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Adjuvants for immunotherapy: lost in translation?
This editorial discusses the findings of the paper by Majak, et al. [7] pp. 1830–41.
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Allergen-specific immunotherapy (SIT) has been used for
the treatment of allergic diseases since it was first applied
by Noon in 1911 [1]. Ever since, not much has changed in
the original treatment protocol of subcutaneous injections
with increasing doses of crude allergen extracts. This
seems rather surprising because it is currently the only
disease modifying treatment that offers long-term protec-
tion against allergic manifestations. Moreover, the effi-
cacy of SIT is rather variable and appears to differ from
patient to patient depending on the type of allergen, the
type of allergic disease and on as yet unknown factors,
including genetics. However, there is light at the end of
the tunnel. Novel strategies are on their way to improve
the burden of multiple subcutaneous injections by sub-
lingual or intralymphatic administration, to improve its
efficacy by using an adjuvant and to improve the stan-
dardization by using recombinant allergens [2, 3].

Currently, regulatory T (Treg) cells are considered to be
largely responsible for clinically successful SIT and the
underlying immunological responses, e.g. increased IgG4
levels [3, 4]. Clinical improvement after SIT has been
associated with CD41 Treg cells that produce the immu-
nosuppressive cytokines IL-10 and TGF-b and with
CD41CD251FOXP31 Treg cells. Cytokine producing
CD41 Treg cells are induced early after starting SIT
injections and may be responsible for the increased serum
levels of specific IgG4 and IgA [3, 4]. Literature data on
FOXP31 Treg cells in SIT are still limited but increased
numbers of CD41FOXP31 T cells have been observed after
venom SIT [5]. Moreover, CD41FOXP31 cells are in-
creased in the nasal mucosa after grass-pollen SIT and

were occasionally associated with IL-10 production by
these T cells [6]. Considering the emerging role of Treg
cells in SIT, strategies to facilitate their induction using
adjuvants in combination with SIT may be promising to
improve the efficacy of SIT.

Adjuvants that are currently being considered for SIT
are mainly immunological in nature, e.g. immunostimu-
latory oligodeoxynucleotides and monophosphoryl lipid
A [2, 3]. These adjuvants act on toll-like receptors (TLR),
respectively TLR-9 and -4, expressed by antigen-present-
ing cells (APCs) and were initially aimed at promoting
allergen-specific Th1 responses [2]. In this issue of the
journal, Majak et al. [7] use, for the first time, pharmaco-
logical agents, glucorticosteroids (GCS) alone or in com-
bination with vitamin D3 (VitD3), as adjuvants for SIT.
After uptake in the intestine, VitD3 is hydroxylated in the
liver into calcidiol and subsequently calcitriol is formed in
the kidney as well as in APCs by 25-hydroxylation of
calcidiol. Calcitriol or 1,25-dihydroxyvitamin D3
(1,25VitD3) is the physiologically active form of VitD3
and binds to the vitamin D receptor, a nuclear hormone
receptor, to exert its biological effects. The rationale to use
GCS or GCS/VitD3 as adjuvant is the reported induction of
IL-10 production by CD41 T cells and up-regulation of
CD41FOXP31 T cells by in vivo or in vitro treatment with
this anti-inflammatory drug [8, 9]. Barrat et al. [10] were
the first to demonstrate that human and mouse T cell
activation in the presence of both GCS and 1,25VitD3,
induces the generation of stable IL-10 producing CD41

Treg cells in vitro which are able to suppress cytokine
secretion by allergen-specific Th2 cells [11]. In contrast,
1,25VitD3 enhances Th2 differentiation and cytokine
production when present during T cell activation [12].
The latter may preclude VitD3 as a single adjuvant for SIT.
However, 1,25VitD3 has been shown to inhibit the ma-
turation of dendritic cells (DCs) thereby facilitating the
generation of adaptive Treg cells [13–15]. Interestingly,
1,25VitD3 and GCS have a synergistic suppressive effect
on DC maturation and consequently display enhanced IL-
10 production [16]. Van Overtvelt et al. [17] studied the
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combination of VitD3 and GCS as adjuvant for SLIT in an
ovalbumin-allergic mouse model and showed enhanced
suppression of airway hyperreactivity (AHR) associated
with peripheral expansion of FoxP31 Treg cells. Unfortu-
nately, allergic inflammation was not studied and no effect
on antigen-specific Ig levels was observed. Altogether, the
rationale to use a combination of GCS and VitD3 as
adjuvant for SIT appears better than using GCS alone.

In a randomized, double-blind, placebo-controlled trial
with children aged 6–12 years with IgE-mediated asthma,
Majak et al. [7] examined prednisone alone or in combi-
nation with VitD3 as adjuvants for SIT. Surprisingly, the
group that received house-dust mite SIT with GCS as
adjuvant, showed significantly less clinical improvement
compared with the SIT control group. On the other hand,
VitD3 seemed to neutralize this negative effect, as the
group that received SIT with GCS/VitD3 adjuvant dis-
played similar improvement as the SIT control group.
Clinical improvement was associated with increased
FOXP3 and IL-10 expression at 3 months and FOXP3
expression at 12 months after SIT alone or with GCS/
VitD3 adjuvant. Interestingly, 1,25VitD3 has been shown
to be effective as adjuvant in an allergic mouse model of
immunotherapy, potentiating the suppression of AHR,
eosinophilic airway inflammation and serum IgE levels
[18]. Moreover, these suppressive effects were mediated by
IL-10 and TGF-b, pointing to a role of Treg cells. These
mouse data together with the data from Majak and
colleagues warrant further studies into the use of VitD3
as adjuvant for SIT.

There are several limitations in the clinical trial of
Majak and colleagues that preclude a definite conclusion
regarding GCS and GCS/VitD3 as adjuvant for SIT. First,
no dose-finding study was performed with GCS or its
optimal combination with VitD3. Dosing may be critical
as both drugs have multiple effects not only on T cells but
also on other immune and non-immune cells. Majak et al.
[7] used a regular starting dose of prednisone (0.5–1.0
mg/kg). This dose of prednisone is suitable to exert anti-
inflammatory effects, but these may be dissociated from a
potential adjuvant effect. For VitD3 supplementation,
Majak and colleagues used a single weekly dose of 25 mg
(1000 IU), the maximal daily dose for children. This oral
dose of VitD3 reversed the unfavourable effect of GCS on
SIT indicating that it was used within the effective range.
Although this dosing is difficult to compare, daily oral
administration of 0.5 mg 1,25VitD3 has been shown to
selectively increase IL-10 mRNA expression by CD41 T
cells when given for at least 3 days [19]. This direct effect
of 1,25VitD3 on T cell IL-10 production was not studied by
Majak and colleagues. However, it is tempting to speculate
that it may have stimulated tolerance induction by SIT
because IL-10 propagates induction of IL-10 producing
Treg cells [20]. The precise dosing of both GCS and VitD3
to obtain the induction of IL-10 producing Treg cells as

previously demonstrated in vitro [10, 11] may even be
more complicated. Secondly, the drugs were only given
during the build-up phase of SIT and discontinued there-
after. Although clinical improvement by SIT was already
observed after three months, at the end of the build-up
phase, it remains possible that it takes longer for GCS to
become effective as adjuvant. Last but not least, the
timing and route of administration of both drugs may be
critical. In the study of Majak et al. [7], GCS and VitD3
were given orally 4 h before subcutaneous SIT injections.
In the already discussed mouse models of immunotherapy
adjuvant activity of GCS and VitD3 was shown when the
drugs were given at the same time and route as allergen
SIT [17, 18]. Considering that DCs or T cells are potential
direct targets, it cannot be excluded that local high
concentrations of GCS and 1,25VitD3 are required that
are not achieved by oral administration.

It can be concluded that despite strong in vitro and
in vivo evidence in favour of a putative adjuvant effect for
GCS and VitD3 in SIT, this first translational study did not
observe beneficial effects using these adjuvants. Given all
the limitations, more clinical studies are needed to deter-
mine whether these immunosuppressive drugs can be
useful as adjuvant for SIT.
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