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Platelets: inflammatory effector cells in the
conflagration of cystic fibrosis lung disease
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Dysregulated lung
inflammation

Inflammation is a process of seemingly
infinite complexity. The inflammatory
environment of the lung in cystic fibrosis
(CF) is a dramatic example. The gene for
the cystic fibrosis transmembrane con-
ductance regulator (CFTR in humans,
cfir in mice) is mutated in patients with
CF, causing a relentless temporal cascade
of pathologic events beginning in infancy
and culminating in unregulated neutro-
philic inflammation, an injurious proin-
flammatory milieu, chronic with super-
imposed episodic bacterial infection,
mucus obstruction of airways, bronchiol-
itis obliterans, and bronchiectasis (1, 2).
Although there is heterogeneity in CF, in
many patients this maladaptive sequence
leads to respiratory failure and premature
death absent the option of lung transplan-
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Cystic fibrosis (CF) is a multisystem disorder, but progressive inflammatory
lung disease causes the greatest burden of morbidity and death. Recent
translational and mechanistic studies of samples from patients, and
observations in animal models, indicate that platelets may drive lung

injury and contribute to dysregulated host defense in CF lung disease.

In this issue of the JCl, Ortiz-Mufioz and Yu et al. explored the role that

the cystic fibrosis transmembrane conductance regulator (CFTR) plays in
platelet-related inflammation. The authors used mouse and human model
systems to show that CFTR dysfunction in platelets increased calcium entry
though the transient receptor potential cation channel 6 (TRPC6), causing
hyperactivation and consequent experimental lung inflammation. The
study persuasively suggests that platelets are critical thromboinflammatory
effector cells in CF lung disease. In the context of platelet-related organ
injury seen in a variety of other diseases and syndromes, platelets may also
contribute to nonpulmonary manifestations and comorbidities of CF.

tation (2). The key mechanisms involved in
injurious airway inflammation, somehow
triggered by deficiency or dysfunction of
the cystic fibrosis transmembrane conduc-
tance regulator protein (CFTR in humans,
cftr in mice) in critical cells, and in the
ubiquitous microbial colonization and
infection of the lung are ongoing conun-
drums (1, 2). Informative discoveries rel-
evant to the dysregulated lung inflamma-
tion and persistent infection in CF could
provide avenues for new therapeutic inter-
vention in this pernicious genetic disorder.

Platelets, the cardinal cells of hemo-
stasis and thrombosis, are not recognized
as inflammatory effector cells by most
clinicians and investigators. Neverthe-
less, they are (3, 4). Recent observations
demonstrate this point in the context of
CF, providing evidence that CFTR influ-
ences activation and proinflammatory
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responses of human platelets and that
platelets contribute to lung inflammation
in mouse models relevant to CF (5).

Aberrant activation of CF
platelets
Ortiz-Mufioz, Yu, and coworkers in Mark
Looney’s laboratory in San Francisco
have made substantive observations
regarding platelets in the lung. In this
issue of the JCI they found that platelets
isolated from subjects with CF (outpa-
tients with substantial lung involvement
not in exacerbation) and platelets from
healthy controls treated in vitro with a
CFTR inhibitor responded to thrombin
stimulation with enhanced translocation
of P selectin (CD62P) and signaling of
integrin o, B, (glycoprotein IIb/IIIa) (5).
These are physiologically relevant plate-
let activation events that mediate throm-
boinflammatory effector functions (3).
Previously published findings also indi-
cate that circulating platelets have aug-
mented activation responses in CF (6-9).
The Ortiz-Muifioz and Yu et al. study pro-
vided a potential mechanism for at least
some aspects of exaggerated, aberrant
activation of CF platelets: inhibitor exper-
iments demonstrated that CFTR influ-
ences calcium flux in platelets regulated
by a second plasma membrane channel,
transient receptor potential cation chan-
nel 6 (TRPC6). Additional analysis of
platelets from genetically altered mice
was consistent with these results.
Together, the findings support the con-
clusion that dysfunction or deficiency of
CFTR on platelets causes increased calci-
um entry and consequent hyperactivation.
Pharmacologic modulation of TRPC6 nor-
malized calcium entry and activation of
human platelets with dysfunctional CFTR.
Another interesting observation was that
therapeutic administration of a modulator
of CFTR (lumacaftor/ivacaftor) in a small
subset of the CF patients partially blunted
enhanced platelet activation. This suggest-
ed that platelets may be accessible reporters
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Figure 1. Model for platelets as inflammatory effector cells in the conflagration of cystic fibrosis lung disease. Defective CFTR induces increased calcium
influx through TRPCB6, resulting in hyperactivation of platelets when they are stimulated by inflammatory and prothrombotic agonists. Consequent bind-
ing of P selectin to PSGL-1 on neutrophils and other leukocytes contributes to thromboinflammatory injury in multiple organs and systems relevant to CF.
Other effector responses of activated platelets, including adhesive interactions via integrin o, 8, and signaling of NET formation, may also contribute to CF

complications and comorbidities.

of CFTR modulator efficacy and in new CF
therapeutic development (5).

Drivers of injurious lung
inflammation in CF

In parallel, mouse models revealed that
platelets deficient in cftr contribute to lung
inflammation. Ortiz-Mufloz and Yu et al.
generated mice with lineage-specific con-
ditional deletion of cfir selectively in plate-
lets and, for comparison, in myeloid leuko-
cytes and neutrophils, and obtained mice
that are globally deficient in cfir (cfir’") in
most cells, including platelets. They also
used wild-type (WT) mice and mice from
parent strains employed for conditional cfir
deletions as controls. Platelets deficient in
cfir responded to thrombin with enhanced
activation (P selectin translocation) com-
pared with controls, a pattern similar to
that of circulating platelets from patients
with CF. When challenged with intratra-
cheal lipopolysaccharide (LPS) or Pseudo-
monas aeruginosa, mice selectively defi-
cient in platelet ¢fir and cftr/-mice showed
excessive alveolar inflammation and per-
meability compared with control animals,
indicated by increased total leukocytes,
neutrophils, and protein in bronchoalve-
olar lavage (BAL) samples. Pseudomonas
aeruginosa is a predominant pathogen in
the complex microbiome of CF (2), estab-
lishing the relevance of this model. The
LPS model was identified as a reductionist
experimental tool for these studies (5), but
there is evidence — not unexpected — that
there is a burden of LPS in the CF lung and

circulation (10). Of note, both human and
mouse platelets express toll-like receptor 4
in their immune repertoire, and sense and
respond to LPS (3,11).

Markers of platelet activation were
increased in BAL and blood samples from
cftr-deficient mice in both the LPS and
Pseudomonas models. Evidence for plate-
let-leukocyte interaction was a particular-
lyimportant feature. BAL and blood plate-
let-neutrophil and platelet-monocyte
aggregates were more abundant in mice
with platelet-selective cfir deficiency
than in controls in both challenge mod-
els. Platelet-leukocyte aggregates form
via a P selectin-dependent mechanism in
response to platelet activation (reviewed
in ref. 12) and have been detected in the
blood of patients with CF (7, 9) and in
real time in microvessels of the inflamed
mouse lung (13). Platelet-leukocyte inter-
actions of this nature induce proinflam-
matory signaling and mediator synthesis
(3,12, 14), and could drive injurious lung
inflammation in CF. In addition, markers
of neutrophil extracellular trap (NET) for-
mation were increased in samples from
cftr’- mice compared with samples from
WT animals and heterozygotes. NET
formation is thought to be a mechanism
of lung defense and, conversely, pulmo-
nary and extrapulmonary tissue injury
(3, 11, 15). Platelet-neutrophil interaction
can trigger NETs (11, 16), but this rela-
tionship was not specifically examined
in the current study. NETs can also be
generated by other mechanisms, includ-
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ing direct interaction of neutrophils with
pathogens (3).

Another interesting finding was that
bacterial colony countsin the lungs of ¢fir/-
mice and mice with selective platelet cfr
deficiency were higher than those in the
lungs of control animals challenged with
intratracheal Pseudomonas (5). Although
mouse models are imperfect surrogates
for CF lung disease in humans (1, 5), this
is strikingly similar to the dramatic dys-
regulation of host defense in the lungs
of affected patients with CF: persistent
pathogen burden in the presence of exu-
berant inflammation that is ineffective in
clearing the invading microbes but — in
humans — causes devastating collateral
damage (1, 2). It will ultimately be inter-
esting to assess platelet behavior in the
context of other infections of particular
importance to CF, such as Burkholderia
(2). Genetic deletion of trpc6 in cfir/- mice
restored bacterial clearance and reduced
indices of inflammation and heightened
alveolar permeability in the Pseudomonas
pneumonia model (5). In addition, alveo-
lar inflammation, permeability, and indi-
ces of platelet activation and NET forma-
tion were reversed in cftr/, trpc67/~ double
knockouts in the LPS model (5), with levels
similar to those in littermate control mice,
a result consistent with the mechanistic
studies of platelet calcium entry and acti-
vation profiled above. In aggregate, the
mouse and in vitro experiments suggest
that deficiency or dysfunction of platelet
CFTR and resulting aberrant TRPC6-
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dependent platelet activation may con-
tribute to impaired bacterial clearance
and injurious lung inflammation in CF.
The authors also suggested that platelets
and TRPC6 are targets for treatment in CF
lung disease (5). Antiplatelet therapy for
this disorder was raised previously (7, 8).
A caveat, however, is that traditional anti-
platelet drugs may not inhibit all platelet
inflammatory responses (3, 17).

Traditional and nontraditional
platelet activities
Platelets have an amicus and adversary
relationship with the lung — defensive and
damaging, yin and yang — in acute injury
syndromes (17). A paradoxical relationship
of this nature may also exist in CF. Tra-
ditional hemostatic effector functions of
platelets are requisite in control of pulmo-
nary hemorrhage, a dangerous CF compli-
cation (18), and platelets may have critical
airway defense, antibacterial, and repair
activities (3, 12) as well. Yet platelets may
also have a dark side in CF, and contribute
to lung pathology. Venous thromboembo-
lism and central venous catheter throm-
bosis are vexing problems in CF (18, 19),
likely in part because of the complicated
links between hemostasis and inflamma-
tion (3, 12). It is unknown if increased acti-
vation responses of circulating platelets
(5-9) contribute to these thrombotic com-
plications, but if so this could be another
rationale for antiplatelet therapy. And the
observations by Ortiz-Muiloz and Yu et al.
indicate that CFTR-deficient platelets can
drive inflammatory lung injury, a central
component of CF pulmonary disease (1,
2), at least in the experimental setting (5).
Interesting issues related to recently
discovered, nontraditional activities of
platelets (3, 12, 17) may be relevant to the
pathology of CF, but have not been inves-
tigated. For example, platelets have an
extensive transcriptome that is dynami-
cally altered in disease (3, 20). It would be
useful to know if the platelet transcriptome
changes in CF and, if so, whether there are
consequent changes in the platelet pro-
teome that influence lung inflammation.
Activated platelets release, and in some
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cases synthesize, inflammatory media-
tors, including IL-18 (3, 12), an inflam-
masome-processed cytokine that may be
particularly important (10) in the toxic
microenvironment (2) of the CF lung.
Assessment of the contributions of platelet-
derived cytokines, chemokines, and lipids
to this toxic milieu would be informative.

Studies of other diseases and disease
models (12) indicate that thromboinflam-
matory functions of activated platelets
may contribute to complications and
comorbidities of CF (2, 18, 19) in addition
to CF lung disease (5), with platelet-neu-
trophil and other platelet-leukocyte inter-
actions as possible important mechanisms
(3, 12). Some CF comorbidities, such as
cancers and CF diabetes-related vascular
involvement, are increasing in frequency
as therapy for this disease improves and
patient life span increases (2, 18). Contri-
butions of platelets and megakaryocytes,
their parent cells (3, 12), to the devastating
conflagration of CF are probably not limit-
ed to the lung (Figure 1).
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