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Deep vein thrombosis (DVT) is a major cause of worldwide mortal-
ity and morbidity, and its incidence continues to increase.1 DVT is 
a multifactorial disease with many acquired (eg, age, surgery, ma-
lignancy, certain drugs, obesity, sedentary lifestyle, stasis, smoking) 
and inherited (eg, protein S, protein C, antithrombin deficiencies, 
prothrombin 20210A, factor V Leiden) risk factors.2 Understanding 
the early molecular and cellular events that contribute to disease de-
velopment, as well as identifying improved prophylactic therapies, 
are essential if we are to diminish the burden of this disease. These 
represent major ongoing research challenges. Current DVT thera-
pies rely primarily upon anticoagulation to reduce thrombus growth. 
However, although anticoagulant therapy is effective, it comes at 
the cost of elevated risk of serious bleeding.3-5 Consequently, identi-
fication of novel ways to diminish DVT incidence without the collat-
eral damage of increased bleeding are essential if we are to improve 
patient care.

Genome-wide association studies (GWAS) on venous thrombo-
embolism (VTE) have identified a panel of susceptibility genes with 
comparatively well-characterized/understood effects coagulation 
(ie ABO, F2, F5, F11, FGG, PROCR, PROS, PROC, SERPINC1).6,7 These 
associations corroborate the observed efficacy of therapeutic anti-
coagulation for prevention of DVT. Intriguingly, these GWAS studies 
have also identified two new susceptibility loci for VTE, TSPAN15 
and SLC44A2, both of which currently have no defined role in throm-
bosis/coagulation.6 If these genes have causal links to DVT that are 
independent of hemostasis, this may not only provide much needed 

mechanistic insight into disease development, but also identify po-
tential (adjunctive) therapeutic targets for thromboprophylaxis that 
do not modify bleeding risk. In this issue of the Journal of Thrombosis 
and Haemostasis, Tilburg et al8 present extensive and compelling 
data that demonstrate a role for SLC44A2 in venous thrombosis. 
The authors reveal that SLC44A2 deficiency appreciably diminishes 
thrombus formation in the murine stenosis model. This model bears 
many of the hallmarks of the human disease and appears to mimic 
some of the immunothrombotic mechanisms that, in recent years, 
have been associated with DVT.9

Also known as choline transporter-like protein-2, SLC44A2 is 
transmembrane protein with 10 membrane-spanning domains.10 
Both the N- and C-terminal regions are intracellular. The N-terminus 
contains several putative phosphorylation sites and, although their 
importance is not known, they suggest a role of SLC44A2 in cel-
lular signalling. The transmembrane domains are interconnected 
via four intracellular loops and five extracellular loops of different 
lengths (178a.a., 38a.a., 72a.a., 38a.a., and 18a.a., respectively). By 
homology with choline-transporter protein 1, SLC44A2 is predicted 
to adopt a pore-like structure in the plasma membrane, and has 
been speculated to have a transporter function, although this has 
not been formally demonstrated.11 At this time, the molecular and 
cellular function of SLC44A2 is not well-defined. Its deficiency has 
been associated with hair cell loss, spiral ganglion degeneration, and 
hearing loss in mice,12 and with Meniere disease and transfusion-re-
lated acute lung injury in humans.10,13 Despite these associations, 
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mechanistic insight into how these phenotypes are manifest remains 
poor.

The identification of SLC44A2 as a susceptibility locus for 
VTE has generated heightened interest in the role of this gene/
protein.6,7,14 GWAS have identified a polymorphism in SLC44A2 
(rs2288904-G/A), which is linked to protection against VTE. This 
SNP in codon 461 of the gene, based on a substitution (G>A) that 
causes a missense mutation (R154Q) with a minor allele frequency 
of 0.22.6,7,14 This substitution affects the first and longest extracellu-
lar loop of SLC44A2. R154, and indeed the surrounding amino acids 
in this loop, are very highly conserved between species suggestive 
of their functional importance. In the GWAS reports, the common 
or wild-type sequence represents the risk allele (odds ratio = 1.19).6 
However, it is perhaps easier to appreciate the protective nature of 
the rs2288904-A SNP by considering that the frequency of VTE 
in individuals homozygous for this SNP is 30%-50% lower than in 
those homozygous for the wild-type allele. These intriguing findings 
highlight the importance of elucidating the mechanistic link between 
SLC44A2 and DVT.

In the present study, Tilburg et al8 used Slc44a2+/+, Slc44a2+/−, 
and Slc44a2−/− mice in the hypercoagulability model and the stenosis 
model of thrombosis. In the stenosis model following 90% flow re-
striction of the inferior vena cava, they observed that Slc44a2−/− mice 
exhibit significantly reduced (~50%) thrombus size at 48 hours.8 A 
more profound effect is observed after 6 hours, with Slc44a2−/− mice 
exhibiting much smaller thrombi (>80% reduced weight and length) 
at this early time point.8 This perhaps points to an involvement of 
SLC44A2 in the initial events of DVT.

Using the hypercoagulability model, Tilburg et al also induced 
thrombosis by knockdown of both antithrombin and protein C. In 
this coagulation-driven model induced by loos of hemostatic con-
trol, they observed no significant differences in thrombosis between 
Slc44a2−/− and Slc44a2+/+ mice,8 perhaps supporting the contention 
that lack of SLC44A2 does not exert a protective effect by diminish-
ing coagulation cascade and/or platelet function.

Within the vasculature, SLC44A2 is expressed in neutrophils, 
endothelial cells, and platelets. Proteomic data suggest >300-fold 
greater expression in neutrophils compared with platelets (http://
immpr ot.org). Given the multitude of factors that contribute to the 
development of DVT, which includes platelets, neutrophils, and the 
endothelium, Slc44a2−/− mice may be protected against DVT be-
cause of the lack of SLC44A2 from one or more of these cellular 
compartments. However, given that SLC44A2 deficiency has no ef-
fect in the hypercoagulability model of thrombosis, this may imply 
that SLC44A2 in platelets unlikely accounts for the protective phe-
notype in the stenosis model. This is also suggested by the normal 
activation and aggregation of platelets from Slc44a2−/− mice, and the 
prior study by Tilburg et al15 showing that Slc44a2−/− mice exhibit 
essentially normal hemostatic responses in the laser-induced injury 
model.

The authors elude to a role of SLC44A2 in neutrophils because 
they noticed a trend of reduction in citrullinated H3 staining within 
the venous thrombi of Slc44a2−/− mice, indicative of diminished 

release of neutrophil extracellular traps (NETs). NETs are known 
to be crucial for the pathogenesis of DVT. The importance of im-
munothrombotic mechanisms associated with experimental DVT is 
highlighted by protective effects associated with either depletion of 
neutrophils, administration of DNase (to dissolve NETs), or preven-
tion of NETosis (by genetic ablation of Pad4).9,16,17 NETs can contrib-
ute to DVT in many ways, including entrapment of red blood cells 
and platelets, activation of the contact pathway and by conferring 
resistance to fibrinolysis.16,18,19 How SLC44A2 contributes to either 
the recruitment and/or activation of neutrophils/NETosis remains 
to be determined, although the recent suggestion that neutrophil 
SLC44A2 may interact directly with platelets via activated integrin 
αIIbβ3 and induce flow-dependent NETosis may provide some mech-
anistic insight into this, but this requires further investigation.20

The exciting study by Tilburg et al provides new mechanistic 
insights into the link between SLC44A2 and DVT, demonstrating a 
role for this transmembrane protein in the initial events leading to 
thrombus formation. This, together with the importance of SLC44A2 
outlined by GWAS, highlights SLC44A2 as a potential therapeutic 
target for venous thrombosis, and certainly one that warrants formal 
investigation. The major challenges ahead consist of determining the 
cellular compartment responsible for protection against DVT asso-
ciated with SLC44A2 deficiency, ascertaining the molecular basis 
of the protection conferred by the rs2288904-A SNP, and identi-
fying means of potentially blocking SLC44A2 to protect against ve-
nous thrombosis without causing any of the phenotypes associated 
with SLC44A2 deficiency in humans. Considering that SLC44A2-
deficiency does not appear to impair hemostasis, this promising tar-
get may provide an opportunity to develop an adjunctive therapy 
that, alongside established thromboprophylaxis, may further dimin-
ish the incidence of VTE without further modifying bleeding risk.
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