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Chewing the fat on TRALI
Simon J. Cleary and Mark R. Looney | University of California, San Francisco

In this issue of Blood, McVey et al1 identify storage-induced disturbances,
specifically increased frequency of platelet extracellular vesicles (EVs), and
sphingolipid imbalances in EVs, which together predispose to transfusion-
related acute lung injury (TRALI).

Blood transfusions are life-saving interven-
tions, but they occasionally harm recipients
by causing a variety of transfusion reactions.
In TRALI, the transfused blood product
triggers an inflammatory response in the
pulmonary vasculature of the recipient. The
potentially fatal consequence is acute re-
spiratory failure due to fluid gushing out of
the bloodstream and into the lungs through
leaks in the endothelial wall.2

Recipient-reactive alloantibodies in blood
products are a major cause of TRALI, and

reducing the quantity of these pathogenic
antibodies in plasma-rich blood products
has been a successful strategy for reducing
TRALI incidence.3 However, transfusions
continue to cause TRALI, sometimes in the
absence of detectable alloantibodies in the
bloodproduct. Indeed, in aprospective study
on the incidence of TRALI and its risk factors,
thepresenceof alloantibodies explainedonly
about one-half of the identified TRALI cases.4

The suspected causative agents of
“non-antibody-mediated” TRALI cases are

bioactive lipids, which may be suspended in
the plasma or storage medium of cellular
blood products in the form of EVs.5 During
storage in blood banks, these fat-laden EVs
are released from both red blood cells and
platelets. Recent studies have identified
that EVs arising from “storage lesions” likely
act as shuttles, which traffic bioactive lipids
to the pulmonary endothelium to cause
TRALI. However, compared with antibody-
mediated TRALI, the mechanistic basis of
lung injury provoked by EVs and bioactive
lipids has been more elusive.

Here, McVey and colleagues identify an
EV lipid imbalance pathway through
which transfusions of platelets approach-
ing their “use by date” can lead to pul-
monary endothelial injury. During storage,
the quantity of EVs released from mouse
or human platelets increases. Over a pe-
riod of several days, the balance of
sphingolipids contained in these platelet
EVs shifts, with an increase in long-chain
ceramides and a decrease in sphingosine-
1-phosphate (S1P) (see figure). Because
ceramides can cause pulmonary endo-
thelial injury and S1P has endothelial
barrier protective properties, this switch in
the EV “sphingolipid rheostat” is a plau-
sible mechanism for TRALI that results
from the transfusion of aged platelets.

Using a 2-hit mouse model of stored
platelet-mediated TRALI in combination
with studies of human platelets and en-
dothelial cells, McVey et al also demon-
strate approaches to prevent this potentially
harmful outcome of platelet transfusions.
Endothelial injury causedby storedplatelets
could be reduced by: (a) washing platelets
to remove EVs, (b) preventing ceramide-
dependent EV production by blocking its
production from sphingomyelin by acid
sphingomyelinase, and (c) adding exoge-
nous S1P to counteract loss of S1P from
aged platelet EVs. Of these approaches,
washing of stored platelets is potentially
attractive, aswashing is occasionally done in
clinical practice to mitigate certain severe,
nonhemolytic transfusion reactions, and clin-
ical trials arealreadyunderway to testwhether
washing redblood cells can reduce incidence
of transfusion reactions.6 However, platelets
are highly sensitive tomanipulation, so the
difficulty of safely exchanging platelet
buffer solutions may make implementa-
tion of this strategy challenging.

As demonstrated in this article, platelet-
derived signaling moieties can cause
lung injury, but platelets can also play

Fresh platelets

Stored platelets

No lung injury

TRALI

Transfusion into
primed recipient

Transfusion into
primed recipient

• Few EVs
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• EVs low in ceramides
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• EVs low in S1P
• EVs high in ceramides

Day 5
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Effect of storage on the release of platelet EVs and their ceramide and S1P content and susceptibility to TRALI.
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important roles in supporting the integrity
of the pulmonary endothelial barrier.7 Fur-
ther research into the generation of platelet
EVs and the regulation of their lipid com-
position may help explain this apparent
paradox in platelet function. Conceptual
advances are needed to answer the
question of exactly how ceramides lead
to endothelial barrier disruption in vivo,
as unlike S1P, ceramides do not appear
to signal through classical receptor-ligand
interactions and instead relay information
throughmodulating the assembly of lipid rafts.8

Recent reports have demonstrated that
platelet EVs infiltrate the lymphatic system
and bone marrow during inflammation.9,10

Given the effects identified by McVey et al
in this study of EVs from stored platelets, it
seems likely that the production of platelet
EVs and the balance of their sphingolipid
cargomay also have other important roles to
play in settings beyond transfusion biology.
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Into the subcrypt zone: CD8
T cells in GI acute GVHD
Roman M. Shapiro and John Koreth | Dana-Farber Cancer Institute

In this issue of Blood, Ball et al1 describe a novel population of triple-positive
CD81 T cells, enriched in the intestinal subcrypt region in gastrointestinal
acute graft-versus-host disease (GI-aGVHD), belonging to the Tc1 lineage, and
expressing both the retinoic acid receptor a (RARa) and the interleukin-23
receptor (IL-23R) as etiopathologically and therapeutically relevant (see
figure).

The lethality of aGVHD is in large part
driven by GI involvement.2 A substantial
number of patients do not respond to
first-line therapy with steroids, and ef-
fective second-line therapeutic options
remain limited.3 Considerable efforts are
underway to optimize the prevention of
severe GI-aGVHD while preserving the
graft-versus-tumor effect. These efforts
critically rely on better understanding
the pathophysiology of aGVHD, and in

particular the mediators of GI tissue–
specific epithelial injury.

By using an immunohistochemistry ap-
proach on archival GI biopsy specimens
to characterize retinoic acid (RA)–
responsive immune cells localized to the
subcrypt zone of the upper and lower GI
tract (adjacent to intestinal epithelial
stem cells), Ball et al found that RARa-
expressing CD81 T cells were enriched

In the normal steady state, RA is involved in the secretion of transforming growth factor b (TGF-b) from antigen-
presenting cells (APCs) and promotion of a CD41 Treg phenotype as well as an overall reduced expression of
proinflammatory cytokines. In the setting of GI-aGVHD, infiltration of triple-positive CD81 T-effector (Teff) cells
enriched for Tbet (Th1/Tc1 lineage), RARa, and IL-23R occurs in the intestinal subcrypt zone adjacent to intestinal
epithelial stem cells. CD41 Tregs are also expanded in the subcrypt zone in the setting of GI-aGVHD but to a much
lesser extent. Both lineages likely derive from the peripheral blood in response to RA, where (modulated by IL-23/
LPS in the setting of GI-aGVHD) expression of GI-trophic receptors (eg, b7 integrin) is induced preferentially on
CD81 Teff cells (vs CD41 Tregs). Professional illustration by Patrick Lane, ScEYEnce Studios.
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