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The use of allergoids for allergen-specific immunotherapy has been established for many years. The characteristic features of these
chemically modified allergens are their strongly reduced IgE binding activity compared with the native form and the retained
immunogenicity. T cell reactivity of chemically modified allergens is documented in animals, but in humans indirect evidence of
reactivity has been concluded from the induction of allergen-specific IgG during immunotherapy. Direct evidence of T cell
reactivity was obtained recently using isolated human T cells. To obtain further insight into the mechanism of action of allergoids,
we compared the Ag-presenting capacity of different APC types, including DC and macrophages, generated from CD'14re-
cursor cells from the blood of grass pollen allergic subjects, autologous PBMC, and B cells. These APC were used in experiments
together with Phl p 5-specific T cell clones under stimulation with grass pollen allergen extract, rPhl p 5b, and the respective
allergoids. Using DC and macrophages, allergoids exhibited a pronounced and reproducible T cell-stimulating capacity. Responses
were superior to those with PBMC, and isolated B cells failed to present allergoids. Considerable IL-12 production was observed
only when using the DC for Ag presentation of both allergens and allergoids. The amount of IL-10 in supernatants was dependent
on the phenotype of the respective T cell clone. High IL-10 production was associated with suppressed IL-12 production from the
DC in most cases. In conclusion, the reactivity of Th cells with allergoids is dependent on the type of the APCThe Journal of
Immunology, 2000, 165: 1807-1815.

munotherapy for several years (1, 2). Their characteristictologous PBMC for Ag presentation was attributed to the reduced
feature is minimal IgE-binding activity but retained im- IgE reactivity (14), because a high proportion of these cells (e.qg.,
munogenicity, documented in both animals and humans (3—-10)B cells) use Ig or Fc receptors for Ag recognition and uptake
Few data are available that directly show the T cell-stimulating(15-18).
capacity of allergoids. Most studies concluded from the observa- PBMC are not the target APC for specific immunotherapy via
tion of the induction of allergen- as well as allergoid-specific Igs S-C- injections. In the skin the most potent APC are DC, which are

that allergoids are immunogenic (1-3, 5, 6, 11, 12) because thgssentially important for the initiation of primary T cell-mediated
synthesis of IgGs a T cell-controlled process. A shift of the cy- IMMmune responses to foreign Ags (19). These DC are considered

tokine profile toward Th1 during treatment with an OVA allergoid it:n;nlatur?r DC;I Wti_th al stt.rong Ag—g?ptuzri)ng Z?td p;ocess;inl? atl;]ility,
was shown in mice (4). In humans effective allergoid therapy was ut low T cell-stimulating capacity (20). After Ag uptake they

. S . L migrate under the influence of inflammatory agents via afferent
evident by significant reduction of the IL-5 production in nasal lymph or blood to secondary lymphoid organs. During this migra-
sec_retlons .accompanled by '”Cre"’.‘sed.wmd“_q"’” (13), indi- tion they develop into mature DC, which have lost the ability to
cating the mvolvement of T cells in this bene_flc_lal effect. capture Ag, but have acquired increased capacity to stimulate T
_Ina previous study we showed that the majority of Phl p 5-Spe<q)15 (20). DC derived from separated blood monocytes and cul-
cific T cell clones were stimulated by the allergoid when usingyred under the influence of GM-CSF and IL-4 possess the phe-
autologous irradiated PBMC for Ag presentation, although in comyygtyne and functional characteristics of immature dendritic cells
parison with the native allergen the magnitude of proliferation was(21, 22). Another potent APC population in nonlymphoid tissues is
often lower (14). When comparing autologous PBMC with culti- the macrophages, which are also very effective for priming naive
vated DC for Ag presentation, a considerable increase in the prof cells (23, 24).
liferation could be observed with both allergen and allergoid, and Several methods have been described recently for the generation
the magnitude of proliferation varied with the individual T cell of DC from progenitors in human blood under cultivation with
GM-CSF and IL-4 (25-28). The generation of macrophages from
hemopoietic progenitors requires different culture conditions, such
as growing on hydrophobic Teflon membranes (29) with or with-
out the presence of cytokines such as GM-CSF or M-CSF (30-32).
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performed by different kinds of APC, including irradiated autolo-
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A llergoids have been established for allergen-specific im-clone (TCC¥ (14). The reduced reactivity of allergoids with au-
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In view of the fact that IL-12 is known to be involved in the to the method described by Jonuleit et al. (41) using TNEO ng/ml),
induction of Th1 responses (24, 33, 34) and that DC argldve  IL-6 (10 ng/ml), IL-18 (10 ng/ml), and PGE(1 pg/ml).
the principal sources of this cytokine, we looked for IL-12 pro- Generation of Mp
duction in the supernatants of the stimulated TCC and APC. IL-10

concentrations were also measured, since this cytokine is reco Numerous culture conditions for the generation abfifom CD14 blood
’ vt ) gnonocytes are described in the literature; therefore, several different media

nized to counteract IL-12 production (35-37) and is produced inyere tested in preliminary trials. Basic medium was either Ultraculture
progressively larger amounts by T cells of the peripheral bloodBiowhittaker) or IMDM (Life Technologies). The medium was used ei-
from patients during the course of specific immunotherapy withther with or without the cytokines and serum or with the addition of GM-
bee venom (38). CSF or M-CSF and 2% AB-Serum (Sigma) or 10% FCS (Life Technolo-
. . gies). The medium leading to the highest yield of viable cells with-Me
. Our res.u.lts demongtrate t.hat the gr_ass.pollen. allergoids retain g’roperties was Ultraculture medium supplemented with 2 mM Glutamax |,
high specific T cell-stimulating capacity, in particular when they antibiotic-antimycotic solution, and 26M mercaptoethanol, as described
are presented by professional APC such as DC @t Whus, al-  above, with addition of 2% AB serum and 30 ng/ml M-CSF. CDbélls
lergoids appear well suited for allergen specific immunotherap)ﬂs X 10°) were seeded in a total volume of 1 mlin a 24-well culture plate

; o ; : for suspension cultures (Greiner, Frickenhausen, Germany). Every second
through their ability to target T cells, but without provoking all the or third day half of the medium was removed and substituted with fresh

side effects mediated by IgE reactivity. medium, adding M-CSF on days 3 and 5. After 7-10 days of culture the
cells were harvested and used as APC for autologous TCC in proliferation
assays. An aliquot of the cells was prepared for characterization by FACS
analysis. Activated M were obtained by adding 10 ng/ml IFfor the
Materials and Methods last 24 h of cultivation.

Media and reagents Proliferation assay

A commercially produced grass pollen extract (Allergopharma, Reinbek gy the proliferation assay the cells of a TCC were seeded>ati®* T
Germany), derived from pollen frorRhleum pratenselolium perenng  cejisiwell of a 96-well culture plate in triplicate with the Ags in optimal
Holcu_s lanatusDactylis glomerataPoa pratensisandFestuca pratensis  stimylation doses (100 PNU/mI of grass pollen allergen and allergoid, 10
supplied by Allergon (Engelholm, Sweden), was used. The production proy, of phi p 5/ml). The different autologous APC were used in the follow-
cedure involved the extraction in Coca'’s solution (5 g of NaCl and 2.5 g Ofing amounts per well: 5 10% irradiated (30 Gy) PBMC, 5< 10° DC or
NaHCQy/L) at 4°C for 16 h, centrifugation, diafiltratioM, cutoff, 5 kDa), Md, and 5x 10° B cells. These numbers of APC were found to be optimal
and lyophilization. Allergoids were produced from molecular characterized,, the stimulation of 2x 10° T cells/well. After 48 h in the incubator
and standardized extracts by treatment with formaldehyde according to th 7°C, humidified atmosphere, 5% 00 ul of supernatant was re-
method describ(_ad by Mar_sh et al. (7). The source of Phl p 5 and rPhl p 5§oved, and equal superl;atants wefgeotoolléd and ?rozeﬂZﬁfC until
had been described previously (14, 39). assayed for cytokines. Immediately after removal of half the medium it was
For the cultivation of DC and i the cytokines GM-CSF, IL-4, TNk, supplemented with fresh medium anduCi [*H]thymidine (Amersham-
IL-6, IL-1B, and IFN+y were obtained from BioSource (Ratingen, Germa- pparmacia, Braunschweig, Germany)/well and further incubated for 16 h.
ny), M-CSF was obtained from R&D Systems (Wiesbaden-Nordenstadice|is were then harvested on Microbeta filter mats with a 96-well cell
Germany), IL-2 from Strathmann Biotech (Hannover, Germany), andpanester (Wallac ADL, Freiburg, Germany) and prepared for measure-
PGE, from Sigma (Deisenhofen, Germany). ment in a Microbeta scintillation counter (Wallac ADL) as described
previously (14).

T cell clones Cytokine measurement

The generation of Phl p 5-specific T cell clones from grass pollen allergicThe cytokines IL-12 (p40 and p70) and in some cases IL-12p70 and IL-10

individuals was performed as previously described (14, 40). were determined in culture supernatants of stimulated TCC/APC using
. . Cytoscreen ELISA kits (BioSource, Ratingen, Germany) according to the

Isolation of CD14- and CD19-positive cells instructions of the manufacturer. The supernatants were obtained after a

Isolation of PBMC from the blood of the respective allergic donor was 48-h incubation period.

performed with Lymphoprep medium (density, 1.077; Life Technologies, FACS analysis
Eggenstein, Germany) in Leucosep tubes (Greiner, Frickenhausen, Ger-
many) according to the instructions of the manufacturers. Cell surface marker expression of the cultivated cells was evaluated by
CD14" cells were obtained by magnetic cell sorting using positive se-double-immunofluorescence staining using the following FITC- or PE-la-
lection with CD14-MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Ger- beled mAbs for FACS analysis: CD14 (clone M5E2), CD16 (3G8), CD86
many) and MiniMACS Separation Columns type MS (Miltenyi Biotec). (2331 FUN-1), and CD11c (B-ly6) from PharMingen (Hamburg, Germa-
The separation of the CDZ14cells was performed in MACS buffer con- ny); CD80 (MAB104), CD-83 (HB15A), and HLA-DR (Immu357) from
sisting of PBS, pH 7.2, supplemented with 0.5% BSA fraction V (Merck, Coulter-immunotech (Hamburg, Germany); and CD 123 (9F5) from Bec-
Darmstadt, Germany) and 2 mM EDTA according to the instructions of theton Dickinson (Heidelberg, Germany). Thmlabeled mAbs Max | and
manufacturer. The effluent was collected for subsequent separation of Blax Il (42) were supplied by Prof. R. Andreesen (University of
cells with CD19-MicroBeads (Miltenyi Biotec). These isolation procedures Regensburg, Regensbu@ermany). Isotype controls were IgG1 (107.3),

generally yielded>90% pure monocytes or B cells, respectively. IgG2a (G155-178), and 1gG2b (27-35) obtained from PharMingen. For
. secondary isotype control we used a mouse mAb 2F9 of the IgG1 isotype
Generation of DC with specificity for Pa o 1 (43) and FITC-labeled goat-anti-mouse IgG1

CD14" cells were cultivated under serum-free conditions in Ultraculture (Coulter-immunotech). . . .
Medium (BioWhittaker, Verviers, Belgium) supplemented with 2 mM Glu- FACS analysis was performed with a FACScalibur (Becton Dickinson,

tamax | (Life Technologies), antibiotic-antimycotic solution (Sigma), and Heidelberg, Germany). Marker expression was evaluated as the percentage
20 uM mercaptoethanol (Life Technologies) together with IL-4 (200 ng/ ©f Positive cells among DC or M defined by forward/side scatter
well) and GM-CSF (60 ng/well). CD4cells (3% 10F) were seeded ina  characteristics.

total volume of 1 ml in a 24-well culture plate (Nunc, Wiesbaden, Ger- gatistics

many). Every second day half of the medium was removed and substituted

with fresh medium containing both cytokines in equal amounts, as defor statistical evaluation the Wilcoxon signed rank test (software: Jandel
scribed above. After 7-10 days of culture the cells were harvested and usegigmaStat, version 2.0; Jandel, San Ramon, CA) was used to compare the
as APC for autologous TCC in proliferation assays, an aliquot of the cellsstimulation indexes obtained with different batches of grass pollen extracts
was prepared for characterization by FACS analysis. These cells were comand allergoids for a single T cell clone and autologous DC from identical
sidered immature DC. To confirm that the cultivated cells were of the DCcultivation batches. The Wilcoxon signed rank test was further used for
phenotype, maturation was induced by incubating the immature DC afteevaluation of the stimulation indexes obtained with allergen and allergoid
day 7 for an additional 3 days in a cocktail of different cytokines accordingusing a panel of T cell clones and DC ordMas APC, respectively.



The Journal of Immunology 1809

Table I. Flow cytometric analysis of monocyte derived immature DC, mature DC, and nonactivated and
activated Mp?

APC

Marker DCimm DChat Mo Mdact
CD 11c 93+ 5 93+ 3 95+5 95+ 6
CD 14 10+ 10 12+ 12 92+ 15 92+ 10
CD 16 3+ 10 4+ 8 47+ 29 32+ 19
CD 64 2+ 3 4+5 46+ 23 91+ 6
CD 80 9+ 12 39+ 25 2+4 5+6
CD 83 0 41+ 20 0 0
CD 86 51+ 18 84+ 11 36+ 28 55+ 20
CD 123 24+ 16 66+ 18 2+3 0
HLA-DR 77 =20 83+ 10 75+ 18 90= 5
Max 1 41+ 28 35+ 29 67+ 28 67+ 29
Max 3 13+ 10 20+ 22 68+ 27 71+ 19

2 Results are expressed as the measD of at least 10 experiments with cells from different subjects.

Results DC are highly effective APC for allergoid presentation

Characterization of cultured DC and #by FACS analysis to T cells

During the culture process towarddvthe CD14" cells increased ~ When comparing DC with autologous PBMC in terms of their
in size. They grew nonadherant due to the hydrophobic cultur&€@Pacities to present allergen- or allergoid-derived peptides to Phl
wells. The yield of cells for the generation ofdivas generally P S-specific TCC, proliferation was markedly higher when using
higher compared with the generation of DC. DC grew nonadheranPC: especially with the allergoid (14). A panel of 22 Phl p 5-re-
in small clusters and exhibited a veiled and dendritic morphology2Ctive TCC derived from seven different allergic patients was stim-
(observations from light microscopy; data not shown). DC aril M ulated with grass p_ollen extra_ct_and allergoid and with rPhl p 5b
were characterized by specific surface markers, as determined nd the corresponding allergoid in the presence of DC as APC. The
FACS analysis (Table ). The estimation of the percentage of postesulting median values of the whole panel are shown in Table Il.
itive cells is based on at least 10 experiments. Due to their specificity, some clones showed a higher response
As expected for immature DC the expression of the mono-With the whole grass pollen preparations, other clones showed a
cyte/M¢ marker CD14 was down-regulated, whereas it was foundhigher response with the Phl p 5b isoform used. The degree of
in large quantity on Np. Furthermore, these QG,, lacked CD83  reactivity with allergoid compared with the native allergen also
expression, the typical marker for mature DC that was up_reguyaried with the SpeCIfICIIy of the TCC, but all TCC inVeStigated
lated when maturation of the DC was induced by the incubatiorshowed pronounced reactivity with the two kinds of allergoid
with the cytokine cocktail; it was not found on thegMThe IL-3c when presented by DC. Furthermore, the strength of the prolifer-
receptor CD123 was found exclusively on the DC and was upative response was dependent on the condition of the respective
regulated upon induction of maturation. Low and high affinity re- TCC; with the same preparation of DC it was possible to achieve
ceptors for IgG (CD16 and CD64, respectively) were found onlya stimulation index of about 200 for one clone, whereas another
on the Mp, with a strong up-regulation of the latter upon activation TCC from the same donor responded with a stimulation index of
by IFN-y, whereas the DC lacked these markers. Costimulatoryonly 5-10.
molecule CD86 was found on both cell types and was up-regulated To make sure that the reactivity of a particular TCC with one
upon facilitation of maturation of DC or activation of 4 CD80  batch of allergoid is not a chance observation but an inherent fea-
was expressed to a lesser extent and was found only on the D@Jre of the TCC we investigated the responses of several TCC with
MHC Il molecule HLA-DR was expressed on the majority of the different batches of allergoid made from different batches of grass
cells and further up-regulated upon maturation/activation. Max Ipollen extract it = 10). All batches of allergoid and the corre-
and Max 3 were expressed to a higher degree ap thian on  sponding allergen showed very similar reactivity patterns (Fig. 1).
DC,..... Maturation or activation did not change the degree of ex-The differences between allergen and allergoid reactivities of in-
pression of Max 1 and Max 3. All T cell stimulation experiments dividual clones were often significant (Fig. 1), but comparison of
with DC and My described in this paper refer to R, and  the median values of the whole panel of TCC revealed no signif-
non-IFN-y-activated Mp. icant differences (Table II).

Table Il. Comparison of the median values of stimulation indices obtained with a panel of TCC after
stimulation with grass pollen allergen or rPh1 p 5b and the corresponding allergoids and Ag presentation
by DGy OF M

Allergen Median Sf Median SI No. of TCC

APC Source Allergen Allergoid p Investigated
DCirim Grass pollen 9.80 8.65 0.060 22
rPhl p 5b 9.30 14.30 0.561 15
[\ Grass pollen 7.30 4.00 0.089 17
rPhl p 5b 11.10 11.50 0.266 13

28I, stimulation index.
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FIGURE 1. Proliferation of Phl p 5-specific TCC from different patients after stimulation with different batches10) of grass pollen extract and
allergoid using DC for Ag presentation. The concentration of both allergen and allergoid was 100 PNU/mI. Horizontal bars mark the median vatues. Valu
for p were obtained with the Wilcoxon signed rank test.

Md¢ are superior to PBMC in presenting allergoids to T cells B cells fail to present allergoid to T cells

M cultured from CD14 cells were tested for their T cell-stim B cells isolated from PBMC were used for Ag presentation and
ulating properties as APC compared with those of the irradiateccompared with PBMC, DC, or Ml when possible. In an experi-
autologous PBMC. Higher proliferations were obtained whefy M ment using TCC 11.19.10C6 (Fig. 3) B cells mediated a similar
instead of PBMC were used for Ag presentation (Fig. 2), espehigh proliferation as DC when presenting the major allergen rPhl
cially with the allergoids. Again, when comparing the median val- p 5b, whereas the other allergen preparations, especially the allergoid,
ues of allergen and allergoid reactivity of the panel of TCC, thewere less active with B cells. Using M/ all allergen preparations
allergen and allergoid did not differ significantly (Table II). All except rPhl p 5b yielded a much higher proliferation of TCC, and DC
TCC gave a clear response with both allergoids. were superior for presenting all allergen preparations.

S n.3.2: 6H4 11.19.1: 10C6 1.3.2: 4B8
30
Allergen: 25 10 8
20
6
grass pollen15 % 4
. . . extract 10 2
FIGURE 2. Comparison of the proliferative 5
response (stimulation index (Sl)) of some TCC 0 0 0
with grass pollen allergen and allergoid or rPhl p . . i
5b and rPhl p 5b allergoid obtained with different 8 11.20.1: 986 14 I17.3: 11C2 7 1116.1: 5AS __
populations of APC: autologous PBMC 510* 12 6
PBMC and 2x 10* T cells/well) or M¢ (5 X 6 10 5
10° M¢ and 2x 10* T cells/well). . 8 4
6 3
rPhi p 5b 4 2
2 1
0 o
PBMC Mo PBMC M PBMC M¢

—— allergen = 3lergoid
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50 - from their cytokine spectrum (data not shown). In contrast, the
] nonresponding TCC exhibit Th1 (6H4) and ThO (5D6) phenotypes,
40 respectively.
B IL-12 production during APC/T cell interaction
§ % IL-12 is recognized as a key cytokine for the induction of Thl
g responses, and DC anddvare the main sources of this cytokine.
s 20 IL-12 (p40 plus p70) was detectable in large amounts in superna-
& tants, where the Ag presentation was performed by DC (Fig. 5).
10 The amount of IL-12 did not parallel the proliferation; larger dif-
I ferences in the proliferation obtained with the allergen were not

accompanied by a similar course in IL-12 production and often led

PBMC B-cells Mo to similar IL-12 levels. The IL-12 production was dependent on
== rPhi p 5b mm grass pollen allergen activated T cells because neither the control stimulation (T cells
+Phi p b allergoid grass pollen allergoid and DC, but no allergen) nor nonrelevant major allergens (for ex-

) o ) o ample, cat dander or birch pollen extract) nor the DC and allergen
FIGURE 3. Comparison of the proliferative response (stimulation index \yitnout specific T cells led to IL-12 production (data not shown).

(SI)) of TCC 11.19: 10C6 with rPhl p 5b and rPhl p 5b allergoid or grass | |.: . . : -
pollen allergen and allergoid (100 PNU/mI of each) obtained with differentusmg. PBMC (Fig. 5), isolated B cells (Fig. 4), or $A(Fig. 6).
very little or no IL-12 was detectable.

populations of APC: PBMC (5¢< 10 cells/well), B cells (5% 10* cells/
well), and Md) or DC (5 x 10° cells/well), all autologous APC. T cells IL-10 production during APC/T cell interaction
were used in an amount of 2 10* cells/well.
IL-10 was measured in parallel to IL-12 in some supernatants upon
Ag stimulation of TCC and APC. Very little or no IL-10 was

In another experiment DC and B cells were compared for Agobtained in supernatants of TCC and B cells for Ag presentation
presentation to five TCC of different phenotypes from the samgFig. 4) except for one TCC (3D2). In contrast, IL-10 was found in
donor. Whereas DC brought about a strong stimulation of all fivesupernatants from the interaction of Ag-activated TCC with DC or
TCC with both allergen and allergoid (Fig. 4), B cells were effec- M¢ for Ag presentation in varying amounts (Figs. 4 and 6). The
tive for Ag presentation only for the allergen and only for three of amount of IL-10 from the interaction of APC with a certain TCC

the clones. These clones belong to the Th2 phenotype as deducedries with the type of the APC (Fig. 6); some interactions resulted

6H4 6G12 2A12 5D6 3D2
(TH1) (TH2) (TH2) (THO) (TH2)
14 25 30 50
5 40 12 20 251 40
= 10
c 20 1
o 30 8 15 30 1
5 15 |
8 20 6 10 20
= 4 10 4
s 10 2 5 5 10
FIGURE 4. Comparison of the prolifer- 0 0: 0 0+
ative response (stimulation index (Sl)) and
the production of IL-12 (p40 plus p70) and 1400
IL-10 from Phl p 5-specific TCC of differ- e 1200
ent phenotypes and the same atopic subjectg 1000
after stimulation with grass pollen allergen & 800
and allergoid (100 PNU/ml) together with o 600
autologous DC or B cells for Ag presenta- _) 400 ] ] ]
tion. The ratio of T cells to APC is given in 200 ] ]
Fig. 3. The numbers of the different grass
pollen allergen and allergoid preparations 0 i
tested were 10-11 for DC and 4-5 for B 2400
cells. The phenotype of the TCC is indi- 2000 { | ! ! s |
cated in parentheses. 'E‘ 800 ¢ 7 7 e e 7 1 1 e 7
2 00
e
i 400 A
200 -
- Irm | . |
DC BC DC BC DC BC DC BC DC BC

grass pollen allergen: ] DC 73] B-cell
grass pollen allergoid: Il pC B-cell
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11.3.2: 6H4 (TH1) 11.3.2: 5D6 (THO) 1.3.2: 2A12 (TH2)
80 80 — 35
= 30 —
2. 60 60 25
c
k] 20
g 40 40 .5
S 20 H 20 10 I_l l
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0 l ol omm 0le=l Lumme—
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£ 600 1250 600
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g:' 400 750 400
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0! 0 . 0
CEACEA CEACTEA CEACEMA
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C = control E = extract A = allergoid

FIGURE 5. Proliferation (stimulation index (Sl)) of TCC stimulated with grass pollen allergen and allergoid using autologous PBMC or DC for Ag
presentation and IL-12 detection (p40p70) in culture supernatants of stimulated cells. Control stimulations (C) were performed without Ag. Stimulations
were performed with grass pollen extract (E) or the respective allergoid (A) in concentrations of 100 PNU/ml. The phenotype of the TCC is indicated in
parentheses.

in considerably higher IL-10 production when DC performed the Discussion

Ag pri_ser:\tatlllt_)nléwnh JCC 1D6hand 12F5)d, andA(;tger 'n:]efraégonSOur data reveal a strong and reproducible T cell-stimulating ca-

?Eli\gg '9 derGG_lz p;f)h uctlonvy en;b’la;tgz ats h (W'L ther th acity of allergoids by direct stimulation of allergen-specific T
an )- The experiments did not show whether ells in vitro. The results clearly show that the stimulation of Th

source of IL-10 was the TCC or the APC. cells by the allergoid is dependent on the type of the APC. Imma-
The Th phenotype directs the cytokine profile of DC ture DC and Mp generated from CD14 precursors of blood cells

are highly effective cells for the presentation of allergoids, whereas
Comparing Mp and DC as APC with two TCC from the same gny P g

donor (1.17.1), we found a higher concentration of IL-12 in the PE_’I_'\::C anq B cells are less eflective, . .
. e cultivated DC possess the phenotypical and morphological
supernatants of DC and one of the TCC (1D8), whereas the |nter-h teristics of DC (data for the latter not shown) (20, 41, 44
action of the APC with the other TCC (12F5) resulted in reducedC alrac ens . ) Lo
. . 45): no or low expression of CD14; the absence of low affinity
IL-12 production (Fig. 6). In the supernatants of the latter, Con'(CDlG) and high affinity (CD64) IgG receptors; expression of
siderable production of IL-10 became obvious, whereas the inter: . . )
action with TCC 1D8 resulted in little IL-10 production. ThedM _CD12.3’ which has been described as a suitable mgrker for the
produce very little 1L-12 upon interaction with the TCC and Ag, |solat|on of DC from mononuclear cells (44); and especially strong
whereas IL-10 was obtained in larger amounts with TCC 12F5 (Fig'express[on of costimulatory molecules CD86 and MHC-II. CD83,
6). Both TCC were formerly characterized as ThO clones, but regaro"ZIS a typical .marke.r of mature D,C (45), and CD80 were up-regu-
ing their interaction with DC, TCC 1D8 led to an IL-12-dominated '2t¢d upon induction of maturation. In contrast to DC, the) M
milieu, whereas TCC 12F5 led to an IL-10-dominated milieu. showed, as expected (20, 30, 46), strong expression of CD14; no
Comparing the IL-12 and IL-10 production in supernatants of DC markers such as CD12_3 and CD83; considerable expression of
the TCC from Fig. 4 when Ag is presented by either DC or B cells, D16, €D64, and the costimulatory molecules CD86 and MHC II;
pronounced IL-12 and IL-10 production was only found with DC @S Well as high expression of thedvassociated markers Max 1
for Ag presentation. A strong induction of proliferation of the Th2- and Max 3. Max 1 and Max 3 molecules were described as lineage-
like clone 6G12 by B cells was not accompanied by IL-12 plro_restricted differentiation Ags of mature(42). We also detected
duction of these APC. The interaction of the DC with TCC 6H4, Max 1 on DC, an observation that has not previously been docu-
which exhibits a Th1 phenotype, yielded low levels of IL-10 and Mented in the literature.
very high levels of IL-12. In contrast, the interaction of the DC ~ There are few reports concerning the direct stimulation of T
with TCC 6G12, 2A12, 3D2, and 5D6, which share a Th2- or cells with allergoids. In a previous study we showed a clear T cell
Tho-like phenotype, respectively, gave higher IL-10 productionreactivity of allergoids by direct stimulation of PBMC from aller-
and lower IL-12 production compared with TCC 6H4 (Fig. 4). gic subjects and by stimulation of T cell lines and clones using the
Thus, the phenotype of a TCC directs the cytokine profile of theconventionally taken autologous PBMC for Ag presentation (14).
DC. The interaction of DC with TCC of Th2-like character re- In this system the stimulating capacity of the allergoid was often
sulted in lower IL-12 and higher IL-10 production, whereas thelower compared with that of the native allergen. Stimulation of
interaction of DC with Th1-like TCC led to higher IL-12 and lower PBMC from house dust mite allergic and nonallergic subjects with
IL-10 production. house dust mite allergen as well as allergoid showed similar T
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FIGURE 6. Comparison of the proliferative responses and the production of IL-12 (p40 plus p70) and IL-10 from Phl p 5-specific TCC of different
phenotypes and different atopic subjects after stimulation with grass pollen allergen and allergoid (100 PNU/ml) together with eithetp2S APK.
Stimulation of TCC from the same patient (I1.3 and 11.17) were performed with the same autologous APC preparations.

cell-stimulating properties (47). Dormann et al. (48) compared nastudying altered peptide ligands support this hypothesis (52, 53). It
tive Bet v 1 and maleic anhydride- and formaldehyde-modifiedis also probable that the allergoid-derived peptides differ from the
preparations of Bev 1 for their stimulating capacity with a panel peptides of the native material in their peptide-flanking residues,
of Bet v 1-specific TCC using autologous PBMC for Ag presen-|eading to peptides with more agonistic or antagonistic features, as
tation. Both the native allergen and the maleic anhydride—modifiedecenﬂy described for an immunodominant epitope of hen egg
Bet v 1 revealed strong IgE reactivity as well as strong T ceII-|ySOZyme (54).

stimulating capacity, whereas the formaldehyde-modified allergen Furthermore, the lower proliferation to allergoid compared with

showed both reduced IgE and T cell reactivity. PBMC are not thehe jlergen sometimes observed with some TCC may be a result

target APC in s.c. injection immunotherapy, and therefore we in-of the hindered Ag uptake via Eor Fey receptors due to de-

vestigated the reactivity of allergoids with APC that more Closelystroyed B cell epitopes, since this mechanism is also used by these
resemble those acting under in vivo conditions. Using pure popu-

lls (20, 22, 55-57). Both tors for IgE, the high affinit

lations of APC, including DC, M, and B cells, we found the cells (20, 22, )- Bo 'r.ecep ors for 'gt, the high afinity
. . . L . . receptor FeRI and the low affinity receptor ERII, were found on
differences in their abilities to present allergoids. The differences .
. i ) onocyte-derived DC (58).

may be attributable to the particular Ag uptake mechanisms used' Th K literati ; iate TCC induced by the al
by these cells; DC and M possess the capacity to ingest Ag by | (_advx_/ea proiitera 'k?n cl)l appropriate | ;n uced by _e al;
macropinocytosis or phagocytosis (20, 22, 49-51). Although aif€rgoid, in contrast to the allergen, as a result of Ag presentation by

TCC investigated showed a pronounced reactivity with the aller-B Cells is indirect evidence that Ab-mediated Ag uptake mecha-

goid using DC or Mp for Ag presentation, the magnitude of re- nisms fail to work for allergoids. It is supposed that this is the main
activity obtained by the allergoid compared with the allergen var-"€ason for the observed lower stimulating capacity of PBMC-me-
ied. As discussed previously (14), these differences might béliated Ag presentation (14). The observation of van Neerven et al.
attributable to formaldehyde-modified T cell peptides of the aller-(17) that serum IgE facilitates allergen presentation to Th cells by
goid. The chemical modification may alter the affinity of the pep- a factor of>100 supports this hypothesis. These authors showed
tide for the TCR, and the possible outcome is higher, similar, orthat this process is mediated by the low affinity IgE receptor CD23.
lower stimulating capacity of the allergoid, dependent on the specAg uptake via allergen-specific IgE bound toeR¢l enables all B
ificity of the TCC. Observations from several model systemscells bearing this receptor, even those that are not specific for the
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allergen, to efficiently take up and present allergen-derived pepand allergoid may reflect the specificity of the TCC and suggest
tides to Th cells, leading to an up-regulation of the allergic re-that the outcome of processing of allergen and allergoid might be
sponse. Our results using B cells for Ag presentation and TCC oflifferent, leading to similar, but not always the same, peptides for
different phenotypes (Th2 and Th1l) confirm the observations ofresentation. Similar conclusions were drawn by Akdis et al. (18)
other authors using murine (59, 60) or human TCC (61), showindor nonrefolded and refolded PLArom bee venom, which were
that B cells are very effective in presenting native allergen to Th2shown to have a strong influence on the type of APC that acts for
clones, but fail to stimulate Th1l clones. Therefore, the destructiompresentation. Only the refolded PLAed to effective Ag presen

of Ab-binding epitopes as a result of chemical modification hin-tation by B cells, whereas the refolded as well as nonrefolded
ders the Ag presentation by B cells. Consequently, there will be nd®LA, was bound and processed equally well by monocytes. In
activation of the elevated number of existing Th2 cells of the al-mice, Yang et al. (4) demonstrated the preferential induction of
lergic subject via this pathway, and therefore no further IL-4 andTh1 responses in vivo by a chemically modified Ag (glutaralde-
IL-5 production, which would further amplify the allergic reaction. hyde-polymerized OVA).

In contrast to B cells, DC and §lpresent Ag to Thl, Th2, and In conclusion, the data reveal that allergoids have a strong T
ThO clones equally well. Concerning DC, these results contrast taell-stimulating capacity and demonstrate the advantage of the al-
a degree with those of Ria et al. (62), who observed Th2 celldergoid principle for use in specific inmunotherapy. The strongly
mediated inhibition of IL-12 production from DC. We observed reduced ability of allergoids to react with IgE will prevent not only
considerable IL-12 production even with Th2-like TCC (Fig. 6). mediator release from mast cells and basophils, but also the uptake
When investigating the simultaneous production of IL-10 andvia IgE on Fe&RI and FeRII receptors of APC, which is supposed
IL-12 resulting from the interaction of different TCC with the same to result in an amplification of the allergic response. The observa-
DC preparation, we obtained higher IL-12 concentrations in sutions suggest that the adoption of the allergoid principle in the
pernatants from TCC that do not produce or initiate IL-10 development of genetically modified allergens with reduced IgE
production. reactivity but retained T cell reactivity (40) will provide a prom-

The F&RI has been found on DC (55, 56). It seems not to beising basis for the development of newer therapeutic vaccines for
important for priming immune responses because it requires Aballergen-specific immunotherapy.
of high affinity, which are themselves the result of an immune
response. Thus, the &Rl is thought to be involved in the ampli- Acknowledgments
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