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Rationale : calcium accumulation in atherosclerotic plaques predicts cardiovascular
mortality, but the mechanisms responsible for plaque calcification and how calcification
impacts plaque stability remain debated. Tissue-nonspecific alkaline phosphatase
(TNAP) recently emerged as a promising therapeutic target to block cardiovascular
calcification. In this study, we sought to investigate the effect of the recently developed
TNAP inhibitor SBI-425 on atherosclerosis plaque calcification and progression.

Methods: TNAP levels were investigated in ApoE -deficient mice fed a high fat diet
from 10 weeks of age and in plaques from the human ECLAGEN biocollection (101
calcified and 14 non-calcified carotid plaques). TNAP was inhibited in mice using SBI-
425 administered from 10 to 25 weeks of age, and in human vascular smooth muscle
cells (VSMCs) with MLS-0038949. Plaque calcification was imaged in vivo with 18 F-
NaF-PET/CT, ex vivo with osteosense, and in vitro with alizarin red. Bone
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architecture was determined with pCT.

Results: TNAP activation preceded and predicted calcification in human and mouse
plaques, and TNAP inhibition prevented calcification in human VSMCs and in ApoE -
deficient mice. Moreover, TNAP inhibition reduced the blood levels of cholesterol and
triglycerides, and protected mice from atherosclerosis, without impacting the skeletal
architecture. Metabolomics analysis of liver extracts identified phosphocholine as a
substrate of liver TNAP, whose decreased dephosphorylation upon TNAP inhibition
likely reduced the release of cholesterol and triglycerides into the blood.

Conclusion : systemic inhibition of TNAP protects from atherosclerosis, by
ameliorating dyslipidemia, and preventing plaque calcification.
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2022-03-16

Dear Professor Jeffrey,

On behalf of all co-authors, | propose for publication in Translational Research an article entitled
“Inhibition of alkaline phosphatase impairs dyslipidemia and protects mice from
atherosclerosis”.

We recently published a review article in Cardiovascular Research explaining that alkaline
phosphatase, the necessary enzyme in bone mineralization, is increasingly suspected to participate in
cardiovascular calcification (Goettsch et al, Cardiovasc Res 2022). In the present experimental article,
we report that alkaline phosphatase is locally associated with calcification in human and mouse
atherosclerotic plaques, and that its pharmacological inhibition with the novel inhibitor SBI-425,
prevents calcification in human vascular smooth muscle cell cultures in vitro, and in vivo in aortic
plagues of mice with atherosclerosis. More unexpectedly and interestingly, we found that hepatic
alkaline phosphatase is activated during the progression of liver steatosis, and that its inhibition
reduces the release of triglycerides and cholesterol in the blood, and consequently impairs the whole
development of atherosclerotic plaques. We identified phosphocholine as a new substrate of liver
alkaline phosphatase, whose dephosphorylation normally participates in the release of lipids from the
liver to the blood. Collectively, these data indicate that SBI-425 protects from atherosclerosis through
the inhibition of both liver and arterial alkaline phosphatase. They moreover strengthen the notion that
alkaline phosphatase inhibition may be a promising therapeutic option for atherosclerosis, especially
since we observed that SBI-425 administration reduces inflammation and preserves the bone

architecture.

This article is not under consideration for publication elsewhere. All co-authors have read and

approved the manuscript.

Yours faithfully, ‘ 0?\/
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Brief Commentary Click here to access/download;Brief Commentary;Brief
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Brief Commentary

Background:

Our study provides the first demonstration that alkaline phosphatase inhibition prevents
atherosclerotic plaque calcification and ameliorates atherosclerosis. Moreover, it identifies an
unsuspected function of liver alkaline phosphatase, which is to participate in VLDL release through
phosphocholine dephosphorylation.

©CO~NOOOTA~AWNPE

13 Translational Significance:

15 Alkaline phosphatase inhibition has recently emerged as a promising option to block arterial
16 calcification in patients with chronic kidney disease (CKD). Our study suggests that it will also
ameliorates atherosclerosis, in patients with, and without CKD. Finally, it provides an unexpected
19 function of liver alkaline phosphatase, whose release in the blood is clinically routinely measured in
20 clinics, but whose function is obscure.
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Abstract

Rationale: calcium accumulation in atherosclerotic plaques predicts cardiovascular mortality, but the
mechanisms responsible for plaque calcification and how calcification impacts plaque stability remain
debated. Tissue-nonspecific alkaline phosphatase (TNAP) recently emerged as a promising therapeutic
target to block cardiovascular calcification. In this study, we sought to investigate the effect of the

recently developed TNAP inhibitor SBI-425 on atherosclerosis plaque calcification and progression.

Methods: TNAP levels were investigated in ApoE-deficient mice fed a high fat diet from 10 weeks of
age and in plaques from the human ECLAGEN biocollection (101 calcified and 14 non-calcified carotid
plagues). TNAP was inhibited in mice using SBI-425 administered from 10 to 25 weeks of age, and in
human vascular smooth muscle cells (VSMCs) with MLS-0038949. Plaque calcification was imaged in
vivo with F-NaF-PET/CT, ex vivo with osteosense, and in vitro with alizarin red. Bone architecture was

determined with uCT.

Results: TNAP activation preceded and predicted calcification in human and mouse plaques, and TNAP
inhibition prevented calcification in human VSMCs and in ApoE-deficient mice. Moreover, TNAP
inhibition reduced the blood levels of cholesterol and triglycerides, and protected mice from
atherosclerosis, without impacting the skeletal architecture. Metabolomics analysis of liver extracts
identified phosphocholine as a substrate of liver TNAP, whose decreased dephosphorylation upon

TNAP inhibition likely reduced the release of cholesterol and triglycerides into the blood.

Conclusion: systemic inhibition of TNAP protects from atherosclerosis, by ameliorating dyslipidemia,

and preventing plaque calcification.

Keywords: Atherosclerosis, calcification, inflammation, TNAP, liver, metabolic syndrome.
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Introduction

Cardiovascular diseases are responsible for 17.9 million deaths each year, which represents 31% of all
deaths worldwide (https://www.who.int/health-topics/cardiovascular-diseases). Rupture of an
atherosclerotic plaque is considered the primary reason for cardiovascular death, accounting for most

1. Acknowledged features of

myocardial infarction cases and about 20% of ischemic strokes
vulnerability include a large lipid and necrotic core, a thin fibrous cap and intraplaque hemorrhage 2.
In addition, recent data suggested that microcalcification, characterized by a size less than 10 um, but
not macrocalcification, negatively impact plaque stability 3®. Clinically, microcalcification can be
discriminated from macrocalcification with F-NaF positron emission tomography (PET) &, because
fluoride ions can replace hydroxyl ions in newly formed apatite crystals, but not in more mature, inert
macrocalcification. To date, several ex vivo and in vivo studies have shown that ¥F-NaF accumulates in
plagues with hallmarks of vulnerability, predicting future events 7°. Microcalcification may destabilize
plaques through pro-inflammatory and mechanical mechanisms. In human macrophage cultures,
crystals measuring from 1 um to 15 pm induce the release of tumor necrosis factor (TNF)-a at levels
inversely associated with crystal size 111, Microcalcification can also exert a harmful mechanical stress
and favor plaque rupture, especially when it develops within the fibrous cap 24, Nonetheless, in the
absence of calcification inhibitors that could be used in vivo, the real impact of calcification on plaque

progression still remains debatable. In this regard, the recent development of an effective specific and

in vivo inhibitor of tissue-nonspecific alkaline phosphatase (TNAP) should help fill this gap in knowledge

15

TNAP, the enzyme necessary for physiologic bone and tooth mineralization ¢, has emerged as a likely
suspect responsible for plaque calcification [reviewed in ’]. TNAP is normally expressed under the
control of the transcription factor RUNX2 in hypertrophic chondrocytes and osteoblasts, where it

hydrolyzes the constitutive mineralization inhibitor inorganic pyrophosphate (PP;), to allow


https://www.who.int/health-topics/cardiovascular-diseases
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progression of mineralization onto the extracellular matrix ¥ °. Interestingly, in atherosclerotic
Apolipoprotein (Apo)E-deficient mice, vascular smooth muscle cells (VSMCs) transdifferentiate into
chondrocytes and express TNAP before calcification can be detected 2?2, Moreover, VSMC-specific
deletion of RUNX2 in these mice %, or in atherosclerotic mice deficient for low density lipoprotein
receptor (LDLr’") %, strongly reduces calcification, further suggesting that TNAP is a key player. In
humans, where plaque calcification does not seem to involve cartilage formation, and bone formation
within only a minority of plaques %>, TNAP from the circulation is suspected to stimulate plaque
formation 2% %7, As its name indicates, TNAP is indeed relatively ubiquitous. In humans, while
predominantly expressed in the skeleton and teeth during physiologic mineralization, it is also
expressed in the liver and released into the blood in increasing amounts with cholestasis and with the
development of metabolic syndrome (MetS) 262832, Since genetic deficiency in PP; generation leads to
vascular calcification 3* 34, it is suspected that increased circulating TNAP in MetS exacerbates plaque

calcification.

In the present study, we explored the involvement of TNAP in plaque development and calcification in
different experimental designs: using ApoE-deficient mice, a biocollection of human carotid plaques as
well as cultured human VSMCs. To take into account the ubiquitous nature of TNAP, we also analyzed
the effects of its inhibition on the skeleton and liver. We report that systemic TNAP inhibition
decreased blood triglyceride and cholesterol levels, and hindered atherosclerosis development, as
demonstrated by reduced plague growth, inflammation and calcification. Importantly, SBI-425
administration exerted these beneficial effects without producing any negative effect on mouse bone

architecture.
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Materials and methods

Animal experiments

The present project received authorization from the ethics committee of the French Ministry of
Education, Research and Innovation (APAFIS#15387-2018060708052279). Two cohorts of mice were
used to characterize plaque calcification and TNAP activation (Suppl. Fig. 1A). Six-week-old ApoE-
deficient male mice (Charles River, Lyon, France) were housed at the animal facility of INSA (Lyon,
France; Cetil n°C2EA-102), and placed in conventional cages with 5 mice per cage. Mice were
maintained on a 12-hrs light-dark cycle (7:00 am-7:00 pm) and were supplied with food and water ad
libitum. From 10 weeks of age, they were fed ad libitum with a high fat diet (HFD, D12108C, Research
Diets, New Brunswick, USA) containing 40% fat (kcal) and 1.25% cholesterol (weight). In cohort 1, 8
mice were sacrificed every 2 weeks between weeks 17 to 31, after overnight fasting, for histological
and molecular analyses. Total body weight was measured weekly after starting the HFD. The sacrifice
was done by CO, inhalation after anesthesia with isoflurane and intracardiac blood puncture. The
abdominal aorta was used for quantitative polymerase chain reaction (PCR) analyses. We used mice
from cohort 2 (n=5 per group) to analyze aortic calcification with ¥F-NaF uPET and uCT and to compare
the in vivo data with the ex vivo results obtained in cohort 1. According to the results obtained in
cohorts 1 and 2, in the next cohorts (cohorts 3 and 4), we administered the TNAP inhibitor SBI-425 (30
mg/kg/day, formulated as a food admixture in the HFD) from 10 weeks of age 3°. Treatment was
stopped at 25 weeks of age, when microcalcification is detected in all mice analyzed in cohorts 1 and
2. Mice in cohort 3 (2 groups of 13 mice) were used for ex vivo analysis, and mice in cohort 4 (2 groups

of 12 mice) for in vivo imaging.

In vivo imaging
Animals were transferred from the animal facility to the Cermep imaging platform (Lyon/Bron, France).

Mice were placed into a chamber connected to an isoflurane anesthesia unit. Anesthesia was induced
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using an airflow rate of 0.8 L/min and 4% isoflurane, airflow rate was then maintained to 0.6 L/min
with 2% isoflurane during the scans. After induction, mice were injected with 0.36 MBg/g of ®F-NaF in
0.1mL saline via tail vein (19 scans) or in retro-orbital venous sinus (16 scans) when the tail veins were
not available. After injection, animals were placed in the prone position on the scanning bed. PET-CT
images were obtained using a micro PET-CT scanner (Inveon PET-CT, Siemens, Germany). Mice were
positioned into the CT system and imaged using the low magnification acquisition settings
(acquisition parameters: attenuation mode; projection: 120 ; rotation: 200° ; estimated scan time:
492s ; binning 4x4; effective voxel size: 0.111 x 0.111 x 0.111 mm?3; voltage: 80 kV; current: 500 pA;
filter thickness: 0.5 mm; exposure: 200 ms). After CT acquisition, mice were moved into the center of
the PET scanner (axial field of view: 127mm). PET acquisition started exactly one hour after ®F-NaF
injection, for a total scan time of twenty minutes. Then, mice were allowed to recover into a lead
shielded cage. Static images of the 20-min PET acquisitions were reconstructed with attenuation and
scatter correction by 3D ordinary Poisson ordered subsets expectation maximization (OP-OSEM3D)
with 4 iterations and a zoom factor of 2. The reconstructed volume was constituted of 159 slices of
128 x 128 matrix voxels, with voxel size 0.388 x 0.388 x 0.796 mm?. CT data were reconstructed using
a Feldkamp algorithm with a down sample of 1 (Inveon Acquisition Workplace, Siemens). After
reconstruction, the PET and CT data were coregistered. Images were analyzed using Inveon Research
workplace (Siemens). The presence of atherosclerotic plaques was evaluated both in CT and PET
images. Due to the higher resolution of the CT scan, regions-of-interest (ROI) of the aortic arch were
drawn on CT images. Only voxels above the threshold of 390 Hounsfield Unit (calcified structure) were
considered. The ROIs were exported onto the coregistered PET images in order to measure ®F-NaF
uptake. Standardized uptake value ratio (SUVR) were calculated using the whole body SUV as

reference.

Tissue harvest and processing
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After euthanasia, the heart and vasculature were perfused with sterile 0.9% NaCl. The aortic root and
the aortic arch, with the major arteries that stem from them (brachiocephalic, left common carotid
and left subclavian), were dissected under a microscope and frozen in optimal cutting temperature
medium (OCT, Thermo Scientific) and stored at -80 °C before serial cryo-sectioning. Abdominal aortas
were dissected, rinsed once with sterile phosphate-buffered saline (PBS) pH 7.4, and frozen until RNA
extraction. Cryostat sections (5-um thick) were cut at -21 °C using a Leica CM3050 S cryostat (Leica),
mounted on glass slides (SuperFrost Plus Gold glass slides, Thermo scientific) and stored at -80°C until
use. Four sections of 5-um thickness were harvested per slide, yielding 25 to 45 slides per mouse. Prior
to analysis, frozen tissue sections were air-dried for 10 min at room temperature and eight consecutive
sections were taken from each mouse at 15-um intervals. Calcification was imaged by near-infrared
fluorescence (NIRF) with the calcium tracer osteosense (OS) (PerkinElmer, ex/em 650/680 nm) as
previously described 3¢, Briefly, frozen sections were treated overnight with OS 680 (1:100) before NIRF
imaging. Quantification was performed by computer image analysis using Image J software (NIH,
Bethesda, MD) by averaging of measurements from 2 sections of 15 um apart. Alkaline phosphatase
activity was stained in serial sections using nitro blue tetrazolium/5-Bromo-4-chloro-3-indolyl

phosphate (NBT/BCIP) solution 7.

To perform CD68 immunohistochemical staining to detect macrophages, serial frozen sections of aortic
arch were fixed in acetone (-20 °C) for 10 min and were air-dried afterwards for 10 min. Endogenous
peroxidase activity was neutralized with 0.3% H,0, for 10 min followed by 3 washing steps of 5 min
each using Tris buffered saline (TBS) pH 7.4 containing 0.025% Triton-X100. Sections were incubated
with TBS containing 5% normal goat serum (Abcam) and 1% bovine serum albumin (BSA) for 1 h to
reduce non-specific background staining. Sections were subsequently incubated overnight at 4 °C with
anti-CD68 antibody (Abcam ab125212) diluted in TBS containing 1% BSA. Horseradish peroxidase-
conjugated polyclonal anti-rabbit secondary antibody (Abcam) was applied for 1 h and then revealed

with a DAB staining kit (Abcam). Preparations were counterstained with hematoxylin-eosin staining
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(Mayer’s hematoxylin solution, Sigma). Negative control sections were analyzed using a similar
procedure excluding the primary antibody. Images of the sections were captured with an Eclipse TI-E
microscope fitted with a DSiQ2 digital camera combined with Nikon's NIS Elements imaging software

(Nikon Instruments Inc.). At least 2 sections per mouse were examined for CD68 immunostaining.

For oil Red O staining of neutral lipids, sections were rehydrated in PBS for 5 min, fixed with 10%
neutral buffered formalin for 5 min, extensively washed with water, and then treated with propylene
glycol for 2 min. The sections were then stained with oil red O solution (0.5% in propylene glycol) for
15 min at 60°C and extensively washed with water. After the oil red O staining procedure, the sections
were counterstained with hematoxylin-eosin staining (Mayer’s hematoxylin solution, Sigma). Images
were captured with an Eclipse TI-E microscope and digital camera (Nikon), combined with Nikon's NIS
Elements imaging software. To visualize cartilage glycosaminoglycans, sections were stained with

Alcian blue 8GX (Sigma) at pH 2.5 (1% in 3% acetic acid).

Blood biochemistry

Blood was collected from mice by cardiac puncture under anesthesia with isoflurane. After blood
coagulation, serum was obtained through centrifugation of the blood for 15 min at 1,500 g at 4°C,
frozen in liquid nitrogen and stored at -80°C before analysis. Concentration of total cholesterol and
triglycerides were measured using a colorimetric (MAKO043, Sigma) and a fluorimetric assay (MAK266,
Sigma), respectively. Total bile acids were assayed with a commercial enzyme-based colorimetric kit
(Abcam Ab239702). Serum IL-6 and haptoglobin levels were determined using the commercially
available ELISA kits (Fischer Scientific 10110623 and Abcam 157714, respectively). The alkaline
phosphatase activity assay was adapted from a previously published protocol and performed in a 96-
well plate 38, Briefly, sera were mixed with a concentrated buffer at a ratio of 2.85:1 (vol/vol) in order
to get final concentrations of 0.56 M 2-amino-2-methyl-1-propanol buffer pH 10.5, 1 mM MgCl, and

10 mM p-nitrophenylphosphate. Absorbance was acquired for 5 min at 405 nm (Tecan plate reader).
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The slope was calculated to determine TNAP activity levels in each sample and normalized to protein

amounts measured with the BCA protein assay (Pierce).

Bone parameters

3D microarchitecture of the distal metaphyseal femur and cortical midshaft were carried out using a
Skyscan 1176 micro-CT scanner (Skyscan Inc.). The X-ray excitation voltage was set to 50 kV with a
current of 500 mA. A 0.5 mm aluminum filter was used to reduce beam-hardening artifacts. Samples
were scanned in 70% ethanol with a fixed voxel size of 9.08 um. Section images were reconstructed
with NRecon software (version 1.6.1.8, Skyscan). The region of interest (ROI) to delineate trabecular
bone was drawn manually, away from the endocortical surface, starting at 0.5 mm underneath the
growth plate and ending at 1.5 mm. For cortical analysis, 0.5 mm on either side of the femur midshaft
were reconstructed. The global threshold was set at 0.394 g HA/cm?3. Three-dimensional modeling and
analysis of bone volume to tissue volume ratio (BV/TV), trabecular number, trabecular separation,
cortical thickness, total porosity, were obtained with the CTAn (version 1.9) and CTVol (version 2.0)

software.

Liver biochemistry

For the determination of cholesterol, triglycerides, and total bile acids in the liver, 40-mg pieces of liver
were homogenized in 1 mL of 5% NP40 solution in a Dounce homogenizer. The hydrophobic
components were extracted twice at 80°C for 5 minutes. Samples were centrifuged and the
supernatants were assayed for cholesterol, triglycerides and bile acids with the same kits used for
blood. In order to quantify hydroxyproline, 100-mg pieces of liver were homogenized in 1 mL of pure

water in a dounce homogenizer and a perchlorate-free kit was used (Sigma, MAK357).

Metabolomics analysis
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Liver extraction and NMR measurement: The frozen tissues were weighed and then extracted

according to Beckonert’s procedure *

using the methanol-chloroform-water system [2:2:1.425
(v/v/v)], and including absorbance measurement using the Bradford reagent with BSA as standard. The
upper methanol/water phase was collected, dried, lyophilized and stored at -80°C. Deuterated
phosphate buffer at pH = 7.4 (200 mM) was added to the dried aqueous extract with TSP (sodium
2,2,3,3-tetradeutero-3- trimethylsilylpropionate) (Sigma-Aldrich) as internal chemical shift and
quantification reference. *H NMR spectra were recorded at 298 K on a Bruker Avance spectrometer
500 equipped with a 5-mm TCl cryoprobe. The 1D pulse sequence (relaxation delay-pulse-acquisition)
with pre-saturation for water (HOD) signal suppression was used. Acquisition parameters were as
follows: relaxation delay 5.64 s, 30° pulse (4.5 ps) and acquisition time of 4.36 s. The spectral width of
15 ppm was used and 256 scans were collected. With this repetition time of 10 s, the H resonances
were fully relaxed. Data were processed using Bruker TopSpin software 3.2 with one level zero-filling
and apodization (exponential, Ib = 0.3 Hz) before Fourier transform, then phase correction, simple
baseline correction and calibration (s = 0 ppm) were applied.

Chemometric analysis of NMR data: Data NMR matrices were obtained using facilities included in

KnowltAll® (Wiley Science Solutions) and NMRProcFlow® (https://nmrprocflow.org/) *° software. First,

the bucket list was obtained by the bin area method using the intelligent variable size bucketing tool
included in the KnowltAll® package according to NMR signals assignment. Second, NMRProcFlow®
pipeline was used for local baseline correction of spectra, alignment of NMR signals and integration of
NMR area by that bucket list. Then integrated regions were normalized by dividing their areas by that
of the internal standard TSP and by the weight of tissue. Statistical analysis, supervised Partial Least
Squares-Discriminant Analysis (PLS-DA) and the nonparametric Wilcoxon test were carried out using
the SIMCA-P+ 13.0.3 (Sartorius, Aubagne, France) and Matlab® (MathWorks, Natick, Massachusetts,

USA) softwares.

IH NMR absolute quantification of metabolites: Metabolites were assigned with an in-house

metabolite database at pH = 7.4. A total of 34 metabolites were identified; 30 could be quantified.

10
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Metabolite concentrations (ng/mg liver tissue) were given by my = Ax/Arsp. 9/Nx. 112.M,/m_ with Ax
and Arsp being the areas of the signals of metabolite X and TSP, 9 and Nxthe number of protons of TSP
and metabolite X evoking the signals, 112 the number of nmol of TSP in the solution analyzed, My the

molecular weight of metabolite X and m the weight (mg) of tissue analyzed.

Human samples

Analysis in human samples has been performed on healthy and diseased carotid arteries. Carotid
plaques [n=101 calcified, and 14 non-calcified from the ECLAGEN biocollection %] were removed as a
single specimen by endarterectomy at the bifurcation from within the lumen. The ECLAGEN
biocollection was collected in accordance to the principles outlined in the Declaration of Helsinki. All
samples were 1-2 cm long. For histology, we analyzed sections of the lesion core present in each
arterial sample. Sample collection and handling were performed in accordance with our institutional
medical ethics committee (research protocol#PFS09-014, n°DC-2008-402), and all patients
participating in the study provided written informed consent. In the case of organ donors (healthy
arteries), the absence of patient opposition to organ donation and an informed and signed consent
was required from the patient’s family. The arterial samples were fixed in 10% formalin for 48 h,
decalcified in 4.13% EDTA-0.2% paraformaldehyde pH 7.4 over 4 days in KOS sw10 (Milestone), and
embedded in paraffin. Following heat-induced epitope retrieval in EDTA pH 9, serial sections (4-pum
thick) were stained with TNAP (Abcam), and Runx2 (Abcam) antibodies. Imaging of the sections was

obtained with the NanoZoomer device (Hamamatsu Photonics).

Human VSMC cultures
Human coronary artery VSMCs (PromoCell) were grown in SMC growth medium 2 (SMC-GM2,
PromoCell) supplemented with epidermal growth factor (0.5 ng/mL), insulin (5 pug/mL), basic fibroblast

growth factor-B (2 ng/mL), and fetal bovine serum (5%) at 37 °C in humidified 5% CO,. Cells were used
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between passages 3 and 9. Cells from 4-5 independent donors were used. VSMCs were cultured for up
to 21 days in the presence of either control medium (DMEM, 10% FBS, 1% penicillin/streptomycin) or
osteogenic medium (consisting of control medium supplemented with 10 nM dexamethasone, 10 mM
B-glycerophosphate, and 100 uM L-ascorbate phosphate). Media were changed 3 times per week.
Mycoplasma contamination test was routinely performed (once a month). TNAP activity was inhibited
by the TNAP inhibitor MLS-0038949 (Merck, CAS 496014-13-2), the parent compound of SBI-425 41,
TNAP activity was determined by the Alkaline Phosphatase Activity Colorimetric Assay Kit (BioVision,
San Francisco, USA) according to the manufacturer’s instructions. TNAP activity was normalized to the
protein amount. To visualize calcification, cells were washed and fixed with 4% paraformaldehyde for
10-15 min at room temperature. The mineralized matrix was visualized by 2% (w/v) Alizarin Red

staining (Sigma Aldrich).

Quantitative polymerase chain reaction (PCR) analysis

Mouse tissues: total RNAs were extracted from grinded abdominal aorta or liver with the NucleoSpin
RNA II kit (Macherey-Nagel) following the manufacturer’s protocol. The quantity and quality of RNA
were determined at 260 and 280 nm absorbance with a NanoDrop. RNA (1 pg) was retro-transcribed
into cDNA with Superscript Il reverse transcriptase (Life Technologies). PCR analysis was conducted
using SYBR green Supermix (Biorad) on the iCycler Real-Time Detection system (Biorad). Fold change
in MRNA expression was calculated using the 22 method by the CFX Manager software (Biorad). Data
were normalized by 3 housekeeping genes (HPRT, Actin and Rpl13a) levels. Primers and PCR conditions

are given in Table I. The obtained products were checked by sequencing.

Human VSMCs: total RNA was isolated using TriZol (Life Technologies) and mRNA levels were

determined by TagMan-based real-time PCR (Life Technologies). The following TagMan probes were

used: HS01047978_m1 (human Runx2), HS99999902_m1 (human Rplp0). The expression levels were
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normalized to Rplp0. Results were calculated using the AACt method, and presented as fold increase
relative to control.

In vitro dephosphorylation of phosphocholine and phosphoethanolamine by TNAP

25 uM of phosphocholine or phosphoethanolamine were incubated at 37°C with recombinant human
TNAP (Biolegend 794504) or mouse TNAP (Biolegend 787804) in a Tris-HCI saline buffer pH 7.4
containing 1 mM MgCl,. After different time points, P; release was determined using Malachite Green

reagent.

Statistics

Data are expressed as the mean + SEM or SD, as indicated in the Figure legends. Statistical analyses
were performed with Past 3.20 software. Data were tested on normality and on equal variances with
the Shapiro-Wilk test and Levene test, respectively. Then, data were analyzed on appropriate
parametric or nonparametric test, as indicated in the Figure legends. P<0.05 was considered

significant.

13



©CO~NOOOTA~AWNPE

Results

Atherosclerotic plaque calcification is associated with TNAP activity in mouse and human lesions

Our first objective was to determine whether atherosclerotic plaque calcification is associated with
TNAP activity in the serum, in the plaques, or in both compartments. To this purpose, we thoroughly
characterized where and when calcification initiates in aortas from ApoE” mice. Aorta calcification was
firstimaged in vivo at 19, 25, 31 and 34 weeks using uCT to quantify calcium volume, and 8F-NaF puPET
to determine fluoride incorporation in nascent crystals, and therefore calcification activity (Suppl. Fig.
1A and Fig. 1A). uCT data showed that calcium deposition in the aorta progressed in an almost
exponential manner from 19 weeks to 34 weeks of age (Fig. 1B and Suppl. Fig. 1B). Calcification activity
also increased from 25 to 31 weeks of age, then it slowed-down between 31 and 34 weeks (Fig. 1C and
Suppl. Fig. 1C). Histologically, using the calcium fluorescent dye osteosense, microcalcification of about
10-20 um in size was detected in the aortic arch, in mice aged 19-21 weeks (Fig. 1D). These first calcified
regions grew and fused in the arch until 31 weeks (Fig. 1D,E), to sometimes fill the whole aortic arch
(Suppl. Fig. 1D). In parallel, new calcifications appeared in other arteries, such as the left common
carotid (Fig. 1D). The total surface of calcifications determined ex vivo increased exponentially (Fig. 1F),
and similarly to the total volume of calcium measured in vivo with uCT (Fig. 1B). We then asked
whether TNAP activation in the plaques and/or in the blood was associated with plaque calcification.
Strikingly, calcification was consistently associated with TNAP activity in atherosclerotic plaques (Fig.
1G). Moreover, TNAP activity was commonly detected in aortic plaques from 17-19 week-old mice (Fig.
1H), suggesting that TNAP activation preceded microcalcification, and was responsible for its
formation. On the other hand, serum TNAP activity remained unchanged from 17 to 31 weeks (Suppl.
Fig. 1E). These results strongly suggested that local TNAP, but not liver or circulating TNAP, participated

in plaque calcification in ApoE”" mice.
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We next wondered which cells expressing TNAP might be involved in atherosclerotic plaque
calcification. In ApoE”" mice, calcification was shown to develop into cartilaginous metaplasia %°.
However, there is still some uncertainty as to whether plaque calcification in these mice is induced by
hypertrophic chondrocytes, or whether like in humans, in association with calcifying macrophages %,
or with macrophage debris **. Like in Rattazzi’s characterization of ApoE”- mice %°, macrocalcification
unambiguously developed within cartilaginous metaplasia, as firstly demonstrated by the
colocalization of osteosense and alcian blue staining (Fig 2A). Moreover, the expression pattern of the
chondrocyte differentiation markers Sox9, Acan, Runx2 and Alpl (Fig. 2B) was very similar to the
calcification activity measured with 8F-NaF uPET, with a rise from 25 weeks followed by a plateau (Fig.
1C). In these cartilaginous metaplasia, macrocalcification likely relied on TNAP expressed by
hypertrophic chondrocytes. Indeed, the evolution of Alp/ transcripts encoding TNAP was very similar
to that of the chondrocyte marker Acan, and strongly associated with that of the transcription factor
Runx2, known to stimulate chondrocyte hypertrophy and Alp/ expression (Fig. 2B,C). Finally, these
cartilaginous macrocalcifications were devoid of CD68-positive cells (Fig. 2A), suggesting that
macrophages did not directly participate in their growth. On the other hand, microcalcification was
often observed in locations enriched in macrophages, and not yet positive for alcian blue staining for
cartilage glycosaminoglycans (Fig. 2A). Therefore, it is possible that, before growing within
cartilaginous metaplasia, microcalcification formed in association with TNAP in macrophage-like cells
% In conclusion, these first data collectively suggested that TNAP, expressed in plaques by

hypertrophic chondrocytes and/or macrophages, was responsible for plaque calcification in ApoE”’

mice.

We then sought to investigate whether TNAP is also locally associated with calcifications in human
carotid plaques. This was more uncertain because cartilage metaplasia has never been reported in
human plaques, and because bone metaplasia occurs less frequently, and predominantly in peripheral

arteries 2°. We analyzed a biocollection of human carotid plaques in which the calcification morphology
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has been characterized in details %. In these lesions and independently of the calcification size and
morphology, TNAP was consistently located at the proximal periphery of calcifications (Fig. 3).
Interestingly, TNAP was expressed in both RUNX2-positive and RUNX2-negative cells. Considered
together, these results in humans and mice strongly suggested that TNAP is involved in plaque
calcification. To validate this hypothesis in ApoE”" mice, we chose to inhibit TNAP in a preventive
manner, from 10 weeks of age, by administrating 30 mg/kg/day of SBI-425 admixed in the HFD **. This
treatment was stopped at 25 weeks to determine the involvement of TNAP in the initiation of plaque

calcification.

TNAP inhibition in mice decreases cholesterolemia and reduces atherosclerotic plaque development
As recently shown in other disease models > 4%, SBI-425 administration was well-tolerated, with no
effect on food intake, weight gain, or all-cause mortality (Suppl. Fig. 2A). Moreover, not only TNAP
inhibition did not deteriorate trabecular or cortical bone architecture, but also it tended to preserve
it, although not at a statistically significant level (Suppl. Fig. 2B). Even more unexpectedly, while TNAP
inhibition had no significant effect on serum glucose and non-esterified fatty acids (NEFAs), it strongly
decreased the levels of triglycerides (TGs) and cholesterol (Fig. 4). Since hypercholesterolemia is the
driving force for atherosclerosis in ApoE”" mice *, SBI-425 treatment also affected atherogenesis. If
the plaques of mice treated with SBI-425 presented similar levels of lipid content (%) (Fig. 5A,B), they
were significantly smaller (Figure 5A,C). Moreover, TNAP inhibition also decreased aortic
inflammation, as demonstrated by the significant reduction in the relative levels of the inflammatory
markers Cd68, Rankl, Opn, 118, Il1b, 16 (Fig. 5D), and tended to reduce serum IL-6 concentration (Fig.
5E). Calcium accumulation and calcification activity were also impaired, as determined in vivo with uCT
and ®F-NaF pPET (Fig. 5F and 5G respectively). Histological analyses with osteosense, which in our
hands was the most sensitive method for this imaging, detected calcification in only 4 mice out of 12
treated with SBI-425 (33%), whereas all control mice presented with calcification (Fig. 5H). The

reduction of plaque calcification in mice treated with SBI-425 probably resulted from the beneficial
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effect of SBI-425 on cholesterolemia and plaque development. Indeed, TNAP inhibition not only
prevented calcification, but it also prevented cartilage formation, as illustrated by the absence of alcian
blue-positive cartilaginous metaplasia in aortic plagues that were devoid of calcification (Fig. 5B).
Nevertheless, SBI-425 also likely prevented calcification by directly inhibiting TNAP activity in plaques.
We already reported that TNAP inhibition prevents calcification in cultured mouse VSMCs trans-
differentiated into chondrocytes %. We report here that TNAP was activated in human VSMCs
stimulated to trans-differentiate into osteochondrocyte-like cells, and that its inhibition also prevented
calcification (Suppl. Fig. 3). Collectively, these data suggested that SBI-425 administration impaired
atherosclerosis by reducing blood cholesterol levels, and locally inhibited plaque calcification. Since in
ApoE”" mice, blood cholesterol is predominantly transported by liver-derived very low density

lipoproteins (VLDLs) %, we next explored the effects of SBI-425 on the liver.

Liver TNAP reduces hypercholesterolemia by dephosphorylating phosphocholine

Transcript levels of Alpl, encoding TNAP, showed a broad peak between 19 and 27 weeks in the liver
of ApoE”" mice (Fig. 6A), which was concomitant with the accumulation of cholesterol (Fig. 6B) and TGs
(Fig. 6C) in the liver, and the release of TGs in the blood (Fig. 6D). Moreover, there was a positive
correlation between Alp/ transcript levels and the TG content in the liver in 25-week-old mice (Fig. 6D).
Inhibition of TNAP from 10 to 25 weeks did not change the liver content of cholesterol (Fig. 6F) and
TGs (Fig. 6G). Since TNAP inhibition reduced the levels of TGs and cholesterol in the circulation but not
in the liver, these results suggested that liver TNAP participated in their release. We therefore
hypothesized that TNAP inhibition induced liver inflammation or fibrosis to exert these effects through
VLDL release. However, SBI-425 administration had no effect on liver inflammation, as revealed by the
levels of Ly6g, Tnfa, Il1b or Hb transcripts (Fig. 6H), and by the concentration of the liver acute phase
protein haptoglobin in the blood (Fig. 61). Moreover, it did not impact liver fibrosis, as demonstrated

by the similar contents of hydroxyproline in treated and untreated mice (Fig. 6J).

17



©CO~NOOOTA~AWNPE

Then, to further identify the mechanisms explaining how TNAP inhibition decreased serum lipid levels
while unaffecting lipid content in the liver, we used a metabolomics approach to determine hepatic
metabolites whose levels were significantly impacted by SBI-425 administration. Multivariate
statistical analysis on metabolomics data (PLS-DA) for the 30 detected metabolites, did not show any
major impact of TNAP inhibition on liver metabolism (Suppl. Fig. 2C). Nevertheless, TNAP inhibition
seemed to decrease phosphocholine levels in the liver (Fig. 6K, p=0.07), a phosphorylated compound
and thus a putative TNAP substrate. Extracellular phosphocholine dephosphorylation in the liver is
necessary to allow choline uptake in hepatocytes %, intracellular synthesis of phosphocholine, and
generation of phosphatidylcholine, which is required for VLDL production and TG and cholesterol
release in the blood *. This mechanism explains why choline-deficient diets or genetic deficiency in
liver phosphatidylcholine production result in liver steatosis, reduced VLDL levels and impaired
atherosclerosis in ApoE-deficient mice %> °°. This possible decrease in liver phosphocholine was
moreover intriguing considering the recent report that TNAP-deficient mice develop exacerbated liver
steatosis when fed a HFD but not a choline-deficient diet **. We therefore believe that TNAP-
dependent inhibition of phosphocholine dephosphorylation in the liver by SBI-425 administration,
likely contributed to the beneficial effects of SBI-425 on serum lipids and atherosclerosis. Indeed, we
observed a significant inverse relationship between the content of phosphocholine and the levels of
cholesterol and TGs in the liver, indicating that when phosphocholine content was the most reduced
by SBI-425 administration, the liver content of TGs and cholesterol was the highest (Fig. 6L). Moreover,
we provide here evidence that phosphocholine is a TNAP substrate. The quantification of P; release
from phosphocholine in presence or absence of the parental inhibitor of SBI-425 (MLS-0038949),
indicated that mouse and human recombinant TNAP were equally potent in dephosphorylating
phosphocholine (Fig. 6M). Finally, the cholesterol that was not released in VLDLs in mice treated with
SBI-425 was probably transformed into bile acids (BAs) since the liver content of BA was almost

significantly increased by SBI-425 treatment (Fig. 6N). Unfortunately, we did not harvest the bile and

18



©CO~NOOOTA~AWNPE

could not explore whether bile excretion was increased by TNAP inhibition in ApoE”" mice, as it is in

rats >2.
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Discussion

The main finding of this study is that the systemic pharmacological inhibition of TNAP prevented
dyslipidemia and protected ApoE”" mice from atherosclerosis and plaque calcification. These beneficial
effects most likely relied on the inhibition of liver TNAP. Like in humans, whom liver TNAP production
and release in the blood are associated with the development of MetS 2632, hepatic TNAP expression
in ApoE”’ mice showed a similar trend as TG levels in liver and serum. We provide here evidence that
a function of this hepatic TNAP is to participate in the release of lipids from hepatocytes into circulating
VLDLs. Indeed, when TNAP was inhibited, the levels of lipids in the blood were significantly reduced.
TNAP may be the yet unknown phosphatase that dephosphorylates phosphocholine in the liver, to
allow the uptake of choline in hepatocytes #’. In the mouse liver, TNAP is mainly expressed in
endothelial cells *3, where probably reside ENPP6, the enzyme that generates phosphocholine from
glycerophosphocholine, and where is suspected to be the phosphatase hydrolyzing phosphocholine
into choline #’. Following its uptake in hepatocytes, intracellular choline is then rephosphorylated into
phosphocholine to generate phosphatidylcholine, which is the main phospholipid involved in VLDL
production “. This hypothesis is appealing because choline deficiency or genetic deficiency in liver
phosphatidylcholine production reduces blood cholesterol levels and impairs atherosclerosis in ApoE-
deficient mice %%, Phosphocholine levels in the liver showed a strong tendency to decrease in
response to SBI-425 administration in vivo. In addition, mouse and human TNAP were equally potent
in dephosphorylating phosphocholine in vitro. However, why TNAP inhibition did not exacerbate liver
steatosis in ApoE”/" mice remains elusive, since choline-deficient diets induce liver steatosis *°. We
suspect that steatosis was prevented because of the previously described liver TNAP function in bile
excretion. In addition to being active in liver endothelial cells, hepatic TNAP is also localized in the
membrane of hepatocytes and cholangiocytes facing bile canaliculi and ducts >>°¢. At this location,
TNAP is thought to reduce the secretory processes of the intrahepatic biliary epithelium, as

demonstrated by the significant increase in bicarbonate secretion and basal bile flow induced by TNAP
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inhibition in rats 2. Since in our experiments, TNAP inhibition tended to increase the content of bile
acids in the liver, we suspect that cholesterol catabolism into bile acids and bile acid excretion were

also enhanced, thereby preventing steatosis.

To summarize, TNAP inhibition limited atherosclerosis development, likely through impaired
phosphocholine dephosphorylation, decreased choline uptake and phosphatidylcholine production in
hepatocytes, and reduced TG and cholesterol release in VLDLs. This reduction in atherosclerotic
development was reflected in mice treated with SBI-425 by smaller plaques in aortas, with less
inflammation, and less calcification. While the decrease in plaque size and inflammation likely resulted
from the inhibition of liver TNAP, the strong reduction in the number of aortic calcifications in mice
treated with SBI-425 probably also relied on the inhibition of local TNAP blockade. Indeed, we observed
that in mouse and human plaques, TNAP expression preceded calcification, and colocalized with
calcium deposits once they had formed. Moreover, TNAP inhibition in human VSMCs stimulated to
calcify totally prevented calcium deposition. This result is consistent with previous report by Tani et al,
showing that SBI-425 treatment efficiently blocked vascular calcification in a mouse model of chronic

kidney disease (CKD) *.

In conclusion, TNAP inhibition might represent a promising therapeutic option, not only to prevent
vascular calcification in patients with CKD, but also to reduce hypercholesterolemia and
atherosclerosis development in individuals with MetS, in whom TNAP levels are associated with
mortality risk 232, In our experiments in ApoE”" mice, SBI-425 administration for 15 weeks did not
induce negative effects in plaques, blood, liver or bones. While TNAP activation during liver disease in
mice fed a HFD was proposed to participate in the dephosphorylation and detoxification of
lipopolysaccharide (LPS) *’, we observed no increase in serum LPS levels in animals treated with SBI-
425 as compared to controls (data not shown). Moreover, administration of SBI-425 tended to

decrease, and not increase, circulating IL-6 levels, and those of the acute phase protein haptoglobin,
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indicating that systemic and liver inflammation were probably reduced, and not increased by SBI-425.
Finally, SBI-425 administration not only did not lead to bone architecture degradation, but instead also
tended to increase the bone volume as compared to untreated animals. Mice treated with SBI-425
seemed globally healthier than untreated mice; they were less dyslipidemic and less inflammatory,
explaining why their bones were preserved despite the important function of TNAP in bone

mineralization.
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Figure legends

Figure 1: TNAP activity is locally associated with plaque calcification in mice. Representative in vivo
imaging of aortic calcification (red arrow) with puCT (top) and *¥F-NaF pPET/uCT (bottom) in a 34-week-
old mouse (A), and its quantification by uCT (B) and ®F-NaF uPET (C). Histological analysis of
calcification after osteosense (OS) staining in ApoE-deficient mice at 21 weeks, 25 weeks and 31 weeks
(D). Quantification of calcification number (E) and surface (F) after OS staining at 17 (n=8), 19 (n=8), 21
(n=8), 23 (n=8), 25 (n=6), 27 (n=6), 29 (n=6) and 31 weeks (n=8). TNAP activity staining in the aortic
arch shown in D at 21 weeks (G). OS staining and TNAP activity staining in a 19-week-old mouse (H).
All quantitative results are shown as mean * standard deviation, and statistical analyses were
performed with one way ANOVA (F) and student’s t-test (B, C, E, H). CT: computed tomography; NC:
necrotic core; OS: osteosense; PET: positron emission tomography; SUVR: standardized uptake value

ratio.

Figure 2: Calcification-associated TNAP is mainly produced by hypertrophic chondrocytes in mouse
plaques. Histological analysis of calcification (with OS, top), of glycosaminoglycans (with alcian blue,
center), and of CD68 expression (by IHC, bottom), in a 31-week-old ApoE-deficient mice (A). Relative
transcripts levels in the aorta from 17 to 31 weeks (B). Correlation between Alp/ and Runx2 levels from
17 to 31 weeks, as calculated with Pearson’s test (C). Quantitative results in C are shown as mean *
standard deviation, and statistical analyses were performed with student’s t-test. AA: aortic arch; BC:

brachiocephalic artery; IHC: Immunohistochemistry; LCC: left common carotid; LSC: left subclavian.

Figure 3: TNAP, expressed in RUNX2-positive and —negative cells, is locally associated with
calcifications in human atherosclerotic plaques. Representative IHC staining of TNAP and RUNX2 in a

human calcified carotid atherosclerotic plaque. Calcifications are indicated by *. On the central, low-
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magnification (x 2.5) photographs, the bar indicates 1 mm; on the high-magnification images (x 40),

the bar indicates 50 pum. IHC: immunohistochemistry.

Figure 4: TNAP inhibition decreases the blood levels of triglycerides and cholesterol. Quantification
in the serum of ApoE-deficient mice of the levels of glucose, NEFAs, TGs and cholesterol. Results are
shown as mean # standard deviation, and statistical analyses were performed with student’s t-test
(TGs and cholesterol) or Mann-Whitney (glucose and NEFAs). NEFA: non-esterified fatty acid; TG:

triglyceride.

Figure 5: TNAP inhibition reduces atherosclerotic plaque development. Histological analysis of lipids
(with Qil red O, top), calcification (with OS, center), and glycosaminoglycans (with alcian blue, bottom)
in 25-week-old ApoE-deficient mice untreated (left) or treated with SBI-425 (right) (A). Quantification
of Oil red O surface (B) and plaque surface (C). Relative transcripts levels in the aorta (D); IL-6 levels in
the serum (E). Quantification of aorta calcification by puCT (F) and calcification activity with ®F-NaF
UPET (G). Quantification of calcification number (H) and surface (I) after OS staining. Results are shown
as mean * standard deviation, and statistical analyses were performed with student’s t-test (C-E) or
Mann-Whitney (F-1). CT: computed tomography; OS: osteosense; PET: positron emission tomography;

SUVR: standardized uptake value ratio.

Figure 6: TNAP participates in choline metabolism and lipid release from the liver.

Evolution in ApoE-deficient mice from 17 to 31 weeks, of the relative Alp/ transcripts (A), cholesterol
content (B), TG content (C). Quantification of serum TGs in ApoE-deficient mice from 17 to 31 weeks
(D). Association between the relative Alp/ transcripts and the content of TGs in the liver (E). Effect of
SBI-425 administration from 10 weeks to 25 weeks, on liver cholesterol content (F), liver TG content

(G), relative transcripts levels of inflammatory markers (H), serum haptogloblin levels (I), and liver
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content of hydroxyproline (J) and phosphocholine (K). Association between liver phosphocholine levels
and liver levels of TGs or cholesterol (L). Dephosphorylation of phosphocholine by mouse or human
TNAP in presence (MLS) or absence (CT) of MLS-0038949 (M). Levels of bile acids in the liver (N). Results
are shown as mean + standard deviation, and statistical analyses were performed with student’s t-test.

Correlations were calculated with Pearson’s test. BA: bile acids; TG: triglycerides.

Supplemental Figure 1: ApoE-deficient mice fed a HFD from 10 weeks of age, were analyzed every two
weeks after sacrifice (cohort 1), and in vivo at 19, 25, 31 and 34 weeks (cohort 2) (A). in vivo
quantification of calcification with uCT (B) and 8F-NaF pPET (C) (each color represents a mouse). OS
staining of a calcification filling the whole aortic arch (left) within a cartilaginous metaplasia (right,
stained with alcian blue) in a 25-week-old mouse (D). TNAP activity in the serum from 17 to 31 weeks
(E). CT: computed tomography; HFD: high fat diet; PET: positron emission tomography; SUVR:

standardized uptake value ratio.

Supplemental Figure 2: Weight gain in ApoE-deficient mice treated (SBI) or not (CT) with SBI-425 in
cohort 3; t indicates a death (A). Bone architecture parameters determined at 25 weeks in ApoE-
deficient mice treated or not with SBI-425 in cohort 3 (B, n=7 per group). Quantification of metabolite
levels in the liver (C, ng/mg of tissue) as determined by NMR-metabolomics. Results are shown as mean
+ standard deviation. BMD: bone mineral density; BV: bone volume; GMP: guanidine monophosphate;
NAD: nicotinamide adenine dinucleotide; NADP: nicotinamide adenine dinucleotide phosphate; NMR:

nuclear magnetic resonance; TV: total volume.

Supplemental Figure 3: Alizarin red staining of calcium deposits in representative cultures of human
VSMCs grown in CM or OM for 7, 14 or 21 days (A). Evolution during time of TNAP activity in human
VSMCs cultured in CM or OM (B). Effect of MLS-0038949 inhibitor of TNAP on calcification (C), TNAP

activity (D), and RUNX2 transcript levels (E) at 21 weeks. Results are shown as mean * standard
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deviation, and statistical analyses were performed with Mann-Whitney U test. CM: control medium;

MLS: MLS-0038949; OM: osteogenic medium; VSMC: vascular smooth muscle cell.
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Table(s) Click here to access/download;Table(s);Table 1.pdf =

Table I: summary of primers used. Shown are the mouse (m) and human (h) primer sequences (F:
forward; R: reverse), annealing temperatures (Ta), base pair (bp) lengths of the corresponding PCR

products, and GenBank accession numbers.

Gene (bp) GenBank Ta (°C) Sequence Length

I4

mAcan NM_007424.2 60 F:5° - GTGCGGTACCAGTGCACTGA-3’ 104
R:5" - GGGTCTGTGCAGGTGATTCG-3’

mActin NM_007393.3 60 F:5° - AATTTCTGAATGGCCCAGGT-3’ 156
:5" - GGTAAGGTGTGCACTTTTATTGG-3’
mAlp! NM_007431.3 60 F:5° - CAAAGGCTTCTTCTTGCTGGT-3’ 258
R:5" - AAGGGCTTCTTGTCCGTGTC-3’
mCd68 NM_001291058.1 60 F:5° - ATCCCCACCTGTCTCTCTCA -3’ 216
:5" - TTGCATTTCCACAGCAGAAG -3’
mHp NM_017370.2 60 F: 5- TGAGGCAGTGTGTGGGAAG-3’ 114

R: 5- TGGCGGGAGATCATCTTG-3’

mHprt NM_013556.2 60 F:5° - AGGACCTCTCGAAGTGT-3’ 111
:5" - ATTCAAATCCCTGAAGTACTCAT-3’

mil-18 NM_008361.4 60 F: 5" -GGGCCTCAAAGGAAAGAATC-3’ 152
R:5° -CCACTTTGCTCTTGACTTCTATC-3’

mil-6 NM_031168 60 F: 5" -GTCACAGAAGGAGTGGCTA-3’ 193
15" -AGAGAACAACATAAGTCAGATACC-3’

mil-8 NM_008176.3 47 F: 5" - AAACTAATATTTATTGGG-3’ 155

R:5" - TTTCAAGACATACAAACA-3’

mLy6g NM_001310438.1 60 F: 5’- TTGCAAAGTCCTGTGTGCT-3’ 126
R: 5’- AGGGGCAGGTAGTTGTGTTG-3’

mOpn NM_001204203.1 60 F:5° - CTTTCACTCCAATCGTCCCTA-3’ 305
R:5" - GCTCTCTTTGGAATGCTCAAGT-3’

mRunx2 NM_009820.5 60 F: 5" - GCCGGGAATGATGAGAACTA-3’ 200
" - GGACCGTCCACTGTCACTTT-3’

mRpl13a NM_009438.5 60 F:5" - ATCCCTCCACCCTATGACAA-3’ 97


https://www.editorialmanager.com/transres/download.aspx?id=267433&guid=eb65415c-ad26-4666-97bc-d5b4957e37c5&scheme=1
https://www.editorialmanager.com/transres/download.aspx?id=267433&guid=eb65415c-ad26-4666-97bc-d5b4957e37c5&scheme=1

mSox9

mTnfa

NM_011448.4

NM-013693

60

60

R:5" - GCCCCAGGTAAGCAAACTT-3’

F: 5" - GTACCCGCATCTGCACAAC-3’
R: 5" - CTCCTCCACGAAGGGTCTCT-3’

4

F:5° -TGGGACAGTGACCTGGACTGT-3
R:5" -TTCGGAAAGCCCATTTGAGT-3’

94
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Figure 5

SBI-425 treated mice
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Supplemental Figure 1
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Supplemental Figure 2
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Supplemental Figure 3
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