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of portions of chromosome 21 to other
chromosomes, nor cases where RUNX1 is
not contained in the highest region of
amplification. The authors advocate for
use of copy number profiling by single-
nucleotide polymorphism array or WGS,
as either a stand-alone diagnostic test or a
back-up for evaluation of complex or
atypical cases. This aligns with another
recent report that found that 9% of 207
iAMP21-ALL cases were missed by the
FISH-based definition, but identified by
chromosomal microarray testing.6

Gao et al also use single-cell and muta-
tional signature analyses to provide some
intriguing insights into the timing of events
in the pathogenesis of iAMP21-ALL. Their
data suggest that the formation of the
iAMP21 chromosome is an early event
that evolves progressively over time, and
intriguingly, that the iAMP21-ALL subtype
is enriched for a UV-mutational signature.
They propose a putative model that would
account for this signature, positing that
UV-mediated mutagenesis may occur
during peripheral circulation of pre-
leukemic iAMP21-chromosome–positive
cells. Further research is needed to
explain the functional basis for iAMP21-
ALL mutational signatures.

Overall, this study elegantly integrates
WGS and WTS data to provide a detailed
characterization of iAMP21-ALL, defining
the key region of amplification and the
set of differentially expressed genes;
highlighting the importance of copy
number profiling to identify variant cases;
and suggesting the timing of acquisition
of somatic alterations. Because 91 of 124
(73%) of the cases in this cohort were of
European ancestry, additional studies of
racially and ethnically diverse populations
are needed to investigate possible
ancestry-associated differences in the
genomics and/or clinical features of
iAMP21-ALL. Further studies are also
needed to investigate potential targeted
therapeutic strategies based on the
upregulated pathways identified in this
study and others.
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Improving clots in trauma
John W. Weisel | University of Pennsylvania

In this issue of Blood, Han et al report in vitro studies and an in vivo rat model
of polytrauma that demonstrate that leukocyte inflammation contributes to
trauma-induced coagulopathy by oxidation and digestion of fibrinogen and
that suppression of inflammatory processes blocked the modifications of
fibrinogen and trauma-induced coagulopathy.1
Your blood coagulates beautifully.
—ERNEST HEMINGWAY,
A Farewell to Arms

Considering that the responses to phys-
ical trauma have been fundamental to all
vertebrate organisms for millions of
years, it is surprising that we know so
little about basic mechanisms. In fact,
there is evidence that mammalian evo-
lution included the development of a
more efficient hemostatic system to deal
with trauma.2 Human survival from injury
also requires an appropriate inflamma-
tory and immune response.
This research study uses in vitro and
in vivo models of polytrauma to gain
insight into the effects of inflammation
on clotting. Polytrauma is defined as
injuries to multiple body parts and
organ systems and is associated with
hemorrhagic shock as well as increased
mortality and morbidity. Major tissue
injury and hemorrhagic shock increase
inflammation and also contribute to
trauma-induced coagulopathy, a major
disturbance of coagulation leading to
increased bleeding associated with
trauma, which greatly elevates early
bleeding mortality.
Trauma-induced coagulopathy is a
complex process involving many path-
ways, but loss and consumption of
fibrinogen are a cornerstone of the
pathology.3 Moreover, it has been
previously demonstrated that fibrinogen
is both depleted and selectively oxidized
in human trauma patients with trauma-
induced coagulopathy.4 This article
clearly demonstrates that modification of
specific regions of fibrinogen through
oxidative processes and subsequent
degradation is fundamental to trauma-
induced coagulopathy.
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Fibrinogen is particularly susceptible to
oxidation in various environmental con-
ditions. Oxidative changes to fibrinogen
have been described, especially those
associated with (pro)thrombotic condi-
tions.5 Smokers and patients with
myocardial infarction have increased
oxidation of fibrinogen, with specific
residues in the Bβ chain being nitro-
sylated.6 Amazingly, even with a very low
extent of oxidation of <1 residue per
molecule, there are striking effects on
fibrin clot structure. Oxidative modifica-
tions to fibrinogen as a result of trauma
Leukocyte inflammation contributes to the pathophysiolog
models of trauma, leukocytes generated mitochondrial sup
to abnormal clot structure. Antioxidants suppressing mito
structure. Professional illustration by Patrick Lane, ScEYEnc
appear to be different from those asso-
ciated with thrombosis.4

This article defines aspects of immune cell
inflammation that play a role in the path-
ophysiology of acute trauma-induced
coagulopathy (see figure). Leukocyte
(primarily monocyte) inflammation con-
tributes to trauma-induced coagulopathy
by oxidation of the Aα and Bβ chains of
fibrinogen and partial degradation of the
Aα chains. In vitro, human leukocytes
stimulated with interleukin-6 (IL-6)
induced cellular inflammation and
y of acute trauma-induced coagulopathy by oxidation and
eroxide, causing oxidation of the Aα and Bβ chains of fibrino
chondrial superoxide reduced inflammation and oxidative s
e Studios.

24
mitochondrial superoxide, causing fibrin-
ogen oxidation and degradation. Antiox-
idants suppressing mitochondrial
superoxide reduced oxidative stress and
inflammation and protected fibrinogen. In
rats in vivo, trauma with hemorrhagic
shock increased IL-6 and other proin-
flammatory cytokines and chemokines,
selectively oxidized and degraded fibrin-
ogen Aα chains, and caused trauma-
induced coagulopathy. The digestion of
fibrinogen was not inhibited by tranexa-
mic acid, which inhibits activation of
plasminogen to its active form plasmin
proteolysis of fibrinogen. In both in vitro and in vivo
gen and partial degradation of the Aα chains, leading
tress and protected fibrinogen, preserving fibrin clot
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and has been shown to be effective for
treatment of some types of trauma.3

Of clinical significance, this study sug-
gests that suppression of inflammation
by activation of melanocortin pathways
may be a novel approach for prevention
and treatment of trauma-induced co-
agulopathy. A newly developed antiin-
flammatory melanocortin fusion protein
(AQB-565), given at the onset of hem-
orrhage, blocked inflammation, pro-
tected fibrinogen from oxidation and
degradation, and prevented trauma-
induced coagulopathy (see figure).

This report is only the beginning of the
story, since this study raises many
pressing questions. What are the effects
of these modifications of fibrinogen on
clot structure and mechanical properties,
and how does that lead to increased
bleeding? What are the mechanisms and
686 24 AUGUST 2023 | VOLUME 142, NU
pathways that are involved in these
oxidative modifications, and what pro-
teolytic enzymes digest fibrinogen? Will
the melanocortin fusion protein be as
effective in humans as in rats? Although
the degradation of fibrinogen reported
here was not inhibited by tranexamic
acid, could dual treatment with AQB-565
and tranexamic acid improve patient
outcomes? The answers to these and
other questions await further research.
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