
of included cases rather than the disease
biology. In contrast, Polprasert et al5

reported a significant association between
DDX41 lesions and poor survival. This di-
vergence could be explained by the in-
clusion of MDS with 5q abnormalities
spanning the DDX41 locus by Polpra-
sert et al.5

Collectively, the finding that germline
DDX41mutations are common in a small
fraction of MDS/AML warrants the in-
tegration of mutational analysis of this
gene into routine diagnostics to inform
long-term clinical management. Additionally,
in the context of allogeneic stem cell
transplantation, testing of related do-
nors for the presence of these mutations
is paramount to prevent donor-derived
leukemia.10 A few fundamental ques-
tions remain unanswered. Previous work
postulated that germline DDX41 muta-
tions could predispose to lymphoid ma-
lignancies or, potentially, solid tumors.6

Although a few lymphoid malignancies
were uncovered in this study, larger studies
are needed to gain sufficient support that
germline DDX41 mutations also predis-
pose to lymphoid malignancies. On the
other hand, questions concerning (1) the
overall natural history of mutant DDX41-
driven myeloid disease and (2) whether a
complementing somatic DDX41 mutation,
which sometimes present at low variant
allele frequencies, is required for devel-
oping myeloid disease still need to be
addressed. Studies reporting on germline
DDX41 mutations have points of conten-
tion, such as, the presence or absence of
cytopenia before disease or the enrich-
ment or lack of certain classes of somatic
mutations. Yet, all point out that reviewing
the personal and family history for hema-
tological disorders in combination with the
screening for germline and somaticDDX41
mutations is a viable approach to distin-
guish mutant DDX41-driven disease from
all other cases of adult MDS/AML (see
figure). Longitudinal studies with large
patient cohorts are required to better
define the landscape of causal germline
DDX41 mutations, establish the natural
history of mutant DDX41-driven disease,
and resolve the current points of con-
tention, with the ultimate goal to improve
diagnosis of this inherited hematolog-
ical disease and further refine its clinical
management.
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THROMBOSIS AND HEMOSTASIS

Comment on Cherpokova et al, page 1458

Resolvin the clot: DVT
resolution through RvD4
Michael Holinstat | University of Michigan

In this issue of Blood, Cherpokova et al have identified for the first time the
important role lipid mediators play in both formation and resolution of clots in
deep vein thrombosis (DVT). Their discovery, that Resolvin D4 (RvD4) is a
critical specialized proresolving mediator that limits NETosis in the formation
of the clot, as well as regulating the rate of clot resolution, identifies a new
target for therapeutic intervention and reinforces the important role lipid
metabolites play in regulation of blood clot formation under pathologic
conditions.1

Although there is currently no national
surveillance of DVT, it is known to be a
common thrombotic disorder in the United

States, with an annual incidence rate
calculated to be at least 1 to 2 people per
1000 people in the population.2 Much
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RvD4 attenuates both clot formation and resolution. With treatment of RvD4, DVT clots show fewer neutrophils,
reduced NETosis, and faster rate of resolution at late phase after induction of a DVT clot.
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work has gone into understanding the
underlying genetic and idiopathic risk
factors, as well as the temporal bio-
chemical contributors to the development
of DVT. However, our understanding of
clot resolution in DVT is limited. Because
the major risk for mortality in DVT is clot
embolization resulting in a pulmonary
embolism, termed venous thromboem-
bolism, the primary prevention strategy
for venous thromboembolism has focused
on prevention of venous clot formation
and early recognition of DVT, should it
occur. The current prevention strategy,
which is predominantly composed of anti-
coagulation through inhibition of factor Xa
or factor IIa, results in inhibition of acti-
vation of thrombin, thus reducing the risk
for fibrin-rich clot formation and platelet
activation in the vessel. Further compli-
cating diagnosis and treatment, DVT for-
mation is known to be facilitated by the
innate immune system through neutrophil
activation and formation of neutrophil
extracellular traps (NETs).3 These NETs
trap red blood cells and platelets and
stabilize the growing DVT until the clot
is finally embolized and travels to the
lung. Although our understanding of
the formation and growth of the DVT
clot is extensive, the mechanisms in-
volved in clot resolution have not been
well-characterized.

Much attention has been focused recently
on the formation of lipid metabolites in
the blood and their prothrombotic or
antithrombotic effects in inflammation
and clot dynamics.4-6 To this end, the
discovery of specialized proresolving
mediators (SPMs), with their potential for
therapeutic use, is relatively new.7,8 Re-
cent work by Serhan and others has
established that inflammation in the vessel
wall and lung has the potential to be re-
solved in part through the formation of
specialized SPMs that form acutely at the
site of inflammation.9,10 Although these
SPMs have been shown to facilitate the
resolution of inflammation in tissue beds,
this has yet to been shown to be relevant
in vessels under pathologic flow and shear
conditions such as those found with DVT.
Cherpokova et al show here for the first
time the formation during growth of the
thrombus of various SPMs, including a

class of SPMs known as resolvins.1 Using
mass spectrometry approaches, they suc-
cessfully identify the kinetics of the for-
mation of SPMs in the clot. They show that
the temporal formation is related to clot
formation and resolution. SPMs appear to
limit clot size. They go on to establish in
a series of eloquent physiological, bio-
chemical, and mass spectrometry-based
kinetic experiments that the SPM resolvin
D4 (RvD4) is key for determining the rate
of clot resolution.

Cherpokova et al go on to show that
pretreatment with RvD4 regulates the
extent of NETosis formation by limiting
neutrophil and macrophage recruitment
and activation at the site of injury (see
figure). This observation is key, as it is
the first time SPMs have been shown
to regulate clot formation or resolution
in vivo in the vessel. Further, it establishes
a new approach for potential therapeutic
intervention in DVT and prevention of
VTE. An important observation in this
study was the identification that the
timing for the formation of the various
SPMs from their fatty acid precursors
varied by SPM and could be grouped as
either early- or late-forming SPMs. This
study clearly demonstrates that fatty acid
substrates are metabolized at different
stages of clot formation and resolution,
and may play direct or indirect regulatory
roles in determining clot size and stability
in the vessel. It is important to note that
many of these SPMs, and RvD4 in par-
ticular, are formed through metabolism
of the fish oil DHA and not through
metabolism of arachidonic acid. Hence,
supplementation with DHA or fish oil may
decrease the time from clot formation to
resolution and partially explain the car-
dioprotective effects reported with the
use of fish oil.9

Cherpokova et al have, through the study
presented in this issue, established the
importance of fatty acid metabolites and,
in particular, SPMs in the regulation of
clot formation and resolution.10 It will
be interesting to see how many of these
metabolites are involved in regulation of
thrombotic clot formation vs clot reso-
lution, and if any of these metabolites can
be developed for therapeutic intervention

with possibly fewer adverse effects than
the agents currently available.
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