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ABSTRACT

Objective. Dysregulated coagulation
cascade has been implicated in devel-
opment of fibrosis in systemic sclerosis
(SSc). Thrombin, a key mediator of the
coagulation pathway, has both proin-
flammatory and procoagulant proper-
ties. Here, we evaluated the efficacy
of oral dabigatran, a direct thrombin
inhibitor, on topoisomerase I dendritic
cells (TOPOIA DCs)-induced lung and
skin fibrosis, an experimental model of
SSc.

Methods. Mice were repeatedly immu-
nised with TOPOIA DCs. Dabigatran
was administered in food either during
the onset of fibrotic (late treatment) or
inflammatory (early treatment) phase.
Results. Early administration of dabi-
gatran caused an aggravation of pul-
monary fibrosis associated with signs
of severe perivascular inflammation
while late treatment was not protec-
tive when compared to the untreated
TOPOIA DCs group. Thrombin was
increased in lungs of TOPOIA DCs
immunised group and, paradoxically,
further augmented by administration
of dabigatran to immunised mice. As
in lungs, early and not late drug ad-
ministration exacerbated skin fibrosis.
Moreover, early dabigatran treatment
induced a profibrotic and inflammatory
skin gene expression signature with up-
regulated expression of Col5al, Timpl,
Tweakr, Vwf, 116, 1133, 114 and Ifng.
Conclusion. Dabigatran aggravated
lung and skin fibrosis in a TOPOIA
DCs-induced model of SSc-like dis-
ease. Therefore, our results argue
against the use of dabigatran to treat
patients with SSc.

Introduction

The pathophysiology of systemic scle-
rosis (SSc) is complex but evidence
suggests that the coagulation cascade
together with the immune system are

involved in the development of pul-
monary fibrosis (1). Activation of
thrombin is one of the earliest events
following tissue injury and subsequent
inflammation. Thrombin modulates tis-
sue repair responses as well as induces
secretion of several pro-immune and
pro-fibrotic factors (1). Furthermore,
thrombin promotes lung fibroblast
differentiation into a myofibroblast
phenotype resistant to apoptosis (1).
Thrombin has been reported to be el-
evated in bronchoalveolar lavage fluid
of SSc patients with lung fibrosis (2).
Therefore, blocking thrombin could ar-
rest development of pulmonary fibrosis
in SSc.

Dabigatran, an oral direct inhibitor
of thrombin, suppresses thrombin-in-
duced collagen production in SSc lung
fibroblasts, blocks development of the
myofibroblast phenotype from throm-
bin-activated normal lung fibroblasts
and reverses the myofibroblast phe-
notype expressed by lung fibroblasts
from patients with SSc-interstitial lung
disease (ILD) (3). These in vitro obser-
vations suggest that dabigatran could
interfere with late events that lead to
fibrosis. Dabigatran was effective in
inhibiting bleomycin-induced pulmo-
nary fibrosis in mice when given at the
start of bleomycin injection or during
ongoing disease (4). A clinical trial to
test the safety of administration of this
drug to patients with SSc-ILD is cur-
rently underway (Clinical Trial Regis-
tration Number NCT02426229). Given
that bleomycin-induced fibrosis does
not hold promise as a unique transla-
tional pre-clinical model, it has been
proposed that new therapies/drugs for
SSc should be evaluated in more than
one animal model to ensure increased
success rate of clinical trials. There-
fore, we asked whether dabigatran
could interfere with the development
of lung and skin fibrosis when admin-
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Fig. 1. Dabigatran aggravates lung fibrosis during early treatment.
A Schematic of immunisation and dabigatran administration plan. At week 12, B fibrosis was quantified by hydroxyproline assay, and C lung cryosections (5
pm) were assessed for peribronchial (open arrows) and perivascular (closed arrows) collagen and inflammation by trichrome (Masson) stain. Magnification
20x. Scale bar=100 pm. Data shown are mean+SEM and a pool of at least two experiments with n=9 control (no dabigatran), n=6 late, n=6 early (separate)

and n=8 early (cohoused).
*#p<0.01; ***p<0.001.
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istered orally either during the inflam-
matory or fibrotic phase of disease in
topoisomerase 1 peptide loaded den-
dritic cells (TOPOIA DCs)-induced
experimental SSc (5).

Materials and methods

TOPOIA DCs model of fibrosis and
administration of dabigatran etexilate
Syngenic Balb/c mice were housed and
bred in specific pathogen free facility
of the CRCHUM and immunised at 5-7
weeks of age. All animal procedures
were approved by the institutional
committee for protection of animals of
CHUM (CIPA-Comité Institutionnel
de Protection des Animaux du CHUM).
CIPAregulations are in accordance with
the Canadian Council on Animal Care.
Rationale for selection of TOPOIA ,
peptide (CanPeptide, Montreal, Can-
ada) from Topol protein, preparation
of murine bone marrow derived DCs,
and immunisation protocol have been
described in (5). A standard concentra-
tion of 10 mg/g dabigatran etexilate (4)
(Pradaxa from Boehringer Ingelheim,
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Burlington, Canada) was incorporated
in rodent chow (Envigo, Madison, WI).
Pradaxa capsules were opened, gran-
ules were weighed and sent to Envigo
to be ground and incorporated in to the
normal rodent diet used in the animal
facility at CRCHUM. The amount of
dabigatran etexialte in the drug was
taken as 35.4% of the weight of the
contents of the capsule. Mice were
given normal or dabigatran etexilate
chow ad libitum, and no weight loss or
dehydration was observed during the
study. Fibrosis in lungs and skin was
quantified by the hydroxyproline assay,
and tissue sections were examined by
trichrome (Masson) stain as described
in (5).

Lung explant culture and thrombin
measurement

Lung explant culture was done as de-
scribed by Mehta ef al. (5). Thrombin
was measured in culture supernatants
using the thrombin fluorometric assay
kit (K373-100 BioVision, Milpitas,
CA). Plates were read for one hour at

460 nm on the Victor® V fluorometer
(PerkinElmer, Waltham, MA).

Quantitative reverse transcriptase

polymerase chain reaction (qRT-PCR)
Shaved 6 mm punch skin biopsy sam-
ple from near the site of injection was
put in RNAlater (Qiagen, Valencia,
CA) for 24 hours and then stored at
-80°C. RNA was extracted using RNe-
asy Fibrous Tissue Kit (Qiagen) and
then converted to cDNA using High
Capacity RNA-to-cDNA Kit (Ap-
plied Biosystems, Foster City, CA).
For real time PCR, 100 ng of cDNA
was used for each reaction along with
TagMan Fast Advanced Master Mix
(Applied Biosystems). TagMan probes
for Collal, Col5al, Acta2 (oSMA),
Tnfrsfl2a (Tweakr), Ifng, 114, 115, 116,
113, 1l17a, 1122, 1133, Tgfbl, Tslp,
Mmpl2, Serpinel, Vwf, Timpl and
Hprt (housekeeping gene) were pur-
chased from Thermo Fisher (Waltham,
MA). Real time PCR reaction was run
on the Quant Studio 7 Flex Real Time
PCR system (Thermo Fisher). Relative
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Fig. 2. Administration of dabi-
gatran results in increased pulmo-
nary thrombin levels.

Thrombin levels in lung explant
culture supernatants at A week
12. Data shown are mean+SEM
and a pool of at least two experi-
ments with n=6-9 mice/group as
in Fig. 1, and B week 10 accord-
ing to dabigatran administration
plan. Data shown are scatter plots
with mean+SEM and a pool of 2
experiments with n=9 naive (no
TOPOIA DCs and no dabigatran),
n=11 TOPOIA DCs only and
n=6 TOPOIA DCs + dabigatran.
*p<0.05; **p<0.01.
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expression was calculated using the 2"
CACD method and multiplied by 1000
for graphical representation.

Statistical analysis

Prism 6 (Graphpad, San Diego, CA)
was used to compare group means by
unpaired Student’s #-test with Welch’s
correction. A p-value of <0.05 was
considered significant.

Results

In the TOPOIA DCs-induced model of
SSc-like disease, the peak of pulmo-
nary inflammation occurs at week 10
prior to development of pronounced
fibrosis at week 12 (5) (Fig. 1A).
Hence, in a late intervention proto-
col, dabigatran was administered one
week before DC boost and continued
until experimental endpoint (ongo-
ing inflammation and onset of fibro-
sis) (Fig. 1A). As reported by other
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groups, the concentration of dabigatran
used in this study did not cause bleed-
ing abnormalities (4, 6). For the early
intervention protocol, dabigatran was
given after the second TOPOIA DCs
immunisation and stopped prior to DC
boost (onset of inflammatory response)
(Fig. 1A). In both protocols, mice were
sacrificed at week 12 and the effect of
dabigatran on fibrosis was evaluated
against untreated TOPOIA DCs (con-
trol; no dabigatran) immunised group.
We first showed that late intervention
offered no protection against develop-
ment of pulmonary fibrosis since col-
lagen content, as quantified by lung
hydroxyproline levels, was similar to
the control group (Fig. 1B). However,
early intervention significantly exac-
erbated pulmonary fibrosis (Fig. 1B).
The aggravation in fibrosis was not
affected by cohousing TOPOIA DCs
mice with unpulsed DCs mice (mixed

cages). Qualitative analysis of lung
sections stained for collagen deposi-
tion corroborated the hydroxyproline
data (Fig. 1C). Fibrosis was observed
around airways and blood vessels.
Early dabigatran treatment appeared to
severely aggravate histological pulmo-
nary inflammation and haemorrhage in
female mice, even though the level of
exacerbation of pulmonary fibrosis was
similar between males and females.
Given the lack of protection versus
aggravation of pulmonary fibrosis in
mice treated with dabigatran, we next
assessed its effect on thrombin levels
in pulmonary tissue at experimental
endpoint. Thrombin was paradoxically
increased in both early and late dabi-
gatran-treated mice when compared
to untreated control group (Fig. 2A).
Notably, during early intervention,
dabigatran administration was termi-
nated at week 8 and thrombin levels
were still significantly augmented 4
weeks later (week 12). Given these
unexpected findings, thrombin levels
were examined in lungs of untreated
TOPOIA DCs immunised mice when
compared with naive mice as well as in
mice that were started on dabigatran af-
ter the second TOPOIA DCs immuni-
sation (early treatment), but continued
until week 10 (Fig. 2B). Immunisation
increased thrombin levels, which were
further augmented by dabigatran thera-
py, indicating a procoagulant status in
lungs (Fig. 2B).

Finally, we evaluated the impact of
dabigatran administration on skin dis-
ease. Skin hydroxyproline content was
significantly increased in the early but
not late dabigatran treated mice relative
to control group, with no gender bias
as was seen in lungs (Fig. 3A and B).
Skin gene expression of Collal and
1113 was significantly increased by 2.1-
fold (p<0.032) and 1.9-fold (p<0.042)
respectively, in TOPOIA DCs when
compared to unpulsed DCs immunised
mice, corroborating the observed skin
fibrosis in control (no Dab) group (5).
However, aggravated skin pathology
observed in the early dabigatran group
was associated with upregulated ex-
pression of Col5al, and profibrotic
genes such as 1133, Tweakr and II6
when compared to control group (Fig.
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Fig. 3. Dabigatran treatment does not protect against skin fibrosis.
At week 12, A fibrosis was quantified by hydroxyproline assay, B skin paraffin sections (5 gm) were assessed for collagen deposition and inflammation by
trichrome (Masson). Magnification 20x. Scale bar=100 um, and C comparison of relative skin mRNA gene expression by qRT-PCR in control (no Dab) and
dabigatran treated groups. (A) Data shown are mean+SEM and a pool of at least two experiments with n=13 control (no dabigatran), n=13 late and n=14
early. (B-C) Histology pictures shown are from males and qRT-PCR data are from male skin samples from at least 2 independent experiments with n=7
control (no Dab), n=5 late and n=8 early. *p<0.05; **p<0.01.
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3C). Early treated group also showed
signs of increased vasculopathy and in-
flammation since Vwf, Timpl and Ifng
were significantly increased. /14 was
also elevated but the overall expression
was 10 times lower than Ifng. In case
of the late treatment group, only Timp1
and Tweakr were significantly upregu-
lated relative to the control group.
I117a and 122 expression was very low
or undetectable for all groups.

Discussion

In the present study, we demonstrated
that dabigatran did not protect against
the development of lung and skin fi-
brosis in TOPOIA DCs-induced model
of SSc. On the contrary, dabigatran
administered during the inflammatory
phase worsened pulmonary and skin
fibrosis, and induced a profibrotic and
inflammatory skin gene expression
signature. Furthermore, a paradoxical
increase in pulmonary thrombin levels
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was observed. At steady state, throm-
bin complexes with thrombomodulin
(TM) and activates protein C which
in turn degrades Factor Va to prevent
the generation of excess thrombin. In
vitro studies have reported that direct
thrombin inhibitors like dabigatran
can disrupt this negative feedback by
inhibiting protein C activation and sub-
sequent Factor Va degradation result-
ing in enhanced thrombin generation
(7). Moreover, dabigatran has a greater
affinity for thrombin-TM complex than
free thrombin (8), thereby preventing
the generation of activated protein C.
This suggests that a high concentration
of dabigatran, with a concomitant in-
creased risk of bleeding, would be re-
quired to block thrombin-TM and free
thrombin as well in our experimental
model. Notably, in a recent report, da-
bigatran caused alveolar haemorrhage
in a patient with interstitial pulmonary
fibrosis (9).

IL-33, IL-6, Tweak R, Timp-1 as well
as VWF have been reported to be in-
creased in SSc serum and affected or-
gans (10-12) and in the present study,
were shown to be upregulated in the
skin of early dabigatran treated mice
with exacerbated skin fibrosis. During
haemostasis, vVWF is bound to Fac-
tor VIII to form a stable complex and
serves as a cofactor to thrombin to ac-
tivate Factor VIII (Factor VIIIa) (13).
Factor VIIIa can then further accelerate
the generation of thrombin. Further-
more, global gene expression analysis
of skin demonstrated that TWEAKR is
associated with both inflammatory and
fibroproliferative SSc patient subsets
(10). Interestingly, both IL-33 and IL-6
can induce Timp-1 expression (14, 15).
In conclusion, our findings raise con-
cerns about the safety of dabigatran
therapy in SSc patients, especially dur-
ing the inflammatory pathophysiologi-
cal phase of their disease.
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