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Basophils are the least abundant granulocytes found in the circulation. Until recently, their functions were poorly
understood. In the past few years, the list of basophil functions in the context of immunity has dramatically increased.
Thus, the need for basophil-deficient animal models to confirm these findings is imperative. In this issue of the JCI, Wada
and colleagues introduce the first mouse model in which basophils are conditionally ablated in vivo. Using this model, they
then uncover a nonredundant role for basophils in acquired immunity against tick infection.
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substantially to important metabolic com-
plications, such as type 2 diabetes and fatty
liver. Given the urgent need for more effec-
tive therapies for these common diseases,
it will be essential to identify molecular
mediators of increased endocannabinoid
activity in obesity. As with many complex
diseases, it is likely that endocannabinoid
dysregulation in obesity will arise at the
intersection between genetic susceptibility
(e.g., polymorphisms in endocannabinoid
pathway genes) and an obesogenic meta-
bolic environment, including overnutri-
tion, suboptimal dietary lipid composi-
tion, inactivity, insulin/leptin resistance,
and tissue inflammation. Studies are
required to both fully dissect these possi-
bilities and to identify optimal dietary and
lifestyle interventions useful to attenuate
endocannabinoid overactivity (20). Parallel
identification of additional pharmacologic
compounds that can reduce activity of the
cannabinoid system is clearly needed. How-
ever, the critical challenge will be to verify
the absence of CNS effects of endocan-
nabinoid modulation in longer-term stud-
ies in both preclinical models and humans,
so that we are not doomed to rehash the
unfortunate saga of rimonabant.
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Basophils are the least abundant granulocytes found in the circulation.
Until recently, their functions were poorly understood. In the past few years,
the list of basophil functions in the context of immunity has dramatically
increased. Thus, the need for basophil-deficient animal models to confirm
these findings is imperative. In this issue of the JCI, Wada and colleagues
introduce the first mouse model in which basophils are conditionally ablat-
ed in vivo. Using this model, they then uncover a nonredundant role for
basophils in acquired immunity against tick infection.

Basophils, the least abundant granulocytes
found in the circulation, have long been out-
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siders in the immunology community. This
is in part because of their scarcity and phe-
notypic similarity to mast cells. Although
mast cells are not classified as granulocytes,
they share several characteristics with baso-
phils; these include surface expression of
the high-affinity Fc receptor for IgE (FceRI)
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and the ability to release chemical mediators
such as histamine after stimulation. In mice,
mature basophils have a relatively small
cytoplasm and few cytoplasmic granules (1).
However, surface markers that are specific
for basophils have not been identified; thus,
an experimental tool to examine the unique
functions of basophils in vivo has long been
wanted. Recent studies have increased the
need for this, as they have accumulated
convincing evidence that basophils play
crucial roles in the development of immune
responses, particularly those associated with
type 2 immunity (2, 3).
Basophil-mediated regulation of
immune responses is primarily medi-
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Basophil responses during primary and secondary tick infestation. The model depicted here for the role of basophils during primary and second-
ary tick infestation as suggested by the data of Wada and colleagues (12). (A) Primary infestation. Upon infestation, tick antigens are likely to
be taken up by tissue-resident dendritic cells, which subsequently migrate to the draining lymph nodes, where they present the antigen to CD4+
T cells. Activated CD4+ T cells are expected to provide “help” to B cells to produce tick antigen—specific Igs (including IgE and IgG). Whether
basophils enter into the draining lymph nodes and influence the T cell responses as previously seen in the N. brasiliensis infection model remains
unclear. Tick engorgement takes place. (B) Secondary infestation. Upon secondary infestation, basophils are rapidly recruited to the infesta-
tion sites, where they are expected to be activated by surface antibody crosslinking. How basophil recruitment is induced is unknown. Tissue
mast cells play an important role in providing resistance, although antibody-mediated activation of mast cells is dispensable for the resistance.
Antibody-activated basophils may cooperate with mast cells during this process. Tick engorgement fails to occur. The effector mechanisms that
directly inhibit tick engorgement remain to be examined.

ated by the Th2-type cytokines produced
by basophils, including IL-4 and thymic
stromal lymphopoietin. Unlike Th2 CD4*
T cells, which arise following stimulation
of naive CD4* T cells in the appropriate
cytokine milieu, basophils do not require
a differentiation step to produce Th2-type
cytokines; instead, it has been shown that
they spontaneously acquire the capacity to
produce these cytokines (4). Importantly,
basophils have been shown to enter anti-
gen-draining lymph nodes where they
support Th2 differentiation of naive CD4*
T cells (5). Furthermore, basophils have also
been demonstrated to function as antigen-
presenting cells that directly prime anti-
gen-specific naive CD4" T cells to become
Th2 effector T cells even in the absence
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of CD11c* dendritic cells (6). Despite this
increasing evidence that basophils regulate
type 2 immunity, their contribution to pro-
tective effector immunity remains less well
characterized. A substantial increase in the
number of IL-4-producing basophils was
found in mice infected with the intestinal
nematode Nippostrongylus brasiliensis (7),
although their role as inducers of N. brasil-
iensis-specific Th2 immunity was recently
challenged (8). Basophils also have recently
been found in the lamina propria of the
small intestine and the lung parenchyma
during infection of mice with N. brasilien-
sis (9), and depletion of basophils using Ab
treatment impaired parasite expulsion dur-
ing primary and secondary infection with
N. brasiliensis (9, 10), suggesting that baso-
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phils may play a protective role against the
parasite infection.

Basophil-deficient mice

As the number of functions ascribed to
basophils has risen, so the demand for an
animal that lacks basophils has contin-
ued to rise. In vivo depletion using mono-
clonal Abs specific for FceRI (MAR-1) or
CD200R3 (Bal03) has at least allowed
researchers to begin to test the functions
of basophils in vivo (5, 11). However, con-
cerns related to the possibility that baso-
phils are activated by the Ab treatment
during depletion, which would result in
cytokine secretion, and/or the possibility
that the Abs cross-react with nonbasophils,
particularly mast cells, have always been an
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issue of uncertainty. In this issue of the
JCI, Wada et al. report for the first time a
mouse model of inducible basophil abla-
tion (12). The mouse model was generated
by introducing the diphtheria toxin recep-
tor-encoding (DTR-encoding) gene into
the 3" untranslated region of the mast cell
serine protease 8 (Mcpt8) gene in a bacterial
artificial chromosome. Consistent with
a report that mouse MCP8 is a basophil-
specific differentiation marker (13), expres-
sion of DTR was only found in basophils
and not in other cells, especially mast cells.
Treatment of the mice, which were termed
Mcpt8P™ mice, with diphtheria toxin (DT)
led to a transient depletion of basophils in
the bone marrow and periphery, while the
majority of mast cells remained unaffected
during the treatment.

Tick infection model

Studies using guinea pigs and ruminants
have shown that repeated tick infestation
induces cutaneous basophilia and that host
Fc receptors are required for Ab-mediated
resistance (14, 15). Moreover, the recruited
basophils appear to play an important role
in host resistance, as injection of anti-baso-
phil serum partially impairs resistance to
infestation (16). However, this notion was
challenged by the finding that mast cell-
deficient mice fail to acquire resistance to
tick infestation (17) and by the difficulty in
identifying infiltrating basophils in tissues
stained with H&E.

However, using their mouse model of
inducible basophil ablation, Wada et al.
have provided indisputable evidence that
it is indeed basophils that have a nonre-
dundant role in Ab-mediated acquired
immunity against reinfestation with the
tick Haemaphysalis longicornis, which is the
vector that mediates babesiosis, Q fever,
and Russian encephalitis in humans (12).
The authors established a model system
in which mice infested with H. longicornis
ticks acquire protective immunity during
primary infestation, as determined by sub-
stantially reduced numbers and weights
of engorged ticks (a measure known as
tick repletion) during the second infesta-
tion compared with the first. Consistent
with an earlier report (17), tick repletion
remained unaltered in mice deficient in
mast cells (Kit"="W+) and diminished
to the level seen in wild-type mice upon
reconstituting Kit"="V<» mice with mast
cells derived from wild-type bone mar-
row, suggesting that mast cells play a key
role in the acquisition of resistance to tick
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reinfestation. Moreover, both antibody-
deficient and Fcerlg-deficient mice failed
to display tick resistance, supporting the
idea that anti-tick antibodies (probably IgE
isotype) mediate resistance. However, Kit""
sh/Wsh mice that received mast cells derived
from Feerlg-deficient bone marrow were
fully capable of lowering tick repletion,
as seen in recipients of mast cells derived
from wild-type bone marrow, suggesting
that Ig receptors on mast cells are not nec-
essary for Ab-mediated resistance to tick
reinfestation. This unexpected observation
prompted the authors to test the role of
basophils in this experimental setting.
Wada et al. then used the Mcpt8P™R mice to
directly test the role of basophils in acquired
resistance to tick infection (12). Treatment
of Mcpt8P™ mice with DT during the sec-
ondary infestation completely abolished
resistance. Importantly, the total mast cell
numbers in the tick feeding sites remained
unchanged relative to control mice, strong-
ly indicating that mast cells are not nec-
essary for resistance. The importance of
basophils was further supported by the fact
that transfer of basophil-enriched CD49b*
splenocytes isolated from sensitized mice
was sufficient to confer resistance in naive
mice. Moreover, transferring CD49b" sple-
nocyetes isolated from DT-treated (but not
from PBS-treated) Mcpt8P™ mice that had
been infested once was unable to diminish
tick repletion. These results strongly sug-
gest that basophils play a critical nonredun-
dant role in acquired resistance to tick rein-
festation. The authors further showed that
the transfer of CD49b* splenocytes isolated
from tick-infested Fcerlg-deficient mice
failed to confer resistance; in other words,
the expression of Ig receptors on basophils
rather than mast cells is a key determinant
for protection, confirming their earlier find-
ing of resistance following reconstitution of
Kit"<"Wh mice with mast cells derived from
Feerlg-deficient bone marrow.

Future perspectives

The work of Wada et al. (12) raises several
important questions for future study. A
cellular mechanism underlying basophil
recruitment to sites of tick infestation
needs to be examined (Figure 1). Basophils
are found within the draining lymph nodes
after primary infection with N. brasiliensis,
and IL-3 is necessary for this recruitment
(8). It is therefore possible that circulat-
ing basophils may enter lymph nodes
that drain tick antigens during primary
infestation and that those basophils then
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present tick antigens and induce type 2 dif-
ferentiation. The significance of basophil
recruitment to the infestation sites during
secondary infection is more likely related
to their effector function. While the source
of IL-3 in this setting is likely activated
CD4* T cells, the target cells of IL-3 are less
well characterized. Because IL-3 is believed
to induce the production of chemokines
and expression of adhesion molecules that
contribute to basophil transendothelial
migration (18), finding the IL-3-respond-
ing target cells is likely to illuminate the
mechanism involved in basophil migra-
tion. However, basophil migration into
lymphoid versus nonlymphoid parenchy-
mal tissues including skin or lung might
utilize different mechanisms.

How recruited basophils mediate resis-
tance also needs to be characterized. Given
the failure of Fcerlg-deficient splenocytes
to restore tick resistance in Mcpt8P™ mice
treated with DT, it is likely that tick-specific
antibodies crosslink Ig receptors on baso-
phils that then secrete mediators that deter
tick engorgement. However, whether baso-
phils are directly involved in anti-tick immu-
nity or recruit other effectors such as eosino-
phils into the sites (16) to mediate resistance
remains to be explored. It is important to
note that despite the fact that mast cells
are necessary for acquired resistance to tick
infestation, a mechanism mediating the
resistance appears to be distinct from that
mediated by basophils. What is particu-
larly striking is that failure of resistance in
mast cell-deficient mice is reversed by the
transfer of mast cells derived from Fcerlg-
deficient bone marrow. Given the fact that
depletion of basophils alone is sufficient to
abolish resistance, it is likely that mast cells
are needed for basophils to execute anti-tick
(Ig-dependent) effector immunity. Under-
standing the cellular cooperation between
mast cells and basophils will be an impor-
tant subject of investigation.

In sum, the results reported by Wada et
al. (12) identify a previously unrecognized
effector role for basophils during infesta-
tion with the tick H. longicornis, an impor-
tant vector mediating critical human
diseases. Moreover, the availability of an
animal in which basophils can be con-
ditionally deleted will allow us to better
understand the mystery of these rare cells
in the immune system.
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Seeing red: flushing out instigators
of niacin-associated skin toxicity
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The use of niacin to improve plasma lipid levels and reduce risk of myocar-
dial infarction is limited by noxious skin effects that result from stimulation
of G protein-coupled receptor 109A (GPR109A) in skin immune cells. Nia-
cin causes vasodilation, manifest as rubor (redness) of the head and neck,
providing a visible sign associated with other, more bothersome skin com-
plaints. The working theory is that niacin provokes Langerhans cells to pro-
duce prostaglandin D, (PGD,), stimulating vascular DP1 receptors to cause
vasodilation. In this issue of the JCI, Hanson and colleagues raise a serious
challenge to this paradigm in showing that the major player in vasodilation
is the keratinocyte, which produces PGE,, stimulating EP; /4 receptors, shift-
ing the role of the Langerhans/PGD,/DP; pathway to that of an accomplice.
They also show that the antipsoriasis drug monomethyl fumarate, itself
a GPR109A agonist, provokes vasodilation through the same cells. These
efforts bring us one step closer to solving a key limitation of an important
cardioprotective drug and reveal that the skin response to niacin is much
more complicated than previously thought.

The therapeutic use of niacin has a
long and colorful history (1). Remark-
ably, it has played a critical role in
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preventing a top cause of death in 2
different centuries by 2 seemingly unre-
lated mechanisms. It eradicated pella-
gra, a vitamin deficiency disease caused
by a chronic lack of niacin (vitamin Bj)
as a source of NAD*. Before niacin was
added to the food supply, pellagra was
a major cause of morbidity and mortal-
ity in the early 20th century. Presumably
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through its beneficial effects on lipid levels,
niacin also prevents myocardial infarction
(MI), a public health menace in the early
21st century (2). Statins have justifiably
replaced niacin as the first-line therapy for
the treatment of hyperlipidemia; however,
even statins only reduce coronary heart dis-
ease (CHD) risk by about one-quarter, leav-
ing considerable residual risk in vulnerable
populations. Thus, niacin is reemerging as
an adjunct to statin therapy to reduce the
incidence of CHD events even further. Nia-
cin is also recommended as an adjunct to
statin therapy to raise HDL cholesterol and
lower triglycerides (2). Although niacin has
been used for more than 50 years to lower
cholesterol levels, we are only now starting
to piece together the molecular mechanism
by which it does this, following the discov-
ery that G protein-coupled receptor 109A
(GPR109A) is a receptor for niacin that
mediates some of its myriad effects (3-5).
GPR109A is highly expressed in adipocytes,
where stimulation results in the profound-
ly antilipolytic effect of niacin and, in turn,
the acute reduction in levels of plasma free
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