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Abstract

The incidence and severity of allergic disorders is cur-
rently increasing worldwide. The reason for this develop-
ment is unclear. However, epidemiological studies and
experimental data suggest that this increase may be due
to a decline in infectious diseases which induce T helper
type 1(Th1)and/or T regulatory (Tr) responses. Based on
these observations, antiallergy vaccines are currently
being tested in animal studies aimed at inducing Th1 or
Tr responses. This review focuses on novel approaches
potentially leading to a vaccine protecting humans from

the development of allergic disorders.
Copyright© 2003 S. Karger AG, Basel

Introduction

The CD4+ T helper (Th) cell 1s the most important cell
type controlling adoptive immunc responses. Th cells can
gencerally be divided into two major subsets (Thl and
Th2) based on the types of cytokines produced. Thl cells
sccrete predominantly IFN-y and 1L-2, whereas Th2 cells
produce IL-4, -5, -9, -10 and -13. The major cytokines

governing the generation of Thl versus Th2 immune
responses are IFN-y, 11-4 and IL-12 [1]. Interaction of 1L~
12 with its receptor activates Stat4 and induces Thl cell
development. Type 1 responses arc commonly induced
during infections with intracellular pathogens such as bac-
teria, protozoa or viruses. They are characterized by the
production of a number of cytokines, including I1L-2,
TNF-o0, IFN-y, IL-12 and IL-18, and increased IgG2a
antibody titers.

Type 2 responses predominate during helminth infec-
tions and allergic disorders including atopy. The current
view is that under the influence of 1L-4, naive T cells acti-
vated by antigen-presenting cclls (APC) differentiate into
Th2 eftector cells. IL-6, most likely secreted by the APC,
induces the initial IL-4 production by the naive CD4+ T
cell necessary to drive Th2 cell development via Stat6-
mediated signaling [2]. Effcctor Th2 cells produce 11.-4,
IL-5 and IL-13. These cytokines induce the production of
allergen-specific IgE by B cells, the development and
recruitment of eosinophils, mucus production and airway
smooth muscle contraction. Degranulation of eosinophils
and mast cells (via IgE cross-linking) are two major factors
leading to chronic asthma [3, 4]. Moreover, recent studies
also indicate that chemokines such as eotaxin, RANTES,
monocyte chemoattractant protein (MCP)-1 and MCP-5
and neurotrophins such as NGF and BDNF may also be
critically involved in the ctiology of asthma [5]. Impor-
tantly, although Th2 cells are responsible for the develop-
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ment of allergic diseases, Thl cells contribute to chronic
disease.

A third CD4+ Th population has been discovered
recently. These cclls are called regulatory T (Tr) cells [6,
7]. Some sccrete anti-inflammatory and immunosuppres-
sive cytokines (TGF-f and/or IL-10) after antigen-specific
activation leading to the suppression (and thus regulation)
of both Thl and Th2 cell-mediated responses. Further-
more, other Tr subpopulations (CD4+CD25+ cells) inhib-
it Thl and Th2 cell prolifcration in an antigen-specific
and possibly more importantly also in an antigen-unspe-
cific manner through cell-cell interaction. How Tr cells
inhibit the proliferation of T cells remains unclcar but
appears to be associated with the suppression of autocrine
[L-2 production by the Thl or Th2 cells needed for cell
proliferation. Although it is not completely understood
how Tr cells develop, 1L-10 has been implicated as a dif-
ferentiation factor for Tr cells.

The incidence and severity of allergic disorders are
increasing at an alarming rate. For these reasons, it is
important to develop novel and effective prevention mea-
sures. Recent studies have shown that it is possible to vac-
cinate animals to protect them from the development of
allergic disorders, in particular asthma, by inducing
proinflammatory reactions Icading to the production of
IFN-y, IL-12 and IL-18, which inhibit the development of
allergen-specific Th2 cells. Recent publications have
shown that besides Thl cclls, Tr cells are also able to
inhibit the development of allergic Th2 responscs. This
finding has led to the suggestion that future antiallergy
vaccines should aim at inducing Tr and not Thl re-
sponses, since presumably the generation of Tr cells har-
bors fewer potential negative side effects than the genera-
tion of Th1 cells. This review will address the question of
which approach seems to be more suitable for the design
of novel antiallergy vaccines.

Inhibition of Allergen-Specific Th2 Responses
by the Induction of Th1 Responses

Th1 responses inducing the production of IFN-y, IL-12
and IL-18 arc associated with the inhibition of Th2 cell
development and effector functions both in vivo and in
vitro [8, 9]. Furthermore, it appears that non-atopic-
prone children show increased Thl responses in carly
childhood and losc the nconatal bias of the immunc sys-
tem towards Th2 responses more rapidly than atopic-
prone children. Epidemiological and experimental studies
demonstrating an inverse correlation between the devel-
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opment of allergic disorders and the incidence of infec-
tion support this view [9]. Currently, it is not clcar if aller-
gen-specific Thl cells or the general downmodulation of
Th2 responses by Thl responscs arc responsible for the
inhibitory effect on the development of allergic Th2
responses. For this reason, two scparate approaches to an
antiallergy vaccine using Thl responses may be success-
ful. Young children could be vaccinated with rcagents
inducing strong Thl responses, leading to a gencral de-
crease in the tendency to develop allergic Th2 responscs
and resulting in the development of allergen-specific Th
cells after the cxposure to allergen. Alternatively, vaccines
could be used which directly inducce the development of
allergen-spccific Thl cells. The scerction of IFN-y by Th1
cells during the encounter with allergen is then belicved to
be sufficient to suppress allergen-specific Th2 cell devel-
opment or cffector functions later in life.

The Use of CpG-Oligodeoxynucleotides

CpG-oligodeoxynucleotides (ODN) arc part of the
noncoding sequences of microbial DNA and dircctly
induce strongly Thl-biased immune responscs in vitro
and in vivo by inducing the sceretion of 1L-12 and TL-18
by macrophages and dendritic cclls (DC) and [FN-y by
NK cells [10]. Animal studies have shown that the appli-
cation of CpG-ODN leads to the suppression of allergen-
induced asthma in mice [11-13]. This cffcct was clearly
associated with a shift from allergen-specific Th2 towards
allergen-specific Thl responses characterized by in-
creased [FN-y and IgG2a levels, suggesting that the induc-
tion of Th1 responscs was responsible for the inhibitory
effect. The finding that CpG-ODN-mediated suppression
of allergic Th2 responses was not observed in IFN-y-defi-
cient mice supports this view [13]. Furthermore, it has
also been reported that the inhibition of allergen-induced
airway hyperresponsivencss (AHR) and airway cosino-
philia was only obscrved when CpG-ODN were given in
combination with allergen, and not alonc [14], suggesting
that allergen-specific immune responses were responsible
for the inhibition. It was also shown that allergen dircctly
conjugated to CpG-ODN can be used at a 100-fold lower
concentration than a mixture of CpG-ODN and allergen
to achieve similar suppressive effects on allergen-induced
airway cosinophilia and Th2 cell diffcrentiation in vivo
[15]. Tighe et al. [16] reported a similar finding. Further-
more, recently, Santeliz ct al. [17] found that intradermal
applications of Amb a 1 (a major antigen of ragweed pol-
len) conjugated to CpG also resulted in the reduction of
alrcady established allergen-induced eosinophilia and al-
lergen-induced AHR in mice. This cffect correlated with
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increased IFN-y secretion by the spleen cells after antigen
stimulation and a shift in the antibody profile towards
IgG2a. It was recently found that antigen-CpG-ODN con-
Jugates cause increased antigen uptake and DC activa-
tion. Antigen and CpG arc taken up by the same DC,
which results in increased CD40 and CD&6 expression
and high levels of 1L-12 expression, promoting the devel-
opment of IFN-y-scereting Thl cclls [18]. This may
explain why much less CpG-ODN conjugate can be used
than CpG-ODN alone or in combination with allergen to
induce the suppression of Th2 responscs.

Using Bacteria or Bacterial Products to Induce

Thl Responses

Because mycobacteria  induce profound Thl re-
sponsces, they or their products may therefore be used as
vaccines or components of vaccines aimed at inhibiting
Th2 responses. The findings that the application of live or
heat-killed Mycobacterium bovis bacillus Calmette-Gué-
rin (BCG) into the lung of mice strongly suppressed the
development of airway cosinophilia, with the effect last-
ing up to 2 months after the application of the mycobac-
teria, support this view [19, 20].The inhibitory effect was
clearly dependent upon [FN-y. Furthermore, the applica-
tion of BCG in guinea pigs led to the generation of aller-
gen-specific Thl responses and the inhibition of AHR and
allergen-induced airway eosinophilia [21, 22]. Mycobac-
terium vaccae also induces protection against the develop-
ment of allergic Th2 responses. It was reported that intra-
nasal administration of M. vaccae and BCG could also
reduce established allergen-induced Th2 responses, with
BCG being more cffective than M. vaccae [23]. Treatment
with BCG but not M. vaccae led to increased IFN-y levels
in the bronchoalveolar lavage (BAL) fluid of the mice.
Furthermore, Wang and Rook [24] reported that M. vac-
cae-induced reduction of established allergen-specific IgE
responses was also not associated with incrcased Thl
responses. Taken together, these findings suggest that
BCG- but not M. vaccae-induced suppression of allergic
responses is mediated by Thl cells. It has been suggested
that M. vaccae mediates suppression of Th2 responses by
the induction of Tr cells [25] (sec below). However,
recently it was found that the application of recombinant
M. vaccae expressing the house dust mite antigen Der p |
into mice resulted in a reduction of Th2 responses corre-
lating with increased Der p I-specific Thl responses [26].

Other bacteria besides mycobacteria have also been
shown to suppress the development of allergic responses.
For cxample, the application of killed Listeria monocyto-
genes or Lactobacillus plantarum suppressed the induc-
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tion of allergen-specific IgE in mice [27, 28]. The Listeria-
induced suppression was associated with increased Th1l
responses.

A turther adjuvant of a vaccine protecting against aller-
gic disorders could be gram-negative bacteria-derived
lipopolysaccharide (LPS). Animal studies have shown
that allergen-induced AHR was suppressed by the prior
intranasal administration of LPS [29, 30]. These results
suggest that applying LPS to humans may also help to
reduce the development of allergic disorders. Supporting
this view are the results of epidemiological studies indi-
cating that children growing up on farms develop less
allergies in their lifetime because they have been contin-
uously exposed to LPS [31, 32]. The potential problems
with using LPS, in particular toxic shock, may be over-
come more easily by using a detoxified derivative of LPS,
for example monophosphoryl lipid A. It has been demon-
strated that immunization of mice with allergen [ovalbu-
min (OVA) or ragwcced pollen cxtract] in combination
with monophosphoryl lipid A resulted in allergen-specific
Th1 responses and reduction of Th2 responses [33].

Efficient DNA Vaccination ls Associated with the

Induction of Thl Responses

DNA vaccination induces strong and long-lasting Th1
responses [34]. This immunization method is based on
intradermal or intramuscular injections of plasmid
(p)DNA encoding a defined antigen. After uptake, the
transfected cells produce antigen continuously. This lcads
to a long-lasting Th1 memory response. The rcason why
DNA vaccination induces Thl-biased responses is due to
the CpG motifs in the plasmid backbone, which act as an
intrinsic adjuvant (see above).

Several studies have shown protective cffects of gene
vaccination on the development of allergic Th2 responscs.
After injection of (p)DNA coding for the house dust mite
allergen Der p 5 or OVA, prevention of allergic Th2
responses was observed in rats and mice, respectively,
correlating in both cases with increased allergen-specific
Th1 responses [35, 36]. Using the latex allergen Hev b 5, it
could be shown that DNA immunization is also efficient
in reducing established allergen-specific Th2 responses
[37]. Another group succeeded in reversing cstablished
AHR using an improved DNA vaccination strategy [38].
The injected DNA plasmid contained the cDNA of OVA
fused to the cDNA of [L-18 and resulted in enhanced
effectiveness compared to OVA-(p)DNA alone or when
using a mixture of OVA-(p)DNA and IL-18-(p)DNA. The
protective effect was dependent on [FN-y and CD8+ cclls.
In an OVA model of asthma, pulmonary Th2 responses
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were successfully inhibited by mucosal DNA vaccination
using cDNA cncoding IFN-y [39]. Furthermore, the appli-
cation of (p)DNAs encoding for IFN-y and IL-12 alonc or
in combination resulted in the reduction of total serum
IgE levels, increased grass allergen-specific 1gG2a serum
levels, reduced pulmonary inflammation and rcduced
AHR in mice immunized with Kentucky blue grass anti-
gen [40]. The strongest inhibitory cffects were achieved
when using a combination of (p)DNA-IL-12 and (p)DNA-
[FN-y.

Inhibition of Asthma by Tr Cells

Normally, the result of immune responses directed
against invading pathogens is protective immunity. To
avoid the development of autoimmune diseases or severe
immune pathology at the same time and site, T cell
responses are selectively suppressed by shutting them
down or dampening them. Recent cvidence suggests that
in particular CD4+ T cells — termed regulatory T (Tr) cclls
— are responsible for this effect [6, 7]. These immunosup-
pressive cells differ from Thl and Th2 cells by their dis-
tinct cytokine profile and their anti-inflammatory proper-
ties. To date, four major Tr cell populations have been
described, but the relationship between the different Tr
populations remains unclear in respect to their develop-
ment, activation and the exact mechanisms used to sup-
press immune responses.

One type of Trcells are the Trl cells, which arc charac-
terized by secretion of high levels of IL-10 and low to
moderate levels of TGE-f. They can inhibit both Thl and
Th2 responses through the production of IL-10. Repeated
mn vitro stimulation of murinc or human CD4+ T cells in
the presence of IL-10 results in the generation of Trl cells
[41]. In contrast, the differentiation factors for another Tt
cell population (Th3 cells) are IL-4 and TGF-B. Th3 cells
arc induced after oral administration of antigen. These
cells secrete primarily TGF- and seem to suppress im-
mune responses by a mechanism dependent on this cyto-
kine [6, 7]. In contrast to Trl or Th3 cells, a third subset,
called CD4+CD25+ Tr cells, do not mediate suppression
by cytokine production but through cell-cell contact.
Another group of Tr cells is characterized by an ancrgic
state. Their suppressive function on T cell responses is
mediated by their influence on APC [6, 7].

The Role of Tr Cells during Allergic Responses
The inhibitory effect of Tr cells on allergic Th2 reac-
tions was first shown in animal experiments. Haneda et
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al. [42] reported that experimental tracheal cosinophilia
was amcliorated by CD4+ T cclls scereting TGF-f3 [42].
Furthermore, it has been shown that the development of
allergen-induced Th2 responses could be prevented by
application of in vitro engineered allergen-specific Tr cell
lines (secreting TGF-$ or IL-10) [43, 44]. On the other
hand, CD4+CD?25+ Tr cells may also contribute to aller-
gic inflammation by downmodulating Thl responscs.
This effect became evident in cxperiments using Rag-2~/~
mice transferred with T cells from OVA TCR transgenic
mice [45]. Nevertheless, in most animal experiments used
to address this question, Tr cclis inhibited at lcast partly
the development of allergen-induced Th2 responscs.

In humans thus far, conclusive cvidence 1s not avail-
able showing that Tr cclls suppress allergic rcactions.
However, there are findings indicating that decrecased
allergic responses are associated with incrcased [L-10 pro-
duction. Onc report shows that the T cells trom healthy
children produce more IL-10 mRNA than the T cells from
asthmatic children [46]. Another study reveals lower 11L-
10 levels in the BAL of asthmatic patients compared with
healthy controls [47]. In unison with these findings is a
report indicating that there is an association between a
polymorphism in the human IL-10 promoter region and
increased total serum IgE levels [48]. Furthermore, van
den Biggelaar et al. [49] reported that decrcased atopy in
children infected with schistosomes is associated with
increased IL-10 serum levels in these children. It has been
speculated that the suppression of allergic Th2 responscs
is caused by the anti-inflammatory cytokine IL-10 sc-
creted by Trcells. Although this is only circumstantial cvi-
dence pointing at a rolc for Tr cells in the suppression of
allergic reactions in humans, findings from Miiller ct al.
[50], Akdis et al. [S1] and Picrkes ct al. [52] support this
view. Their studies showed that successtul bee or wasp
venom immunotherapy was associated with increased 1L-
10 levels. However, other reports showed no association
between decreased atopy and incrcased amounts of 1L-10
[53, 54]. In animal modecls, there are also contlicting
results concerning the role of IL-10 in the downmodula-
tion of allergen-induced Th2 responses [55-57].

In addition to IL-10, Tr cells also sccrete TGF-f,
another anti-inflammatory cytokine. At present, the role
of TGF-f in the inhibition of allergic Th2 responses in
healthy humans is not clear. There is some cvidence sug-
gesting that TGF-B plays a role in inhibiting the develop-
ment of asthma in humans [58, 59]. However, recently it
was demonstrated in a mousc model that a decrcase in
TGF-B in the BAL was associated with an incrcase in
cosinophilic airway inflammation after blocking CTLA-4
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[60]. Taking these results together, it is not clear if Tr cells
play an important role in the inhibition of atopic disor-
ders in humans.

Induction of Tr Cells in vivo

Considering the results obtained from animal models
(scc above), the development of vaccines designed to
inducc allergen-specitic or allergen-unspecific Tr re-
sponscs scems to be a very attractive vaccination strategy
protecting against allergic disorders in humans. As shown
in animal experiments, oral application of antigen or the
usc of DC pulsed with antigen seem to be very promising
methods to selectively induce allergen-specific Tr cells
[61]. Furthermore, Akbari et al. [62] suggested that spe-
cific DC populations (pulmonary DC) induced the devel-
opment of Tr cells in mice by IL-10 secretion, resulting in
the suppression of allergen-induced Th2 responses in the
lung.

A novel approach to induce allergen-spccific Tr cells in
vivo was recently published by Zuany-Amorim ct al. [25].
In a mouse model of asthma, OV A-induced airway cosin-
ophilia and lung hyperreactivity were reduced by subcuta-
ncous application of a suspension of killed M. vaccae. The
presence of 1L-10, TGF-p and a T cell subpopulation
(CD4+CD45RBlo) which i1s known to contain Tr cells was
cssential for this cffect. Furthermore, it is very likely that
the induced cffect is allergen specific, as shown by transfer
experiments. Protection from airway eosinophilia was
mediated only by transferred CD4+CD45RBlo T cells
from the splcen of mice treated with OV A (specific anti-
gen) and M. vaccae. The transfer of CD4+CD45RBlo T
cells from mice immunized with cockroach cxtract anti-
gen (another Th2 response-inducing antigen) and treated
with M. vaccae or from mice only treated with M. vaccae
showed no effect. These results are in unison with the
finding that atopic dermatitis in children was improved
by the intradermal application of an M. vaccae suspen-
sion [63]. In contrast, Shirtcliffe et al. [64] could not con-
firm the improvement of asthma using a similar ap-
proach.

Conclusion

Experiments have clearly shown that animals can be
protected from developing allergic Th2 responses by using
different vaccination approaches. It may now also be pos-
sible to develop a vaccine for human use. The two most
promising approaches arc the induction of proinflamma-
tory Thl responscs or immunorcgulatory responses me-
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diated by Tr cells. Which is the safest and most efficient
strategy? Although very efficient in suppressing Th2 re-
sponses, allergen-specific Thl cells may cause chronic
inflammatory responses. The finding that allergen-spe-
cific Thl cells adoptively transferred into naive mice
induced the recruitment of macrophages and ncutrophils
into the lung after airway allergen challenge supports this
view [65-67]. Currently, 1t is not clear if allergen-specific
Th1 responscs lead to chronic inflammatory diseases after
recurrent exposure to allergen in humans. Howcver, the
potential dangers associated with Th1 responses may be
too great a risk to take to immunize healthy children. A
vaccine based on the induction of Tr cells may therefore
be the best approach to a novel antiallergy vaccine since
Tr cells can inhibit the development of allergic Th2
responses without causing inflammation. However, en-
hanced immunosuppression needs to be ruled out. Fur-
thermore, Thl responses are easily induced and moni-
tored, while Tr responses are not. It remains to be eluci-
dated which approach is the safest and most effective. A
well-balanced vaccine inducing both Thl and Tr re-
sponscs may be the best approach. Thl responses inhibit
the development of Th2, and allergen-specific Tr cells in
turn dampen the antiallergic Th1 response, ensuring non-
pathological Th1 responses.

Acknowledgements

The work of the authors was supported by the Bundesministe-
rium fiir Bildung und Forschung and the Baycrisches Staatsministe-
rium fiir Wissenschaft, Forschung und Kunst.

Wohlleben/Erb

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 O’Garra A: Cytokines induce the development 16 Tighe H, Takabayashi K, Schwartz D, Van 28 Murosaki S, Yamamoto Y, lto K. Inokuchi T,
of functionally heterogencous T helper cell sub- Nest G, Tuck S, Eiden J, Kagey-Sobotka A, Kusaka H, Tkeda H, Yoshikai Y: Heat-killed
sets. Immunity 1998:8:275-283. Creticos PS, Lichtenstein 1M, Spicgelberg HL, Lactobacillus plantarum 1-137 suppresses nat-

2 Rincon M, Anguita J, Nakamura T, Fikrig E, Raz E: Conjugation of immunostimulatory urally fed antigen-specific Ighl production by
Flavell RA: Interleukin (IL)-6 directs the differ- DNA to the short ragweed allergen amb a | stimulation of IL-12 production in mice. J
cntiation of 1L-4-producing CD4+ T cells. J cnhances its immunogenicity and reduces its Allergy Clin Immunol 1998;102:57-64.

Exp Mcd 1997;185:461-469. allergenicity. J Allergy Clin Immunol 2000; 29 Vannicr E, Lefort 3, Lellouch-Tubiana AL Ter-

3 Romagnani S: Lymphokine production by hu- 106:124~134. lain B, Vargaltig BB: Lipopolysaccharide from
man T cells in discase states. Annu Rev Immu- 17 SantelizJV, Van Nest G, Traquina P, Larsen E, Escherichia coli reduces antigen-induced bron-
nol 1994;12:227-257. Wills-Karp M: Amb a I-linked CpG oligode- choconstriction in actively sensitized guinea

4 Corry DB: 1L-13 in allergy: Home at last. Curr oxynucleotides reverse established airway hy- pigs. J Clin Invest 1991:87:1936-1944,

Opin Immunol 1999;11:610-614. perresponsiveness in a murine model of asth- 30 Tulic MK, Wale J1., Holt PG, Sly PD: Modifi-

5 Gutierrez-Ramos JC, Lloyd C, Kapscnberg ma. J Allergy Clin Immunol 2002:109:455- cation of the inflammatory response (o allergen
ML, Gonzalo JA, Coyle AJ: Nonredundant 462. challenge alter exposure to bacterial lipopoly-
functional groups of chemokines operate in a 18 Shirota H, Sano K, Hirasawa N, Tcrui T, Ohu- saccharide. Am J Respir Cell Mol Biol 2000:22:
coordinate manner during the inflammatory chi K, Hattori T, Shirato K, Tamura G: Novel 604-612.
response in the lung. Immunol Rev 2000;177: roles of CpG oligodcoxynucleotides as a leader 31 von Mutius E, Braun-Fahrlander C, Schierl R,
31-42. for the sampling and presentation of CpG- Ricdler J, Ehfermann S, Maisch S, Waser M,

6 Maloy KJ, Powric F: Regulatory T cells in the tagged antigen by dendritic cells, J Immunol Nowak D: Exposure to endotoxin or other bac-
control of immunc pathotogy. Nat Immunol 2001;167:66-74. terial components might protect against the
2001;2:816-822. 19 Major T, Wohlleben G, Reibetanz B, Erb KI: development of atopy. Clin Exp Allergy 2000,

7 Shevach EM, McHugh RS, Piccirillo CA, Application of heat killed Mycobacterium bo- 30:1230-1234.

Thornton AM: Control of T-cell activation by vis-BCG into the lung inhibits the development 32 Von Ehrenstein OS, Von Mutius E. S, Bau-
CD4+ CD25+ suppressor T cells. Immunol of allergen-induced Th2 responsces. Vaccine mann L, Bohm O, von Krics R: Reduced risk of
Rev 2001;182:58-67. 2002;20:1532-1540. hay fever and asthma among children of farm-

8 Wohlleben G, Erb KIJ: Atopic disorders: A vac- 20 Erb KJ, Holloway JW, Sobeck A, Moll H, Le ers. Clin Exp Allergy 2000:30:187-193.
cine around the corner? Trends Tmmunol 2001; Gros G: Infection of mice with Myvcobacterium 33 Wheeler AW, Marshall JS, Ulrich JT: A Thl-
22:618-626. bovis-Bacillus  Calmctte-Guérin  (BCG) sup- inducing adjuvant, MPL,, cnhances antibody

9 Herz U, Lacy P, Renz H, Erb K: The influence presses allergen-induced airway cosinophilia. J profiles in experimental animals suggesting it
of infections on the development and severity Exp Med 1998;187:561-569. has the potential o improve the efficacy of
of allergic disorders. Curr Opin Immunol 2000; 21 Herz U, Gerhold K, Gruber C, Braun A, Wahn allergy vaccines. Int Arch Allergy Tmmunol
12:632-640. U, Renz H, Paul K: BCG infection suppresses 2001:126:135-139.

10 Kricg AM: CpG motifs in bacterial DNA and allergic scnsitization and development of in- 34 Donnclly JJ, Ulmer JB, Shiver JW, Liu MA:
their immune effects. Annu Rev Immunol creased airway reactivity in an animal model. J DNA vaccines. Annu Rev Immunol 1997:15:
2002;20:709-760. Allergy Clin Immunol 1998;102:867-874. 617-648.

11 Broide D, Schwarze J, Tighe H, Gifford T, 22 Su YC, Peng HJ, Wang SR, Han SH, Tsai JJ: 35 Hsu CH, Chua KY, Tao MH, Lai YL, Wu LD,
Nguyen MD, Malek S, Van Uden J, Martin- Effects of BCG on ovalbumin-induced bron- Huang SK, Hsich KIT: Immunoprophylaxis of
Orozeo E, Gelfand EW, Raz E: Immunostimu- chial hyperreactivity in a guinca pig asthma allergen-induced immunoglobulin E synthesis
latory DNA scquences inhibit 1L-5, cosino- model. J Microbiol Immunol Infect 2001:34: and airway hyperresponsiveness in vivo by ge-
philic inflammation, and airway hyperrespon- 25-34. netic immunization. Nat Mced 1996:2:540-
siveness in mice. J Immunol 1998;161:7054— 23 Hopfenspirger MT, Agrawal DK: Airway hy- 544,

7062. perresponsiveness, late allergic response, and 36 Broide D, Orozco EM, Roman M, Carson DA,

12 Kline JN, Waldschmidt TJ, Businga T, Lemish cosinophilia arc reversed with mycobacterial Raz E: Intradermal gene vaceination down-reg-
JE, Weinstock JV, Thorne PS, Kricg AM: Mod- antigens in ovatbumin-presensitized mice. J ulates both arms of the allergic response. J
ulation of airway inflammation by CpG oligo- Immunol 2002;168:2516-2522. Allergy Clin Immunol 1997:99:129.
deoxynucleotides in a murine modcl ofasthma. 24 Wang CC, Rook GA: Inhibition of an cstab- 37 Slater JE, Paupore E, Zhang YT, Colberg-Poley
J Immunol 1998;160:2555-2559. lished allergic response to ovalbumin in BALB/ AM: The latex allergen Hev b 5 transeript is

13 Sur S, Wild JS, Choudhury BK, Sur N, Alam R, ¢ mice by killed Mycobacterium vaccae. Immu- widely distributed after subcutancous injection
Klinman DM: Long term prevention of allergic nology 1998;93:307-313. in BALB/c mice of its DNA vaccine. J Allergy
lung inflammation in a mouse modelof asthma 25 Zuany-Amorim C, Sawicka E, Manlius C, Le Clin Immunol 1998;102:469-475.
by CpG oligodeoxynucleotides. J Immunol Moine A, Brunct LR, Kemeny DM, Bowen G, 38 Maccker HT. Hansen G, Walter DM, Dec-
1999;162:6284-6293. Rook G, Walker C: Suppression of airway co- Kruyff RH, Levy S, Umctsu DT Vaccination

14 Shirota H, Sano K, Kikuchi T, Tamura G, Shi- sinophilia by killed Mycobacterium vaccae-in- with allergen-IL-18 fusion DNA  protects
rto K: Regulation of T-helper type 2 cell and duced allergen-specific regulatory T-cells. Nat against, and reverses established, airway hyper-
airway cosinophilia by transmucosal coadmin- Med 2002;8:625-629. reactivity in a murine asthma model. J Immu-
istration of antigen and oligodeoxynucleotides 26 Janssen R, Kruissclbrink A, Hoogteijling L, nol 2001;166:959-965.
containing CpG motifs. Am J Respir Cell Mol Lamb JR, Young DB, Tholc JE: Analysis of 39 Li XM, Chopra RK, Chou 1Y, Schoficld BII,
Biol 2000;22:176-182. recombinant mycobacteria as T helper type 1 Wills-Karp M, Huang SK: Mucosal II'N-gam-

15 Shirota H, Sano K, Kikuchi T, Tamura G, Shi- vaccines in an allergy challenge modecl. Immu- ma gene transfer inhibits puimonary allergic
rto K: Regulation of murine airway cosino- noly 2001;102:441-449. responses in mice. J Immunol 1996:157:3216-
philia and Th2 cells by antigen-conjugated 27 Ycung VP, Gieni RS, Umectsu DT, DeKruyff 3239.

CpG oligodeoxynucleotides as a novel antigen- RH: Heat-killed Listeria monocytogenes as an 40 Kumar M, Behera AK, Hu J, Lockey REF, Mo-

References

specific immunomodulator. J Immunol 2000;
164:5575-5582.

adjuvant converts cstablished murine Th2-
dominated immune responsces into Th1-domi-
nated responses. J Immunol 1998;161:4146—
4152,

hapatra SS: IFN-gamma and 11.-12 plasmid
DNAs as vaccine adjuvant in a murine model
of grass allergy. J Allergy Clin Immunol 2001;
108:402-408.

Pathobiology 2002-03:70:270-276

j£S]
~J
[,)

Dcvelopments in Antiallergy Vaccine
Rescarch

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4]

4

43

44

45

406

47

48

49

50

Groux H, O’Garra A, Bigler M, Roulcau M,
Antonenko S, de Vrics JE, Roncarolo MG: A
CD4+ T-cell subset inhtbits antigen-specific T-
cell responses and prevents colitis, Nature
1997,389:737-742.

Hancda K, Sano K, Tamura G, Shirota H,
Ohkawara Y, Sato T, Habu S, Shirato K:
Transtforming growth factor-beta scereted from
CDA(+) T cells ameliorates antigen-induced co-
sinophilic inflammation. A novel high-dose tol-
crance in the trachea. Am J Respir Cell Mol
Biol 1999;21:268-274.

Hansen G, Mclntire JJ, Yeung VP, Berry G,
Thorbecke GJ, Chen L, DeKruyff RH, Umetsu
DT: CD4(+) T helper cells engineered to pro-
duce latent TGF-betal reverse allergen-in-
duced airway hyperreactivity and inflamma-
tion. J Clin Invest 2000;105:61-70.

Cottrez F, Hurst SD, Coffman RL, Groux H: T
regulatory cells 1 inhibit a Th2-specific re-
sponsc in vivo. J Immunol 2000;165:4848-
4853.

Suto A, Nakajima H, Kagami SI, Suzuki K,
Saito Y, Iwamoto I: Role of CD4(+) CD25(+)
regulatory T cells in T helper 2 cell-mediated
allergic inflammation in the airways. Am J Res-
pir Crit Carec Med 2001:164:680-687.

Koning H, Neijens HJ, Bacrt MR, Oranjc AP,
Savclkoul HF: T cells subsets and cytokines in
allergic and non-allergic children. 11, Analysis
and 1L-5 and 1L-10 mRNA ¢xpression and pro-
tein production. Cytokine 1997,9:427-436.
Borish L, Aarons A, Rumbyrt J, Cvictusa P,
Negri J, Wenzel S: Interleukin- 10 regulation in
normal subjects and patients with asthma. J
Allergy Clin Immunol 1996:97:1288-1296.
Hobbs K, Negri J, Klinnert M, Rosenwasser
LJ, Borish L: Interleukin-10 and transforming
growth factor-beta promoter polymorphisms in
allergics and asthma. Am J Respir Crit Care
Med 1998, 158:1958-1962.

van den Biggelaar AH, van Ree R, Rodrigucs
L, Lell B, Declder AM, Kremsner PG, Yazdan-
bakhsh M: Dccrcased atopy in children in-
fected with Schistosoma haematobium: A role
for parasite-induced interleukin-10. Lancet
2000;356:1723-1727.

Muller U, Akdis CA, Fricker M, Akdis M,
Blesken T, Bettens F, Blaser K: Suceessful im-
munotherapy with T-cell epitope peptides of
bee venom phospholipase A2 induces specific
‘T-cell anergy in paticnts allergic to bee venom.
J Allergy Clin Immunol 1998;101:747-754.

51

52

53

54

55

56

57

58

Akdis CA, Blesken T, Akdis M, Wuthrich B,
Blaser K: Role of interleukin 10 in specific
immunotherapy. J Clin Invest 1998;102:98~
106.

Picrkes M, Bellinghausen I, Hultsch T, Mctz G,
Knop J, Saloga J: Decreased release of hista-
mine and sulfidolcukotricncs by human pe-
ripheral blood leukocytes after wasp venom im-
munotherapy is partially duc to induction of
IL-10 and IFN-gamma production of T cells. J
Allergy Clin Immunol 1999;102:326-332.
Tillic-L.eblond I, Pugin J, Marquette CH, Lam-
blin C, Saulnicr F, Brichet A, Wallacrt B, Ton-
ncl AB, Gossct P: Balance between proinflam-
matory cytokines and their inhibitors in bron-
chial lavage from patients with status asthma-
ticus. Am J Respir Crit Carc Med 1999;159:
487-494.

Robinson DS, Tsicopoulos A, Meng Q, Dur-
ham S, Kay AB, Hamid Q: Incrcased interlcu-
kin-10 messenger RNA cxpression in atopic
allergy and asthma, Am J Respir Cell Mol Biol
1996;14:113-117.

Yang X, Wang S, Fan Y, Han X: 1L-10 defi-
ciency prevents [L-5 overproduction and cosin-
ophilic inflammation in a murinc model of
asthma-like reaction. Eur J Immunol 2000;30:
382-391.

Makcla MJ, Kanchiro A, Borish L, Dakhama
A, Loader J, Joctham A, Xing Z, Jordana M,
Larsen GL, Gelland EW: 1L-10 is necessary for
the expression of airway hyperresponsiveness
but not pulmonary inflammation after allergic
sensitization. Proc Natl Acad Sci USA 2000;
97:6007-6012.

Grunig G, Corry DB, Leach MW, Seymour
BW, Kurup VP, Rennick DM: Interleukin-10
is a natural suppressor of cytokine production
and inflammation in a murine modecl of allergic
bronchopulmonary aspergillosis. J Exp Med
1997;185:1089-1099.

Ohno 1, Nitta Y, Yamauchi K, Hoshi H, Hon-
ma M, Woolley K, O’Byrne P, Tamura G, Jor-
dana M, Shirato K: Transforming growth fac-
tor beta I (TGF beta 1) gene expression by
cosinophils in asthmatic airway inflammation.
Am J Respir Cell Mol Biol 1996;15:404-409.

276

Pathobiology 2002-03;70:270-276

59

60

61

62

63

04

65

66

67

Vignola AM, Chancz P, Chiappara G, Mcren-
dino A, Pace E, Rizzo A, la Rocca AM, Bellia
V, Bonsignore G, Bousquetl J: Transforming
growth factor-beta expression in mucosal biop-
sics in asthma and chronic bronchitis. Am J
Respir Crit Care Med 1997;156:591-599.
Hellings PW. Vandcenberghe P, Kasran A,
Coorevits L, Overbergh L, Mathicu C, Ceup-
pens JL: Blockade of CTLA-4 enhances allergic
sensitization and cosinophilic airway inflam-
mation in geactically predisposed mice. Eur J
Immunol 2002;32:585-594.

Yang JS, Xu LY, Huang YM, Van Dcr Mcide
PH, Link H, Xiao BG: Adhcrent dendritic cells
expressing high levels of interleukin-10 and low
levels of interleukin-12 induce antigen-specific
tolerance to cexperimental autoimmune en-
cephalomyelitis. Immunology 2000;101:397-
403.

Akbari O, DeKruyff RH, Umetsu DT: Pulmo-
nary dendritic cells producing I1.-10 mediate
tolerance induced by respiratory exposure to
antigen. Nat Immunol 2001;2:725-731.
Arkwright PD, David TJ: Intradermal admin-
istration of a killed Mycobacterium vaccae sus-
pension (SRL 172) is associated with improve-
ment in atopic dermatitis in children with
moderate-to-severe discase. J Allergy Clin Im-
munol 2001;107:531-534.

Shirteliffe PM, Easthope SE, Cheng S, Weath-
crall M, Tan PL, Le Gros G, Beasicy R: The
cffect of delipidated deglycolipidated (DDMV)
and heat-killed Mycobacterivm vaceae in asth-
ma. Am J Respir Crit Carc Med 2001;163:
1410-1414.

[Hansen G, Berry G, DeKruyff R, Umetsu
DT: Allergen-specific Thi cells fail to counter-
balance Th2 cell-induced airway hyperreactivi-
ty but cause scvere airway inflammation. J Clin
Invest 1999;103:175-183.

Randolph DA, Carruthers CJ, Szabo SJ, Mur-
phy KM, Chaplin DID: Modulation of airway
inflammation by passive transfer of allergen-
specific Thi and Th2 cells in a mouse model of
asthma, J Immunol 1999;162:2375-2383.

Li L, Xia Y, Nguyen A, Feng L, Lo D: Th2-
induced cotaxin cxpression and cosinophilia
coexist with Thl responses at the cffector stage
of lung inflammation. J Immunol 1998;161:
3128-3135.

Wohlleben/Erb

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



