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Abstract
Objective: Pseudoxanthoma elasticum (PXE) is a multisystem heritable disorder caused by mutations in the Abcc6
gene. The disease is characterized by ectopic mineralization of the skin, eyes, and arterial blood vessels. Previous
studies have suggested that cardiovascular complications in patients with PXE are caused in part by premature
atherosclerosis. The aim of this study is to determine the effect of an atherogenic diet on ectopic mineralization.

Methods:We used Abcc6tm1JfK mice (Abcc6�/� mice) as an established preclinical model of PXE. The offspring at
age of 4 weeks were divided into two groups and fed the standard control laboratory diet (control group) and the
atherogenic diet. Serum lipid profiles and bile acids were measured, and steatosis and tissue mineralization were
evaluated by histopathologic analysis and chemical calcium quantification assay, respectively.

Results: After 50–58 weeks of feeding an atherogenic diet, the concentrations of total cholesterol, low-density
lipoprotein/very-low-density lipoprotein cholesterol, and bile acids were significantly higher in the Abcc6�/�mice on the
atherogenic diet (180.9±14.8g/L, 145.9±12.9g/L, and 9.7±1.4mmol/L, respectively) than in Abcc6�/� mice on a
control diet (85.2±4.8g/L, 25.1±5.5g/L, and 3.3±0.5mmol/L, respectively) (P<0.001). Hypercholesterolemia was
accompanied by extensive lipid accumulation in the liver and aorta, a characteristic feature of steatosis. The direct
calcium assay demonstrated significantly increased mineralization of the muzzle skin containing the dermal sheath of
vibrissae (57.2±4.4mmol Ca/gram tissue on the atherogenic diet and 43.9±2.2mmol Ca/gram tissue on control diet;
P<0.01), a reproducible biomarker of the ectopic mineralization process in these mice. An increased frequency of
mineralization was also observed in the kidneys and eyes of mice on the atherogenic diet (P<0.01).

Conclusion: These observations suggest that the atherogenic diet caused hypercholesterolemia and accelerated
ectopic mineralization in the Abcc6�/� mice. Our findings have clinical implications for patients with PXE, a currently
intractable disorder with considerable morbidity and occasional mortality.
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Introduction

Pathological calcification of connective tissues, also termed
ectopic mineralization, is a complicated process leading to
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deposition of calcium phosphate complexes in the
extracellular matrix. This process particularly affects the
arterial blood vessels and is common in patients with age-
associated disorders.1 In the clinical setting, ectopic
mineralization has been encountered in both acquired
diseases and heritable Mendelian single-gene disorders
with phenotypic similarities. Diseases that cause ectopic
mineralization, among which pseudoxanthoma elasticum
(PXE) is the paradigm heritable disorder, are prime targets
of the efforts to elucidate the precise pathomechanistic
pathways.
PXE (OMIM# 264800) is an autosomal recessive

connective tissue disorder in which fragmentation and
mineralization of elastic fibers result in cutaneous, ocular,
and cardiovascular manifestations.2-3 The first organ
system affected is often the skin, which develops small
yellowish papules primarily in flexural areas of the body.
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Table 1

Composition of the experimental diets.

Content of (%)
Diet Cholesterol Sucrose Fat Cholic acid

Control diet 0.0283 1.16 6.40 0.00
Atherogenic diet 1.25 32.50 21.20 0.50
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These lesions tend to progressively coalesce into larger
plaques, and the skin eventually loses its elasticity and
becomes leathery and redundant with loss of recoil.
Histopathologic examination of the skin lesions reveals
accumulation of pleomorphic elastotic material that
progressively becomes mineralized. The characteristic
ophthalmologic finding in patients with PXE is the presence
of angioid streaks; these lesions reflect the breakage of the
mineralized Bruch’s membrane, an elastin-rich sheath
between the pigmented retina and choroid of the eye.
Angioid streaks are associated with subretinal neovascula-
rization and hemorrhage, which cause progressive loss of
central vision and can lead to legal blindness if left
untreated. Cardiovascular complications are also promi-
nent in patients with PXE, oftenmanifesting as nephrogenic
hypertension, intermittent claudication, occasional bleed-
ing from the intestinal arteries, and sometimes premature
myocardial infarction and stroke. PXE is caused by loss-of-
functionmutations in theABCC6 gene; this gene encodes an
adenosine triphosphate-dependent transporter protein,
ABCC6, which is primarily expressed in the liver and
kidneys.2 Our understanding of the disease pathology has
been advanced by the study ofAbcc6-knockoutmice,which
recapitulate the features of PXE, including progres-
sive mineralization of the skin, eyes, and arterial blood
vessels.4-5 Emerging evidence suggests that PXE is a
metabolic disease caused by the absence of ABCC6-
mediated adenosine triphosphate release from liver into
the circulation, resulting in reduced plasma levels of
inorganic pyrophosphate, a potent inhibitor of ectopic
mineralization.6–8 However, the pathomechanistic details
and the precise nature of the molecules transported by
ABCC6 are currently unknown.
ABCC6 has been suggested as a new player in cellular

cholesterol and lipoprotein metabolism, as described for
other ABC transporters.9 An ABCC6 gene polymorphism
(p.R1268Q, rs2238472) may be associatedwith variations
in the plasma levels of lipoproteins.10 In addition, intronic
variants of the ABCC6 gene (rs150468 and rs212077)
have been shown to influence the risk of coronary artery
disease through their effects on high-density lipoprotein
(HDL) cholesterol.11 In addition, some studies have
suggested that ABCC6 carriers, particularly those with
p.R1141X, the most frequent mutation in Caucasian
populations, have an increased risk of premature coronary
artery disease and peripheral artery disease.12-13 These
findings indicate that carriers of ABCC6 loss-of-function
mutations might benefit from therapy aimed at preventing
coronary artery disease. In contrast, however, another
study failed to demonstrate the association between
heterozygosity of p.R1141X and the risk of ischemic
vascular disease.14 Atorvastatin, a cholesterol-lowering
drug commonly used in the clinical setting, was recently
shown to counteract tissue mineralization in the Abcc6-
knockout mouse; this suggests that patients with PXE
might benefit from statin treatment.15

In this study, we used the Abcc6-knockout mouse as a
model of PXE to examine the consequences of an
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atherogenic diet on serum lipid profiles and the degree
of ectopic mineralization. The results demonstrated that
the atherogenic diet induced hypercholesterolemia and
steatosis accompanied by increased mineralization in the
soft connective tissues. These findings have clinical
implications for patients with PXE.
Materials and methods

Mice had free access to water and were maintained in the
climate-controlled Animal Facility of Thomas Jefferson
University. Euthanization was performed by carbon
dioxide asphyxiation and opening of the chest as approved
by the American Veterinary Medical Association. All
protocols were reviewed and approved by the Institutional
Animal Care and Use Committee of Thomas Jefferson
University. Proper handling and care protocols were
followed according to the animal welfare policies of the U.
S. Public Health Service.
Experimental design and diets

The mice were placed on a standard control laboratory
diet (Laboratory Autoclavable Meal Rodent Diet 5010;
PMI Nutrition, Brentwood, MO) during maintenance and
breeding. Offspring were genotyped for the Abcc6 status
by previously described polymerase chain reaction proto-
cols and primers.4 At the age of 4 weeks, the Abcc6�/�

offspring were divided into two groups and fed specific
diets for another 50–58 weeks. Six male and nine female
Abcc6�/� mice in the first group continued the standard
control laboratory diet. Seven male and three female
Abcc6�/� mice in the second group were placed on the
atherogenic diet at 4 weeks of age (Teklad Diet TD.02028;
Envigo, Madison, WI). This atherogenic diet has higher
fat, sucrose, cholesterol, and cholic acid content than the
standard control rodent diet. The specific contents of the
control diet are provided at http://www.labdiet.com/cs/
groups/lolweb/@labdiet/documents/web_content/mdrf/
mdi4/∼edisp/ducm04_028443.pdf, and those of the
atherogenic diet are provided at http://www.envigo.com/
resources/data-sheets/02028.pdf. These two diets are
compared in Table 1. All mice were fasted overnight
prior to euthanasia for blood and tissue analysis.
Measurement of serum lipids and bile acids

The cholesterol and triglyceride levels in fasted serum
samples were determined by colorimetric assays. The
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concentrations of total cholesterol, HDL cholesterol, and
low-density lipoprotein/very-low-density lipoprotein
(LDL/VLDL) cholesterol were measured with an Enzy-
ChromTM HDL and LDL/VLDL Assay Kit (BioAssay
Systems, Hayward, CA, USA). The triglyceride content was
measured with an EnzyChromTM Triglyceride Assay Kit
(BioAssay Systems). The absorbance values of the samples
were obtained with an Epoch Model microplate reader
(BioTek Instruments, Inc., Winooski, VT, USA). The serum
level of total bile acids was determined by an assay kit from
Cell Biolabs, Inc. (San Diego, CA, USA). All measurements
were performed in duplicate.
Quantification of serum phosphorus and magnesium

The serum phosphorus and magnesium contents were
determined with a Malachite Green Phosphate Assay Kit
and a QuantiChromTM Magnesium Assay Kit (BioAssay
Systems, USA), respectively.
Histopathological analysis

Necropsy tissue samples from muzzle skin and internal
organs were fixed in 10% phosphate-buffered formalin for
2 days, transferred to 30% sucrose in phosphate-buffered
saline overnight, and then embedded in Shandon Cry-
omatrix (Thermo Fisher Scientific, Waltham, MA, USA).
The tissues were sectioned (6 mm) and stained with
hematoxylin and eosin using standard procedures. The
slides were examined for ectopic mineralization under a
light microscope. Oil Red O staining was performed on
adjacent sections to detect lipid accumulation (Hitobiotec
Corp., Kingsport, TN, USA).
Chemical quantification of calcium

To quantify mineral deposition, muzzle skin specimens
were harvested and the calcium was solubilized with 0.15
N hydrochloric acid for 48 hours at room temperature,
followed by an assay of the solubilized calcium in the
supernatant. Colorimetric analysis by the o-cresolphtha-
lein complexone method [Calcium (CPC) Liquicolor;
Stanbio Laboratory, Boerne, TX, USA] was performed
to measure the calcium content. The values of calcium in
muzzle skin were normalized to tissue weight. The calcium
in the serum samples was analyzed using the same
quantitative assay.
Figure 1. Serum cholesterol and triglyceride concentrations in
Abcc6�/� mice maintained on either the control diet or atherogenic
diet. The mice were placed on specific diets at 4 weeks of age, and
blood samples were obtained at 54–62 weeks of age for analysis of
lipid concentrations. The values are expressed as mean ± SE. Control
diet, n= 15; atherogenic diet, n= 10. ∗P< 0.001 compared with mice
on the control diet.
Statistical analysis

The data were presented as mean ± standard error (SE).
The results in different groups of mice receiving different
diets were analyzed using non-parametric Mann-Whitney
U test using Prism 8 (GraphPad, San Diego, CA, USA).
Fisher’s exact test was used to determine the differences
between the proportions of mineralization in the organs of
mice fed with different diets. Statistical significance was
reached at P < 0.05.
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Results

Serum lipid profiles and bile acids in Abcc6�/� mice
fed control or atherogenic diet

The mice fed the atherogenic diet showed significantly
higher serum levels of total cholesterol (52.9% increase)
and LDL/VLDL cholesterol (82.8% increase) than the
mice fed the control diet; however, the serum HDL
cholesterol and triglyceride levels were not significantly
different between the two groups (Fig. 1). In addition, a
> 1.9-fold increase in the serum bile acid level was noted in
mice on the atherogenic diet (Table 2). No sex-related
differences in the serum lipid panels or total bile acid levels
were observed between the two groups of mice.
To examine the metabolic consequences of the athero-

genic diet, the serum concentrations of calcium, phospho-
rus, and magnesium were determined in all mice at the end
of the experimental diet. No significant differences were
noted in the serum concentrations of these components
(Table 2).
Steatosis in Abcc6�/� mice fed the atherogenic diet

Oil Red O staining of the liver and aorta showed
significantly higher amounts of lipids in the Abcc6�/�

mice on the atherogenic diet than in Abcc6�/� mice on the
control diet (Fig. 2A). Thus, the elevations in the serum
concentrations of total cholesterol and LDL/VLDL
cholesterol were accompanied by steatosis. Although
ectopic mineralization affects several tissues in patients
with PXE, the clinical manifestations are primarily evident
in the skin, eyes, and cardiovascular system. Therefore, the
muzzle skin, eyes, and arterial blood vessels (characteristic
sites of ectopic mineralization in PXE) were examined for
mineralization by hematoxylin and eosin staining, and the
lipid distribution was examined by Oil Red O staining
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Table 2

Calcium, phosphorus, magnesium, and bile acid concentrations in the serum of Abcc6�/� mice placed on different diets
(mean ± SE)

Concentration in group
Diet Calcium (g/L) Phosphorus (g/L) Magnesium (g/L) Bile acid (mmol/L)

Control diet 8.03±0.21 9.29±0.30 2.19±0.09 3.33±0.47
Atherogenic diet 8.40±0.22 9.50±0.50 2.11±0.14 9.73±1.43

∗

∗
P < 0.001.
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(Fig. 2B).Mineralization was noted in the dermal sheath of
vibrissae in the muzzle skin, the retinas, and the arterial
blood vessels in the kidneys (Fig. 2B). However, minerali-
zation in these tissues was not associated with deposition
of lipids (Fig. 2B).

Effects of atherogenic diet on tissue mineralization
in Abcc6�/� mice

The degree of mineralization in Abcc6�/� mice on the
atherogenic diet, as determined by the content of calcium
in the muzzle skin, was significantly higher (30.4%
Figure 2. Demonstration of the presence of steatosis in the liver and abse
mice fed the atherogenic diet. (A) Comparison of lipid accumulation in the l
as revealed by Oil Red O staining. Scale bar = 200 mm. (B) The Abcc6�

arrows) in muzzle skin containing the dermal sheath of vibrissae, kidney, a
Oil Red O staining did not show lipid accumulation in these tissues in t
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increase) than that in mice on the control diet (Fig. 3).
In addition to mineralization of the dermal sheath of
vibrissae in the muzzle skin, mineralization was evaluated
by histopathological analysis in the kidneys and the eyes by
counting the number of mice with mineralization as a
percent of the total mice examined. The results demon-
strated that 70.0%ofmice (7 of 10) on the atherogenic diet
had mineralization in the kidneys, a significantly higher
proportion than the 13.3% of mice (2 of 15) on the control
diet. The incidence of eye mineralization was also higher in
mice on the atherogenic diet (26.7%, 4 of 15 mice) than in
mice on the control diet (6.7%, 1 of 15 mice).
nce of lipid accumulation at sites of ectopic mineralization in Abcc6�/�

iver and aorta of Abcc6�/�mice on the atherogenic versus control diet,
/� mice on the atherogenic diet developed ectopic mineralization (the
nd eye as demonstrated by hematoxylin and eosin staining. However,
he areas of ectopic mineralization. Scale bar = 400 mm.



Figure 3. Quantitation of ectopic mineralization in muzzle skin by
direct chemical assay of calcium. The Abcc6�/� mice were
maintained on a control diet and atherogenic diet, respectively,
and the degree of mineralization in muzzle skin was determined. The
values are expressed as mean ± SE. Control diet, n = 15; atherogenic
diet, n = 10. ∗P = 0.0019 compared with mice on the control diet.
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Discussion

Cardiovascular disease is the leading cause of death in the
Western world. Hypercholesterolemia (ie, elevated total
cholesterol and LDL cholesterol) is a well-known risk
factor for atherosclerotic vascular disease and stroke in
humans.16 “Western-type diets” or “atherogenic diets”
high in saturated fat and cholesterol have been linked to
elevated circulating cholesterol levels, particularly LDL
cholesterol,17 prompting the recommendation that
humans limit their intake of these dietary constituents.16

Atherogenic diets are often used to induce hypercholes-
terolemia and accelerate the rate of atherosclerotic lesion
development in certain models of atherosclerosis, such as
mice, hamsters, guinea pigs, and rabbits. Therefore, the use
of such diets to promote atherosclerosis in these models
has been a valuable tool for both understanding the
pathophysiology of the disease and developing therapies
that can potentially prevent or reverse it. The study of
murine atherosclerosis was greatly stimulated by the
generation and characterization of ApoE- and Ldlr-
deficient mice, which develop accelerated atherosclerotic
lesions when challenged by atherogenic diets.18-19

The atherosclerotic lesions in animals fed an atherogenic
diet are usually more lipid-rich than those in animals fed a
control diet.20 Researchers have used several different diets
that vary in their cholesterol content, amount and type of
fatty acids, and absence or presence of bile salts, such as
cholic acid, which help further in the development of
atherosclerosis because they aid cholesterol and fat
absorption and reduce cholesterol disposal via conversion
to bile acid. These components have been shown to
influence lipoprotein levels and/or atherosclerosis, with
dietary cholesterol being the major proatherogenic
component. A common feature of each of these models
is the increase in the serum levels of total cholesterol and
VLDL and/or LDL cholesterol.20 The atherogenic rodent
diet TD.02028 is one such diet and has been studied in
animal models of lipid metabolism, hepatic steatosis, and
atherosclerosis.21–24
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The first site of mineralization, noted as early as
approximately 5–6 weeks of age in Abcc6�/� mice kept
on the control diet, was the dermal sheath of vibrissae in
the muzzle skin.4 Mineralization of the vibrissae serves as
an early biomarker of the overall mineralization process,
and its quantitation by a direct calcium assay of the muzzle
skin allows determination of the overall extent of
mineralization in these mice.4,15 In the present study,
when the Abcc6�/� mice were challenged with an
atherogenic diet (TD.02028) containing higher fat,
sucrose, cholesterol, and cholic acid content than the
standard control rodent diet, their serum levels were
significantly higher with concurrent increase of mineral
deposition in the soft connective tissues of the muzzle skin.
Serum concentrations of calcium, phosphorus, and
magnesium were not different from those in mice on the
control diet, suggesting that mineral homeostasis was not
altered by the atherogenic diet. The atherogenic diet also
exacerbated ectopic mineralization in the kidneys and eyes
despite normal serum mineral homeostasis. Although the
detailed pathomechanisms of the apparent increase in
ectopic mineralization as a result of atherogenesis is not
clear, recent studies have suggested that inflammatory
atherosclerosis precedes and drives ectopic mineraliza-
tion.25 In the present study, the increased tissue minerali-
zation in mice fed the atherogenic diet was associated with
elevated serum levels of total cholesterol and LDL/VLDL
cholesterol, risk factors for cardiovascular disease. In
contrast, cholesterol-lowering drugs such as atorvastatin
have been shown to ameliorate the extent of ectopic
mineralization in the same mouse model.15 These findings
have clinical relevance for the management of PXE in
humans. In this context, the prevalence of PXE (approxi-
mately 1:50,000) suggests that more than 150,000
individuals are affected by PXE worldwide. Sequence
variants in the ABCC6 gene are associated with plasma
levels of lipoprotein.10-11 Early detection of hypercholes-
terolemia and atherosclerotic disease is of paramount
importance to institute possible prevention strategies and
monitor treatment. Limiting the intake of dietary saturated
fat and cholesterol is expected to provide significant
benefits to a large number of patients in terms of
preventing cardiovascular complications and worsened
tissue mineralization.
One limitation of the study is that the degree of vascular

mineralization as a result of hypercholesterolemia was not
analyzed in depth. This is due to the fact that PXE is a late
onset, yet progressive disease. While multisystem mineral-
ization is reproduced in the Abcc6�/� mice, mineralization
of the vasculature occurs later in life.4 Further studies
should examine the Abcc6�/� mice to preceded death or a
moribund state when vascular mineralization becomes
fully penetrant.
Acknowledgments

This study was supported by National Institutes of Health/
National Institute of Arthritis and Musculoskeletal and

http://www.ijdv-dermatol.com


Zhao et al., Int J Dermatol Venereol (2020) 3:2 International Journal of Dermatology and Venereology
Skin Diseases grants (No. R01AR055225 to JU,
K01AR064766 to QL, and R01AR072695 to JU and
QL). The authors thank Dian Wang, Yoorock Suh, and
Douglas Ralph for providing technical assistance. The
authors also thank Carol Kelly for assisting with the
manuscript preparation.
References

[1] Li Q, Jiang Q, Uitto J. Ectopic mineralization disorders of the
extracellular matrix of connective tissue: molecular genetics and
pathomechanisms of aberrant calcification. Matrix Biol 2014;33:23–
28. doi: 10.1016/j.matbio.2013.06.003.

[2] Uitto J, Van de Wetering K, Varadi A, et al. Insights into
pathomechanisms and treatment development in heritable ectopic
mineralization disorders: Summary of the PXE International Biennial
Research Symposium - 2016. J Invest Dermatol 2017;137 (4):790–795.
doi: 10.1016/j.jid.2016.12.014.

[3] Neldner KH. Pseudoxanthoma elasticum. Clin Dermatol 1988;6 (1):1–
159.

[4] Klement JF, Matsuzaki Y, Jiang QJ, et al. Targeted ablation of the abcc6
gene results in ectopic mineralization of connective tissues. Mol Cell Biol
2005;25 (18):8299–8310. doi: 10.1128/MCB.25.18.8299-8310.2005.

[5] Gorgels TG, Hu X, Scheffer GL, et al. Disruption of Abcc6 in the mouse:
novel insight in the pathogenesis of pseudoxanthoma elasticum. Hum
Mol Genet 2005;14 (13):1763–1773. doi: 10.1093/hmg/ddi183.

[6] Jansen RS, Kucukosmanoglu A, de Haas M, et al. ABCC6 prevents
ectopic mineralization seen in pseudoxanthoma elasticum by inducing
cellular nucleotide release. Proc Nat Acad Sci USA 2013;110
(50):20206–20211. doi: 10.1073/pnas.1319582110.

[7] JansenRS,Duijst S,Mahakena S, et al. ABCC6-mediatedATP secretion by
the liver is the main source of the mineralization inhibitor inorganic
pyrophosphate in the systemic circulation-brief report. Arterioscler
Thromb Vasc Biol 2014;34 (9):1985–1989. doi: 10.1161/ATVBAHA.
114.304017.

[8] Li Q, Kingman J, van de Wetering K, et al. Abcc6 knockout rat model
highlights the role of liver in ppi homeostasis in pseudoxanthoma
elasticum. J Invest Dermatol 2017;137 (5):1025–1032. doi: 10.1016/j.
jid.2016.11.042.

[9] Kuzaj P, Kuhn J, Dabisch-Ruthe M, et al. ABCC6- a new player in
cellular cholesterol and lipoprotein metabolism? Lipids Health Dis
2014;13:118. doi: 10.1186/1476-511X-13-1181476-511X-13-118.

[10] Wang J, Near S, Young K, et al. ABCC6 gene polymorphism associated
with variation in plasma lipoproteins. J Hum Genet 2001;46 (12):699–
705. doi: 10.1007/s100380170003.

[11] Peloso GM, Demissie S, Collins D, et al. Common genetic variation in
multiple metabolic pathways influences susceptibility to low hdl-
cholesterol and coronary heart disease. J Lipid Res 2010;51
(12):3524–3532. doi: 10.1194/jlr.P008268.

[12] Trip MD, Smulders YM, Wegman JJ, et al. Frequent mutation in the
ABCC6 gene (R1141X) is associated with a strong increase in the
96
prevalence of coronary artery disease. Circulation 2002;106 (7):773–
775. doi: 10.1161/01.CIR0000028420.27813.C0.

[13] Köblös G, Andrikovics H, Prohászka Z, Tordai A, Váradi A, Arányi T.
The R1141X loss-of-function mutation of the ABCC6 gene is a strong
genetic risk factor for coronary artery disease. Genet Test Mol
Biomarkers 2010;14 (1):75–78. doi: 10.1089/gtmb.2009.0094.

[14] Hornstrup LS, Tybjaerg-Hansen A, Haase CL, et al. Heterozygosity for
R1141X in ABCC6 and risk of ischemic vascular disease. Circ
Cardiovasc Genet 2011;4 (5):534–541. doi: 10.1161/CIRCGE-
NETICS.110.958801.

[15] Guo H, Li Q, Chou DW, et al. Atorvastatin counteracts aberrant soft
tissue mineralization in a mouse model of pseudoxanthoma elasticum
(Abcc6-/-). J Mol Med (Berl) 2013;91 (10):1177–1184. doi: 10.1007/
s00109-013-1066-5.

[16] Pearson TA, Blair SN, Daniels SR, et al. Aha guidelines for primary
prevention of cardiovascular disease and stroke: 2002 update:
consensus panel guide to comprehensive risk reduction for adult
patients without coronary or other atherosclerotic vascular diseases.
American heart association science advisory and coordinating
committee. Circulation 2002;106 (3):388–391. doi: 10.1161/01.
cir.0000020190.45892.75.

[17] Hegsted DM, McGandy RB, Myers ML, et al. Quantitative effects of
dietary fat on serum cholesterol in man. Am J Clin Nutr 1965;17
(5):281–295. doi: 10.1093/ajcn/17.5.281.

[18] Plump AS, Smith JD, Hayek T, et al. Severe hypercholesterolemia and
atherosclerosis in apolipoprotein e-deficient mice created by homologous
recombination in es cells. Cell 1992;71 (2):343–353. doi: 10.1016/0092-
8674(92)90362-g.

[19] Huszar D, VarbanML, Rinninger F, et al. Increased LDL cholesterol and
atherosclerosis in LDL receptor-deficient mice with attenuated expres-
sion of scavenger receptor B1. Arterioscler Thromb Vasc Biol 2000;20
(4):1068–1073. doi: 10.1161/01.atv.20.4.1068.

[20] Getz GS, Reardon CA. Diet and murine atherosclerosis. Arterioscler
Thromb Vasc Biol 2006;26 (2):242–249. doi: 10.1161/01.
ATV.0000201071.49029.17.

[21] Renaud HJ, Cui JY, Lu H, et al. Effect of diet on expression of genes
involved in lipid metabolism, oxidative stress, and inflammation in
mouse liver-insights into mechanisms of hepatic steatosis. PLoS One
2014;9 (2):e88584. doi: 10.1371/journal.pone.0088584.

[22] Qu A, Shah YM, Manna SK, et al. Disruption of endothelial peroxisome
proliferator-activated receptor g accelerates diet-induced atherogenesis
in LDL receptor-null mice. Arterioscler Thromb Vasc Biol 2012;32
(1):65–73. doi: 10.1161/ATVBAHA.111.239137.

[23] Ghosh J, Das S, Guha R, et al. Hyperlipidemia offers protection against
leishmania donovani infection: role of membrane cholesterol. J Lipid Res
2012;53 (12):2560–2572. doi: 10.1194/jlr.M026914.

[24] Garcia-Rivera A, Madrigal-Perez VM, Rodriguez-Hernandez A, et al.
A simple and low-cost experimental mouse model for the
simultaneous study of steatohepatitis and preclinical atherosclerosis.
Asian J Anim Vet Adv 2014;9 (3):202–210. doi: 10.3923/ajava.2014.
202.210.

[25] Shioi A, Ikari Y. Plaque calcification during atherosclerosis progression
and regression. J Atheroscler Thromb 2018;25 (4):294–303. doi:
10.5551/jat.RV17020.


	Atherogenic Diet Accelerates Ectopic Mineralization in a Mouse Model of Pseudoxanthoma Elasticum
	Introduction
	Materials and methods
	Experimental design and diets
	Measurement of serum lipids and bile acids
	Quantification of serum phosphorus and magnesium
	Histopathological analysis
	Chemical quantification of calcium
	Statistical analysis

	Results
	Serum lipid profiles and bile acids in Abcc6-/- mice fed control or atherogenic diet
	Steatosis in Abcc6-/- mice fed the atherogenic diet
	Effects of atherogenic diet on tissue mineralization in Abcc6-/- mice

	Discussion
	Acknowledgments
	References


