MATERIALS AND METHODS
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associates with PHACTR1 expression levels in human coronary arteries
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Cohort description. Participants in this study were recruited from the Montreal Heart
Institute (MHI) Biobank and all had four French-Canadian grandparents. Participant
characteristics are summarized in Supplemental Table I. All cases had documented
history of MI. For controls, we excluded patients with MI, percutaneous coronary
intervention, coronary artery bypass graft surgery, transient ischemic attack or stroke,
peripheral vascular disease, congestive heart failure and angina. Patients for DNA re-
sequencing were described previously’. All participants gave written informed consent
and the MHI ethics committee approved the project.

DNA genotyping and re-sequencing. We used several datasets to choose DNA
markers to replicate and fine-map the association between Ml and the PHACTR1 locus
in our patient population. First, we retrieved genotype data from the 1000 Genomes
Project (60 individuals of Northern European ancestry (CEU))? in PHACTR1 (+20 kb).
We calculated linkage LD between rs12526453, the canonical PHACTR1 SNP, and all
markers in the 1000 Genomes Project-CEU dataset (accessed in June 2011). We
identified 119 variants with a LD r# >0.2 with rs12526453, and using the software
Tagger®, selected 13 additional SNPs that could tag the 119 variants at a r* >0.85. Other
variants were selected as described in Supplemental Table lll. In total, 23 DNA
sequence variants in PHACTR1 were genotyped using the Sequenom iPLEX technology
in 3,339 DNA samples. The genotype concordance rate estimated from DNA triplicates
was >99.9%. The DNA re-sequencing project was described previously'. The mean
coverage per sample for PHACTRT1 is 68X.

Statistical analysis. We performed quality-control filtering of the genotype data using
PLINK*. Samples with genotyping success rate <90%, markers with genotyping success
rate <95%, monomorphic markers, and markers outside the Hardy-Weinberg equilibrium
(P<0.001) were excluded from downstream analyses. For genotype imputation, we
removed markers with minor allele frequency (MAF) <1% and used the MaCH/minimac
software® and the reference haplotypes from the European individuals re-sequenced in
the 1000 Genomes Project (2012_March/ALL.chr6.phase1_release_v3.20101123,
N=1092)%°. We kept for association testing only the markers with an imputation quality
metric r2_hat >0.6. We performed association testing with mach2dat
(http://www.sph.umich.edu/csg/abecasis/MACH/download/) using logistic regression
under an additive genetic model; we corrected for sex, age (age at first Ml for cases and
at baseline for controls), age-squared, hypertension status, type 2 diabetes status and
lipid-lowering drugs usage. We also used mach2dat/mach2qtl for conditional and
secondary analyses to find independent association signals and to test association
between PHACTR1 SNPs and the main CAD/MI risk factors (hypertension, blood
pressure, LDL- and HDL-cholesterol levels, type 2 diabetes, smoking). For quantitative
phenotypes (LDL-C, HDL-C, systolic and diastolic blood pressures), phenotypes were
corrected for sex, age, age-squared, Ml status, anti-hypertensive and lipid-lowering
drugs usage, and converted to Z-scores using inverse normal transformation.

We used the sequence kernel association test (SKAT) program’ to test
association between rare (MAF <1%) and exonic PHACTR1 sequence variants
(Supplementary Table lll, ss836901033, ss836901061 and ss836901090 were
polymorphic) and Ml risk, correcting for sex, age, age-squared, hypertension status,



diabetes status, and lipid-lowering drug usage. Replication analysis of the original SKAT
results was performed in an independent subset of the MHI Biobank that included 870
MI cases and 1494 controls ascertained using the same criteria’. We carried out all
other statistical analyses with the R statistical package (www.r-project.org/).

Cell culture. We purchased pooled HUVEC from Lonza and cultured them in EBM-2
media supplemented with EGM-2 SingleQuot kit. Only cells between passage 2 and 6
were used in our experiments. For VEGF treatment, we plated 1.5x10° HUVEC in a 6-
well plate format until they reach confluence. Then, cells were starved overnight in EBM-
2 media supplemented with EGM-2 SingleQuots (except VEGF). Following starvation,
different amounts of VEGF (2-100ng/mL) and different induction times (5-60 minutes)
were tested. For TNFa treatment, we plated 1.5x10° HUVEC in a 6-well plate format for
three days and then added 10ng/mL of TNFa (from Peprotech) for 16 hours. For the
shear stress experiments, HUVEC were plated in 60 mm dishes with a 0.2% gelatin
coating and allowed to reach confluence. Low (5 dynes/cm?) and high (15 dynes/cm?)
shear stress was applied during 6 or 24 hours using a cone plate apparatus or parallel
plate chamber®. For gene knockdowns, we transfected HUVEC with siRNA against
MEF2A (sc-35894) and MEF2C (sc-38062) according to the manufacturer’s protocol.
Briefly, we plated cells one day before transfecting them. We mixed 2puL of 10uM siRNA
with 6uL of transfection reagent for 40 minutes at room temperature. After washing the
cells with the transfection medium, we incubated them with the transfection mix for 4
hours. We then replaced the transfection medium by EGM2 medium.

RNA extraction and gene expression. For the tissue panel expression, we purchased
total RNA from Clontech and Stratagene. We extracted RNA from HUVEC using the
RNeasy Plus mini kit from Qiagen. We obtained human coronary arteries from the
“Réseau d’Echanges de Tissus et d’Echantillons Biologiques” (RETEB) biorepository at
the Montreal Heart Institute. All donors provided written informed consent. For the right
coronary artery tissues, we extracted RNA from 100 mg of tissue with the Ribopure Kit
from Ambion. RNA quality and concentration were measured by Agilent RNA 6000 Nano
Il assays (Agilent Technologies) on an Agilent 2100 Bioanalyzer. We reverse transcribed
1 pg of total RNA using random primers and the MultiScribe Reverse Transcriptase from
Applied Biosystems. We performed qPCR analysis using Platinum SYBR Green gPCR
SuperMix-UDG (Life Technologies) on a Mx3000P system from Stratagene or on the
Eco lllumina gPCR system (Montreal Biotech) with the following thermal profile: 10
minutes at 95°C, and 40 cycles of: 30 seconds at 95°C, 30 seconds at 55°C and 45
seconds at 72°C following by a melt curve. Expression levels were measured and
normalized in relation to the expression levels of the house-keeping gene TATA box-
binding protein (TBP) or hypoxanthine-guanine phosphoribosyltransferase (HPRT) using
the AACt method®. The primer sequences are: PHACTR1 forward (5™
CTGTTGTGATTGAATGTGATGAC-3’) and reverse (5-CCTGTTGCTGAGTTTGATGG-
3’); KLF2 forward (5-CAAGACCTACACCAAGAGTTCG-3’) and reverse (5'-
CATGTGCCGTTTCATGTGC-3’); NFKB1 forward (5°-GACAACTATGAGGTCTCTGG-3’)
and reverse (5-ATCACTTCAATTGCTTCGG-3’); TBP forward (5'-
CGAATATAATCCCAAGCGGTTT-3’) and reverse (5'-
GTGGTTCGTGGCTCTCTTATCC-3’); HPRT forward (5'-
TGGCGTCGTGATTAGTGATG-3’) and reverse (5'-CAGAGGGCTACAATGTGATGG-



3’); MEF2A forward (5-ATGGTTGTGAGAGCCCTGATG-3’) and reverse (5'-
AAAAGTTCTGAGGTGGCAGAC-3’); MEF2C forward (5’-TTCCAGTATGCCAGCACCG-
3’) and reverse (5-GGCCCTTCTTTCTCAACGTCTC-3').

To measure the expression of genes located nearby PHACTR1 rs9349379 (1-Mb on
either side) in human coronary arteries, we used the following PCR primers:

Gene name Forward primer Reverse primer
EDN1 ACTTCTGCCACCTGGACATCA CTCCAAGGCTCTCTTGGACCTA
TBC1D7 AAGTGGGGTTTCGTGGAGTT CAATGCACGGTACATGGACG
GFOD1 CCAGACAGATCGCTGTCAAA GTAGCCCTCCTCGATCAGC
SIRT5 TGGTTTGGAGAAAACCTGGA CCCTGGAAATGAAACCTGAA
NOL7 AACGCTCCTGAAGGAGAAGA TGGAGTCATTTCCTTTTTCACA
RANBP9 ACAGCCCAGTTGGAAATCAG GTCTTCCACTGTGGCAAATG
MCUR1 / CDC90A AATTTTCAGCCCTCAGAGCA TTCCAGCAGCTTCTTTTCGT
HIVEP1 TTTATGGAGCTGCCTTTTGG TTTGAAACTTCTGCCCCATT

High-resolution melting (HRM) genotyping. We extracted genomic DNA from blood
samples that correspond to the human coronary artery samples used in the gene
expression analysis, and performed high-resolution melting to genotype SNP rs9349379
(A/G). We purchased HPLC-purified primers from IDT DNA and used them at a final
concentration of 500nM: forward (5-GGTAATAAATATGTCTATGCCCTTGA-3') and
reverse (5-AAAACTCAGCTCGTGGAAAA-3’). We amplified 10ng of genomic DNA to
obtain a product size of 87 bp using the MBI Evolution 5x Evagreen gPCR mix with the
following thermal profile: 2 minutes at 50°C, 15 minutes at 95°C, and 40 cycles of: 10
seconds at 95°C, 30 seconds at 60°C and 15 seconds at 72°C. The high-resolution melt
curve was generated and analyzed using the Eco lllumina gPCR system. This
genotyping assay was validated on 12 genomic DNA samples in triplicates from the MHI
Biobank where rs9349379 had already been genotyped: we obtained 100%
concordance between HRM-based and Sequenom iPLEX-based genotypes.

Electromobility shift assay (EMSA). EMSA were performed with HUVEC nuclear
extract obtained using NE-PER nuclear and cytoplasmic extraction reagents from Pierce
following the manufacturer’s instructions with 1x10” cells. We purchased
oligonucleotides from IDT DNA and biotinylated them following the instructions of biotin
3’ end DNA labelling kit from Pierce. The sequences are: Probe C forward (5'-
TTGAGATCATCTAAAAA*TAGCTTAAAATCATTG-3’), reverse (5'-
CAATGATTTTAAGCTAT*TTTTAGATGATCTCAA-3’); Probe A forward (5’-
TTGAGATCATATAAAAA*TAGCTTAAAATCATTG-3), reverse (5'-
CAATGATTTTAAGCTAT*TTTTATATGATCTCAA-3’) and Probe G forward (5'-
TTGAGATCATATAAAAG*TAGCTTAAAATCATTG-3’), reverse (5'-
CAATGATTTTAAGCTAC*TTTTATATGATCTCAA-3’). The stars highlight the rs9349379
position and we underlined the nucleotide substitution used to create the known MEF2
consensus binding site in Probe C. The efficiency of labelling for each oligonucleotide
was tested by a dot-test that confirmed that all oligonucleotides were labeled similarly.
Complementary biotin-labeled oligonucleotides were mixed together in equimolar




concentration, denature for 5 minutes at 95°C and then allowed to anneal by slow
cooling at room temperature. Each EMSA reaction was performed with the LightShift
Chemiluminescent EMSA kit from Pierce according to the manufacturer’s instructions.
For the competition assay, 100-fold excess of unlabeled annealed probe was added and
for the supershift assay, 1.8ug of antibody (anti-MEF2 from Santa Cruz Technologies)
was used. These reactions were incubated at room temperature for 20 minutes before
the addition of each biotin-labeled probe at a concentration of 200fmol. Following a
second incubation of 30 minutes, 5uL of loading buffer was added to each reaction.
During incubation, a 4% non-denaturing polyacrylamide (19:1) gel was pre-run for 1hr at
100V. Then, each reaction was loaded and migrated for 45min at 100V. After
electrophoretic transfer to a Biodyne B nylon membrane from Pierce (1hr at 360mA) and
cross-linking, the biotin-labeled oligonucleotides were detected by chemiluminescence
according to the protocol.

CRISPR/Cas9 genome editing. The rs9349379 targeted clones were generated as
previously described’®. We summarize the methods below. An efficient and specific
protospacer sequence in proximity to the rs9349379 SNP in human DNA was chosen
using the Zhang Lab CRISPR Design website (http://crispr.mit.edu). A plasmid based on
gRNA_Cloning Vector (https://www.addgene.org/41824/) was used to express the guide
RNA with the chosen protospacer sequence from the U6 promoter. pCas9_GFP
(https://www.addgene.org/44719/) was used to co-express a human codon-optimized
Cas9 gene with a C-terminal nuclear localization signal and GFP from the CAG
promoter.

The HUES 9 human embryonic stem cell (hESC) line was grown in feeder-free
adherent culture in chemically defined mTeSR1 (STEMCELL Technologies)
supplemented with penicillin/streptomycin on plates pre-coated with Geltrex matrix
(Invitrogen). Cells were disassociated into single cells with Accutase (Invitrogen), and 10
million cells were electroporated with 25 pg of each of the two CRISPR/Cas9 plasmids
in a single cuvette and replated. The cells were collected from the culture plates 48
hours post-electroporation by Accutase treatement and resuspended in PBS. Cells
expressing GFP were collected by FACS (FACSAria Il; BD Biosciences) and replated on
10-cm tissue culture plates at 30,000 cells/plate to allow for recovery in growth media.
Post-FACS, the cells were allowed to recover for 7-10 days, after which single colonies
were manually picked and dispersed and replated individually to wells of 96-well plates.
Colonies were screened by PCR and Sanger sequencing to identify insertion-deletion
(indels) at the rs9349379 target site. One clone had a heterozygous 34 bp deletion
flanking the target site (Figure 4A) and was chosen for expansion and differentiation
along with a wild-type clone from the same 96-well plate.

In three separate experiments, the del34 and wild-type clonal hESC lines were
differentiated into endothelial cells with a previously described 10-day protocol'" ',
Pure population of endothelial cells were isolated at the end of the 10 days with CD144-
positive selection using magnetic beads (Miltenyi Biotech). RNA was harvested from
both wild-type and del34 endothelial cells, transcribed into cDNA, and analyzed for
PHACTR1 expression using a TagMan gPCR probe (Applied Biosystems).
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