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Systemic anaphylaxis is generally recognized as a severe allergic reaction caused by IgE-mediated activation of mast
cells, leading to massive release of vasoactive mediators that induce acute hypotension and shock. However,
experimental evidence in mice suggests that this view is too simple. Using a variety of techniques to manipulate immune
cell makeup, Jénsson et al. come to the conclusion in this issue of the JC/ that recognition of IgG1 and IgG2 antibodies
by FcyRIIl and FcyRIV receptors on neutrophils is a major pathway for induction of anaphylaxis. These exciting results
suggest that we have to reevaluate our models for anaphylaxis in humans, which will have a direct impact on our
therapeutic approaches for prevention of this potential deadly hypersensitivity reaction.
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or nitrite can increase plasma cGMP and
reduce blood pressure (15, 17, 18). However,
like any potential therapy, there are poten-
tial adverse effects (15, 18). Dietary supple-
mentation of nitrites can cause methemo-
globinemia and interfere with oxygenation
of the blood. Furthermore, dietary nitrite
and nitrate can contribute to the formation
of potentially carcinogenic nitrosamines,
although the epidemiological association of
dietary nitrogen oxides with cancer has been
questioned (19). Accordingly, until there is
more guidance from larger, randomized
clinical trials, direct supplementation of the
diet with nitrite or nitrate salts seems inad-
visable. Adherents of the hypothesis may
be served best by generous helpings of leafy
green vegetables.
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Systemic anaphylaxis is generally recognized as a severe allergic reaction
caused by IgE-mediated activation of mast cells, leading to massive release
of vasoactive mediators that induce acute hypotension and shock. However,
experimental evidence in mice suggests that this view is too simple. Using
a variety of techniques to manipulate immune cell makeup, Jénsson et al.
come to the conclusion in this issue of the JCI that recognition of IgG1 and
IgG2 antibodies by FcyRIII and FcyRIV receptors on neutrophils is a major
pathway for induction of anaphylaxis. These exciting results suggest that we
have to reevaluate our models for anaphylaxis in humans, which will have a
direct impact on our therapeutic approaches for prevention of this potential

deadly hypersensitivity reaction.

I turned to Wikipedia when I was search-
ing for a way to explain the basics of ana-
phylaxis and came across the following
statement: “True anaphylaxis is caused by
degranulation of mast cells or basophils
mediated by immunoglobulin E (IgE).”
This is the classic teaching, present in all

Conflict of interest: The author has declared that no
conflict of interest exists.

Citation for this article: ] Clin Invest. doi:10.1172/
JCI57296.

the immunology textbooks, but the paper
in this issue of the JCI by Jénsson et al.
(1) informs us that this view is, at best,
incomplete. Instead, we learn that ana-
phylaxis can be mediated by neutrophils
recognizing IgG/antigen complexes. In
addition to turning around our under-
standing of anaphylaxis, this paper adds
to the growing list of neutrophil func-
tions besides just bacterial killing and
protease production (2). Lately we have
learned that neutrophils are major sourc-
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es of cytokines and chemokines (3, 4).
They play a direct role in influencing the
recruitment and activation of monocytes/
macrophages, T cells, and NK cells dur-
ing inflammation (5-7). Neutrophils have
been implicated as the primary initiators
of immune complex-mediated diseases
(8, 9). And now the shocking news (pun
intended!) that they are major players in
initiating anaphylaxis.

The history of anaphylaxis

Anaphylaxis is an acute, multisystem,
severe type I hypersensitivity reaction
that develops in minutes to hours follow-
ing antigen exposure (10). In its mildest
forms, it results in rashes (hives), wheez-
ing, and some gastrointestinal symptoms
(cramping, bloating). In its more severe
forms, patients develop bronchoconstric-
tion with hypoventilation, systemic vaso-
dilation (leading to frank shock), cardiac
dysrhythmias, and central nervous system
abnormalities. Anaphylaxis most often
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Mast cells, basophils, and neutrophils in anaphylaxis. Following allergen exposure, IgE and IgG Abs are produced. IgE binds to FceRs on mast
cells, priming the cells for a secondary response. Following second exposure, the allergen binds to IgE on mast cell receptors, activating his-
tamine release. Allergens also form immune complexes with IgG1- and IgG2-activating basophils and neutrophils through FcyRIIl and FcyRIV,
respectively, leading to PAF release. Neutrophils also express FcyRlll, and they also respond to IgG1/allergen complexes.

occurs in patients with severe allergy to
insect stings (specifically Hymenoptera
venom), specific foods (mainly nuts, shell-
fish, some milk products), or in response
to some medications. Amazingly, it is esti-
mated that 1%-15% of people in the US
are at risk for anaphylaxis-type reactions
and that upwards of 1,500 deaths per year
are attributed to acute hypersensitivity
reactions (11, 12).

Experimentally, anaphylaxis is studied
in two fashions. Active systemic anaphy-
laxis (ASA) is induced by immunizing
experimental animals, then rechalleng-
ing them with the antigen in a form
that induces an acute hypersensitiv-
ity response; this model closely mimics
human anaphylaxis. Passive systemic

anaphylaxis (PSA) involves adoptive
transfer of antigen-specific Abs into
naive animals followed by injection of the
antigen. In both cases, use of knockout
mice lacking various immune cells, recep-
tors, or signaling molecules has allowed
investigators to dissect the mechanisms
of hypersensitivity reactions, as exempli-
fied by Jonsson et al. (1).

A Nobel Prize for anaphylaxis —

making lemonade out of lemons

The term anaphylaxis was coined by
Charles Richet, a French physiologist, in
his work with colleague Paul Portier, try-
ing to establish immunity in dogs to sea
anemone toxin (13). Their objective was
to make the animals tolerant to the toxin
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by first injecting them with nonlethal
doses, followed by subsequent challenge
doses. This protective effect of prior expo-
sure had been demonstrated with other
toxins in other animal species. To their
dismay, Portier and Richet found that
their dogs developed lethal hypersensi-
tivity reactions within minutes following
a second injection of even small doses
of the toxin. Portier and Richet coined a
new term, anaphylaxis, derived from the
Greek words a (against) and phylaxis (pro-
tection), to describe what appears today
to be a failed experiment. This work
was published in 1902 (14), and Richet
received the Nobel Prize in Medicine/
Physiology in 1912. That is making lem-
onade out of lemons, indeed!
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The mast cell as the initiator
of anaphylaxis?
A century after Portier and Richet’s work,
our molecular understanding of anaphy-
laxis is that it is an IgE/mast cell/baso-
phil-mediated event (reviewed in ref. 10).
Sensitized individuals develop antigen-
specific IgE, which binds to FceR recep-
tors on mast cells and basophils, priming
the cells for robust responses. Follow-
ing reexposure to the allergen, FceRs are
aggregated on the responding cells, lead-
ing to degranulation and release of “pre-
formed” mediators, principally histamine,
which in turn induces the symptoms of
allergy, or in its most systemic form, ana-
phylaxis (Figure 1). There is a wealth of
experimental data supporting this model,
including years of experiments in defin-
ing the “reagin” of allergy as the immu-
noglobulin IgE, then the cloning of the
FceR receptors and demonstrating their
presence on mast cells, along with the
recognition of mast cell products as hav-
ing direct vascular effects that can lead
to hypotension and shock, which charac-
terizes severe anaphylaxis. It is also clear
that many other mast cell products may
contribute to allergy and anaphylaxis,
including proteoglycans, serine proteases,
lipid-derived mediators, cytokines, and
platelet-activating factor (PAF) (10).
With more modern approaches in mouse
models, it becomes clear that this simple
paradigm is unlikely to be the entire story.
Using the PSA model in mice, it is well
established that administration of either
IgE or IgG1 can cause reactions follow-
ing antigen challenge, with IgE acting
through FceR and IgG1 acting through
FcyRIII receptors (15). Using basophil-
depleting mAbs and mast cell-deficient
mice, it appears that the IgG1 responses
are initiated primarily by FcyRIII receptors
on basophils, which release large amounts
of PAF (16). More importantly, it has long
been recognized that ASA can be induced
in mice lacking either mast cells or IgE,
suggesting that other pathways must be
operative (17, 18). ASA can also be induced
in basophil-depleted animals (16), but
fails to occur in mice lacking activating
FcyRs (15). Moreover, blockade of the PAF
receptor limits peanut-induced allergy in
mouse models (19). These findings lead
us to conclude that antibodies other than
IgE can mediate ASA, that cells other than
mast cells or basophils are involved, and
that histamine is not the only mediator of
anaphylaxis.

The 5KO mouse and new

blocking Abs

Jonsson et al. (1) address these issues using
a panel of relatively new knockout mouse
models as well as some novel blocking
mAbs. Their basic model involves immu-
nization of mice with BSA in Freund’s
adjuvant or alum, followed by confirma-
tion of IgE and IgG anti-BSA titers, then
subsequent rechallenge with intravenously
injected BSA. The animals develop a fatal
ASA within minutes and can be moni-
tored by a drop in core body temperature.
Using this simple model, the authors dem-
onstrate that ASA still develops in SKO
mice, which are derived by interbreeding
of 5 different knockout strains and lack
all IgE FceRs and all IgG FcyRs except
FcyRIV, which is present only on neutro-
phils and macrophages. Treatment of mice
with anti-FcyRIV blocks the ASA in SKO
mice, and in combination with a new anti-
FcyRIII-blocking mAbs, ASA is blocked in
regular wild-type mice. Macrophage deple-
tion does not protect mice in their ASA
model, but neutrophil depletion (espe-
cially combined with loss of basophils)
is fully protective. The type of adjuvant
used in the immunization matters, with
alum favoring production of IgG1 anti-
bodies, which then results in loss of ASA
in the 5KO strain. The authors conclude
that BSA-specific IgG1 binding to FeyRIII
on basophils (and likely other cells) and
IgG2 binding to FcyRIV on neutrophils
is sufficient to mediate ASA. Amazingly,
the authors confirm the neutrophil domi-
nance in their ASA model by demonstrat-
ing that adoptive transfer of human neu-
trophils into mice that lack all activating
FceRs and FcyRs restores normal reactions
to BSA challenge. They confirm the rela-
tive specificity of IgG1 to FcyRIII versus
IgG2 to FcyRIV in PSA-type experiments,
using different anti-DNP mAbs. They also
confirm the neutrophil dominance in PSA
using a polyclonal Ab model, performed
by injecting mice with preformed immune
complexes. Finally, using inhibitors and
cPLA2 mutant mice that fail to make PAF,
they demonstrate that PAF, but not hista-
mine, seems to be the dominant mediator
in their ASA model.

Caveats and future directions

Although this is an outstanding and well-
controlled study, there are always caveats.
There are minor issues, such as the need
to test ASA and IgG2 PSA in newly devel-
oped FcyRIV KO mice (20), which will be
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quickly done. The studies involving PAF
as a major mediator are somewhat limited
at this point. There is also the general con-
cern that all these experiments are done
with substantial immunization protocols
(such as Freund’s adjuvant) followed up
by injection of large amounts of antigen,
paradigms that do not recapitulate the
development of lethal hypersensitivity in
a child following a single bee sting. More-
over, the repertoire and expression pat-
tern of FcyRs differs significantly between
mouse and humans, so it remains gener-
ally unknown how translatable mouse
models for anaphylaxis are to humans.
Nevertheless, it is clear that physicians
and scientists need to pay more attention
to anti-specific IgGs and neutrophils in
patients with hypersensitivity reactions.
Therapeutically, this could translate into
more effort put toward blocking IgG or
FcyR binding or inhibiting PAF function
in patients with severe allergy. Finally, one
thing is for sure: this wonderful study by
Jonsson et al. (1) will mean that somebody
has to sit down and update Wikipedia;
hopefully, by the time you have finished
reading this paper, it will be done!
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Good COP1 or bad COP1? In vivo veritas
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The evolutionarily conserved protein COP1 has been shown to operate as an
E3 ubiquitin ligase complex, and a number of putative substrates have been
identified, including the c-JUN oncoprotein and p53 tumor suppressor pro-
tein. New work by Migliorini and colleagues described in the current issue
of JCI demonstrates that COP1 acts as a tumor suppressor in vivo and does
so, at least in part, by promoting the destruction of c-JUN. These findings
challenge the view that COP1 regulates p53 stability and call into question
the wisdom of developing COP1 inhibitors as potential anticancer agents.

Ubiquitin ligase complexes that target
proteins for proteasomal degradation in
a regulated manner play important roles
in maintaining cellular homeostasis (1).
Accordingly, deregulation of ubiquitin
ligases and their protein targets has been
implicated in a variety of diseases includ-
ing cancer. For example, overexpression
of MDM2, which ubiquitinates the p53
tumor suppressor protein, has been linked
to certain cancers, as has loss of AXIN,
which is a component of a ubiquitin ligase
that targets the -catenin oncoprotein for
destruction. In this issue of JCI, Migliorini
etal. provide evidence that loss of constitu-
tive photomorphogenesis protein 1 (Cop1l),
a component of another ubiquitin ligase
complex, leads to deregulation of the c-Jun
oncoprotein and tumor growth in vivo.
COPI, also called RFW2 (RING finger
and WD repeat domain 2), was initially
identified in Arabidopsis, where it plays a
critical role in growth and development in
response to light (photomorphogenesis)
(2). Under dark conditions, COP1 represses

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

Citation for this article: ] Clin Invest. doi:10.1172/
JCIS7080.

photomorphogenesis by serving as an E3
ubiquitin ligase that targets proteins such
as the photomorphogenesis-promoting
transcription factor HYS for destruction
(3). In response to light, COP1 becomes
inactive, both by virtue of translocation out
of the nucleus and through inhibitory pro-
tein-protein interactions, thereby allowing
photomorphogenesis to proceed.

COP1 is an ubiquitin ligase

Although mammalian cells do not undergo
photomorphogenesis, they somewhat sur-
prisingly also contain an Arabidopsis COP1
homolog. Mammalian COP1, like the Ara-
bidopsis protein, consists of an N-terminal
RING finger domain, an internal coiled-
coil domain, and C-terminal WD40 repeats.
Moreover, mammalian COP1 possesses E3
ubiquitin ligase activity (4). In addition
to possessing intrinsic E3 activity, COP1
participates, in both Arabidopsis and mam-
malian cells, in a higher-order E3 ubiquitin
ligase complex that contains DET1 (de-
etiolated 1), DDB1 (DNA damage-bind-
ing protein 1), CUL4 (cullin 4), and RBX1
(ring-box 1) (4). The growing list of COP1
substrates identified so far includes p53
(5), c-JUN (6, 7), ACC1 (acetyl-coenzyme A
carboxylase alpha) (8), MTA1 (metastasis-
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associated protein 1) (9), FOXO1 (forkhead
box protein O1) (10), TORC2 (transducer
of regulated CREB activity 2) (11), and
PEA3 (polyomavirus enhancer activator-3)
(12). The evidence for these being COP1
targets rests entirely on biochemical and
cell culture experiments, raising questions
as to which are actually regulated by COP1
in vivo. Moreover, inclusion of the pS3
tumor suppressor protein and the c-JUN
oncoprotein as potential COP1 targets
made it difficult to predict whether COP1
would serve primarily as an oncoprotein or
as a tumor suppressor (Figure 1), despite
recent calls to develop COP1 inhibitors for
use as cancer therapeutics.

Cop1 regulates c-Jun and functions
as a tumor suppressor in vivo

To more fully understand the physiological
roles of COP1, Migliorini and colleagues uti-
lized a genetic approach to generate an allel-
ic series of CopI-mutant mice (13). The use
of hypomorphic (partial-loss-of-function)
alleles is a potentially powerful way to cir-
cumvent lethality associated with null alleles
and also allows one to interrogate the dose-
response relationships linking gene activity
to functional outputs. The methodology
employed by Migliorini and coworkers can
be used with genes that have been targeted
with pGTOIxf or pGTOlxr vectors, available
through the International Gene Trap Con-
sortium (http://www.genetrap.org).

The authors found that c-Jun abundance,
but not p53 abundance or activity, was
elevated in Copl-hypomorphic mice that
expressed only 10% of Cop1 compared with
the wild-type counterparts (13). Increased



