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CGD: less is more
Erzsébet Ligeti and Miklós Geiszt | Semmelweis University

In this issue of Blood, Song et al demonstrate that alteration of calcium
trafficking in neutrophilic granulocytes due to lack of superoxide generation
results in excessive production of leukotriene B4 (LTB4), and they show its key
role in the pathogenesis of lung inflammation in chronic granulomatous
disease (CGD).1

CGD is an inherited disease caused by
a mutation in any of the 5 genes coding
for the subunits of the phagocytic nico-
tinamide adenine dinucleotide phosphate
(NADPH) oxidase (Nox2).2 This enzyme
transfers 1 electron from cytosolic NADPH
to intraphagosomal or extracellular oxy-
gen, which produces superoxide, the pre-
cursor for more toxic reactive oxygen
species (ROS). ROS deficiency impairs
the elimination of several microorganisms
leading to severe, recurring, often life-
threatening infections.2 However, not all
the clinical symptoms can be explained by
the lack of superoxide and other ROS.3

About 2 decades ago, we showed that
Nox2 deficiency causes altered calcium
trafficking in neutrophilic granulocytes (see
figure).4 Resting neutrophils have a mem-
brane potential of approximately260mV to
280 mV.5 Stimulation of various receptors

can initiate electron flow via the assembled
Nox2, which removes negative charges
from the cytosol.6 In spite of the opening
of charge-compensating pathways,mainly
H1 channels,5 significant depolarization
occurs that can reach positive values up to
158mV.6,7 This electrophysiological change
strongly decreases the driving force for
calcium ions and opposes calcium entry
via the opening channels. However, in
CGD in the absence of a functioningNox2,
activation of neutrophils does not induce
dramatic alteration of the driving force,
and calcium entry largely exceeds the
amount observed in healthy cells.4 After
describing the mechanism of enhanced
calcium signaling in CGD neutrophils, we
speculated on the potential pathogenetic
role of the altered ion movements.3,8

The new findings of Song et al provide
convincing experimental data on isolated

cells and also in a relevant animal model,
which confers functional significance to
the old observations. Song et al show
that CGD neutrophils produce many
times more LTB4 (synthesized via the
calcium-sensitive cytosolic phospho-
lipase A2a and 5-lipoxygenase [5-LOX])
than healthy cells, and the increased gen-
eration of the chemoattractant is pro-
portional to calcium influx. The same
results could be achieved by blocking
Nox2 in healthy cells and by stimulation
of the cells via different receptors. How-
ever, the detectable amount of LTB4 was
not directly affected by any ROS. In ad-
dition, an interesting feed-forward regu-
lation was revealed: neutrophils that have
receptors for LTB4 are regulated in an
autocrine-paracrine way by this chemo-
attractant, which augments the difference
between CGD and healthy cells. Under
in vitro conditions, CGD cells formed large
aggregates upon stimulation with zymo-
san (a yeast membrane extract), and the
clusters could be abolished by both an
inhibitor of LTB4 synthesis and an antag-
onist of the LTB4 receptor.

Next, Song et al turned to an animal
model and investigated the generation
of aberrant lung inflammation induced by
the sterile compound zymosan in CGD
mice. When zymosan was instilled in
the lungs, an increase of neutrophils was
detected in the bronchoalveolar lavage
fluid and in the lung tissue as early as
8 hours after instillation, and the increase
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Ion movements in neutrophils initiated by the electrogenic functioning of the NADPH oxidase and alterations in CGD cells. PLA2, phospholipase A2.
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continued up to 24 hours. Accumulation
of neutrophils was many times higher in
animals with CGD than in wild-type ani-
mals. In a similar manner, the concentra-
tion of LTB4 increased significantly in
CGD animals. By using neutrophil-depleted
mice, they verified that neutrophils are
responsible for the majority of LTB4
production in the lungs, although other
leukocytes are also capable of synthe-
sizing LTB4. To prove the concept, Song
et al show that the zymosan-induced
hyperinflammation in CGD mice can be
almost completely prevented by inhibit-
ing LTB4 synthesis or by blocking LTB4
receptors. With these findings, the im-
portant role of neutrophil-derived LTB4
in induction of sterile lung inflammation in
CGD mice is clearly supported.

Interestingly, neutrophil recruitment to
the lungs was also significantly reduced
at 24 hours if the inhibitor of LTB4 syn-
thesis was administered 8 hours after the
zymosan treatment. However, if the in-
hibitor was administered 24 hours after
the animal had been exposed to zymo-
san, it no longer had a protective effect.
These findings reveal that LTB4 has a
crucial role in development of the aber-
rant inflammation only in the early pe-
riod, and they provide another example
of the sequential participation of differ-
ent mediators in neutrophil recruitment.9

The new data communicated by the
authors clearly indicate the pathogenetic
role of excess LTB4 produced as a result
of the enhanced calcium signaling in
CGD cells, a process independent of,
but adding to, the problem of deficient
ROS-related elimination of infectious
microbes. However, LTB4 synthesis may
not be the only calcium-dependent pro-
cess that is enhanced because of the
missing electrogenic function of Nox2,
and may potentially contribute to the
complex pathology in CGD.

As with all animal experiments, and spe-
cifically in the field of immunology, the
relevance to the human disease is a final
major question. Aspergillus is a typical
microbe that causes serious infections,
most often pneumonia with pyogranu-
lomatous infection and abscess formation
in patients with CGD2; thus, investigation
of the effect of yeast cell wall extract
is highly relevant. Production of LTB4 is
about 10 times higher in murine neutro-
phils than in human neutrophils, but the
supplemental data that accompany the

article by Song et al confirm that direction
and proportion of changes are the same.
LTB4was found to play an important role
in directing recruitment of human neu-
trophils in general and in pulmonary
infiltration in particular. The final proof,
however, will come from clinical experience
when drugs that attack the LTB4-LTB4
receptor axis or the neutrophil calcium
channels are tested in the management
of CGD patients.
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4. Geiszt M, Kapus A, Német K, Farkas L, Ligeti E.
Regulation of capacitative Ca21 influx in

human neutrophil granulocytes. Alterations in
chronic granulomatous disease. J Biol Chem.
1997;272(42):26471-26478.

5. Decoursey TE. Voltage-gated proton channels
and other proton transfer pathways. Physiol
Rev. 2003;83(2):475-579.

6. Schrenzel J, Serrander L, Bánfi B, et al. Electron
currents generated by the human phagocyte
NADPH oxidase. Nature. 1998;392(6677):
734-737.

7. Jankowski A, Grinstein S. A noninvasive fluori-
metric procedure for measurement of mem-
brane potential. Quantification of the NADPH
oxidase-induced depolarization in activated
neutrophils. J Biol Chem. 1999;274(37):
26098-26104.

8. Rada BK, Geiszt M, Van Bruggen R, Nemet K,
Roos D, Ligeti E. Calcium signalling is altered in
myeloid cells with a deficiency in NADPH oxi-
dase activity. Clin Exp Immunol. 2003;132(1):
53-60.

9. Sadik CD, Luster AD. Lipid-cytokine-chemokine
cascades orchestrate leukocyte recruitment
in inflammation. J Leukoc Biol. 2012;91(2):
207-215.

DOI 10.1182/blood.2020005062

© 2020 by The American Society of Hematology

CLINICAL TRIALS AND OBSERVATIONS
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A complementary
new drug for PNH
Robert A. Brodsky | Johns Hopkins University

In this issue of Blood, Röth et al show in a phase 1/2 trial that crovalimab,
a subcutaneously administered monoclonal antibody that targets C5, is
safe and effective in treating paroxysmal nocturnal hemoglobinuria (PNH).1

Crovalimab targets a C5 epitope that is different from the IV C5 inhibitors,
eculizumab and ravulizumab. Crovalimab is administered subcutaneously
every 4 weeks.

PNH is a clonal hematopoietic stem cell
disorder caused by somatic mutation of
the X-linked gene, PIGA.2 The PIGA gene
product is needed for biosynthesis of gly-
cosylphosphatidylinositol (GPI)-anchored
proteins; hence, the PNH stem cell and all
of its progeny are missing GPI-anchored
proteins. TwoGPI-anchored proteins, CD55
and CD59, are complement regulatory
proteins. CD59 works downstream of C5
to regulate terminal complement, and
CD55 works upstream of C5 and regu-
lates the C3 and C5 convertases. Failure
to regulate complement on the surface
of PNH blood cells leads to intravascular

hemolysis, fatigue, and thrombosis. Until
recently, thrombosis was the leading cause
of death from PNH, and the median sur-
vival was 15 to 20 years.3

In 2007, eculizumab became the first US
Food and Drug Administration (FDA)-
approved drug for the treatment of PNH.4

Eculizumab is a humanized, monoclonal
antibody that binds C5 and prevents
cleavage of C5 to C5a and C5b by the C5
convertases. Without C5b, the membrane
attack complex does not form, and PNH
red cells are protected from intravascular
hemolysis. For the first 5 weeks, eculizumab
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