 STANIC et al.

nylation (which could provide this property) might decrease immunogenicity and
T cell recognition. In contrast, a high degree citraconylation and cis-aconitylation
generates two and three times greater negative charge density compared to ace-
tylation (and, consequently, giving much better ligands for SR). A further poten-
tial advantage of the studied chemical modifications is the expected hydrolysis of
acyl groups during antigen processing, which should alow the generation by an
APC of the same set of peptides as the native alergen. This could be especially
important because it was shown that T cell responseto Art v 1 is characterized by
one strong immunodominant epitope of 15 amino acids, containing up to three
lysine residues.?2
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CONCLUSIONS

In this work, the preparation of reversibly modified Art v 1, the major mug-
wort allergen, by treatment with citraconic, cis-aconitic anhydride and 2,3-dime-
thylmaleic anhydridesis described. Acylation of Art v 1 by treatment with citra-
conic and cis-aconitic anhydride gave highly negatively charged derivatives (caaArt
v 1 and citArt v 1). As 2,3-dimethylmaleyl derivative was hydrolyzed rapidly even
at neutral pH values, this derivative was too unstable to be studied further and
thereby was dismissed as a potential allergoid candidate. Additionally, the low
stahility of caaArt v 1 and citArt v 1 in an acidic environment would enable the
complete retention of the specificity of the unmodified alergen. Modification of
alergens by cis-aconitylation and citraconylation could be a new strategy for
safer and more efficient allergen-specific immunotherapy. The derivatives ob-
tained by citraconic and cis-aconitic anhydride treatment are suitable for further
immunological testing.

Acknowledgment. The work of the authors was supported by the Ministry of Science of
the Republic of Serbia (Grant No. 142020).

U3BOJ

XEMUJCKE MOIV®UKAITUIE Art v 1, TJTABHOT AJIEPTEHA Artemisia vulgaris,
CisAKOHUTHIIOBAKBEM U [IMTPAKOHUJIIOBALEM

JPATAHA CTAHI/ITll, JIMIUTA BYPA3EP2, MAPUIJA FABPOBI/ITl-JAHKyJ'[OBI/ITl?’,
PATKO M. JAHKOB® u TAIA RUPKOBW BEJTMUKOBUR®
1I/Ichﬁuu7yu7 3a xemujy, wiexnoaozujy u meitianypaujy — Llenitiap 3a xemujy, hezowesa 12, 11001 Beozpao,
2Uncmuimyim 3a suponozujy, eaxyune u cepyme — Topaax, Bojeode Citieiie 458, 11221 Beozpad u
SXemujcku paxyaitieims, Yuusepauitieii y beozpady, Citiydeniticku @ipz 16, 11001 Beozpad

Art v1 je rmaBHu anepred mojeHa upHor nenunaa (Artemisia vulgaris), 3HauajHOr y3pouHHKA
MOJICHCKE TPO3HUIle mupoM EBporne. AsnepreH-crenupuyHa MMyHOTEpaIija je 3a caia jeIuHu Je-
JIOTBOPaH HAYHWH 33 TPETUPAE allepruja, Mpu YeMy IprMeHa MOAU(UKOBAHHUX allepreHa YMHH OBa-
KaB TpeTMaH 6e30eAHHjUM M euKacHHjUM. Y OBOM pajny, JBa o TpH (aHXHApUA CiS-aKOHHTHE,
LUTPAKOHCKE U 2,3-AMMETUIMAICHHCKE KUCEIMHE) NCTUTHBAaHA aHXUPH/IA Cy Ce T0Ka3aa IOoro/-
HUM 3a xemujcke Moaudukanuje anepresa. Art vV 1 je moanpukoBan CiS-aKOHUTHIIOBAGEM U IIUT-
PaKkoOHWIIOBakEM Yy LHJbY JNoOWjama nepuBaTa Art V 1 morogHux 3a Jajbe UMYHOJIONIKE TECTOBE.
AnmnnoBamem Art v 1 nobujenu cy nepusatu (CagArt v 1 u citArt v 1) ca oxo 80 % usmoaunduko-
BaHHX aMHHO rpyna. JloOHjeH: 1eprBaTH Cy MOHOMEPHH, Ca MOJICKYJICKOM MacOM CIIMYHOM HaTHB-
HoM Art v 1, anu ca apamatuyHo cMameHHM Pl BpeaHoctiuMa. OGa nepuBarta Cy peslaTHBHO CTa-
OWiIHa y HEYyTPaJHOj, AOK C€ Y KHCEI0j CPEOUHHU alluil rpyne Xuapoinsyjy. Moaudukammja anep-
reHa CiS-akOHMTHIIOBAKkEM M IUTPAKOHMIIOBAEM MOXKE OUTH HOBH Ha4yMH 32 J0OHjare alleproua.

(ITpumsbeno 19. centem6Gpa, peuaupano 6. HoemOpa 2008)
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