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Warfarin accelerated vascular calcification and worsened cardiac
dysfunction in remnant kidney mice
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Abstract

Background: Vascular calcification is highly prevalent in end-stage renal disease (ESRD) and is a significant risk factor for future cardiovascular
events and death. Warfarin use results in dysfunction of matrix Gla protein, an inhibitor of vascular calcification. However, the effect of warfarin
on vascular calcification in patients with ESRD is still not well characterized. Thus we investigated whether arterial calcification can be
accelerated by warfarin treatment both in vitro and in vivo using a mouse remnant kidney model.
Methods: Human aortic smooth muscle cells (HASMC) were cultured in medium supplemented with warfarin and phosphate to investigate the
potential role of this drug in osteoblast transdifferentiation. For in vivo study, adult male C57BL/6 mice underwent 5/6 nephrectomy were treated
with active vitamin D3 plus warfarin to determine the extent of vascular calcification and parameters of cardiovascular function.
Results: We found that the expressions of Runx2 and osteocalcin in HASMC were markedly enhanced in the culture medium containing warfarin
and high phosphate concentration. Warfarin induced calcification of cultured HASMC in the presence of high phosphate levels, and this effect is
inhibited by vitamin K2. Severe aortic calcification and reduced left ventricular ejection fractions were also noted in 5/6 nephrectomy mice
treated with warfarin and active vitamin D3.
Conclusion: Warfarin treatment contributes to the accelerated vascular calcification in animal models of advanced chronic kidney disease.
Clinicians should therefore be aware of the profound risk of warfarin use on vascular calcification and cardiac dysfunction in patients with ESRD
and atrial fibrillation.
Copyright © 2018, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atrial fibrillation (Af) is the most common cardiac
dysrhythmia and is associated with a significant increased risk
of stroke as well as subsequent cardiovascular (CV) morbidity

and mortality.1,2 The prevalence of Af increases with age,
reaching approximately 8% in those aged �80 years compared
with.4%e1.0% in the general population.3 In patients with
end-stage renal disease (ESRD), Af is common in the post-
dialysis period, with a prevalence ranging from about 10% to
20% depending on both the definition and age of the popu-
lation studied.4 For the general population, anticoagulation
therapy can substantially reduce the risk of stroke in patients
with Af and a CHA2DS2-VASc score of more than two.5,6

However, there are few prospective clinical trials about the
protective effect of warfarin in patients with ESRD, and the
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benefit of warfarin for stroke prevention in hemodialysis (HD)
patients with Af is still debated in most retrospective stud-
ies.7e9 Warfarin may cause excessive bleeding and calcifica-
tion in vascular structures that can be life-threatening and even
lead to death in patients with advanced chronic kidney disease
(CKD).7 Accordingly, the Kidney Disease Improving Global
Outcomes (KDIGO) guideline suggests that routine anti-
coagulation in ESRD patients with Af for the primary pre-
vention of stroke is not indicated because of these
complications and lack of valid evidence for stroke
prevention.10

In addition, vascular calcification is highly prevalent in
ESRD and is a significant risk factor for future CV events and
death. Matrix Gla protein (MGP) is a vitamin Kedependent
protein highly expressed in bone and arteries, where it acts as a
local regulator of vascular calcification.11 Warfarin use results
in undercarboxylation of MGP and impairs its biological ef-
fects.12 This effect on MGP may explain the more rapid pro-
gression of coronary calcification in patients taking warfarin.13

However, the effect of warfarin on vascular calcification and
CV outcomes in patients with ESRD is still not well charac-
terized. Thus, we investigated whether arterial calcification
can be accelerated by warfarin treatment both in vitro and
in vivo using a mouse remnant kidney model.

2. Methods

2.1. Ethics statement

The experimental animal procedures were conducted in
accordance with the European Commission Directive 86/609/
EEC for animal experiments and were approved by the Insti-
tutional Animal Care and Use Committee of the study hospital.

2.2. Cell culture and induction of calcification

Human aortic vascular smooth muscle cells (HASMC) were
obtained from Cambrex Bioscience (Wokingham, United
Kingdom) and cultured in medium-199 (SigmaeAldrich, St.
Louis, MO) containing 15% fetal bovine serum (FBS), 2 mmol/
L L-glutamine, 100 U/mL penicillin G, and 100 mg/mL strep-
tomycin. Calcification of HASMC cultures was induced by the
method of Wada et al.14 Briefly, HASMC were cultured in
normal growth medium for 4 days and then switched to me-
dium containing vehicle control, high phosphate levels (final
concentration 5 mM), warfarin (10 mM; SigmaeAldrich, St.
Louis, MO), or warfarin plus high phosphate levels for 10 days.
The cell culture medium was replaced with fresh medium every
other day. The antagonistic effect of vitamin K1 (phytomena-
dione, 5 mM; SigmaeAldrich, St. Louis, MO) and vitamin K2
(menaquinone, 25 mM; SigmaeAldrich, St. Louis, MO) on
mineral deposition in HASMC induced by warfarin was also
examined. The extent of transdifferentiation from HASMC into
osteoblasts was evaluated using a-smooth muscle actin,
osteocalcin, and Runx2 levels that were examined by immu-
noblotting as described below. Cell cultures were stained for

mineral deposition using the von Kossa method as previously
described.14

2.3. Western blot to detect osteocalcin and Runx2

Expression levels of both osteocalcin and Runx2 were
evaluated using cell lysate that was electrophoresed in 12.5%
SDS-PAGE. Western blotting was performed with a rabbit
polyclonal anti-human a-smooth muscle actin antibody at a
1:400 dilution (Abcam, Cambridge, UK), rabbit polyclonal
anti-human osteocalcin antibody at a 1:2000 dilution (Abcam,
Cambridge, UK) or with rabbit anti-human Runx2 antibody
(Invitrogen, Carlsbad, CA) at a 1:500 dilution followed by
horseradish peroxidaseelabeled anti-rabbit IgG antibody.
Antigen-antibody complexes were visualized with the horse-
radish peroxidase chemiluminescence system (GE Healthcare,
Buckinghamshire, UK).

2.4. Animals

Twelve-week-old male C57BL/6 mice were purchased
from the National Laboratory Animal Center (Taipei, Taiwan)
and allowed free access to standard rodent chow and water.
Animals were housed in a temperature-controlled and light-
controlled environment (23 �C, 50 ± 5% humidity and a 12-
h light/dark cycle).

2.5. 5/6 Nephrectomy and study groups

The remnant kidney model was induced in animals
following the two-step surgical procedure under Avertin
anesthesia. Briefly, the left kidney was exposed, and the upper
and lower poles were electrocauterized. Two weeks later, a
right total nephrectomy was performed.

The C57BL/6 mouse strain is known to be resistant to the
development of vascular calcification, despite uremic status
induced by both the 5/6 nephrectomy and feeding with high
dietary phosphate.15 In experimental animal models, excessive
dietary intake of active vitamin D3 may induce vascular
calcification via complex, systemic feedback regulatory
mechanisms that control calcium-phosphate metabolism.16,17

Therefore, we evaluated the effects of warfarin on both arte-
rial calcification and cardiovascular function in mice that un-
derwent a 5/6 nephrectomy and were fed a diet containing
high-dose active vitamin D3.

At 3 days post-5/6 nephrectomy, mice were divided into
five groups of 10e12 mice per group: the sham-operated
control group fed vehicle, the 5/6 nephrectomy group fed
vehicle, the 5/6 nephrectomy group fed warfarin (3 mg/kg/
day), the 5/6 nephrectomy group fed active vitamin D3
(1a,25-dihydroxyvitamin D3,.1 mg/kg/day; SigmaeAldrich,
St. Louis, MO), and the 5/6 nephrectomy group fed warfarin
plus active D3. All mice were orally administered vitamin
K1 (SigmaeAldrich, St. Louis, MO) to prevent internal
bleeding and were sacrificed 16 weeks after the 5/6
nephrectomy.
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