
EDITORIAL

Dabigatran etexilate: Another Double-Edged Drug?
Editorial to: “The Beneficial Effects of a Direct Thrombin Inhibitor, Dabigatran etexilate,
on the Development and Stability of Atherosclerotic Lesions in Apolipoprotein E-deficient
Mice” by N. Kadoglou et al.

Juan C. Laguna & Marta Alegret

Published online: 18 September 2012
# Springer Science+Business Media, LLC 2012

The important limitations and drawbacks of classical paren-
teral (heparin, low molecular weight heparin and fondapar-
inux) or oral (vitamin K antagonists) anticoagulants have
prompted the development of novel agents that directly
inhibit either thrombin or activated factor X (FXa), two
key serine proteases in the coagulation cascade. Currently,
two oral anticoagulants (dabigatran etexilate, a direct throm-
bin inhibitor, and rivaroxaban, an inhibitor of FXa) are
approved in more than 70 countries for prevention of venous
thromboembolism in patients undergoing elective hip or
knee arthroplasty, and in the United States and Europe for
prophylaxis of stroke and systemic embolism in patients
with non-valvular atrial fibrillation [1, 2].

Thrombin and FXa are classically known by their roles in
the coagulation cascade, but in addition to their functions in
hemostasis in recent years it has been increasingly recog-
nized that they may exert pleiotropic effects in several cell
types, acting as signaling molecules through protease-
activated receptors (PARs). Specifically, thrombin influen-
ces diverse physiological and pathological processes, such
as inflammation and atherosclerosis [3, 4]

Atherosclerosis is characterized by the accumulation of
lipids, fibrous tissue and cells in the subendothelial space of

large arteries (mainly the coronary, carotid and cerebral
arteries). These materials form atheromatous plaques that
grow over the years without causing apparent symptomatol-
ogy until flow-limiting stenosis leads to ischemia, or rupture
of the plaque causes thrombus formation [5]. The subse-
quent clinical manifestations (coronary heart disease and
stroke), remain one of the leading causes of disability and
death in most industrialized countries and worldwide. Al-
though initially atherosclerosis was considered a mere lipid
storage disease, it is now recognized as a phenomenon of
inflammatory nature [6–8]. Thrombin is one of the mole-
cules that can contribute to the establishment and propaga-
tion of inflammatory processes in atherosclerosis [9]. By
exerting pro-inflammatory actions, thrombin may modulate
the formation of atherosclerotic lesions in several phases of
this complex process. Thus, in initial stages of atheroscle-
rosis thrombin may act as an inductor of endothelial dys-
function [10, 11], increasing the permeability of the
endothelial barrier [12, 13] and inducing the adhesion and
transmigration of leukocytes by increasing the expression of
leukocyte adhesion molecules such as vascular cell adhesion
molecule-1 (VCAM-1), intercellular cell adhesion
molecule-1(ICAM-1) and E-selectin [14–16] and chemo-
kines such as monocyte chemoattractant protein-1 (MCP-
1) in endothelial cells [17]. In more advanced stages, lesions
grow by migration of new inflammatory cells, proliferation
of smooth muscle cells and extracellular lipid accumulation,
and they finally are covered by a fibrous cap consisting of
smooth muscle cells and extracellular matrix. At this stage,
sustained inflammation inside the plaque is a key factor
promoting the growth and destabilization of the lesions.
Thus, localized inflammation and the synthesis by macro-
phages of various proteases that degrade the extracellular
matrix (matrix metalloproteinases), contribute to the weak-
ening of the fibrous cap and to plaque instability and rup-
ture. Thrombin also facilitates and exacerbates these later
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phases of the atherosclerotic process: it induces smooth
muscle cell proliferation and migration [18, 19], promotes
the synthesis of pro-inflammatory and pro-atherogenic
mediators inside the lesions [3, 9] and acts as a pro-
angiogenic factor [20].

Taking into account the multiple thrombin-related effects
that facilitate the initiation, progression, destabilization and
rupture of atherosclerotic lesions (Fig. 1), it is logical to
propose that thrombin inhibitors could inhibit the athero-
sclerotic process or at least reduce its progression. In this
issue of Cardiovascular Drugs and Therapy, Kadoglou et al.
report on the effects of the direct thrombin inhibitor dabiga-
tran, attenuating arterial thrombosis, reducing lesion size
and promoting plaque stability in a murine model of athero-
sclerosis, the ApoE−/− mice [21]. Almost concomitantly, Lee
et al. have published an article [22] reporting also an intense
reduction in atherosclerotic plaque area using the same
animal model and length of treatment, but with a higher
dose of dabigatran (900 mg/kg/day [22] versus 92 mg/kg/
day [21]). However, one of the most important findings of
Kadoglou et al., not reported by Lee et al., is the demon-
stration that dabigatran not only reduces lesion size, but also
increases the stability of the atherosclerotic lesion. Changes
in the composition and properties of the plaque that make it
more stable and less prone to rupture are more important
than the degree of artery stenosis in terms of cardiovascular
risk reduction. In this sense, Kadoglou et al. show that
dabigatran treatment altered plaque structure and composi-
tion, increasing the thickness of fibrous caps, reducing lipid
content, increasing the content in elastin and collagen, re-
ducing the number of macrophages and increasing smooth
muscle cells [21]. Moreover, the aortic plaque content of
matrix metalloproteinase 9 (MMP-9) was reduced, while

that of the inhibitor of metalloproteinases TIMP-1 was in-
creased [21], indicating that dabigatran treatment inhibits
the degradation of the extracellular matrix, a process involved
in plaque rupture.

Although Kadoglou et al. do not go deeply into the
molecular mechanisms underlying the above mentioned
dabigatran effects, they find a reduction in the aortic plaque
content of nuclear factor κ B (NFκB), which suggests the
participation of anti-inflammatory mechanisms due to
thrombin reduction. In fact, a former study in ApoE−/− mice
treated with another direct thrombin inhibitor (melagatran,
now withdrawn from the market) described reduced DNA
binding activity of NFκB and activator protein 1 (AP-1),
both transcription factors that control the expression of
MMP-9 [23].

In line with the results reported for dabigatran, the direct
FXa inhibitor rivaroxaban was also effective in stabilizing
advanced atherosclerotic lesions in ApoE−/− mice [24]. De-
spite the fact that rivaroxaban did not alter the progression of
lesions in this model, it increased the thickness of plaque
fibrous caps and reduced medial erosions. Again, the stabiliz-
ing findings were related to anti-inflammatory mechanisms, as
they found a decrease of inflammatory cytokines (interleukin-
6, tumor necrosis factor α (TNFα), MCP-1 and Egr-1) in the
aortic tissue of rivaroxaban-treated mice [24].

Which are the clinical implications of the three above-
mentioned studies? At present, despite the advances in the
understanding of the complex process of atherogenesis, the
main pharmacological approach to reduce atherosclerosis
risk is still based on the correction of abnormally high
plasma lipid levels, with drugs such as inhibitors of 3-
hydroxy-3-methyl glutaryl coenzyme A reductase (statins).
However, there is a need for other anti-atherosclerotic
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Fig. 1 Multiple effects of
thrombin on the initiation,
progression and destabilization
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strategies that may act additionally or independently of lipid
lowering. From the results presented by Kadoglou, Lee and
Zhou [21, 22, 24] one could speculate that thrombin and
FXa may constitute novel therapeutic targets to reduce ath-
erosclerosis and its clinical consequences. However, one
should not forget that these three studies have been per-
formed in a murine animal model. Several considerations
should be taken into account when the results obtained in
these mouse models are extrapolated to the human situation.
First, the cellular composition of the arterial intima differs
between the two species [5, 25]. Secondly, atherosclerotic
lesion formation in mice occurs in a matter of weeks, while
in humans it takes decades. In mice, the localization and
type of lesions that are developed differ from humans [5].
Thirdly, mouse models do not experience spontaneous
plaque rupture and subsequent thrombosis, so these animals
do not suffer from myocardial infarction (MI) or stroke as a
consequence of atherosclerosis [25, 26]. And finally, the
absolute lack of apo E in the ApoE−/− mice may affect the
results obtained in this model, as this apolipoprotein has
many different functions in the organism (antiinflammatory,
immunomodulatory and antiatherogenic) [27].

In addition, several concerns have recently been raised on
safety issues concerning dabigatran and the risk of MI. The
larger clinical trial performed up to now with dabigatran
(RE-LY study [28]) already showed a significant 38 %
increase in MI in patients dosed with 150 mg of dabigatran,
compared with those who received warfarin. After data re-
evaluation, MI incidence in patients receiving dabigatran
was reduced to a non-significant 27 % [29]. However, a
recent meta-analysis with pooled data from 7 randomized
clinical trials shows again that dabigatran is significantly
associated with a 33 % higher risk of MI or acute coronary
syndromes than that seen with agents used in the control
group (warfarin, enoxaparin, or placebo) [30]. A critical
lecture of this meta-analysis, however, shows that the
reported results are mainly influenced by the results of the
RE-LY study, which is by far the largest trial included,
and another analysis of the 6 remaining studies shows
an odds ratio of only 1.12, statistically non-significant
[31]. In any case, it would be paradoxical that an agent
that is able to reduce or at least stabilize atherosclerotic
lesions would increase the risk of MI. None of the
published reports propose a mechanism for this unex-
pected effect. One possibility is that dabigatran does not
increase the risk of MI, but it is not as effective as warfarin
(the drug used in the control arm of the RE-LY study) to
prevent the occurrence of acute coronary events [32]. In the
future, randomized trials should clarify whether dabigatran
or other novel anticoagulant agents are able to modulate
atherosclerotic lesions in humans, and also whether these
drugs do or do not increase the risk of MI by other unrelated
mechanisms.
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