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Background: Immunologic mechanisms of desensitization are 
still incompletely understood. Safer methods of immunother- 
apy with reduced risks Of anaphylaxis need to be developed. 
Objective: To study the effects of conventional venom immu- 
notherapy (VIT) on phospholipase A2(PLA2)-specific T cells 
and on T-cell reactivity to short and long synthetic peptides 
that map the PLA 2 molecule. 
Method: Proliferation of a CD4 ÷ cell-enriched peripheral 
blood mononuclear cell fraction and cytokine secretion by T 
cell lines from patients hypersensitive to bee venom and un- 
dergoing VIT in response to PLA 2 and PLA 2 synthetic pep- 
tides were measured. 
Results: T-cell proliferation in response to three synthetic 
peptides, 40 to 60 amino acids long and mapping the entire 
PLA 2 molecule with an overlap of 10 residues (1 to 59, 51 to 
99, and 90 to 134) steadily increased during the first 14 
weeks of VIT corresponding to the treatment period with in- 
cremental doses of antigen. These results are in contrast to 
the low proliferation indices obtained with short (15 amino 
acid-long) peptides, and the inability to characterize the im- 
munodominant region of the molecule with short peptides. At 
the end of VIT (after 3 to 5 years), there was correspond- 
ingly, a marked decrease in T cell responsiveness to PLA 2 
and to its long synthetic peptides. This response was paral- 
leled by a shift in the pattern of cytokine secretion by T cell 
lines from a THo-type to a Tin-type pattern. 
Conclusion: After a transient increase in T-cell proliferation, 
late VIT was characterized by T-cell hyporesponsiveness to 
allergen and by modulation of cytokine secretion from a Trio- 
type to a Tin-type pattern. Because of their capacity to re- 
cruit multiple T-cell epitopes, long peptides mapping the en- 
tire PLA 2 molecule appear to be efficient T cell stimulators 
and may represent potential candidates for peptide immuno- 
therapy. (J Allergy Clin Immunol 1997;100:96-103.) 
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Abbreviations used 
BV: Bee venom 

CD8 PBMC: CD8 + T cell-depleted PBMC fraction 
IFN-y: Interferon-,/ 

LP: Long peptide from PEA 2 
PBMC: Peripheral blood mononuclear cell 

PLA2: Phospholipase Az 
TT: Tetanus toxoid 

VIT: Venom immunotherapy 

Allergy to bee venom (BV), which has an incidence of 
about 3% in the general population, is a frequently 
diagnosed hypersensitivity reaction that has its own 
epidemiologic characteristics, because it is usually not 
related to other atopic conditions? Hyposensitization 
with BV extracts has been available only within the last 
15 years and is currently recognized as the only success- 
ful long-term therapy for this allergy. 25 It is still an 
empiric treatment with regard to the doses administered 
and the duration of therapy. The conventional schedule 
consists of monthly injections preceded by a period of 
weekly injections of incremental doses of BV. 3, 6-8 Treat- 
ment is usually given for 3 years (up to 5 years for severe 
cases) and is time consuming and expensive?, s0 The 
biologic criteria of successful immunotherapy usually 
consist of a decrease of intradermal skin test reactivity to 
BV, a decrease in the level of specific serum IgE, and a 
parallel increase in the levels of specific IgG and IgG4 
against individual BV allergens. 4,~°,11 However, the 
association between these biologic markers and the 
degree of protection is controversial, except in patients 
with both negative intradermal tests and specific IgE to 
BV.9, 12-14 

The immunologic basis of desensitization therapy is 
still largely unknown. Various hypotheses have been 
proposed including the production of IgG blocking 
antibodies, 15 an allergen-specific reduction of histamine 
release from basophils and mast cells, I6 as well as the 
generation of antiidiotypie antibodies. 17,1s It appears 
that most of these immune manifestations are essentially 
markers of ongoing interventions on the immune system 
and may not represent primary protective mechanisms. 
For instance, there is no absolute correlation between 
the rise in antigen-specific IgG and a favorable clinical 
response to immunotherapy. 19-2a Although the fine 
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FIG. 1. CD8-PBMC response to P L A  2 and its three LPs (1 to 60, 51 to 99, and 90 to 134) mapping whole P L A  2 

(10 ixg/ml each or as a mixture of three LPs) at initiation of VIT (DO) and 14 weeks later (W14). Results are 
expressed as individual stimulation indices (open circles)and as the median (black cross). Statistical analysis 
was performed with the paired Wilcoxon signed-rank test. Responses to the TT control showed no significant 
variation during this time period. NS, Not significant; *, p < 0.05; ** ,  p < 0.01. 

mechanisms of immunotherapy are unclear, these may 
be related to the principle of T-cell tolerance with 
supraimmunogenic doses of allergen. 22, 23 Alternatively, 
specific immunotherapy may modula te  the pat tern of 
cytokines secreted by T cells and induce a shift in the 
IL-4: interferon-~/(IFN-7) ratio. 24-26 

Thus, a logical strategy to mimic specific immunother-  
apy while decreasing its risks and potentially increasing 
its efficacy would be to administer the highest possible 
dose of T-cell ep i tope-conta in ing  peptides in order  to 
render  specific T cells anergic. This approach is theoret-  
ically feasible because peptides, in general, lack a proper  
three-dimensional  structure, which results in little or no 
binding to IgE (Kfimmerer et al. Unpublished data), and 
therefore does not  expose patients to anaphylaxis. In this 
paper we show that conventional  VIT is associated with 
an early enhanced T-cell response to phospholipase A2 
(PLA2) or P L A  2 synthetic peptides, which is followed by 
a later state of specific T-cell hyporesponsiveness and a 
sharp decline in the IL-4:IFN-~ ratio, which correlate 
with a decrease in specific IgE and an increase in specific 
IgG and IgG4. Long peptides (LPs) that map the whole 
PLA a molecule,  because of their capacity to recruit 
multiple T-cell epitopes, appear to be efficient T-cell 
stimulators and may represent  potential  candidates for 
peptide immunotherapy.  

METHODS 
Patients 

Twenty-one patients hypersensitive to BV were enrolled in the 
study. Twelve patients (3 women and 9 men; age [mean _+ SD], 
42 _+ 11 years) were enrolled at the initiation of conventional VIT 
and during the first 4 months of therapy (group I) and 9 patients 
(3 women and 6 men; age, 42 + 12 years) were treated for 3 to 5 
years (group II). Inclusion criteria for therapy and study were the 

following: (1) grade III (generalized urticaria or angioedema 
together with respiratory symptoms [dyspnea, wheezing, stridor] or 
grade IV (any of the grade III symptoms together with at least two 
of the following conditions: fall in blood pressure, collapse, loss of 
consciousness) systemic allergic reactions after a honey bee field 
sting (according to the classification of Mtiller27); (2) positive 
immediate intradermal skin test responses (occurrence of a wheal 
and flare reaction at a BV concentration of less than 0.1 Ixg/ml); 
and (3) specific IgE level greater than 0.35 kU/L against whole BV 
(as titrated by the CAP system [Pharmacia, Upsala, Sweden]). 
Measurements of specific serum IgE levels and intradermal skin 
tests were repeated in group II patients at the end of a 3- or 5- year 
course of VIT. 

Conventional VIT 
Patients were treated with aqueous whole BV extract 

(Pharmalgen venom; ALK, Denmark) that were administered 
subcutaneously in incremental doses up to a plateau dose of 100 
mg, according to European Guidelines. s The following regimen 
of an initial dose of aqueous whole BV extract followed 30 
minutes later by a second dose was used. Week 1: initial dose of 
0.01 Ixg followed by 0.1 Ixg; week 2: initial dose of 1 Ixg followed 
by 2 ~xg; week 3: initial dose of 4 Ixg followed by 8 ~g; week 4: 
initial dose of 10 Ixg followed by 20 p~g; week 5:40 p,g; week 6: 
60 Ixg; week 7:80 Ixg; week 8:100 Ixg (plateau dose); weeks 9, 
11, and 13:100 p~g; and subsequently, 100 Ixg once a month. 
Blood was collected before the start of therapy and, for patients 
undergoing VIT, between days 7 and 10 after the last venom 
injection. All patients gave informed consent for the study, and 
study protocols were approved by the Hospital Review Board. 

Reagents 
Whole BV and PLA 2 were purchased from Latoxan (Rosans, 

France). PLA 2 was detoxified by reduction and carboxymethy- 
lation, followed by cleavage with cyanogen bromide as de- 
scribed. 28 Tetanus toxoid (TT) (Swiss Serum Institute, Bern, 
Switzerland) was used as the control antigen. The following 
peptides were generated by using a multipeptide synthesizer 
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FIG. 2. CD8-PBMC proliferation in response to peptides 51 to 99 
and 90 to 134 at initiation of VIT (DO), at week 3 (W3), at week 6 
(W6), and at the end of the incremental dose period (W14). Results 
show the distribution of stimulation indices from individual sub- 
jects as boxes (percentile 25, lower border; median, bold line; 
percentile 75, upper border) and whiskers (percentile 10, lower 
whisker; percentile 90, upper whisker). Statistical analysis be- 
tween stimulation indices for each peptide at indicated time 
points was done with KruskaI-Wallis nonparametric analysis of 
variance tests (p < 0.01). 

(Automated multiple peptide synthesizer, ABIMED, Germa- 
ny): (1) peptides containing 15 amino acids and overlapping the 
preceding peptide by five residues and (2) three LPs consisting 
of 40 to 60 amino acids with an overlap of 10 residues (1 to 59, 
51 to 99, and 90 to 134), mapping the entire PLAz. F-moc, t-Bu 
strategy was used according to Atherton et al. 29 Peptides were 
purified by gel chromatography and used at a final concentra- 
tion of 10 ~g/ml. Amino acid analysis, analytical HPLC, and 
mass spectrometry were used to assess the composition and 
purity of peptides. Phorbol myristate acetate and ionomycin 
were purchased from Calbiochem (San Diego, Calif.). 

Cell preparation 

Peripheral blood mononuclear cells (PBMCs) were iso- 
lated from heparinized blood by density gradient centrifuga- 
tion over Ficoll-Paque (Pharmacia Biotech AB). For CD8 ÷ 
cell depletion, PBMCs were suspended in phosphate-buff- 
ered saline containing 2% human AB + serum (Swiss Red 
Cross, Bern, Switzerland) and 5 mmol/L ethylene diamine- 
tetraacctic acid, then incubated at a concentration of 107 
cells/80 Ixl with anti-CD8 monoclonal antibody-coated mag- 
netic beads (Miltenyi Biotech GmbH, Bergisch-Gladbach, 
Germany) for 15 minutes. Cells were then separated in a 
magnetic cell sorter (MACS; Miltenyi Biotech). The CD8 + T 
cell-depleted PBMC fraction (CD8-PBMC) contained less 
than 1% CD8 + cells and more than 70% CD4 + T cells, as 
determined by flow cytometry (Epics Profile II; Coulter, 
Miami, Fla.). 

PBMC proliferation assays 
PBMCs (2 × 105/well) from each donor were cultured in 

replicates of eight in 96-well round bottom plates (Nunc, 
Roskilde, Denmark) in RPMI medium (Gibco, Basel, Switzer- 
land) containing 10% AB + serum, 2 mmol/L glutamine, 1% 
sodium pyruvate, 1% nonessential amino acids, 1% kanamycin 
(all from Gibco) with the appropriate concentration of antigen. 
After 6 days of culture in 5% CO 2 at 37 ° C, cells were harvested 
after the addition of I mCi of triated thymidine (Du Pont NEN 
Products Boston, Mass.) during the final 18 hours of culture. 
Results were expressed as counts per minute of tritiated 
thymidine incorporated into DNA. 

Short-term T cell lines 
T cell lines were derived from the CD8- fraction of PBMCs 

(106 cells/ml) from hypersensitive donors stimulated in 24-well 
plates (Nunc) with a mixture of three LPs (10 ~g/ml) and 
maintained in supplemented 10% AB+/RPMI 1640 medium as 
described earlier.. T cell lines were restimulated after 7 and 14 
days with autologous irradiated (2500 rad) PBMCs and ade- 
quate antigen (10 mg/ml). Recombinant human IL-2 (10 U/ml; 
Glaxo, Geneva, Switzerland) was added from day 9, twice a 
week. At day 14, to test for specificity, T cell lines were 
stimulated (1 × 105 cells/well in triplicate) with antigens and 
irradiated feeder cells. Seventy-two hours later, T cells were 
pulsed with 1 mCi of tritiated thymidine for 18 hours and 
harvested. Results of proliferation are expressed as counts per 
minute of tritiated thymidine incorporated into DNA. 

Quantification of cytokines 
At day 14, T cell lines (2 × 106 cells/well in 24-well plates) 

were washed three times and stimulated with PMA (25 ng/ml) 
and ionomycin (0.1 txmol/L), in the absence of feeder cells. 
Supernatants were harvested 24 hours later and stored at 
-80 ° C. IL-4 and IFN-~ were titrated by using commercially 
available ELISA kits (Cytoscreen Immunoassay Kit; Biosource 
International, Camarilla, Calif.), according to the manufactur- 
er's recommendations. The limits of sensitivity of the ELISA 
were 8.7 pg/ml for IL-2 , 2 pg/ml for IL-4, and 4 pg/ml for 
IFN--/. 

Quantification of specific serum IgE, IgG, and 
IgG4 

Whole BV-specific IgE, IgG, and IgG4 were quantified with 
the Pharmacia CAP System Fluoroimmunoassay (Pharmacia 
Diagnostic AB) according to the manufacturer's recommenda- 
tions. Calibration was performed with the World Health Orga- 
nization standard for IgE between 0.35 and 100 kU/L. For 
quantification of specific IgE against PLA2, CAP e beads were 
prepared by the manufacturer (Pharmacia Diagnostic AB) with 
purified PLA 2. 

RESULTS 
Because CD4 ÷ T cells play a crucial role in IgE 

regulation via IL-4 production and appear to be one of 
the main targets of specific immunotherapy,  24,3° we 
focused our experiments on the proliferation of 
CD8 PBMCs from patients hypersensitive to BV who 
were undergoing conventional VIT. We first examined 
the T-cell response to PLA 2 and PLA2 peptides before 
VIT and during the first 14 weeks of  treatment.  
CD8 PBMCs from patients in group I were incubated 
either with LPs mapping the whole PLA 2 molecule (1 to 
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60, 51 to 99, and 90 to 134) or with short 15 amino 
acid-long overlapping peptides. When CD8-PBMCs 
were stimulated with PLA2 LP (10 mg/ml), T-cell pro- 
liferation was in general weak before VIT. The strongest 
proliferation indices were obtained in response to car- 
boxyterminal peptide 90 to 134, followed by peptide 51 
to 99 (Fig. 1). Cells proliferated very poorly to N- 
terminal peptide 1 to 60. During the incremental dose 
period of VIT, proliferation to peptides 51 to 99 and 90 
to 134 steadily increased (Fig. 2) and reached statistical 
significance after 14 weeks (p < 0.05), in comparison 
with the period immediately before start of VIT (Figs. 1 
and 2). Proliferation to a cyanogen bromide-treated 
PLA 2 did not significantly increase, possibly indicating 
that methionine was within the epitope(s) recognized by 
T cells. In contrast to the response to LPs, CD8-PBMC 
responded poorly to 15 amino acid-long peptides (mean 
stimulation index, 2.1; range, 1.4 to 4.1), covering the 
whole length of the PLA 2 molecule, which did not allow 
definition of a particular pattern of dominant epitopes 
(data not shown). After 14 weeks of therapy for some 
patients, a trend toward an increase in T-cell prolifera- 
tion was noticed for some 15mer epitopes, but this was 
highly variable among patients. CD8-PBMC prolifer- 
ated vigorously to the TT control, and no significant 
change in CD8-PBMC response to TT was noticed 
during the first 14 weeks of VIT (Fig. 1). Thus, in 
contrast to an epitope-mapping strategy based on LPs, 
mapping PLA2 T-cell epitopes with 15 amino acid-long 
overlapping peptides in an unselected group of patients 
provided inconclusive results. 

In group II patients (those receiving 3 to 5 years of 
VIT), the proliferation response of CD8-PBMC to 

PLA 2 and its LP was almost completely abrogated (Fig. 
3). The decrease in cell proliferation was the most 
significant when compared to stimulation indices ob- 
tained after 14 weeks of VIT in group I patients for 
PLA2, its LP 51 to 99, 90 to 134, or the three-LP mixture 
(p < 0.01). Although the mean proliferation response to 
PEA 2 and to its LP was low at initiation of therapy, the 
proliferation response of group II patients was even 
significantly lower in response to peptide 90 to 134, to 
the three-LP mixture, and to PEA 2. There was no 
significant difference between groups in the proliferation 
of CD8-PBMC in response to TT. Considered together, 
these results indicate that during the first 3 to 4 months 
of conventional immunotherapy, patients developed a 
progressive T-cell sensitivity to BV allergens, which was 
followed by T-cell hyporesponsiveness after 3 to 5 years 
of monthly administration of BV. 

Although the variation of mean serum levels of anti- 
whole BV or anti-PLA2 IgE did not reach significance 
during the first 14 weeks of VIT, individual IgE levels 
actually increased in six out of nine patients (Fig. 4, A 
and B). In contrast, T cell hyporesponsiveness observed 
in group [I patients after 3 to 5 years of VIT was 
associated with a significant decrease in specific serum 
IgE levels against whole BV (p < 0.05) and PLA2 (p < 
0.01) (Fig. 4, C and D), as well as in intensity of the 
intradermal skin tests to BV (data not shown). There 
was no statistically significant change in serum levels of 
specific IgG and IgG4 during the first 14 weeks of VIT in 
group I patients (Fig. 5,A and B). However, serum levels 
of specific IgG and IgG4 increased (p < 0.05) in group 
II patients after 3 to 5 years of treatment (Fig. 5, C and 
D). 
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To better understand whether the initial increase (at 
week 14) in the specific T-cell response to PLA 2 peptides 
and the later hyporesponsiveness was accompanied by 
changes in cytokine secretion, cytokine production by 
CD8-PBMC isolated from group I and group II patients 
was examined. However, as previously reported by oth- 
ers, 31 stimulation of primary cultures at day 7 with PLA 2 
peptides induced only low levels of cytokine secretion 
and did not provide reliable results. This was most 
probably due to the low frequency of specific circulating 
T-cell precursors, as suggested by low proliferation 
indices observed before VIT. Therefore, to obtain an 
enrichment in allergen-specific T cells and by using an 
approach described by others, 24 short-term T cell lines 
were raised against a three-LP mixture, stimulated twice 
with antigen and feeder cells, and then tested for 
cytokine production after stimulation with PMA or 
ionomycin for 24 hours. The specificity of T cell lines for 
PLA s was assessed by a proliferation assay to the 
three-LP mixture inducing a stimulation index -> 5 (data 
not shown). A clear trend of a decrease in IL-4 secretion 
was observed, whereas IFN-~/secretion significantly in- 
creased, when lines isolated from patients before VIT 
were compared with lines obtained from patients at the 
end of VIT (Fig. 6). Whereas at day 0 or after 14 weeks 
of VIT, the IL-4:IFN-7 ratio was 1.0 and 1.4 respectively, 
it decreased to 0.1 at the end of VIT (p < 0.05). These 

results indicate that, in parallel to the changes in T-cell 
proliferation observed over the first 4 weeks of VIT and 
thereafter, the cytokine secretion pattern by short-term 
T cell lines was progressively modulated from a THo-like 
to a Tin-like pattern, and was profoundly modified at 
the end of VIT. 

DISCUSSION 

In this paper we have examined the short- and long- 
term effects of conventional VIT on T-cell reactivity to 
PLA2 or to peptides covering the entire PLA2 sequence. 
As the first evidence of the effect of VIT on T cells, our 
results demonstrate that conventional VIT was associ- 
ated with a steady increase in the response of the CD4 + 
cell-enriched T cell fraction to PLA 2 LPs 51 to 99 and 
90 to 134 up to week 14 (Figs. 1 and 2). This early 
enhancement in T-cell proliferation was specific because 
no significant change in cell proliferation to TT was 
detected. Our observations are in sharp contrast with the 
very early decrease in PBMC proliferation noted during 
the first 50 days of ultra-rush VIT and suggest that these 
two immunotherapy protocols may alter T-cell responses 
by different mechanisms. 26 

Because CD4 + T cells are critical for the induction of 
IgE synthesis, 24, 32-34 we restricted epitope mapping to in 
vitro proliferation assays of aCD8-PBMC. Despite a 
selective enrichement in CD4 ÷ T cells (greater than 
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70%), the low stimulation indices obtained in some of 
our patients most probably reflect, at least before VIT, 
the low frequency of specific T cell precursors in patients 
who have been stung only rarely, sometimes weeks or 
months before therapy. However, results obtained at 
week 14 with PLA2 LPs confirm that, because of their 
capacity to recruit multiple epitopes, LPs are efficient 
T-cell stimulators; this allowed characterization of the 
immunodominant region(s) of PLAa. T-cell epitopes 
appeared to be encountered mainly in the C-terminal 
portion of PLA2, in accordance with recent delineations 
of the minimal dominant T-cell epitopes of PLA2 (45-62, 
50-69, 83-97, 81-92, and 113-124) by using a short 
peptide mapping strategy? s, 36 In contrast to these re- 
ports, in our unselected group of patients, poor prolif- 
eration indices were obtained with 15 amino acid-long 
peptides, with a minimal increase in T-cell proliferation 
occurring for some epitopes only after 14 weeks of VIT, 
whereas a significant and steady increase in cell prolif- 
eration was detected using long overlapping peptides 

(Fig. 2). This indicates that, in unselected patients, the 
use of short peptides (bearing minimal epitopes) does 
not adequately provide the sensitivity needed to delin- 
eate T-cell responses to allergens in all clinically proven 
cases of hypersensitivity, despite performing prolifera- 
tion assays in replicates of eight. 

The early increase in T-cell proliferation to PLA 2 and 
its three LPs in patients from group I contrasts with the 
significant decrease in the T-cell specific response after 3 
to 5 years of VIT in group II. This suggests that after a 
period of T-cell sensitization to allergen (during the 
period of administering incremental doses of allergen), 
the monthly administration of the maximal tolerable 
dose of allergen results in T-cell hyporesponsiveness to 
allergen. Such an effect may be ascribed to a mechanism 
comparable to the in vitro tolerance observed upon 
administration of a supraimmunogenic amount of anti- 
gen, although the exact in vivo mechanisms are un- 
clear.2Z, 37, 38 Indeed, the specific T-cell hyporesponsive- 
hess correlated closely with a concomitant sharp decline 
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in serum levels of specific IgE (Fig. 4, C and D), and with 
a low IIA:IFN-~ ratio at the end Of therapy. These data 
are reminiscent of recent in vitro and in vivo observa- 
tions. In allergen-specific T m  clones, nonresponsiveness 
to further antigenic stimulation or inability of T cells to 
secrete IL-4 or IL-13 was elicited by using high doses of 
allergen-derived peptides in the absence of antigen- 
presenting cells, a3 In vivo, in a murine model of allergy, 
IL-2 production in response to Fel d i was abrogated by 
prior treatment of animals with a high dose of Fel d 1 
peptides. 39 Clinical trials based on specific immunother- 
apy with two 27 amino acid-long peptide s derived from 
Fel d 1 in patients with allergy to cats are currently in 
progress. Although the long-term effects of VIT on T 
cells may rePresent one of the mechanisms contributing 
to allergen desensitization, this does not exclude effects 
on other cell populations, antigen-presenting cells in 
particular. 4o-43 

The effect of VIT on serologic parameters  has been 
investigated extensively. An initial increase in levels of 
specific IgE is usually reported,  followed by a late 
decrease in IgE levels and in skin sensitivity, and an 
increase in specific IgG and IgG4 (see reference 4). 
Although the increase in mean serum anti-whole BV 
or ant i-PLA 2 IgE, IgG, o r  IgG4 levels did not reach 
significance over the first 14 weeks of VIT in our 
limited number of patients, individual IgE, IgG, or 
IgG4 levels actually increased in several patients 
(Figs. 4, A and B and 5, A, and B), and this increase 
was paralleled by an increase in mean T-cell prolifer- 
ation. Globally, serologic results from groups I and II 
are compatible with a relatively late shift from a 
THo-type IL4:IFN-3, ratio to a Tin- type ratio, al- 
though a largely variable pat tern of cytokine secretion 
was observed during the early weeks of therapy (Fig. 
6). Thus, in comparison to ultrarush VIT in which an 
in vitro decrease in IL-4 and IL-5 secret ion was 
already observed after 7 days, 26 the modulation of T 

cell cytokines appeared to be slower during conven- 
tional VIT. The different pace of cytokine modulat ion 
and the steady enhancement in the T-cell proliferation 
response over the first 14 weeks of conventional VIT 
(Figs. 1 and 2) may be related to repeated T-cell 
stimulation with low amount of allergen. Though 
speculative, these differences in kinetics between ul- 
tra-rush and conventional immunotherapy may possi- 
bly result in different effects not only on T cells, but 
also on other cells such as mastocytes, and even have 
different long- or short-term clinical implications. 

In conclusion, our results indicate that in contrast 
to ultrarush VIT, conventional VIT is associated with 
an early enhancement of the T-cell response to aller- 
gen during the incremental antigen dose period and, 
later, with a state of specific hyporesponsiveness. 
Furthermore,  a shift in the pat tern of cytokine secre- 
tion by T cell lines from a TH0-type to a Tin- type 
pat tern was observed. In parallel  to new insights into 
the mechanism of conventional VIT, we also indicate 
in this paper  that low T-cell proliferation response to 
short 15 amino acid-long PLA 2 peptides can be 
overcome by the use of LPs (containing 40 to 60 
amino acids). Because they are linear, LPs do not bind 
lgE or do so only minimally, in contrast to native 
allergens (Kammerer  et al. Unpublished data). In 
addition, LPs simultaneously cover multiple epitopes, 
and their use in immunotherapy may overcome the 
problem of the genetic restriction inherent in short 
peptides. These advantages, in principle, make LPs 
ideal tools for immunotherapy based on the delivery 
of supraimmunogenic doses of peptides, in part mim- 
icking conventional VIT, although the short- and 
long-term effects of this approach on T cells and other 
cell subpopulations remain to be further elucidated. 

We are grateful to Dr. Ase Borga, Pharmacia Diagnostics, 
Upsala, Sweden, for the preparation of PLA 2 CAP beads. 



J ALLERGY CLIN IMMUNOL K ~ m m e r e r  et al. 103 
VOLUME 100, NUMBER 1 

REFERENCES 

1. Golden D. Epidemiology of allergy to insect venoms and stings. 
Allergy Proc 1989;10:103-7. 

2. Valentine MD. Insect venom allergy: diagnosis and treatment. J 
Allergy Clin Immunol 1984;73:299-304. 

3. Reisman RE, Livingston A. Venom immunotherapy: 10 years of 
experience with administration of single venoms and 50 pg mainte/ 
nance doses. J Allergy Clin Immunol 1992;89:1189-95. 

4. Reisman RE. Venom hypersensitivity. J Allergy Clin Immunol 
1994;94:651-8. 

5. Mtiller U, Mosbech H. Position paper: Immunotherapy with hyme- 
noptera venoms. Allergy 1993;48(Suppl 14):37-46. 

6, Goldberg A, Reisman RE. Prolonged interval maintenance immu- 
notherapy. Ann Allergy 1988;61:17%9. 

7. M/filler UR. Insect sting allergy: clinical picture, diagnosis and 
treatment. New York: Fischer, 1990. 

8. Birnbaum J, Vervloet D. Rapid hymenoptera venom immunother- 
apy: comparative safety of three protocols. Clin Exp Allergy 1993; 
23:226-30. 

9. Reisman RE. Venom immunotherapy: when is it reasonable to stop? 
J Allergy Clin Immunol 1991;87:618-20. 

10. Graft DF. When to start, when to stop and what to measure in 
venom immunotherapy. J Allergy Clin Immunol 1991;88:409-13. 

11. Uhlin T, Nordvall SL, Ohman S, Einarsson R. Detailled IgG and IgE 
antibody pattern during immunotherapy with honey bee venom. 
Allergy 1987;42:222-9. 

12. Keating MU, Kagey-Sobotka A, Hamilton RG, Yunginger JW. 
Clinical and immunologic follow-up of patients who stop venom 
immunotherapy. J Allergy Clin Immunol 1991;88:339-48. 

13. Mfiller U, Berchtold E, Helbling A. Honey bee venom allergy: 
results of a sting challenge 1 year after stopping successful venom 
immunotherapy in 86 patients. J Allergy Clin Immunol 1991;87: 
702-9. 

14. Hunt K J, Valentine MD, Sobotka AK, Benton AW, Amodio F J, 
Lichtenstein LM. A controlled trial of immunotherapy in insect 
hypersensitivity. New Engl J Med 1978;299:157-61. 

15. Cooke RA, Barnard JH, Hebald S, Stull A. Serologic evidence of 
immunity with coexisting sensitization in a type of human allergy. J 
Exp Med 1935;62:733-5. 

16. Mahmood T, Wall H, Sobus S, Stechschulte D, Abdou J, Nabih I. 
Modulation of venom-induced leukocyte histamine release by mono- 
nuclear cells: effect of venom immunotherapy. J Allergy Clin Immu- 
nol 1982;70:445-51. 

17. Blaser K, de Weck A. Regulation of the IgE antibody response by 
idiotype-antiidiotype network. Progr. Allergy 1982;32:203-64. 

18. Boutin Y, Jobin M, Bedard P, H6bert M, H6bert J. Possible dual 
role of anti-idiotypic antibodies in combined passive and active 
immunotherapy in honeybee sting allergy. J Allergy Clin Immunoi 
1994;93:1039-46. 

19. Blaauw P J, Smithuis LOMJ. The evaluation of the common 
diagnostic methods of hypersensitivity for bee and yellow jacket 
venom by means of in-hospital insect stings. J Allergy Clin Immunol 
1985;75:556-62. 

20. Mfiller U, Helbling A, Bischof M. Predictive value of venom specific 
IgE, IgG and IgG subclass antibodies in patients on immunotherapy 
with honey bee venom. Allergy 1989;44:412-8. 

21. Ewan PW, Deighton J, Wilson AB, Lachman PJ. Venom specific 
IgG antibodies in bee and wasp allergy: lack of correlation with 
protection from stings. Clin Exp Allergy 1993;23:647-60. 

22. Lamb JR, Skidmore B J, Green N, Chiller JM, Feldmann M. 
Induction of tolerance in influenza virus-immune T lymphocyte 
clones with synthetic peptides of influenza haemagglutinin. J Exp 
Med 1983; 157:1434-47. 

23. Fasler S, Aversa G, Terr A, Thestrnppedersen K, de Vries JE, Yssel 
H. Peptide-induced anergy in allergen-specific human Th2 cells 
results in lack of cytokine production and B cell help for IgE 
synthesis: reversal by IL-2, not by IL-4 or IL-13. J Immunol 
1995;155:4199-206. 

24. Secrist H, Chelen C J, Wen Y, Marshall JD, Umetsu DT. Allergen 

immunotherapy decreases interleukin 4 production in CD4+ T ceils 
from allergic individuals. J Exp Med 1993;178:2123-30. 

25. McHugh SM, Deighton J, Stewart AG, Lachmann P J, Ewan PW. 
Bee venom immunotherapy induces a shift in cytokine responses 
from a TH-2 to a TH-1 dominant pattern: comparison of rush and 
conventional immunotherapy. Clin Exp Allergy 1995;25:828-38. 

26. Jutel M, Pichler WJ, Skrbic D, Urwyler A, Dahinden C, Mtiller UR. 
Bee venom immunotherapy results in decrease of IL-4 and IL-5 and 
increase of IFN-gamma secretion in specific allergen-stimulated T 
cell cultures. J Immunol 1995;154:4187-94. 

27. Mtiller HL. Diagnosis and treatment of insect sensitivity. J Asthma 
Res 1966;3:331-3. 

28. Demotz S, Lanzavecchia A, Eisel U, Niemann H, Widmann C, 
Corradin G. Delineation of several DR-restricted tetanus toxin 
T-cell epitopes. J Immunol 1989;142:394-402. 

29. Atherton E, Logan C J, Sheppard RC. Peptide synthesis. Part 2. 
Bioorg. Chem. 1979;8:351. 

30. P~ne J, Rousset F, Briere F, Chr6tien J, B0nnefoy J-Y, Spits H, et al. 
IgE production by normal human lymphocytes is induced by inter- 
leukin 4 and suppressed by interferon y and a and prostaglandin E2. 
Proe Natl Acad Sci USA 1988;85:6880-4. 

31. Marshall JD, Wen Y, Abrams JS, Umetsu DT. In vitro synthesis of 
IL:4 by human CD4+ T cells required repeated antigenic stimula- 
tion. Cell Immunol 1993;152:18-34, 

32. DeKruyff RH, Turner T, Abrams JS, Palladino MA, Umetsu DT. 
Induction of human IgE synthesis by CD4+ T cell clones: require- 
ment for interleukin 4 and low molecular weight B cell growth factor. 
J Exp Med 1989;170:1477-93. 

33. Walker C, Virschow J-C, Bruijnzeel PLB, Blaser K. T cell subsets 
and their soluble products regulate eosinophilia in allergic and 
nonallergic asthma. J Immunol 1991;146:1829-35. 

34. Coffman RL, Seymour BW, Hudak S, Jackson J, Rennick D. 
Antibody to interleukin-5 inhibits helminth-induced eosinophilia in 
mice. Science 1989;245:308-10. 

35. Dhillon M, Roberts C, Nunn T, Kuo M. Mapping human T cell 
epitopes on phospholipase A2: The major bee-venom allergen. J 
Allergy Clin Immunol 1992;90:42-51. 

36. Carballido JM, Carballido-Perrig N, Kfigi MK, Meloen RH, W/ith- 
rich B, Heusser CH, et al. T cell epitope specificity in human allergic 
and non-allergic individuals to bee venom phosphofipase A2. J Im- 
munol 1993;150:3582-91. 

37. Jenkins MK, Pardoil DM, Mizuguchi J, Quill H, Schwartz RH. T cell 
unresponsiveness in vitro and in vivo: fine specificity of induction and 
molecular characterization of the unresponsive state. Immunol Rev 
1987;95:113-5. 

38. Schwartz R. A cell culture model for T lymphocyte clonal anergy. 
Science 1990;248:1349-56. 

39. Briner TJ, Kuo MC, Keating KM, Rogers BL, Greenstein JL. 
Peripheral T cell tolerance induced in naive and primed mice by 
subcutaneous injection of peptides from the major cat allergen, Fel 
d 1. Proe Natl Acad Sci USA 1993;90:7608-12. 

40. Jenkins MK, Burrell E, Ashwell JD. Antigen presentation by resting 
B cells: effectiveness at inducing T cell proliferation is determined by 
costimulatory signals, not T cell receptor occupancy. J Immunol 
1990;144:1585-90. 

41. DeKruyff RH, Fang Y, Umetsu DT. IL-4 synthesis by in vivo primed 
keyhole limpet hemocyanin-specific CD4+ T cells: influence of 
antigen concentration and antigen-presenting cell type. J Immunol 
1992;149:3468-76. 

42. Carballido JM, Carballido-Perrig N, Terres G, Heusser CH, Blaser 
K. Bee venom phospholipase A2 specific T-cell clones from human 
allergic and nonallergic individuals: cytokine patterns change in 
response to the antigen concentration. Eur J Immunol 1992;22:1357- 
63. 

43. Secrist H, DeKruyff RH, Umetsu DT. lnterleukin 4 production by 
CD4+ T cells from allergic individuals is modulated by antigen 
concentration and antigen-presenting cell type. J Exp Med 1995;181: 
1081-9. 


