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Abstract

Background and aims—Mutations in the 5"-nucleotidase ecto (N75E) gene that encodes
CD73, a nucleotidase that converts AMP to adenosine, are linked to arterial calcification.
However, the role of purinergic receptor signaling in the pathology of intimal calcification is not
well understood. In this study, we examined whether extracellular nucleotides acting via P2Y
receptor (P2Y,R) modulate arterial intimal calcification, a condition highly correlated with
cardiovascular morbidity.

Methods—Apolipoprotein E, P2Y-R double knockout mice (ApoE~7~P2Y,R™") were used to
determine the effect of P2Y ;R deficiency on vascular calcification /n7 vivo. Vascular smooth
muscle cells (VSMC) isolated from P2Y,R™~mice grown in high phosphate medium were used
to assess the role of P2Y,R in the conversion of VSMC into osteoblasts. Luciferase-reporter
assays were used to assess the effect of P2Y2R on the transcriptional activity of Runx2.

Results—P2YR deficiency in ApoE ™~ mice caused extensive intimal calcification despite a
significant reduction in atherosclerosis and macrophage plaque content. The ectoenzyme apyrase
that degrades nucleoside di- and triphosphates accelerated high phosphate-induced calcium
deposition in cultured VSMC. Expression of P2Y 3R inhibits calcification /n vitro inhibited the
osteoblastic trans-differentiation of VSMC. Mechanistically, expression of P2Y ;R inhibited Runx2
transcriptional activation of an osteocalcin promoter driven luciferase reporter gene.

Conclusions—This study reveals a role for vascular P2Y ;R as an inhibitor of arterial intimal
calcification and provides a new mechanistic insight into the regulation of the osteoblastic trans-
differentiation of SMC through P2Y;,R-mediated Runx2 antagonism. Given that calcification of
atherosclerotic lesions is a significant clinical problem, activating P2Y 2R may be an effective
therapeutic approach for treatment or prevention of vascular calcification.
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Introduction

Vascular calcification is a hallmark of many diseases including atherosclerosis, type 2
diabetes, end-stage renal disease, and is highly correlated with cardiovascular morbidity (1-
2). Arterial medial calcification occurs in the absence of inflammation, and is associated
with chronic kidney disease (CDK) in adults (3-5). Medial calcification causes vessel
stiffening, elevated pulse-wave velocity, and increased left ventricular (LV) load with
hypertrophy (6-9). In contrast, intimal calcification occurs in the context of atherosclerosis
and is associated with plagque rupture and myocardial infarction (10-12). Vascular
calcification is an active and regulated process reminiscent of physiological bone formation
(12). VSMC are the main cell type involved in arterial calcification, and can trans-
differentiate into an osteoblast-like cell (13-14). This phenotypic transition is characterized
by the expression of alkaline phosphatase, type | collagen, osteocalcin and the formation of
mineralized bone-like structures (15).

Runt-related transcription factor (Runx) 2 is a key regulator of osteoblast differentiation
(16). Runx2-null mice are devoid of osteoblasts and lack the ability to form bone (17-18).
Runx2 mediates osteoblast differentiation as well as mineralization in immature
mesenchymal cells and osteablastic cells /n vitro (19-20). Runx2 is expressed in calcified
human atherosclerotic lesions as well as in calcifying mouse aortic SMC (21-23).
Expression of Runx2 alone does not induce VSMC calcification /n vitro (24), however,
Runx2 deficiency in VSMC has been shown to inhibit vascular calcification /n vivo (25).
Given the pivotal role of Runx2 in SMC calcification, identifying factors that regulate this
transcription factor may lead to new medical therapies to prevent or treat cardiovascular
calcification.

A study of idiopathic infantile arterial calcification first led to the hypothesis that the
purinergic signaling may play a role in the pathogenesis of vascular calcification (26). This
autosomal recessive disease is caused by a mutation in the ectonucleotide pyrophosphatase-
phosphodiesterase 1 gene (ENPPI) that catalyzes the hydrolysis of pyrophosphate and
phosphodiester bonds in nucleotide triphosphates and oligonucleotides, respectively, to
generate nucleoside 5’-monophosphates. In addition, homozygous nonsense mutations in
the 5”-nucleotidase ecto (NT5E) gene that encodes CD73, a nucleotidase that converts AMP
to adenosine, have been linked to symptomatic arterial and joint calcifications (27).
Together, these observations suggest a role for the AMP/adenosine metabolic pathway in
inhibiting ectopic tissue calcification. Indeed, increased cAMP signaling synergizes with
elevated extracellular inorganic phosphate (P;) to induce calcification of vascular SMC (28).
However, the role of purinergic receptor signaling in the pathogenesis of vascular
calcification, particularly in the setting of atherosclerosis, is not understood.

The P2Y is expressed in vascular cells and its activation mediates inflammatory responses
that contribute to intimal hyperplasia in response to injury (29-31). We recently showed that
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P2Y R deletion prevents fatty-streaks formation in ApoE-null mice (32). In the present
study, we examined the effects of P2Y R deletion on arterial intimal calcification during
atherosclerosis. We utilized the ApoE knockout mouse model of atherosclerosis which
develops spontaneous atherosclerosis without dietary manipulations (33). By crossing ApoE
knockout mice with P2Y R knockout mice, we show that although loss of P2Y5R attenuates
atherosclerotic plaque development, it leads to extensive calcification of the atherosclerotic
lesions. /n vitro, high Pi induced-calcium deposition in VSMC and expression of stage-
specific osteoblast markers were exacerbated in the absence of P2Y9R. Finally, we
demonstrated that P2Y ;R prevents the osteoblastic trans-differentiation of VSMC by
inhibiting Runx2 transcriptional activity. Our findings reveal a novel role of P2Y R in the
control of vascular calcification. Therefore, targeting P2Y ;R signals in VSMC may
represent a novel strategy for therapies targeting vascular calcification.

Materials and methods

Animals

Animal protocols were approved by the Animal Care and Use Committee of Indiana
University and the procedures followed were in accordance with institutional guidelines.
C57BL/6J, ApoE™~and P2Y R~ mice were purchased from Jackson laboratory. P2Y,R™~
mice were bred to the ApoE ™~ background to generate ApoE™~1P2Y R~ mice. All of
these mice are on a C57BL/6J background. All animals were fed a standard chow diet. Only
males were used in experimental groups.

Analysis of atherosclerotic lesions in the aortic root

Mouse hearts were perfused, fixed in 4% paraformaldehyde and embedded in paraffin. Five-
micrometer sections at 50-um intervals were stained with Masson’s trichrome for lesion area
measurement and morphometric analysis as described in our previous studies (32).
Apoptosis was assessed by TUNEL (Tdt-mediated dUTP nick end labeling) method using
the TACS 2 TdT /n situ apoptosis detection kit (Trevigen). For the quantification of plaque
necrosis, aortic root lesions were stained with hematoxylin/eosin. Necrotic areas were
identified as large non-stained areas with a 3,000-um? threshold, thus excluding very small
clear areas, and quantified as previously described (34).

In situ detection of calcification

Intimal calcification was detected by performing Von Kossa staining on tissue sections. Von
Kossa-stained sections were then counterstained for hematoxylin and eosin. Von Kossa
reactivity was quantified and expressed as a percentage of Von Kossa positive area divided
by total lesion area.

Tissue and cell quantification of calcium

Aortic arch specimens from mice were lyophilized to a constant weight. The calcium
extracted from lyophilized tissue with 0.6 N HCI at 37°C for 48 hours was measured by a
colorimetric assay using the o-cresolphsthalein complexone kit (calcium diagnostic Kit;
Sigma-Aldrich). The amount of calcium was normalized to the tissue dry weight. Calcium
content in cultured VSMC was determined using a similar procedure as described above,
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and expressed as micrograms of calcium per milligram of cellular protein. Protein content
was measured using the bicinchoninic acid assay protein assay kit (Thermo Scientific).

Immunohistochemistry

Immunohistochemical staining was performed by the labeled streptavidin biotin method.
Monoclonal anti-smooth muscle a-actin antibody (clone 1A4, Sigma, 1/1000 dilution) was
used to detect smooth muscle cells. Macrophages were identified by immunostaining with a
rat anti-mouse Mac-3 monoclonal antibody (M3/84, 550292, BD PharMingen, San Diego,
CA; 1/100 dilution).

VSMC calcification assay

Aortic samples were collected from C57BL/6 and P2Y >R~ mice and VSMC were isolated
using the explant technique as described in our previous studies (34). SMC were seeded in
growth medium at a density of 1.5 x 10%/cm? in multi-well plates. Cells were grown to
confluence and incubated with calcification medium containing NaH,PO,4 and NayHPO, at
pH 7, to a final concentration of 3 mM phosphate. VSMC were incubated for up to 14 days
in 95% air/5% CO, and medium was changed every four days. Retroviral transduction of
DNA construct into VSMC was performed as described in our previous studies (35).

Alizarin Red S staining

Cells were incubated in 10%-PFA for 10 minutes then rinsed with distilled water and
dehydrated to 70% alcohol. Cells were stained with 2% Alizarin Red S solution for 5
minutes then blotted dry. The slides were then dehydrated in acetone and 1:1 acetone-xylene
solution, cleared in xylene, and mounted using a synthetic mounting medium.

Luciferase reporter assays

Cells were transfected with firefly luciferase reporter 6XxOSE2-Luc plus Renilla luciferase
reporter pRL-TK. At 48 hours after transfection, cells were harvested and firefly and Renilla
luciferase activities in cell lysates were measured using a dual luciferase kit (Promega).
Renilla luciferase activities in cells were used as internal control.

Gene expression analysis

Quantitative polymerase chain reaction (qPCR) was performed as previously described (36).
Total RNA was extracted from VSMC lysed in TRIzol reagent (Invitrogen), using an
RNeasy mini kit and treated with DNase | (Qiagen). High quality RNA was extracted (0.5
ug/sample was used for synthesis of single-strand cDNA with Superscript Il (Invitrogen).
Syber green based real time PCR was conducted with 45 ng of cDNA using an ABI Prism
7900HT PCR machine (Applied Biosystems). The following primers (Integrated DNA
Technologies) were used for Runx2 forward 5 -ACC ATA ACA GTC TTC ACA AAT
CCT-3’, and reverse: 5'-CAG GCG ATC AGA GAA CAA ACT A-3’. The primers for
osteocalcin were as follows: forward 5'-CTGACCTCACAGATGCCAAG-3’, and reverse:
5'-GTAGCGCCGGAGTCTGTTC-3". GAPDH primers were used as internal control. The
forward GAPDH primer was: 5'-GGT GGC AGA GGC CTT TG-3". The reverse GAPDH
primer was: 5'-TGC CCA TTT AGC ATC TCC TT-3’.
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Statistical analysis

Results

Data are expressed as means + SEM. Differences in data between groups were compared
with Student’s paired 2-tailed t test or 1-way ANOVA where appropriate. A pvalue less than
0.05 was considered statistically significant.

P2Y, receptor deficiency promotes calcification of atherosclerotic lesions

We assessed the effects of P2Y,R deletion on arterial calcification in ApoE~~ mice
maintained on a standard mouse chow diet for 30 weeks. Strikingly, despite a significant
decrease in atherosclerotic lesion area compared to ApoE~~ mice (p<0.01; Fig. 1A and B),
ApPoE™~/P2Y R~ mice (15 out of 15 mice) exhibited extensive intimal calcification
covering more than 10% of the plaque area (0<0.001; Fig. 1C-E). Micro-calcification in the
form of spotty or granular calcium deposits was also observed in ApoE™~/P2Y R~ mice
(Fig. 1C). In contrast, large areas of calcification were absent from ApoE~" lesions (Fig.
1C), and only 1 out of 15 ApoE~~ mice exhibited very few granular calcium deposits.
Notably, no calcification was observed in the media layer in either genotype. Fig. 1C shows
a typical lesion in the aortic root, with extensive calcification in close proximity of the
endothelium. The amount of extractable calcium that was deposited in the aortic root in
P2Y ,R™~/ApoE~~ mice was 10-fold greater compared to that of Apo£~~ mice (Fig. 1D).
The calcified area occupied about 13% of the total lesion area (Fig. 1E). Vascular
calcification observed in P2Y,R~~/ApoE~~ mice was not due to an increase in plasma
cholesterol since P2Y,R-deficiency did not alter total plasma cholesterol in ApoE ™~ mice
(Table 1). These data demonstrate that absence of P2Y,R result in early calcification of
atherosclerotic lesions in ApoE~~ mice.

P2Y,R deficiency reduces plaque cellularity

P2Y,R deficiency led to other differences in intimal plaque composition as well. The
increased intimal calcification attributable to the loss of the P2Y ;R gene correlated with a
sharp reduction in the total plaque area occupied by Mac-3 positive macrophages (0<0.001,
Fig. 2A) and a significant decrease in SMC content (p<0.001; Fig. 2B). Consequently,
plague cellularity (Fig. 3A) was decreased in lesions observed in P2Y,R™~/ApoE ™" mice.
Analysis of lesions for acellular/necrotic areas revealed a significant increase in plaque
necrosis in the ApoE™~/P2Y ,R™~ lesions (p<0.001; Fig. 3B). We next examined if the
increased necrosis in ApoE~~/P2Y R lesions was due to an increase in cell apoptosis. As
shown in Fig. 3C, apoptosis as measured by TUNEL-positive cells was 40% (p<0.001)
higher in the ApoE™~/P2Y R~ lesions. The formation of plaques with large necrotic/
apoptotic cores is followed by conversion to highly fibrotic nodules, and many of the cells
within the nodules express markers of chondrocytes and osteoblasts (37). Notably, cells
within the calcified areas in the ApoE~~/P2Y R~ lesions exhibited chondrocyte
appearance and features such as abundant collagen fibers and proteoglycans reacting with
the hematoxylin counterstaining (Fig. 3D),
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Expression of P2Y; receptor inhibits VSMC calcification in vitro

As described previously by others (38), we confirmed that high P; induces a significant
increase in VSMC calcium deposition, evident after 14 days in culture as compared to cells
cultured in control medium (Fig. 4A). Notably, adding an enzyme that degrades nucleoside
di- and triphosphates (potato apyrase grade I11, 0.1 unit/ml) greatly accelerated SMC
calcification such that high levels of calcium content were measurable by 7 days of culture
(Fig. 4B), suggesting that nucleotides released by VSMC inhibit calcification. P2Y»R
deficiency in VSMC significantly increased high Pi-induced calcification as demonstrated
by a sharp increase in the amount of incorporated calcium (p<0.001) compared to VSMC
from WT mice (Fig. 5A; p<0.001) after 7 days of culture. Interestingly, the extent of
calcification in £2Y,”~ SMC was similar to cultures lacking nucleoside di- and
triphosphates (Fig. 5A compared to Fig. 4B).

P2Y, receptor inhibits the osteogenic trans-differentiation of VSMC

Calcifying VSMC adopt an osteoblast-like phenotype, including expression of osteoblast
markers (25). Therefore, we measured the expression of the stage-specific osteoblast
markers Runx2 and osteocalcin in VSMC from WT or P2Y>R~~mice cultured in high Pi
medium (Fig. 5B). Both osteoblast markers were expressed at significantly higher levels in
P2Y,R™~VSMC, suggesting that the absence of P2Y ;R sensitizes them to calcification
promoting conditions. Conversely, rescue of P2Y;R expression in knockout VSMC (via
retroviral transduction of full-length WT mouse P2Y5R into P2Y,R™~ cells) decreased
osteoblast-specific gene expression and total calcium content to levels comparable with WT
(Fig. 5C and D). These results demonstrate that P2Y,R in VSMC is required to inhibit
osteogenic trans-differentiation.

P2Y, receptor represses Runx2 transcriptional activity

As Runx2 is known to be required for VSMC calcification in vitroand in vivo (25, 39) and
its expression was increased in £2Y,R~~VSMC, we examined whether expression of
P2Y R inhibits the transcriptional activity of Runx2. Overexpression of Runx2 increased the
activity of an OC promoter driven luciferase reporter gene (40) in P2Y,R-deficient VSMC
(Fig. 6). However, this Runx2-induced OC promoter activity was significantly attenuated in
P2Y,R-deficient VSMC transduced with WT P2Y,R (Fig. 6). These data clearly indicate
that P2Y5R regulates the osteogenic trans-differentiation of VSMC through Runx2
antagonism.

Discussion

The main finding of this study supports a dual role for P2Y, receptor as a mediator of
atherosclerosis but an inhibitor of arterial intimal calcification. P2Y R deficiency leads to
reduced atheroscleratic lesion sizes, increased plague necrosis with extensive calcification.
Furthermore, loss of P2Y ;R accelerates /in vitro calcification and the osteoblastic trans-
differentiation of VSMC. Mechanistically, P2Y ;R acts as a negative regulator of Runx2
transcriptional activity.
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Intimal calcification is apparent in normal chow fed ApoE ™~ mice at around 45 weeks of
age, where small deposits of hydroxyapatite are observed (37). Surprisingly, calcium
deposits are apparent in ApoE~”~/P2Y R~ mice at high frequency, as early as 30 weeks of
age, indicating that absence P2Y;R accelerates intimal calcification. The calcified lesions
were associated with decrease cellularity that is associated with a significant reduction in
both macrophage and VSMC content of the plaques. The decrease in lesion cellularity
observed in ApoE™~/P2Y R~ mice was in part due to increased cell apoptosis.

Several factors may account for the increased calcification of the lesions in the ApoE~~
mice in the absence of P2Y,R. Increased circulating LDL and decreased HDL have been
shown to increase plaque burden and coronary artery calcification (42). However, since
P2YR deficiency does not alter plasma lipid content in the ApoE~~ mice (Table 1), this
mechanism likely does not account for the increased calcification in these mice. The
observation of bone-like regions within the lesions in P2Y,R™~/ApoE~~ mice suggests that
lack of P2Y R stimulates an active process similar to bone formation in the lesions.

Depending on the type of calcium deposition, intimal calcification may either promote the
formation of rupture-prone lesions or stabilize the plaque (43). Our data indicate that
P2Y,R-deficiency drives the formation of both spotty calcium deposits (micro-calcification)
and large calcified areas (macro-calcification). Micro-calcification which induces further
inflammation is associated with unstable plaques while macro-calcification favors plaque
stabilization (43). It is possible that the large areas of calcium deposits in lesions from
APoE™~/P2Y R~ mice represent an adaptive mechanism to counter the initial detrimental
effects caused by small granular calcium deposits. The increased stability associated with
large calcium deposits would be consistent with increased plaque stability resulting from the
significantly reduced macrophage content in lesions from ApoE~~/P2Y,R™~ mice. This
reduction in plague macrophage content was also correlated with the presence of
chondrocyte-like cells that are often seen in stabilized plaques (37).

Osteogenic trans-differentiation of VSMC is known to contribute directly to the
pathogenesis of atherosclerotic calcification (25). Our data show that extracellular
nucleotides act as inhibitors of VSMC calcification /n vitro. Indeed, the enzyme potato
apyrase that degrades nucleoside di- and triphosphates accelerated VSMC calcification
under an osteogenic environment. The role of nucleotides in vascular calcification has been
largely attributed to inorganic pyrophosphate. Genetic studies have shown the important
roles for inorganic pyrophosphate (PPi) as inhibitors of vascular mineralization. Deficiency
in the mineralization inhibitor PPi, that arises from genetic disruption of the murine
ectoezyme NPP1 (ectonucleotide pyrophosphatase/phosphodiesterase 1), causes arterial
calcification (26). In addition, PPi deficiency due to NPP1 loss-of-function mutations is
associated with a rare congenital disorder characterized by generalized arterial calcification
in infants (27). The present study identifies an alternative and robust pathway by which
extracellular nucleotides acting through P2Y ;R inhibit VSMC calcification. Using loss-of-
function and gain-of-function experiments, we unequivocally established that P2Y R is a
powerful inhibitor of VSMC calcification. Indeed, we demonstrated that loss of P2Y5R
accelerated high phosphate-induced calcium deposition in VSMC. Furthermore, retroviral
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transduction of full length wild-type P2Y R into P2Y R~ VSMC reduced calcium
deposition to levels comparable with those observed in VSMC from WT mice.

Mechanistically, our studies demonstrate that P2Y;R mediated inhibition of VSMC
calcification at least in part through repression of Runx2 transcriptional activity. Runx
proteins are targeted to gene regulatory micro-environments within the nucleus, via a
specific sub-nuclear targeting signal (44). However, the mechanisms that shuttle Runx2
between the cytoplasm and the nucleus are poorly understood. It was reported that when
endogenous Runx2 associates with stabilized microtubules it is held in the cytoplasm and
that the Runx2 amino terminus mediates the microtubule association through the alpha/beta
tubulin subunits (45) Thus, it is possible that P2Y,R-mediated microtubule/actin
organization regulates Runx2 trafficking between the cytoplasm and the nucleus, a process
that directly affects Runx2 transcriptional activity.

In conclusion, this study reveals a previously unknown function of P2Y;R in vascular
calcification, which is distinct from deficits in the mineralization inhibitor inorganic
pyrophosphate. Our findings provide a new mechanistic insight into the regulation of the
osteoblastic trans-differentiation of VSMC by a nucleotide receptor, through Runx2
antagonism. Given that calcification of atherosclerotic lesions is a highly regulated
pathological process potentially subject to intervention, P2Y ;R may be targeted for the
treatment or prevention of vascular calcification.
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Abbreviations

CDK chronic kidney disease

ENPP1 ectonucleotide pyrophosphatase-phosphodiesterase 1
P2Y,R P2Y 5 nucleotide receptor

Runx2 Runt related transcription factor-2

TRAP tartrate-resistant acid phosphatase

VCAM-1  vascular cell adhesion molecule-1

SMC smooth muscle cells
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Highlights
. P2Y, receptor deficiency in ApoE~~ mice reduces atherosclerosis
. Loss of P2Y, receptor accelerates arterial intimal calcification in ApoE™~
mice
. Expression of P2Y, receptor inhibits high phosphate-induced smooth muscle
cell calcification
. P2Y, receptor negatively regulates Runx2 transcriptional activity in smooth

muscle cells.
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Fig. 1. P2Y, receptor deficiency reduces atherosclerosis and increases calcification of
atherosclerotic lesions

(A) Light micrographs of representative Masson’s trichrome stained aortic root lesions from
ApoE™~and ApoE™~/P2Y R~ mice, showing atherosclerotic lesion (area between yellow
and red lines) as well as collagen and muscle fibers in the lesions. (B) Quantitative analysis
of lesions in the aortic sinus. Data represent the mean + SEM lesion area for 5 consecutive
sections in each of the 12 mice examined for each genotype. (*p<0.001). Scale represents
100 pm. Arrows indicate lesions. (C) Representative images of sections stained with Von
Kossa to detect calcification. Areas in insert have been magnified. Arrows indicate spotty
calcium deposits. Scale bar = 100um. (D) Quantification of the sinus aortic calcium content
expressed as mmol/g of dried weight and (E) calcification presented as percentage of Von
Kossa-positively stained areas in the total aortic lesion. Quantification was done using 5
cross sections in each of the 12 ApoE~~ mice and 12 ApoE™~/P2Y R~ mice. Bar values
are means + SEM, *p<0.001.
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Fig. 2. P2Y 2 receptor modulates cellular composition and cellularity of atherosclerotic lesions
(A and B) Representative images of immunohistological staining of atherosclerotic lesions

in the aortic sinus. Adjacent sections were stained with (A) Mac-3 or (B) smooth muscle a.-
actin antibodies, respectively. The percentage of Mac-3 or smooth muscle a-actin-positive
areas in A and B was calculated by dividing the positively stained areas by the total cross-
sectional area of the lesion. Bar values are means + SEM. Five cross sections were evaluated
in 12 mice for each genotype. ***p<0.001. Arrows indicate the localization of the staining.
Scale bar represents 100 pm.

Atherosclerosis. Author manuscript; available in PMC 2018 February 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Qianetal.

Page 15

A 1400

1000

600

200

Nuclei per mm area lesion

ApoE”  ApoE"/P2Y,R™

[e.2]
S 2
(=)

HH

D
(=4

* % ¥

SIS
o O

(=]

Total necrotic area ( um>x107%)

ApoE” ApoE’/P2Y R”

a

3.0 -
254
2.0 -
1.5 -

Al
0.0

ApoE*  ApoE"/P2Y R* ApoE+/P2Y R*

——

% of TUNEL-positive cells

Fig. 3. Reduction of plaque cellularity in ApoE‘/‘/PZYgR‘/‘ mice
(A) Total nuclei were counted in each hematoxylin eosin-stained cross sections (n=5) from

12 mice in each group and normalized to the area lesion. **p<0.01. Scale bar represents 100
um. (B) Evaluation of plaque necrosis. Representative images of aortic root sections (n=5)
from 12 mice of each group genotype were stained with hematoxylin and eosin, and plaque
necrosis was quantified. Necrotic areas are indicated with an asterisk. ***p<0.001. Scale bar
represents 100 um. (C) TUNEL-positive nuclei were quantified on lesions from 12 ApoE~~
and 13 ApoE™~/P2Y R~ mice.***p<0.001. (D) High magnification of aortic root cross
section from ApoE~/P2Y R~ mice showing chondrocyte-like cells (asterisk) within large
areas of calcification. Scale bar represents 25 um.
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Fig. 4. P2YoR deficiency in VSMC enhances high phosphate-induced calcification in VSMC

(A) Wild-type (WT) and P2Y,R™~VSMC were incubated in high phosphate (High Pi) or
control medium (Low Pi) for 7 or 14 days and stained with alizarin red. Calcium deposition
was quantified. Results are presented as mean = SEM. *p<0. 05; ***p < 0.001; n=4
independent experiments. (B) VSMC were cultured in high or low phosphate medium in the
absence or presence of apyrase. Calcium deposition was quantified as in (A). Data represent
mean = SEM of 5 independent experiments. NS= Not significant; ***p < 0.001. Scale bar

=100 pm.
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Fig. 5. Expression of P2Y5 receptor prevents smooth muscle cell calcification in vitro

(A) Wild-type (WT) and P2Y,R™~VSMC were incubated in high phosphate (High Pi) or
control medium (Low Pi) for 7 days and stained with alizarin red. Scale bar =100um. (B)
Calcium deposition in VSMC was quantified as in Fig. 4. Fold changes in the mRNA
expression of osteogenic markers Runx2 and osteocalcin relative to that seen in WT cells are
shown in bar graphs. Results are presented as mean + SEM. ***p < 0.001; n=4 independent
experiments. Transduction of WT P2YR into P2Y,R~" inhibits (C) calcium deposition as
well as (D) relative mRNA levels for Runx2 and osteocalcin. ***p < 0.001; n=3 independent

experiments; NS= not significant.
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Fig. 6. P2Y2R inhibits Runx2-activation of the osteocalcin promoter
P2Y,R-null VSMC were transfected with an osteocalcin promoter luciferase reporter gene,

an internal control pRL-TK plasmid, a Runx2 expression plasmid, and a full length P2Y,R
expression plasmid as indicated. Lysates were harvested 48 h after transfection and were
normalized to the expression of the pRL-TK plasmid. Results are presented as the mean +
SD of triplicates of cells and are representative of three independent experiments.
*#4n<0.001.
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Table 1

Body weight and plasma lipid analysis in standard chow-fed ApoE~~and ApoE~"~/P2Y,R™" mice.

Week 30 (n=11) ApoE™~  ApoE~/P2Y,R7-
Body weight (g) 37.25+2 3618

Total cholesterol (mg/dl) 459 + 35 452 + 29
Triglycerides (md/dl) 74+9 76+7
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