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Epidemiological studies have revealed an inverse association between Helicobacter pyloriinfection and the incidence of
allergic asthma. This association is consistent with the hygiene hypothesis, which posits that exposure to microbes early
in life prevents the later development of allergic diseases, and has been reproduced in mouse models of asthma. In this
issue of the JCI, Oertli and colleagues report that H. pyloriinfection in neonates elicits tolerogenic DCs that produce IL-18,
which drive the generation of Tregs that subsequently protect the mice from allergic asthma. This finding strengthens the
intriguing link between pathogen exposure and allergic disease.
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sis and the need for continued research if
we are to develop therapeutics that benefit
affected patients.
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Epidemiological studies have revealed an inverse association between Hel;-
cobacter pylori infection and the incidence of allergic asthma. This associa-
tion is consistent with the hygiene hypothesis, which posits that exposure
to microbes early in life prevents the later development of allergic diseases,
and has been reproduced in mouse models of asthma. In this issue of the
JCI, Oertli and colleagues report that H. pylori infection in neonates elicits
tolerogenic DCs that produce IL-18, which drive the generation of Tregs that
subsequently protect the mice from allergic asthma. This finding strength-
ens the intriguing link between pathogen exposure and allergic disease.

Nearly half of the world’s population is
infected with the Gram-negative bacterium
Helicobacter pylori. Infection rates are higher
in developing countries than in developed
countries; in fact, the bacterium is gradu-
ally disappearing from many populations
in developed countries (1). Infection seems
to occur in early childhood in most cases,
with the incidence of infection increasing
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with age. German scientists first observed
the spiral-shaped bacterium in the lining of
the human stomach in 1875 (2). However,
Australian scientists, Marshall and Warren,
were the first to culture this bacterium in
1984, and they went on to link the presence
of H. pylori in the gut to inflammation in
the stomach (gastritis) and ulceration of
the stomach or duodenum (peptic ulcer
disease) (3). Marshall and Warren were
awarded the 2005 Nobel Prize in Physiol-
ogy or Medicine for this finding. H. pylori
infection has been subsequently associated
with gastric cancer, mucosa-associated tis-
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sue lymphoma, gastroesophageal reflux
disease, and iron deficiency anemia (4).
The flip side of the equation is that, in
an epidemiological study, Chen and Blaser
reported an inverse association between
infection with H. pylori expressing the viru-
lence factor cytotoxin-associated protein A
(CagA) and the incidence of asthma and
allergy (5). This observation is consistent
with the hygiene hypothesis, which states
that exposure to microbes (both pathogen-
ic and commensal) early in life prevents the
later development of allergic diseases (6).
The basis for this phenomenon is unclear,
but, recently, Miiller and colleagues dem-
onstrated that H. pylori infection prevents
allergic asthma in mouse models of the con-
dition through the induction of Tregs (7).
The logical question raised by this dis-
covery was what is the mechanism underly-
ing the induction of Tregs in mice infected
with H. pylori? In this issue of the JCI, Oertli,
Miiller, and colleagues provide insight into
this process (8). Specifically, they show that
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H. pylori—exposed tolerogenic DCs drive naive CD4+ T cells to become Tregs. DCs in the airways capture allergens, process antigens, and
migrate into pulmonary lymph nodes, in which they initiate antigen-specific Th2-skewed immune responses, which ultimately cause asthma.
When H. pylori infection occurs in neonates, H. pylori-exposed DCs in the lamina propria of the gut display impaired maturation, resulting in
tolerogenic DCs. IL-18 derived from these DCs acts directly on naive CD4+ T cells in gut regional lymph nodes (mesenteric lymph nodes), caus-
ing them to become Tregs that subsequently suppress asthmatic immune responses in the airways.

DCs exposed to H. pylori are programmed
to become tolerogenic, driving Treg dif-
ferentiation and thereby protection from
asthma, through the production of IL-18.
This study suggests novel cellular and
molecular pathways regulating allergic dis-
eases in individuals infected with H. pylori.
However, there remain many unanswered
questions regarding the underlying mech-
anisms of H. pylori infection-associated
asthma protection.

H. pylori—conditioned tolerogenic DCs
DCs, originally discovered by Stein-
man and Cohn in 1973 (9), are now well
established to be the critical antigen-pre-
senting cells responsible for activating
naive T cells. DCs link the innate and
acquired immune systems by detecting
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and responding to danger signals, such as
those on invading pathogens. DCs respond
to danger signals by endocytosing local
antigens, which they then degrade, gen-
erating antigenic peptides that form com-
plexes with MHC molecules that are then
expressed on the DC surface in order to
initiate antigen-specific T cell responses.
DCs also respond to danger signals by
undergoing a process known as matura-
tion, during which they begin to express
the chemokine receptor CCR7, which
enables them to migrate, in a chemokine-
dependent manner, to the lymph nodes
draining the site of antigen encounter.

In addition to initiating the adaptive
immune response to invading pathogens,
DCs also continuously present self anti-
gens, in the context of MHC molecules,
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to promote self tolerance (the lack of
immune responsiveness to self antigens).
Interestingly, certain helminth and bacte-
rial pathogens, including Fasciola hepatica,
Candida albicans, Schistosoma japonicum,
Schistosoma mansoni, Bordetella pertussis, and
Vibrio cholerae, are known to promote DC
tolerogenicity by producing TGF-f and
IL-10 mimetics or by inducing host DCs to
produce these cytokines and consequently
drive Treg induction to modulate the host
immune response (10).

The effects of H. pylori infection described
by Oertli et al. (8) are mediated by patho-
gen-induced tolerogenic DCs. In vitro expo-
sure of mouse bone marrow-derived DCs
to H. pylori induced a population of DCs
that were unable to activate T cells. Com-
parable populations of DCs were present
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in the mesenteric lymph nodes and lamina
propria (the thin layer of loose connective
tissue that lies beneath mucosal epithe-
lia, which contains lymphoid tissues and
subsets of leukocytes) of H. pylori-infected
mice and patients, respectively.

Oertli et al. went on to show that direct
contact between H. pylori and DCs was
essential for the induction of tolerogenic
DCs (8). In investigating the molecular
basis for these events, they determined
that neither the host molecules TLR2
and MyD88 (a key intracellular signal
transduction molecule for TLRs) nor the
H. pylori type IV secretion system (which
delivers CagA into epithelium) were
involved. As no evidence of a role for the
TLR family of pathogen-sensing receptors
in DC recognition of H. pylori was found by
Oertli et al,, it is possible that one or more
members of the nod-like receptor (NLR)
family of pathogen-sensing receptors is
involved. In this context, Watanabe et al.
have shown that y-D-glutamyl-meso-diami-
nopimelic acid (iE-DAP; a cell wall peptido-
glycan derivative from H. pylori) activates
DCs in a manner dependent on nucleotide-
binding oligomerization-domain contain-
ing 1 (Nod1, also known as NLRC1) when
added to culture medium and also induces
type I IFN and, eventually, IL-10 through
the Nod1-TBK1-IRF7 pathway in human
epithelial cell lines (11). Future studies
should examine whether this pathway
is also involved in H. pylori induction of
IL-18-producing tolerogenic DCs.

Treg induction by DC-derived IL-18
The role of IL-18 in allergic diseases is com-
plicated. IL-18 is produced mainly by mac-
rophages and epithelial cells in a caspase-1-
dependent manner (12). IL-18 was first
identified based on its ability, in combina-
tion with IL-12, to induce the production of
IEN-y by T cells and other leukocytes. There-
fore, coadministration of IL-18 and IL-12
induces potent antiallergic activity. On the
other hand, IL-18 in combination with IL-2
increases the expression of CD40L on CD4*
T cellsand, in the absence of antigen, can also
induce the production of Th2 cytokines such
asIL-4 and IL-13, which are key contributors
to the pathogenesis of asthma (13).

One of the most important observations
made in the study by Oertli et al. (8) is that
DC-derived IL-18 plays a central role in the
conversion of naive T cells to Tregs that
possess potent inhibitory activity against
Th2 responses. Cytokine signals have been
implicated in the generation of different
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classes of Tregs, just as they have been found
to guide the generation of different subsets
of helper T cells. For example, under Th1
inflammatory conditions, IFN-y induces
the expression of the transcription factor
T-betin FoxP3* Tregs, optimizing these cells
for the suppression of Th1 responses (14).
On the other hand, Tregs in the periphery
express high levels of IFN regulatory factor-4
(IRF4), which is required for these cells to
be able to suppress Th2 responses (15). Itis
unclear at this stage whether IL-18 induces
general Treg populations or specifically
induces Tregs optimized for suppressing
Th2 responses, which are key to the patho-
genesis of asthma. Therefore, it will be very
important to define how IL-18-mediated
signals regulate the activation of FoxP3,
the master regulator of Treg induction
(16), and to define the effect of IL-18 on
the signaling pathways that determine Treg
heterogeneity.

Tolerogenic signals from the gut

to the airways

One of the biggest puzzles raised by the
work of Oertli et al. is how H. pylori in the
mucus of the stomach influences DCs in
the lamina propria. It has been reported
that H. pylori is able to sense the pH gradi-
ent within the mucus layer, moving away
from the acidic lumen toward the more
neutral pH environment of the epithe-
lial cell surface, even invading the gastric
mucosa and translocating to the gastric
lymph nodes (17, 18). However, it remains
unclear how efficiently live H. pylori migrate
to the lamina propria and the draining
lymph nodes, in which they may regulate
the function of DCs. Ito et al. have shown
that H. pylori are mainly phagocytosed in
the lamina propria and translocated into
the gastric lymph nodes by macrophages,
but not by DCs, in the induction of gas-
tritis (19). At the same time, there are a
number of reports suggesting that Peyer’s
patches (aggregations of lymphoid tis-
sue in the small intestine) are the sites of’
T cell priming and effector T cell genera-
tion in H. pylori infection (20, 21). In a clini-
cal setting, H. pylori infection only occurs in
the stomach. It seems unlikely that DCs in
the lamina propria of the stomach egress to
the airways via the lymphatics and circula-
tion. Although this fact highlights a short-
coming of the model used by Oertli et al.
(8), in which H. pylori-conditioned DCs
were administered intranasally, their study
represents important proof of the concept
that H. pylori-exposed DCs become tolero-
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genic and provide protection from allergic
disease. However, important questions
remain about how events in the gut affect
the lungs. As illustrated in Figure 1, we
believe that antigen-independent systemic
surveillance by Tregs generated in the mes-
enteric lymph nodes draining the H. pylori-
infected gut represents the most plausible
mechanism for how this could occur.

Why is neonatal infection so critical?
As demonstrated in a paper from Miiller and
colleagues (7), asthma is strongly reduced in
mice infected with H. pylori neonatally but not
in mice infected during adulthood. In neona-
tally infected mice, the reduction in asthma
was accompanied by an increase in Tregs; in
mice infected during adulthood, numbers of
Tregs remained unchanged. These observa-
tions raise the question, why do Tregs domi-
nate in H. pylori infection in neonates? Given
the data from Oertli et al. (8), this phenome-
non could be due to a difference in IL-18 pro-
duction between H. pylori-programmed DCs
in neonates and adults. However, it could
also be due to a barrier difference between
the guts of neonates and adults. Although
the finding that asthma is strongly reduced
in mice infected with H. pylori neonatally but
not in those infected during adulthood is
consistent with the epidemiologic data indi-
cating that H. pylori infection occurs early in
life, its mechanistic basis remains unclear.

DC-derived IL-18 as a potential
therapeutic target

In summary, the study by Oertli, Miiller, and
colleagues (8) has extended our understand-
ing of the molecular and cellular basis of the
hygiene hypothesis in the context of H. pylori
infection. They have revealed that DCs exposed
to H. pylori are destined to become tolerogen-
ic, driving Treg differentiation through IL-18
production and thereby inducing protection
from allergic asthma. If DC-derived IL-18 is
found to be generally involved in Treg induc-
tion in vivo, targeting IL-18 as a means of Treg
regulation could present an attractive strategy
for the prevention and treatment of the vari-
ous human diseases in which Treg function
is dysregulated, which include autoimmune
diseases and cancer as well as asthma.
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NPs — heart hormones that regulate brown fat?
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Thermogenesis in brown adipose tissue (BAT) is well characterized as being
under the control of the sympathetic nervous system. The energy-burning
capacity of BAT makes it an attractive target for anti-obesity therapies. How-
ever, previous attempts to manipulate BAT’s sympathetic activation have
lacked specificity. In this issue of the JCI, Bordicchia et al. provide new data
indicating that cardiac natriuretic peptides (NPs) are also able to activate
thermogenic machinery in adipose tissue. Their findings suggest a novel
strategy to increase energy dissipation in adipose tissue, independent of

adrenergic receptors.

Regulation of the thermogenic
program via p38 MAPK

Obesity is a growing epidemic that places
an impossible burden on the health care
systems of both developed and develop-
ing countries across the globe, due to the
negative effects of excess fat accumulation
on multiple organs. Fat is stored mainly
in the well-described white adipose tissue
(WAT), but there exists a second fat reser-
voir known as brown adipose tissue (BAT).
Maintenance of core body temperature is
essential to all mammals, and brown fat
is highly specialized to generate heat. In
smaller organisms such as rodents, it is well
established that brown adipocytes perform

Conflict of interest: The authors have declared that no
conflict of interest exists.

Citation for this article: ] Clin Invest. 2012;
122(3):804-807. doi:10.1172/JCI62595.

804

The Journal of Clinical Investigation

an essential role in this process, and there is
now substantial evidence that BAT depots
exist and are active in adult humans (1-3).
Following exposure to cold temperatures,
the brain coordinates increased activation
of BAT via the sympathetic nervous sys-
tem (SNS). Brown adipocytes in BAT and
populations of “brown-like” adipocytes in
WAT respond by increasing transcription
of genes important for mobilizing and oxi-
dizing lipids to generate heat. This genetic
response is known as the thermogenic pro-
gram, the key components of which are
lipases and the specialized mitochondrial
transporter uncoupling protein 1 (UCP1).
UCPI1 enables the separation of lipid oxi-
dation from ATP production, allowing a
higher metabolic rate and the conversion
of nutritional energy to heat (4). Under-
standing the regulation of the thermogenic
program is of particular importance, as its
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induction is fundamental to not just ther-
mogenic activity but also the differentia-
tion of adipocytes toward a more “brown”
cell fate (5). In this issue of the JCI, Bordic-
chia, Collins, and colleagues demonstrate a
novel mechanism for activating this genetic
program in adipose tissue (6).

Adrenergic signaling is the classical
activator of the thermogenic machin-
ery. Catecholamines drive increased
intracellular cAMP levels, directly acti-
vating cAMP-dependant protein kinase
(PKA), which subsequently phosphory-
lates hormone-sensitive lipase (HSL).
But as shown previously by the Collins
team, PKA can also phosphorylate kinas-
es in the p38 MAPK pathway (7, 8). The
UCPI promoter contains motifs bound
by multiple transcription factors, such as
activating transcription factor-2/cAMP
response element-binding (ATF2/CREB)
and PPARy, the transcriptional effects
of which are all enhanced by increased
p38 MAPK activation. Pharmacological
inhibition of p38 MAPK is sufficient to
negate the effects of adrenergic stimula-
tion on UCPI transcription (7).

Previous strategies aimed at increas-
ing energy dissipation in BAT through
enhanced activation of the adrenergic
system have proved successful at reduc-
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