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Abstract

Background—Studying atherosclerotic calcification /n vivo requires mouse models with genetic
modifications. Previous studies showed that injection of recombinant adeno-associated virus
vector (AAV) encoding a gain-of-function mutant PCSK9 into mice promotes atherosclerosis.

Aim—We aim to study cardiovascular calcification induced by PCSK9 AAV in C57BL/6J mice.

Methods—10 week-old C57BL/6J mice received a single injection of AAV encoding mutant
mPCSK9 (rAAV8/D377Y-mPCSK9). La/r~ mice served as positive controls. Mice consumed a
high-fat, high-cholesterol diet for 15 or 20 weeks. Aortic calcification was assessed by
fluorescence reflectance imaging (FRI) of a near-infrared calcium tracer.

Results—Serum levels of PCSK9 (0.14 pg/ml to 20 pug/ml, p < 0.01) and total cholesterol (82
mg/dL to 820 mg/dL, p < 0.01) increased within one week after injection and remained elevated
for 20 weeks. Atherosclerotic lesion size was similar between PCSK9 AAV and L/~ mice.
Aortic calcification was 0.01%20.01 in PCSK9 AAV mice and 15.3%+6.1 in Ld/r'~ mice at 15
weeks (p < 0.01); by 20 weeks, the PCSK9 AAV mice aortic calcification grew to 12.4%=4.9.
Tissue non-specific alkaline phosphatase activity was similar in PCSK9 AAV mice and Lalr!~
mice at 15 and 20 weeks, respectively. As example of the utility of this model in testing
modulators of calcification in vivo, PCSK9 AAV injection to sortilin-deficient mice demonstrated
reduced aortic calcification by 46.3% (p < 0.05) compared to littermate controls.
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Conclusion—A single injection of gain-of-function PCSK9 AAV into C57BL/6J mice is a
useful tool to study cardiovascular calcification in mice with no genetic manipulation.
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Introduction

Cardiovascular calcification correlates with age and cardiovascular risk factors. Calcification
in atheromata reduces plaque integrity and can enhance risk of rupture and subsequent acute
myocardial infarction. Atherosclerotic calcification, particularly when presented as low-
density microcalcifications in the fibrous cap, predicts cardiovascular events [1-3]. Clinical
imaging studies identified spotty calcification as a marker of plagues prone to acute coronary
syndrome [4]. Moreover, computational modeling indicated that microcalcification increases
stress concentrations at the surface of thin-capped atheroma implicated in plaque rupture [5,
6]. Although ectopic calcification causes serious devastating clinical problems, no medical
therapies have been established.

In vivo validation of novel targets for the contribution of a protein to intimal calcification
requires the development of genetically deficient animals - a costly and time-consuming
process. It commonly takes approximately two years to generate colonies of sufficient size
[7]. Within the cardiovascular field - genetic engineering is typically performed by
crosshbreeding C57BL/6 mice with mice deficient in low-density lipoprotein receptor (Ldlr)
or apolipoprotein E (Apoe), because wild-type C57BL/6 do not develop atherosclerotic
calcification. To study intimal calcification, a 15 to 20 week feeding period with a diet high
in fat and cholesterol is subsequently necessary [8, 9]. Accelerating the pace of target
validation in the field of vascular calcification by avoiding cross-breeding to atherosclerotic
mice strains would greatly enhance research efficiency.

Recent studies showed that a single injection of a recombinant adeno-associated virus vector
(AAV) encoding a gain-of-function mutant form of proprotein convertase subtilisin/kexin
type 9 (PCSK9) in combination with an atherogenic diet for up to 24 weeks induces
atherosclerosis in mice and hamsters [10, 11]. PCSK9 transgenic mice [12] and D374Y-
PCSK®9 transgenic pigs [13, 14] develop atherosclerotic lesions with the features of
calcification. PCSK9 levels predict cardiovascular events in patients with stable coronary
heart disease [15].

We therefore hypothesized that a single injection of a recombinant AAV encoding a gain-of-
function mutant form of PCSK9 helps to avoid genetic manipulations to study
cardiovascular calcification in C57BL/6J mice.

Material and Methods

Animal procedures

C57BL/6J mice (cat#000664) and LDL receptor deficient mice (Ld/lr!~, B6.129S7-
LdIrtm1Her/J, cat#002207) were purchased from Jackson Laboratory (Bar Harbor, ME,
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USA) and bred at the Beth Israel Deconess Medical Center animal facility. Sorf”/~ mice
were generated by targeted deletion of 191 bp of exon 14 (genOway) as described previously
[9]. Sort!* littermate were used as controls. Male and female C57BL/6J (Sort™*), Sorr!~
mice and La/r'~ mice were used in all experiments. The recombinant murine PCSK9
adeno-associated virus (pAAV/D377Y-mPCSK9) was produced at the Gene Therapy Center
Vector Core at The University of North Carolina (Chapel Hill, NC, USA) using the PCSK9
gain-of-function plasmid [10]. To deliver AAV, 10 week-old mice were given 1011 vector
genome copies of pAAV/D377Y-mPCSK9 (PCSK9 AAV) [10] or saline control via single
tail vein injection (Figure 1A). Thereafter, mice were fed a high-fat, high-cholesterol
(HF/HC) diet (21% fat and 1.25% cholesterol, Research Diets D12108C, New Brunswick,
NJ, USA) for 15 or 20 weeks. Two mice were fed for 30 weeks. Age- and gender matched
Ldlr"= mice that consumed the same diet for 15 or 20 weeks served as controls.

Blood was collected from (submandibular) facial vein before, and 1, 2, 5, 10, 15 and 20
weeks after AAV injection and stored at —80°C until further use. For histology, aortic roots
and arches were embedded in OCT compound and stored at —80°C until use.

All animal experiments were approved by and performed in compliance with the
Institutional Animal Care and Use Committee at Beth Israel Deaconess Medical Center
under animal protocol #010-2013 (Boston, MA, USA).

Macroscopic Fluorescence Reflection Imaging

Calcification in the aorta was monitored ex vivo as described previously [8]. A
bisphosphonate-conjugated near-infrared fluorescent (NIRF) imaging agent (Osteosense-680
EX, PerkinElmer, Boston, MA, USA) was intravenously administered via tail vein into the
mice 24 hours before imaging. After mice were euthanized, the aorta was perfused with
saline through the posterior end of left ventricle using 25G needle and syringe, dissected and
imaged to map the macroscopic NIRF signals elaborated by Osteosense680 (excitation/
emission: 668+10/687+10nm) using fluorescent reflection imaging (FRI, Image Station
4000MM, Eastman Kodak Co., New Haven, CT, USA). The FRI was performed using
excitation/emission filter sets of 630nm/700 nm with an f-stop setting of 2.4, the field of
view set to 83.96 mm, the focal plane set at 7.61 mm, and an exposure time of 180 sec. After
image acquisition, a custom MATLAB script was used to calculate the NIRF-positive
regions (Supplemental Methods). The Bio-Formats Open Microscopy Library platform was
used to import the raw FRI data into MATLAB. The images were converted to a 16bit
format, and a region of interest (a 200 pixel x 200 pixel region containing the aortic arch and
root) was drawn to select the aortic arch and roots of each within each specimen. Thresholds
were set such that a pixel intensity of 4.5x10% was considered NIRF-positive and were kept
constant for all mice analyzed. Positive pixels were then divided by the total area to
determine the NIRF-positive fraction.

Blood measurements

Plasma concentrations of PCSKO9, dickkopf-1 (Dkk1) and osteoprotegerin (OPG) were
determined using ELISA Kits from R&D systems (Minneapolis, MN, USA). Plasma total
cholesterol and triglyceride levels were assessed using a kit from Wako Pure Chemical
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Industries (Osaka, Japan; Cholesterol E-test, Triglyceride E-test). Plasma levels of calcium
and phosphate were measured using Kits from BioVision (Milpitas, CA, USA) and BioAssay
Systems (Hayward, CA, USA).

Histology and image quantification

Tissue samples were frozen in OCT compound and 7 um serial sections were cut and stained
with hematoxylin and eosin for overall morphology. Lipids were detected with Qil Red O
staining. Tissue non-specific alkaline phosphatase activity (an early marker of osteoblastic
activity) was detected on unfixed cryosections according to manufacturer instructions
(\Vector Labs, Burlingame, CA, USA). For von Kossa silver stain for inorganic phosphate
calcium salts, sections were incubated with 5% silver nitrate (American Master Tech
Scientific, Lodi, CA, USA) for 60 min under UV light, then washed with sodium thiosulfate.
Nuclei were stained with nuclear fast red (American Master Tech Scientific, Lodi, CA,
USA). Fibrillar collagen in the plaques was identified by picrosirius red staining and
captured by polarized microscopy. When visualized under polarized light, picrosirius red
exhibits birefringence that distinguishes mature, or thick collagen bundles (yellow-orange
hue) from immature or disrupted thin collagen fibers (green hue) [16]. Slides were examined
using Eclipse 80i microscope (Nikon, Melville, NY, USA). Image quantification was
performed with Elements 3.20 software (Nikon).

Immunohistochemistry/Immunofluorescence

Tissue samples were cut into 7-pm thin slices histological sections, and cryo-sections were
fixed in acetone. After blocking in 4% serum, sections were incubated with fluorescently-
labeled primary antibodies (mouse a-smooth muscle cell actin-Cy3 [1:500, Dako,
Carpinteria, CA, USA]; and mouse CD68-Alexa Fluor 488 [1:100, Novus, Littleton, CO,
USAY). Sections were washed in PBS and embedded in a mounting medium containing
DAPI (Vector Laboratories). Slides were examined using a confocal microscope (Nikon Al).

For bright field immunohistochemistry on tissue sections, after blocking in 4% serum,
sections were incubated with an antibody against mouse sortilin [AF2934, 1:20; R&D
Systems, Minneapolis, MN, USA], Runx2 [M-70, 1:20, Santa Cruz, Dallas, TX, USA], and
or osteocalcin [ab93876, 1:20, Abcam, Boston, MA, USA], followed by incubation with a
biotin-labeled secondary antibody. Sections were then incubated with streptavidin-labeled
HRP solution (Dako, Carpinteria, CA, USA), followed by an AEC solution (Dako,
Carpinteria, CA, USA). Slides were examined using an Eclipse 80i microscope (Nikon,
Melville, NY, USA). All images were processed with Elements 3.20 software (Nikon).

Preparation of liver homogenates and western blotting

Liver homogenates were prepared in RIPA buffer (Thermo Scientific, Cambridge, MA,
USA) containing protease and phosphatase inhibitors. Briefly, a portion of mouse liver tissue
was homogenized in an ice cold 1.5mL tube with a disposable plastic pestle using ice cold
RIPA buffer containing freshly dissolved protease and phosphatase inhibitor pellets.
Samples were run through a syringe and then centrifuged at 12,0009 for 5 minutes at 4
degrees C. Supernatants were collected and run through a 27G1/2 syringe (Becton
Dickinson and Company, Franklin Lake, NJ, USA) five times. Protein was quantified using
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the BCA assay (Thermo Scientific, Cambridge, MA, USA), and 100ug of protein in SDS
sample loading buffer (Boston Bioproducts, Ashland, MA, USA) was loaded onto a 10%
SDS-PAGE gel. Gels were transferred onto nitrocellulose membranes, blocked in 5% milk
for one hour at room temperature, and incubated overnight at 4 degrees C in primary
antibody (1:1000 LDL receptor (LDLR) antibody BioVision Inc, Milpitas, CA, USA,
cat#3839-100; 1:1000 LDLR-related protein 1 (LRP1) antibody Abcam, Boston, MA, USA,
cat#92544; 1:200 VLDLR antibody Santa Cruz Biotechnology, Dallas, TX, USA,
cat#sc-18824; 1:5000 beta-actin antibody Novus, Littleton, CO, USA, cat#NB600-501).
After washing the membranes five times in TBST (5 minutes per wash at room temperature)
they were incubated in corresponding secondary antibodies (1:5000 anti-mouse and anti-
rabbit; GE Healthcare) at room temperature for one hour. Membranes were then washed an
additional five times in TBST and incubated with a 1:1 mixture of SuperSignal substrate
(Thermo Scientific, Cambridge, MA, USA), followed by immediately imaging the
membranes using an Image Quant LAS 4000 (GE, Marlborough, MA, USA).

Statistical analysis

Results

Data are given as mean = SD; n indicates the number of mice. Statistical analyses were
performed using GraphPad Prism Version 5 (Prism Software, Inc., La Jolla, CA, USA). For
comparison between two groups, a paired or unpaired two-tail Student's #test with equal or
unequal variances was performed. For comparison among three or more treatment groups,
one-way ANOVA followed by Bonferroni's post hoc test was done. Exclusion criteria were
set by Grubbs test. No statistical method was used to predetermine sample size. The
quantitative analyses for histology were performed blinded to allocation during outcome
assessment. Tests with a £ value less than 0.05 were considered statistically significant.

A single injection of mutant mPCSK9 (D377Y) AAV increased serum cholesterol and
atherosclerotic lesions in wild-type C57BL/6J mice

One week after a single PCSK9 AAV injection and being placed on a HF/HC diet, plasma
PCSKQ levels of wild-type C57BL/6J mice increased from 0.13 £ 0.04 ug/ml to 19.4 + 11.7
ug/ml (p < 0.0001) and plateaued at this level for 20 weeks (Figure 1B). Saline control mice
that consumed a HF/HC diet for 20 weeks had no change in PCSKO levels (0 wk: 0.138
+0.023 pg/ml; 10 wk: 0.136 £ 0.059 pg/ml; 20 wk: 0.204 + 0.119 pg/ml, p=0.52). PCSK9
AAV injection did not alter body weight (Figure 1C).

A single PCSK9 AAV injection and a HF/HC diet for 15 weeks decreased LDLR protein
levels in the liver compared to saline control mice (p < 0.0001) (Figure 1D), while LRP1 and
VLDLR protein levels did not change.

Total cholesterol levels increased one week after a single PCSK9 AAV injection and HF/HC
diet from 81 + 14 mg/dL to 706 + 126 mg/dL (o< 0.0001). In Ld/r’~ mice, one week of
HF/HC diet increased total cholesterol levels from 238 + 47 mg/dL to 980 + 135 mg/dL (p<
0.0001) (Figure 1E). Total cholesterol levels in the PCSK9 AAV group increased to similar
levels of those of Ld/r~ over the 20 weeks of HF/HC diet. Mice consuming a HF/HC diet
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for 30 weeks (n=2) after PCSK9 AAV injection retained elevated plasma PCSK?9 and total
cholesterol (Supplementary Figure 1A, B).

Mice that received PCSK9 AAV and the HF/HC diet for 15 and 20 weeks developed
atherosclerotic lesions at the aortic sinus similar in size to L/~ mice (Figure 2A-C). At
the lesser curvature, the PCSK9 AAV mice that consumed the HF/HC diet for 20 weeks had
significant smaller lesions compared to Ld/F/~ mice (Figure 2A, B, D). Saline control mice
that consumed the HF/HC diet for 20 weeks did not develop atherosclerotic lesions (Figure
2A-D). PCSK9 AAV injection and the HF/HC diet for 15 or 20 weeks caused aortic valve
leaflet thickening similar to that seen in the La///~ mice (Figure 2A, E).

Mutant mPCSK?9 (D377Y) AAV injection induces vascular calcification in wild-type
C57BL/6J mice

We then assessed the effects of a single PCSK9 AAV injection and HF/HC diet on vascular
calcification in wild-type C57BL/6J mice. Ld/r~ mice consuming the HF/HC diet served as
positive controls.

Fluorescence reflectance imaging (FRI) of the NIRF calcium tracer in intact arteries
detected vascular calcification in all 8 PCSK9 AAV mice on the HF/HC diet for 20 weeks
(12.4 + 4.9 %) (Figure 3A, B). The calcification area was similar to that in Ld/r’~ mice on
the HF/HC diet for 15 weeks (15.3 + 6.1 %). La/r'~ mice that consumed the HF/HC diet for
20 weeks developed more calcification (31.6 + 4.1 %) compared to the 15 week group and
the PCSK9 AAV group. Wild-type C57BL/6J mice that consumed the HF/HC diet for 30
weeks (n=2) after PCSK9 AAV injection had 46.3% and 45.5% calcification area
(Supplementary Figure 1C).

Mice that received a single PCSK9 AAV injection and the HF/HC diet for 15 and 20 weeks
revealed alkaline phosphatase activity (TNAP-positive lesions) at the aortic sinus, lesser
curvature and valve leaflets at the similar level to Ld///~ mice (Figure 3C-E). Histological
analysis revealed that calcium deposits (von Kossa positive areas) in PCSK9 AAV mice that
consumed the HF/HC diet for 20 weeks was similar to those in Ld/r/~ mice that consumed
the HF/HC diet for 15 and 20 weeks (Figure 3F). Immunohistochemistry localized RUNX2
and osteocalcin — markers of vascular calcification — in the aortic sinus and root of both
groups (Supplementary Figure 2A-D).

We further assessed the levels of blood markers of calcification. Plasma phosphate levels
increased in PCSK9 AAV mice and Ld/r'~ mice, while calcium levels did not change
(Supplementary Figure 3A, B). Osteoprotegerin (OPG) levels increased 3-fold in mice that
received a single PCSK9 AAV injection and the HF/HC diet for 20 weeks, which were
similar to La/r'~ mice that consumed a HF/HC diet for 15 weeks (Supplementary Figure
3C). Dickkopf-1 (DKK1) decreased in PCSK9 AAV mice and La/r'~ mice over time
(Supplementary Figure 3D).

Mutant mPCSK?9 (D377Y) AAV promotes plaque collagen maturation in C57BL/6J mice

In the aortic sinus of wild-type C57BL/6J mice that received a single PCSK9 AAV injection
and the HF/HC diet for 15 weeks, fibrillar collagen occupied 70.6 £ 10.5 % of the plaques
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that contained 95.5+1.9% mature or thick collagen and 4.5 + 1.9 % immature or thin
collagen (Picrosirius red stain) (Figure 4A-C). The plaque collagen content in the aortic
sinus of mMPCSK9 (D377Y) AAV mice on the HF/HC diet for 20 weeks was 62.3 + 3.4 %
and composed of 90.6 £ 4.2 % mature and 9.4 £ 4.2 % immature collagen (Figure 4A-C).

Mice that received a single PCSK9 AAV injection and the HF/HC diet for 15 weeks had
31.9+6.6 % collagen area per plaque at the lesser curvature of the aortic arch that contained
84.3 + 5.9 % mature and 15.7 £ 5.9 % immature collagen (Figure 4D-F). The aortic arch
plaque collagen content of PCSK9 mice on the HF/HC diet for 20 weeks increased to 56.1
+ 9.4 % (p < 0.05) (Figure 4D-F). Mature collagen increased to 93.4 £ 5.1 % and immature
collagen decreased to 6.6 + 5.1% (p < 0.05) (Figure 4D-F). The plaque collagen maturation
of PCSK9 AAV mice was similar to those of Ld/r'~ mice.

Mutant mPCSK9 (D377Y) AAV induces macrophage accumulation in atherosclerotic
lesions in C57BL/6J mice

Lesions of PCSK9 AAV mice and Ld/r'~ mice that consumed a HF/HC diet for 15 weeks
showed CD68-positive macrophages in the aortic sinus (Figure 4G). La/r'~ mice on the
HF/HC diet for 15 weeks exhibited more advanced aortic arch lesions compared to PCSK9
AAV mice with greater macrophage accumulation in the plaques that appears to have
diminished as calcification progresses at the 20 week time point (Figure 4G).

Sortilin-deficiency reduces vascular calcification in the PCSK9 AAV model

We recently reported that sortilin-deficiency in the Lad/r/~ background reduces vascular
calcification [9]. To demonstrate the usefulness of the PCSK9 AAV model in validating
potential therapeutic targets /n7 vivo, we injected gain-of-function mutant PCSK9 AAV into
sortilin-deficient mice and corresponding C57BI/6J littermate controls. Both strains express
Ldlr. All mice were fed the HF/HC diet for 20 weeks. PCSK9 AAV induced sortilin protein
expression in atherosclerotic lesions of the C57BI/6J Sort*!* controls (Figure 5A). Vascular
calcification induced by a single injection of AAV-encoding mutant PCSK9 decreased in
Sort~ mice (-46.9 %, p < 0.05) (Figure 5B), while PCSK9 and total cholesterol plasma
levels did not change (Figure 5C, D). These data support our previous report [9] and
demonstrate the feasibility of the use of this model as an alternative to breeding transgenic
mice with Ld/r-deficient mice to generate vascular calcification.

Discussion

This study demonstrates that a mouse model of vascular calcification involving a single
injection of AAV that encodes for a gain-of-function form of murine PCSK9 (D377Y) and
the HF/HC diet in C57BL/6J mice does not require genetic modification. This methodology
can speed discoveries in vascular calcification by avoiding time consuming, labor intensive,
and costly crossing of a genetically-modified mouse strain with Ld/r’~ or Apoe '~ mice, a
strain susceptible to atherosclerosis.

Previous studies showed that the AAV-mediated long-term gain-of-function of PCSK9 in
C57BL/6J and C57BL/6NTac mice provides a powerful model of atherosclerosis [10, 11]. It
was suggested that this approach will facilitate studies that use strains of different genetic
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backgrounds to search for genes that modify atherosclerotic lesion formation [7]; however,
AAV-hPCSK9 mutant injection into 129/SvPas/NCrl and FVB/NCrl mice did not promote
atherosclerotic lesion development even though these animals exhibited increased
cholesterol levels [11].

Here we show the time course of vascular calcification development in the PCSK9 AAV
model. Within the time frame of 15 weeks to 20 weeks, we observed acceleration of vascular
calcification. The observed rapid growth is consistent with our recent study on calcification
growth that revealed significant change in calcification size and morphology over the course
of 3 weeks in Apoe™'~ mice [17], which are similar to the La//'~ mice used in the present
study.

The extent of plague development and vascular calcification induced by 1011 virus particles
of AAV-PCSK9 was slower than of the same measures in La//'~ mice on the same diet.
Despite the reduced rate, however, the stages of progression were similar. We noticed that
10-week-old C57/B16J mice on a chow-diet had 3-fold less cholesterol levels compared to
Ldlr"~ mice. This difference may explain the observed ‘lag’ phase of plaque calcification
that is part of the later continuum of plaque development. The increased time required to
achieve similar endpoints remains far less than the time required for genetic crossings to
produce compound mutant mice with the Ldlr~~ genetic background. Previously reported
studies show that a single injection of 3x1010 AAV-PCSK into wild-type C57BL6/J mice
induced the similar lesion size to that in Apoe'~ mice on the same atherogenic diet [11]. A
single injection of 1 or 5x1011 AAV-PCSK9 into C57BL/6NTac mice caused less lesion
formation compared to Ld///~ mice on a high fat diet. When both groups consumed the
HF/HC diet, however, lesion size was similar [10]. This finding is in line with our
observation of the similar lesion size in our AAV-PCSK9 and L/~ groups.

AAV-control-injected mice on high-fat diet and AAV-PCSK9-injected mice on a chow diet
do not develop atherosclerotic plaques spontaneously [11]. Saline injected mice that
consumed the HF/HC diet were used as control and did not display obvious atherosclerotic
lesion formation. The data presented here show that a single injection of AAV encoding
gain-of-function mutant mPCSK9 (D377Y) is sufficient to induce vascular calcification
similar to that in L/~ and Apoe'~ mice, commonly utilized strains in atherosclerosis
research. We demonstrated the value of the PCSK9 AAV model by demonstrating a
reduction of vascular calcification in sortilin-deficient mice, which is consistent with our
previous data on the sortilin compound mutant mice with the Ld/r-deficient background [9].
Utilizing this method will enhance the efficiency of testing potential modulators of
calcification /n vivo without crossing mice to introduce susceptibility to atherosclerosis. This
may help expedite the clinical translation of basic science discoveries of therapeutic targets
for cardiovascular calcification, a condition with no medical treatment options.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Singleinjection of AAV-mPCSK9 mutant (D377Y) induces hypercholesterolemiain
high-fat, high-cholesterol fed C57BL/6J mice

A) Study design. B) Plasma PCSK9 level and C) Body weight before injection and at 1, 2, 5,
10, 15 and 20 weeks after injection. D) Hepatic LDLR, LRP1 and VLDLR protein
expression. B-actin served as loading control. E) Plasma total cholesterol levels before
injection and at 1, 2, 5, 10, 15 and 20 weeks after injection. *p < 0.05 by one-way ANOVA.
Data presented as mean+SD.
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Figure 2. Singleinjection of AAV-mPCSK 9 mutant (D377Y) induces atherosclerctic lesion

formation in high-fat, high-cholesterol fed C57BL/6J mice

A) H&E staining of aortic sinus and aortic arch of AAV-mPCSK9- or saline-injected
C57BL/6J mice and Ld/r'~ mice that consumed a high-fat, high-cholesterol diet for 15 or 20
weeks. Bar: 200um. B) Representative photomicrographs of aortic sinus (top) and aortic
arch (bottom) atherosclerotic plaques after Oil Red O staining. Bar: 100um C)
Quantification of aortic sinus lesion area. D) Quantification of aortic arch (lesser curvature)
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lesion area. E) Quantification of valve leaflet area. *p < 0.05 by one-way ANOVA. n.s., not
significant. Data presented as meanSD. Each dot depicts one mouse. n=3-8 for all panels.
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Figure 3. Singleinjection of AAV-mPCSK 9 mutant (D377Y) induces vascular calcification in

high-fat, high-cholesterol fed C57BL/6J mice

A) Ex vivo FRI analysis. Representative images of the fluorescence intensity in the aorta.
Red squares (200x200 pixel) indicate the quantified area including aortic sinus and arch. B)

Quantification of FRI signal-positive area (dashed red line indi

cates signal cut-off for

quantification). **p < 0.01, ***p < 0.001 by one-way ANOVA. C, D) Representative images

of tissue non-specific alkaline phosphatase activity (TNAP stai

n) in the aortic sinus (C) and

aortic arch (lesser curvature) (D). C, Bar=200 um C; D, Bar=100 um. (E) Quantitative
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assessment of %-positive lesion area for TNAP. Data presented as mean+SD. Each dot
depicts one mouse. n.s., not significant. F) Representative images of von Kossa stain for
calcium deposits in the aortic arch (lesser curvature). Bar=100 um. n=3-8 for all panels.
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Figure 4. Singleinjection of AAV-mPCSK 9 mutant (D377Y) induces collagen remodeling and
macrophage infiltration in high-fat, high-cholesterol fed C57BL/6J mice

A) Representative images of picrosirius red staining for fibrillar collagen in the aortic sinus.
Bar=20 pm. B) Quantification of total collagen from A. C) Quantification of mature/thick
(red) and immature/thin (green) collagen (collagen hue analysis) from A. D) Representative
images of picrosirius red staining of aortic arch (lesser curvature). Bar=20 um. E)
Quantification of total collagen from D. F) Quantification of mature/thick (red) and
immature/thin (green) collagen from D. Data presented as mean+SD. Each dot depicts one
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mouse. *p < 0.05 by one-way ANOVA compared to all other groups. n=3-8 for all panels.
G, H) Representative double immunofluorescence staining of CD68 (macrophages, green)/a
smooth muscle actin (a¢SMA, red) in the aortic sinus (G) and aortic arch (H). Bar=100 pum.
n=3.
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Figure5. Sortilin-deficiency reduces vascular calcification induced by a single injection of AAV-
MPCSK 9 mutant (D377Y) in high-fat, high-cholesterol fed C57BL/6J mice

A) Representative images of sortilin immunohistochemistry of saline- and mPCSK9 AAV-
injected C57BI/6J mice (Sort'*). Arrows indicate positive immunoreactivity. Bar=50um. B)
Ex vivo FRI analysis. Representative images of the fluorescence intensity in the aorta. Red
squares (200x200 pixel) indicate the quantified area including the aortic sinus and arch.
Quantification of FRI signal-positive area (dashed red line indicates signal cut-off for
quantification). *p < 0.05. C) PCSK9 plasma levels. D) Plasma total cholesterol levels. NS:
not significant. Data presented as mean+SD. Each dot depicts one mouse.
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