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TABLE I. Characteristics of patients

No. of subjects 20

Age (y), mean 6 SD 44.7 6 13.0

Sex (M/F) 10/10

Anaphylaxis (grade, according to Ring and Messmer5)

I 0

II 18

III 2

IV 0

Threshold of positive IDT (mg/mL [no. of subjects])

Vespula species 0.01 (7)

0.1 (9)

1.0 (4)

Apis mellifera 0.1 (1)

1 (1)

Total IgE (kU/L [<100 kU/L]), mean 6 SEM 93.2 6 15.3

Specific IgE (kUA/L [<0.35 kUA/L]), mean 6 SEM

Vespula species 9.7 6 4.1

Apis mellifera 0.3 6 0.1

Atopy 2/20

Values in brackets are reference values. Results of bee venom (Apis mellifera) testing

of all patients with wasp venom allergy are also indicated.

F, Female; IDT, intradermal test; M, male.
Wasp venom immunotherapy expands a sub-
population of CD41CD251 forkhead box pro-
tein 3–positive regulatory T cells expressing
the T-cell receptor Vb2 and Vb5.1 chains

To the Editor:
There is a broad body of in vitro and in vivo evidence that the

induction of CD41CD251 forkhead box protein 3 (Foxp3)1 reg-
ulatory T (Treg) cells in the course of immunotherapy plays a ma-
jor role in achieving tolerance to causative allergens. However,
the precise mechanism of Treg cell–mediated deviation/suppres-
sion of immune responses induced by immunotherapy is still un-
resolved. Through almost all studies, the most striking
measurable effect of immunotherapy is an increased production
of the immunomodulatory cytokines IL-10 by Treg cells and
IFN-g by conventional T cells.1 We have recently shown that dur-
ing wasp (Vespula species) venom immunotherapy (VIT), Treg
cells are specifically activated during the first month, followed
by a decrease to baseline levels after 6 months of VIT.2 Because
both the development and function of individual Treg cells are
largely defined by the expression of specific T-cell receptors
(TCRs),3 we investigated the expression of specific TCR Vb
chains in the course of VIT.

Thereforewe studied whether the enhanced Treg cell activation
was accompanied by allergen-specific expansion of a specific
Treg cell subpopulation by analyzing 24 TCR Vb chains longi-
tudinally (ie, 0 month, 1 month, and 6 months after initiation of
VIT) in a homogeneous group of 20 patients with wasp venom
allergy. Tenmale patients (mean age, 44.4 years; age range, 25-69
years) and 10 female patients (mean age, 44.9 years; age range,
29-67 years) who had experienced anaphylaxis after wasp stings
during the 2 years before were eligible for VIT, according to
national and international recommendations and guidelines.4

Venom-specific sensitization was confirmed based on positive in-
tradermal skin test results (ALK-Abell�o, Hamburg, Germany), as
well as detection of venom-specific serum IgE (ImmunoCAP;
Phadia, Uppsala, Sweden). Patients’ clinical characteristics are
depicted in Table I.5

Wasp VITwas performed as described previously.2 The incre-
mental phase of VITwas carried out with an aqueous venom prep-
aration during 3 consecutive days in which escalating venom
doses were injected subcutaneously into the upper arms. Doses
were increased from 0.1 to 100 mg, reaching a total amount of
201.1 mg of venom on day 3. Subsequently, maintenance injec-
tions of 100 mg of aluminum hydroxide–adsorbed depot venom
preparations were administered after 2 days and 1, 4, and 8 weeks
and thereafter for every 6 weeks. After obtaining approval of the
local ethics committee and informed consent from the patients,
blood samples were drawn directly before the injection of venom.
Peripheral venous blood mononuclear cells were immunolabeled
with mAbs against CD3, CD4, CD25, Foxp3, CD45RO, and Vb
chains (Vb kit; Beckman Coulter, Krefeld, Germany) and ana-
lyzed by using flow cytometry.

Analyzing all CD31CD41 T cells, the Vb expression pattern
did not change significantly before and 1 month after starting
VIT (see Fig E1 in this article’s Online Repository at www.
jacionline.org). Because of the rather low frequencies of Treg
cells in peripheral venous blood (1% to 2% of the peripheral
CD31CD41 T-cell population), only Vb chains expressed with
higher frequencies (Vb2, Vb3, Vb5.1, Vb8, Vb13.1, and Vb17
in our population; see Fig E1), could be reasonably analyzed in
activated/memory Treg cells (CD41CD251Foxp31CD45RO1),
resting/naive Treg cells (CD41CD251Foxp31CD45RO2), mem-
ory T cells (CD41CD252Foxp32CD45RO1), and naive T cells
(CD41CD252Foxp32CD45RO2) by using a flow cytometric
gating approach, as shown in Fig 1, A.6 Whereas the frequencies
of Vb31, Vb81, Vb13.11, and Vb171 T cells did not change
throughout the observation period in either T-cell subset (see
Fig E2 in this article’s Online Repository at www.jacionline.
org), the relative numbers of Vb21 and Vb5.11 cells among ac-
tivated/memory Treg cells significantly increased after 1month of
VIT (mean 6 SEM Vb2 expression: 10.5% 6 0.58% compared
with 1 month: 11.3%6 0.5%, P5 .048; mean6 SEMVb5.1 ex-
pression: 6.2%6 0.39% compared with 1 month: 6.9%6 0.5%,
P 5 .031; Fig 1, B). This is also highlighted by the individual
changes in frequency distribution (see Fig E3 in this article’s On-
line Repository at www.jacionline.org). Simultaneous measure-
ments demonstrated that the expression of these TCR Vb
chains remained unchanged in conventional memory T cells
(Fig 1, B, and see Fig E3). Interestingly, 6 months after initiating
VIT, the frequency of Vb21 and Vb5.11 expressing memory
Treg cells returned to baseline levels. Additional analysis of
CD127 demonstrated that the identified Treg cells were not re-
cently activated conventional T cells because they were
CD1272 or CD127low (data not shown).7 In contrast, neither rest-
ing/naive Treg cells nor naive conventional T cells showed a spe-
cific change in TCR Vb2 or Vb5.1 chain use (data not shown).
Because this study focused on high-expression Vb chains, it can-
not be ruled out that other initially low-frequency Vb populations
might expand in the course of VIT.

This transient increase in the frequencies of Vb21 and
Vb5.11 TCR-expressing cells after 1 month of VIT was only
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FIG 1. TCR Vb use inmemory Treg andmemory T cells.A,Gating approach

for CD41CD251Foxp31 T cells. Percentages of CD251 and Foxp31 T cells are

indicated, respectively. cts, Counts. B, Significant increase in Vb2- and

Vb5.1-expressing memory Treg cells after 1 month (T1) of VIT. N 5 20 (T0

and T1) and n 5 9 (T6). *P < .05 (repeated-measures ANOVA, followed by

the Tukey-Kramer test).
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observed among Treg cells with an activated/memory pheno-
type, which are usually highly suppressive in vitro. As shown re-
cently, they might also account for the VIT-induced inhibition of
wasp venom–driven T-cell proliferation in vitro occurring in par-
allel.2,6 The transient and relatively short-lived increase in spe-
cific Vb chain use most likely reflects the highly dynamic and
adaptive phenotype of Treg cells in general and of activated/
memory Treg cells in particular.6 In contrast to memory T cells,
Treg cells are characterized by a rapid turnover rate, as reflected
by a short half-life time of 11 days and a high proliferation
rate.2,8

It is tempting to speculate that these oligoclonally expanded
Treg cells with restricted Vb use might be allergen-specific
Treg cells, which are able to selectively suppress the wasp
venom–induced allergic immune response. This hypothesis is
supported by the finding that in a natural model of immune
regulation, multiple bee stings in healthy nonallergic beekeepers
induced clonal switching from dominant venom antigen–specific
TH1 and TH2 cells toward dominant IL-10–secreting Treg cells
persisting 3 months after cessation of allergen exposure.9

Numerous studies provide steadily increasing evidence for a
functional role of Treg cells during immunotherapy of allergic
patients by actively restoring allergen tolerance.1 However, to our
knowledge, this is the first report on the effect of VIT on the TCR
repertoire of Treg cells.We could demonstrate a transient increase
in the frequencies of Vb2 and Vb5.1 TCR chain–expressing cells
among Treg cells in the course of VIT, which might indicate the
oligoclonal activation and expansion of allergen-specific Treg
cells. These findings provide new insights into the role of
allergen-specific Treg cells during immunotherapy and might
pave the way for a further refinement of allergen immunotherapy
through even more selective targeting of Treg cells expressing the
Vb2 and Vb5.1 TCRs.
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FIG E1. TCR Vb chain expression of CD31CD41 T cells. TCR Vb repertoire

was analyzed by costaining with 24 different anti-TCR Vb antibodies before

and 1 month after starting VIT. Each circle represents 1 patient. Dashes
indicate means.
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FIG E2. TCR Vb3, Vb8, Vb13.1, and Vb17 use of T-cell subsets. TCR Vb chains were determined before (T0),
1 month (T1), or 6 months (T6) after starting VIT. N 5 20 (T0 and T1) and n 5 9 (T6). Each circle represents

1 patient. Dashes indicate means.
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FIG E3. Individual changes in Vb2 and Vb5.1 frequency distribution of

memory Treg and memory T cells after 1 month of VIT (T1) compared with

the start of VIT (T0). Change (D) in expression is depicted in 1% intervals.
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