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DETAILED METHODS 
 
Hindlimb Ischemia Model 
All animal experiments performed were approved by the committee on animal welfare of the 
Leiden University Medical Center (Leiden, The Netherlands. Approval reference number 
09163). 
Adult C57Bl/6 mice, 8 to 12 weeks old (Charles River) were housed in groups of 3 to 5 
animals, with free access to tap water and regular chow. Only male mice were used since 
there is higher incidence of peripheral arterial disease, which this mouse model mimics, in 
men1.  Furthermore, in our extensive experience with the hindlimb ischemia model, we also 
found that males and females respond differently, therefore we focus on the response in 
males for increased clinical relevancy.  
For the induction of HLI, mice were anesthetized by intraperitoneal injection of midazolam (8 
mg/kg, Roche Diagnostics), medetomidine (0.4 mg/kg, Orion) and fentanyl (0.08 mg/kg, 
Janssen Pharmaceuticals). Unilateral HLI was induced by electrocoagulation of the left 
femoral artery proximal to the superficial epigastric arteries. After surgery, anesthesia was 
antagonized with flumazenil (0.7 mg/kg, Fresenius Kabi), atipamezole (3.3 mg/kg, Orion) and 
buprenorphine (0.2 mg/kg, MSD Animal Health). Mice were sacrificed by cervical dislocation 
and the adductor and gastrocnemius muscles were excised en bloc and snap-frozen on dry 
ice before (T0) and at 1, 3 and 7 days (T1, T3 and T7 respectively) after induction of HLI. 
Muscle tissues were crushed with mortar and pestle, while using liquid nitrogen to preserve 
sample integrity, and were stored at -80°C afterwards until continuation of experiments.  
The assignment of the mice to the experimental groups was conducted randomly. All animals 
were included in the study and the definition of inclusion and exclusion criteria as well as 
primary and secondary endpoints was not applicable. Due to exploratory nature of the 
research (vide supra) a power and sample size calculations were not possible. Aortic ring 
assays were analysed by a blinded investigator. 
 
RNA isolation and cDNA synthesis 
Total RNA was isolated according to standard protocol using TRIzol Reagent (Life 
Technologies) after which sample concentration and purity were examined by nanodrop 
(Nanodrop Technologies). DNase treatment using RQ1 RNase-Free DNase (Promega) was 
performed according to manufacturer’s instructions. Complementary DNA (cDNA) was 
prepared using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems) 
according to manufacturer’s protocol. 
 
Pri-miR487b Sanger sequencing 
Genomic DNA (gDNA) was isolated from murine tissue using DNeasy Blood & Tissue Kits 
(Qiagen) to serve as reference. PCR was performed to amplify the pri-miR487b sequence 
from 3 different DNA samples and 12 different murine muscle tissue cDNA samples with 
GoTaq DNA Polymerase (Promega) (for primer sequences, see Supplemental Table I). Gel 
electrophoresis of the product was performed after which the correctly sized DNA band was 
excised and purified using Wizard SV Gel and PCR Clean-Up System (Promega).  
Amplified and purified gDNA and cDNA samples were prepared and submitted for Sanger 
sequencing to the Leiden Genome Technology Center (Leiden, the Netherlands) according 
to their instructions.  
On return, chromatograms of cDNA samples were compared to chromatograms of mouse 
gDNA. Since A-to-I-editing presents itself as A-to-G substitutions on chromatograms, the 
location of each gDNA adenosine was analyzed for presence of a secondary guanosine peak 
in the cDNA samples. Only consistent observations of a secondary guanosine peak at the 
genomic location of an adenosine across samples were considered to be A-to-I-editing. 
 
Selective digestion of pri-miR487b-WT but not pri-miR487b-ED 
Two synthetic oligonucleotides were purchased from Sigma-Aldrich as positive and negative 
controls: one with the sequence of unedited (A) pri-miR487b and one with that of edited (G) 
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pri-miR487b (sequences, see Supplemental Table II). The synthetic oligonucleotides were 
amplified using pri-miR487b primers (for primer sequences, see Supplemental Table I). The 
pri-miR487b sequence was amplified from cDNA. PCR products were purified as described 
above. Amplification products were digested with FastDigest PfeI* (Thermo Scientific) for 90 
minutes at 37°C to ensure complete digestion of all samples. Cleavage products were 
separated by gel electrophoresis. Objective densitometric quantification of the bands was 
performed using ImageJ software. To ensure fluctuations in amount of pri-miR487b-WT are 
also accounted for, A-to-I-editing was expressed as the intensity of the uncut band (G) as a 
percentage of combined intensity of both cut (A) and uncut (G) bands. 
 
MicroRNA rt/qPCR  
Quantification of mature unedited miR487b (miR487b-WT) was performed according to 
manufacturer’s protocol using a TaqMan miR assay (Applied Biosystems). For quantification 
of mature edited miR487b (miR487b-ED), a custom TaqMan Small RNA Assay (Applied 
Biosystems) specifically targeting the sequence ‘AGUCGUACAGGGUCAUCCACU’ was 
used. Samples for qPCR were run in triplicate on a ViiA 7 Real-Time PCR System (Applied 
Biosystems). Efficiency of both rt/qPCR kits was characterized using serial dilution 
(Supplemental Figure I A). Percentage miR487b-ED was calculated by measuring both 
miR487b-ED and miR487b-WT and expressing miR487b-ED as a percentage of the 
combined expression of both miR487b-WT and –ED. Relative expression of miR487b-ED 
and miR487b-WT was calculated  using a reference microRNA that was predetermined to be 
stable across all sample types and experimental conditions of a particular experiment. For 
relative microRNA expression in murine tissue samples, Let-7c was used as reference, since 
its expression was stable across murine tissue types and before and after induction of 
ischemia. In human primary cell cultures, miR-191 was used as reference instead, because it 
was stably expressed across investigated human cell types whereas Let-7c was not. 
 
Isolation of human umbilical arterial fibroblasts and smooth muscle cells (HUAFs & 
HUASMCs) and human umbilical venous endothelial cells (HUVECs) 
Isolation and culturing of primary arterial human umbilical cells was performed as described 
by Welten et al2. In brief, umbilical cords were collected from full-term pregnancies and 
stored in sterile PBS at 4°C and subsequently used for cell isolation within 5 days. The 
arteries were removed and cleaned and tunica adventitia and tunica media were separated 
after removal of arterial endothelial calls by gently rolling the artery over a blunted needle. 
After overnight incubation in HUASMC culture medium (DMEM GlutaMAX™ (Invitrogen, 
GIBCO, Auckland, New Zealand), 10% heat inactivated fetal bovine serum (PAA), 10% heat 
inactivated human serum, 1% penicillin/streptomycin and 1% nonessential amino acids 
(PAA)) both tunicae were incubated in a 2mg/ml collagenase type II solution (Worthington) at 
37 °C. The cell suspension was filtered over a 70μm cell strainer and centrifuged at 400g for 
10 minutes. The cell pellets were resuspended and plated in culture medium (HUAF culture 
medium: DMEM GlutaMAX™ (Invitrogen, GIBCO, Auckland, New Zealand), 10% heat 
inactivated fetal bovine serum (PAA) and 1% penicillin/streptomycin (MP Biomedicals, Solon, 
OH, USA)). Cells isolated from the tunica adventitia were washed with culture medium after 
90 minutes to remove slow-adhering non-fibroblast cells. 
For HUVEC isolation, cannulas were inserted on each side of the vein of an umbilical cord 
and flushed with sterile PBS. The artery was infused with 0.075% collagenase type II 
(Worthington, Lakewood, NJ, USA) and incubated at 37°C for 20 minutes. The collagenase 
solution was collected and the artery was flushed with PBS in order to collect all detached 
endothelial cells. The cell suspension was centrifuged at 400 g for 5 minutes and the pellet 
was resuspended in HUVEC culture medium (M199 (PAA, Pasching, Austria), 10% heat 
inactivated human serum (PAA), 10% heat inactivated newborn calf serum (PAA), 1% 
penicillin/streptomycin, 150μg/ml endothelial cell growth factor (kindly provided by Dr. 
Koolwijk, VU Medical Center, Amsterdam, the Netherlands) and 0.1% heparin (LEO Pharma, 
Ballerup Danmark)). HUVECs were cultured in plates coated with 1% fibronectin. 
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Primary cell culture  
Cells were cultured at 37°C in a humidified 5% CO2 environment. Culture medium was 
refreshed every 2-3 days. Cells were passed using trypsin-EDTA (Sigma, Steinheim, 
Germany) at 90-100% (HUASMCs and HUVECs) or 70-80% confluency (HUAFs). HUAFs 
were used up to passage five and HUASMCs and HUVECs up to passage three. Stock 
solutions of isolated HUASMCs, HUAFs and HUVECs up to passage two were stored at -
180°C in DMEM GlutaMAX™ containing 20% FBS and 10% DMSO (Sigma). 
 
RNA binding protein immunoprecipitation 
RNA binding protein immunoprecipitation (RIP) was performed using the EZMagna RIP kit 
(Millipore). HUAF cells were grown to 90% confluency, trypsinized and pelleted at 300g using 
a table-top centrifuge. Cell pellet was resuspended in 0.4% formaldehyde for crosslinking of 
RNA-protein complexes. Next, cells were pelleted again and resuspended in complete RIP 
lysis buffer. Cell lysates were incubated with RIP buffer containing magnetic beads 
conjugated with antibodies against ADAR1 (Abcam ab168809), ADAR2 (Abcam ab64830), 
Fibrillarin (Abcam ab5821) and negative control rabbit control IgG (Millipore PP64B). Before 
immunoprecipitation, 10% of cell lysate was taken to serve as input reference. Next, samples 
were treated with proteinase K to digest protein and RNA was isolated and cDNA was made 
as described above. qPCRs for the precursor miR487b transcript were run in triplicate on the 
cDNA of each IP fraction using QuantiTect SYBR Green PCR Kit (Qiagen) to determine if 
binding of this transcript to the immunoprecipitated proteins is enriched compared to 
immunoprecipitation of the negative control (for primer sequences, see Supplemental Table 
I).  
 
RTL-Q 
To confirm and quantify 2’OMe of miR487b, we performed Reverse Transcription at Low 
deoxyribonucleoside triphosphate followed by Quantitative PCR (RTL-Q), a modification to 
the RTL-P method, described by Dong et al3 (Supplemental Figure II). This method relies on 
the fact that 2’OMe of RNA hinders primer extension during reverse transcription when the 
reaction is performed at very low dNTP concentrations.  
In short, four different RT primers were designed around the site of interest (Supplemental 
Table I) and used for individual reverse transcription reactions at low dNTPs (0.5uM) and 
high dNTPs (200uM) as described by Dong et al25. Afterward we performed qPCR using 
SYBR green as above to quantify differences in primer extension, followed by estimation 
methylated fraction according to Aschenbrenner and Marx’s methodology4, instead of using 
endpoint PCR. Both murine and human RTL-Q-qPCR primer sets were characterized in 
order to include amplification efficiencies into the calculations (Supplemental Figure I B). 
 
In silico target prediction and pathway enrichment analysis 
Diana-MR-microT software (diana.imis.athena-innovation.gr) was employed to predict the 
group of genes targeted by miR487b-WT and miR487b-ED, constituting their individual 
targetome. This software allows for custom microRNA-sequence prediction5. MiR487b-WT’s 
targetome was predicted by submitting its sequence (AAUCGUACAGGGUCAUCCACU) and 
‘AGUCGUACAGGGUCAUCCACU’ was submitted for miR487b-ED’s putative targetome. No 
restrictions were applied for target prediction, but in addition to target gene name, microRNA 
binding location and microRNA binding type, Diana binding score was recorded. Binding 
score is based on predicted binding thermodynamics, where binding score closer to 1 
indicates a stronger predictive interaction between microRNA and target gene. 
Changes in targeted gene pathways after miR487b editing were analysed using PANTHER 
pathway enrichment analysis (www.pantherdb.org) on the resulting lists of target genes as 
described previously6.  
 
Dual Luciferase Reporter Gene Assays 
Constructs: A fragment of 519 bp of the IRS1 3’UTR and for BMP1 two separate fragments 
of 833 bp and 596 bp were amplified from human cDNA using primers with a short extension, 

file://///Vf-hlkdc-archive/hlkvascres-arch$/vd%20Kwast/487b-3p%20-%20editing/487b%20article%20-%20Editing%20and%20methylation/diana.imis.athena-innovation.gr
http://www.pantherdb.org/
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containing cleavage sites for XhoI (5‘-end) and NotI (3‘-end) (Supplemental Table I). 
Amplicons were digested with XhoI and NotI and cloned in between the XhoI and NotI 
cleavage sites of the PsiCHECK™-2 vector (Promega) at the 3’-end of the coding region of 
the Renilla luciferase reporter gene. The cloned sequence was confirmed using Sanger 
sequencing. The Phusion Site-Directed Mutagenesis Kit (Thermo Scientific) was used to 
create multiple vectors with predicted binding sites for both miR487b-WT and miR487b-ED, 
as summarized in Figure 5B&C. Successful mutagenesis was confirmed using Sanger 
sequencing. Sequences of the primers used are available in Supplemental Table I. 
Luciferase Assays: HeLa cells were cultured at 37°C under 5% CO2 using DMEM (Gibco) 
with high glucose and stable L-glutamine, supplemented with 10% fetal calf serum and 
Penicillin/Streptomycin. For experiments, HeLa cells were grown to 75-80% confluence in 
white 96 well plates in their normal growth medium, at 37°C under 5% CO2. Lipofectamine 
2000 (Invitrogen) in Opti-MEM (Gibco) was used according to manufacturer’s instructions to 
transfect the cells with 20 ng of either the PsiCHECK2-vector containing endogenous or 
mutant miR487b binding sequences behind the coding sequence for Renilla Luciferase or 
the original empty vector. Cells were co-transfected with pre-miR487b-WT, pre-miR487b-ED, 
negative control pre-miR (Ambion, Applied Biosystems) or vehicle at a concentration of 10 
nM. Firefly- and Renilla-luciferase were measured in cell lysates using a Dual-Luciferase 
Reporter Assay System (Promega) according to manufacturer’s protocol on a CytationTM 5 
plate reader (BioTek). Firefly luciferase activity was used as an internal control for cellular 
density and transfection efficiency. The luminescence ratios were corrected for differences in 
baseline vector luminescence observed in vehicle treated group and expressed as fraction of 
scrambled control luminescence. 
Displayed luciferase data were obtained from at least three independent experiments. 
 
In vivo miR487b Putative Targetome Expression  
To assess the impact of miR487b editing on targetome expression, we used a previously 
published whole genome expression microarray dataset (Nossent et al7). For each gene 
detected above background levels (21074 out of 45200), post-ischemic expression was 
calculated relative to its expression before HLI by calculating the 2∆Log

2
(measured gene intensity). 

Average putative targetome expression was then calculated by averaging the fold expression 
of all genes within the particular targetome. Targetome expressions were compared 
expression of the average expression of all genes above detection limit.  
 
siRNA knockdown of ADAR1, ADAR2 and Fibrillarin 
HUAFs were seeded in 12 wells plates and grown overnight. At 70% confluence the cells 
were transfected using Lipofectamine RNAiMax (Invitrogen), according to the manufacturer′s 
protocol, with a final concentration of 27.5 nM siRNA. For control siRNA and the siRNAs 
knocking down ADAR1 and ADAR2 the following previously validated siRNA sequences 
were used8: 
siADAR1:  5′-GCUAUUUGCUGUCGUGUCA(dT)(dT)-3′; 

siADAR2:  5′-GAUCGUGGCCUUGCAUUAA(dT)(dT)-3′;  

Scrambled:  5′-UCUCUCACAACGGGCAU(dT)(dT)-3′ 
The siRNA used to knockdown Fibrillarin was SASI_Hs01_00095018, a MISSION® 
Predesigned siRNA purchased from Sigma-Aldrich. 
After 48 hours, cells were washed 3 times with PBS and total RNA was isolated and cDNA 
was synthesized as before. Expression of ADAR1, ADAR2, Fibrillarin and RPLP0 (used as 
stable housekeeping gene) was measured using SYBR Green qPCR as above, with intron 
spanning primers (for primer sequences, see Supplemental Table I). Subsequent miR487b 
expression, editing and methylation analyses were performed as described before.     
 
In vitro overexpression of miR487b-WT or miR487b-ED for target validation and scratch 
assay 
The effects of miR487b-WT or miR487b-ED overexpression on scratch-wound healing of 
HUAFs and HUVECs were also examined since coordinated cell migration is an essential 
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factor in neovascularization9, 10. For scratch assays HUAFs and HUVECs were seeded in 12 
wells plates and grown overnight. At 80% confluence medium was replaced with low serum 
culture medium (HUAFs: 0.1% instead of 10% FCS; HUVECS: just 10% FCS instead of 10% 
FCS and 10% HS) to which pre-miR487b-WT, pre-miR487b-ED or negative control pre-
miRNA were added at a final concentration of 1nM. After 24h, medium was removed and a 
scratch-wound was introduced across the diameter of each well of a 12 wells plate using a 
p200 pipette tip. Subsequently, the cells were washed with PBS and medium was replaced 
by new low serum culture medium containing the same pre-miRNA. Two locations along the 
scratch-wound were marked per well and scratch-wound closure at these sites was imaged 
by taking pictures at time 0h and 18h after scratch-wound introduction using live phase-
contrast microscopy (Axiovert 40C, Carl Zeiss). After pictures at 18h were taken, cells were 
washed 3 times in PBS and then lysed and harvested in TRIzol for RNA isolation and 
miR487b expression was determined as before. Average scratch-wound closure after 18h 
was objectively calculated per well by measuring difference in cell coverage at 18h vs 0h 
using the wound healing tool macro for ImageJ.      
 
For target in vitro target validation studies, HUAFs and HUVECs were seeded and cultured 
similar to for scratch assays, however, 100nM pre-miRNA concentrations were used instead. 
The pre-miRNA containing low serum culture medium was also refreshed after 24h, and after 
18h more hours of incubation these, these cells were also harvested similarly. However, after 
RNA isolation, total cDNA synthesis was performed instead and target gene expression was 
measured using SYBR Green qPCR as above employing intron spanning primers and 
RPLP0 as stable reference gene RPLP0 (for primer sequences, see Supplemental Table I). 
 
Aortic Ring Assay 
Mouse aortic ring assays were performed as described previously2, 11. In brief, six thoracic 
aortas were removed from 8 to 10-week old mice, after which the surrounding fat and 
branching vessels were carefully removed and the aorta was flushed with Opti-MEM (Gibco). 
Aortic rings of ~1 mm were cut and the rings from each mouse aorta were divided into four 
groups and incubated overnight with fresh Opti-MEM containing either pre-miR487b-WT, 
pre-miR487b-ED or negative control pre-miR with a final concentration of 100nM.  
96-well plates were coated with 75 μl collagen matrix (Collagen (Type I, Millipore) diluted in 
1x DMEM (Gibco) and pH adjusted with 5N NaOH). One aortic ring per well was embedded 
in the collagen matrix, for a total of 15 rings per pre-miRNA treatment. After letting the 
collagen solidify for an hour, 150 μl Opti-MEM supplemented with 2.5% FBS (PAA, Austria), 
penicillin-streptomycin (PAA, Austria) and 30ng/ml VEGF (R&D systems) and pre-miRNAs 
was added to each well. Medium was refreshed first on day 3, then every other day. Pictures 
of each embedded aortic ring and their neovessel outgrowth were made after 7 days using 
live phase-contrast microscopy (Axiovert 40C, Carl Zeiss). The number of neovessel sprouts 
were counted manually. Each neovessel emerging from the ring was counted as a sprout 
and individual branches arising from each microvessel counted as a separate sprout, 
 
For immunohistochemistry the embedded rings were formalin fixed and permeabilized with 
0.25% Triton X-100. A triple staining was performed  using primary antibodies against 
smooth muscle cells (α-smooth muscle actin, 1A4, DAKO), endothelial cells  (CD31, BD 
Pharmingen) and fibroblasts  (Vimentin Abcam). Alexa Fluor 647, Alexa Fluor 488 and Alexa 
Fluor 594 antibodies (Life Technologies) were used as secondary antibodies and slides were 
mounted with Fluoroshield with DAPI (Sigma-Aldrich). Images were captured with a LSM700 
confocal laser-scanning microscope (Zeiss). 
 
For quantification of miR487b overexpression in aortic rings the rings that remained after 
embedding 15 per treatment group were used. These aortic rings were incubated alongside 
the embedded rings in a single 24-wells-plate-well per treatment, receiving similar medium 
changes containing the same amount of pre-miRNAs. After 7 days of pre-miRNA incubation, 
these rings were washed 3 times with PBS , snap frozen with liquid nitrogen and  
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homogenized for subsequent RNA isolation using TRIzol. Finally, miR487b quantification 
was done as described previously. 
 
Statistical Analysis 
All results are expressed as mean ± SEM. Normality of data obtained was examined using 
the Shapiro-Wilk normality test. Since all variables measured were continuous parameters, 
pairwise comparisons were tested using unpaired, 2-tailed Student’s t-tests. P values less 
than 0.05 were considered statistically significant. 
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SUPPLEMENTAL TABLES 

 

Supplemental Table I: Primer sequences and purpose 

Name 
Primer 
type 

Template Experiment Purpose Sequence 

MMU-pri-miR487b F Forward Murine c- 
and 
gDNA 

Editing 
discovery 
and 
verification 

Amp and 
Seq of cDNA 
and gDNA 

CGGTGGCTTTGCTTTCCA 

MMU-pri-miR487b R Reverse CAGAGTCTGCGCACTTGA 

HSA-pri-miR487b F Forward 
Human 
cDNA 

Editing 
verification 
and to 
quantify 
pri-miRNA 

Amp and 
qPCR of 
human 
cDNA 

AGGCAGTGGCTTTCTTTTCC 

HSA-pri-miR487b R Reverse GAGGTGGGATCCAAACACAG 

sDNA-pri-miR487b F Forward 

sDNA 
Editing 
verification 

Amp of 
sDNA 

GCTTTGGTACTTGGAGAGTGG 

sDNA-pri-miR487b R Reverse TGCGCACTTGATACTGAAAAA 

HSA-FBL-miR487b F Forward 
Human 
cDNA 

Pri-
miR487b 
association 
with FBL 

qPCR of 
Fibrillarin-IP 
cDNA 

CCTGTCCTGTTCGTTTTGCT 

HSA-FBL-miR487b R Reverse AAAGTGGATGACCCTGTACGA 

pri-miR487b RT 
primer 1 

complem
entary MMU 

and HSA 
cDNA 

RTL-Q 
Control 
primers for 
RT step 

AAAAGTGGATGACCCTGTACG 

pri-miR487b RT 
primer 2 

complem
entary 

AAAGTGGATGACCCTGTACGA 

pri-miR487b RT 
primer 3 

complem
entary MMU 

and HSA 
cDNA 

RTL-Q 
Experimental 
primer for 
RT step 

AAGTGGATGACCCTGTACGAT 

pri-miR487b RT 
primer 4 

complem
entary 

AGTGGATGACCCTGTACGATT 

MMU-pri-miR487b 
RTL-Q F  

forward 
Murine 
cDNA 

RTL-Q qPCR primer 

GAGAGTGGTTATCCCTGTCCTC 

HSA-pri-miR487b 
RTL-Q F 

forward CCTGTCCTGTTCGTTTTGCT 

pri-miR487b RTL-Q R reverse 
MMU 
and HSA 
cDNA 

GTGGATGACCCTGTACGATTC 

HSA-IRS1 F forward 
Human 
cDNA 

Luciferase 
assay 

Amp and 
elongation of 
IRS1 3'UTR 

ATACTCGAGTGACCTCAGCAAATC
CTCTTC 

HSA-IRS1 R reverse 
ATAGCGGCCGCATACCTCCATCCC
ACATCCA 

IRS1mutagenesis-
site1 F 

forward WT IRS1 
3'UTR 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate T to 
C: binding 
site from WT 
to ED 

[Phos]AGATGGTACGACGCATCCAT

TTCA 

IRS1mutagenesis-
site1 R 

reverse 
[Phos]ACTGATGAGGAAGATATGAG
GTCCTAGTTG 

IRS1mutagenesis-
site2 F 

forward WT IRS1 
3'UTR 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]AACTGTGTACGATAAAGCAT

CATTG 

IRS1mutagenesis-
site2 R 

reverse 
[Phos]TCAGCAGCAGATGAAATGTA
TC 
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HSA-BMP1 F1 forward 
Human 
cDNA 

Luciferase 
assay 

Amp and 
elongation of 
BMP1 part1 

ATACTCGAGACGTCCCTGGACCTG
TACC 

HSA-BMP1 R1 reverse 
ATAGCGGCCGCCAGCTTGGAGTC
AGCTGTGA 

HSA-BMP1 F2 forward 
Human 
cDNA 

Luciferase 
assay 

Amp and 
elongation of 
BMP1 part2 

ATACTCGAGCAACACGTTCGGCAG
TTATG 

HSA-BMP1 R2 reverse 
ATAGCGGCCGCAGGCCCTGAGCC
ACAGTAG 

BMP1mutagenesis-
site1 F 

forward BMP1 
part 1 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]GTGCTGGTACGATTATGTGG
AGGTC 

BMP1mutagenesis-
site1 R 

reverse [Phos]AGGCGGCTGCGGTACAGGT 

BMP1mutagenesis-
site2 F 

forward BMP1 
part 1 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]CTGTGCCTACGATTATCTGG

AGGTG 

BMP1mutagenesis-
site2 R 

reverse [Phos]CTGTCGTGGCGCTCAATCTC 

BMP1mutagenesis-
site3 F 

forward BMP1 
part 1 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]GCAAGTACGATTTCGTGGAG

GT 

BMP1mutagenesis-
site3 R 

reverse 
[Phos]ACACATCATTGCCCTCTGTC
TC 

BMP1mutagenesis-
site4 F 

forward BMP1 
part 2 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]AACAAGCACGATTGCAAAGA

AGC 

BMP1mutagenesis-
site4 R 

reverse 
[Phos]GTCATGGAGGACGAAGCCA
CT 

BMP1mutagenesis-
site5 F 

forward BMP1 
part 2 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]GTGTGCCTACGATCACCTAG

AGG 

BMP1mutagenesis-
site5 R 

reverse [Phos]TCAGGCTGGGACTCGATGT 

BMP1mutagenesis-
site6 F 

forward BMP1 
part 2 
Psicheck 
2 vector 

Luciferase 
assay 

Mutate C to 
T: binding 
site from ED 
to WT 

[Phos]CGACGGCTACGATAGCACA

GC 

BMP1mutagenesis-
site6 R 

reverse 
[Phos]AAGAGCTCCATGTAGTCATA
GCCGC 

HSA-ADAR1 F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Measure  
expression 

GCTTGGGAACAGGGAATCGC 

HSA-ADAR1 R Reverse CGCAGTCTGGGAGTTGTATTTC 

HSA-ADAR2 F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Measure  
expression 

GGAAGCTGCCTTGGGATCAG 

HSA-ADAR2 R Reverse GCTGCTGGAACTCATGTTTTCTTC 

HSA-FBL F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Measure  
expression 

CAGACCAGACCCGGATTGTG 

HSA-FBL R Reverse AGGCTGTGGAGTCAATGCAG 

HSA-RPLP0 F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Reference 
household 
gene for 
mRNA 
expression 

TCCTCGTGGAAGTGACATCG 

HSA-RPLP0 R Reverse TGTCTGCTCCCACAATGAAAC 

HSA-GAPDH F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Reference 
household 
gene for 
mRNA 
expression 

CACCACCATGGAGAAGGC 

HSA-GAPDH R Reverse AGCAGTTGGTGGTGCAGGA 
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HSA-U6 F Forward 
Human 
cDNA 

Expression 
in primary 
cells 

Reference 
household 
gene for  
pri-miRNA 
expression 

AGAAGATTAGCATGGCCCCT 

HSA-U6 R Reverse ATTTGCGTGTCATCCTTGCG 
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Supplemental Figure II: Reverse Transcription at Low deoxyribonucleoside 
triphosphate followed by Quantitative PCR (RTL-Q) of pri-miR487b. RTL-Q is a modified 
2’-O-ribose-Methylation (2’OMe) detection method that allows for quantitative estimation of 
specific nucleotide 2’OMe. This method relies on the fact that 2’OMe of RNA hinders primer 
extension during reverse transcription when the reaction is performed at very low dNTP 
concentrations. As described by Dong et al3, (A) four different RT primers were designed 
around the site of interest. Two of these primers cover the hypothetical pri-miR487b 
methylation site (in purple) and serve as control group. The other two primers end right 
before the site to be investigated, and thus extension of these experimental primers would be 
inhibited if 2’OMe is present specifically on pri-miR487b’s 2+ adenosine. (B) To quantify this 
inhibition, the first step is to perform a total of eight reverse transcription reactions per 
sample, with individual reactions per RT primer at low dNTPs (0.5uM) and high dNTPs 
(200uM). Unlike Dong et al, we then performed qPCR to quantify the amount of primer 
extension in each sample. Next we calculated the difference in observed cycle threshold (CT) 
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between low and high dNTP reactions per RT primer, thereby employing the high dNTP 
reactions to serve as uninhibited reference for normalization. Finally, we used the formula 
described by Aschenbrenner and Marx4 to quantify the Estimated 2’-O-ribose-methylated 
Fraction (EMF) per experimental RT primer. This calculation is based on the conservative 
assumption that 2’OMe inhibits all primer extension, therefore equating EMF to the relative 
reduction in experimental primer extension after adjusting for the qPCRs amplification 
efficiency.  
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Supplemental Figure III: Relative expression of miR487b-WT and miR487b-ED after 
HLI. Relative expression of mature miR487b-WT (green) and miR487b-ED (red) in cDNA 
from adductor and gastrocnemius muscle before and after hindlimb ischemia (HLI) quantified 
by rt/qPCR. Data is presented as mean ± SEM (3 or 4 mice per timepoint) and corresponds 
with that of Figure 2D. This time, data is normalized to stable reference miRNA Let-7c 
instead to reflect absolute changes in miR487b-ED expression after HLI.  
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Supplemental Figure IV: Conservation of editing and expression of ADAR1, ADAR2 
and Fibrillarin in primary human vascular cells. (A) PfeI digestion of amplified pri-
miR487b from human umbilical arterial fibroblast (HUAF) cDNA. (B) Quantification of percent 
edited pri-miR487b displayed in (E) and mature miR487b in HUAFs (n=3) by rt/qPCR. (C-F) 
Expression of ADAR1, ADAR2 and Fibrillarin (FBL) and total pri-miR487b determined by 
rt/qPCR using RPLP0 or U6 expression as reference as indicated. (B-F) Data are presented 
as mean ± SEM (n of at least 3). *P<0.05, **P<0.01, ***P<0.001 versus HUAF expression. 
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HSA-IRS1 5' UUCCUCAUC   A                G 3' 

 
 

         AGU GAUG     GUACGAU  
 

            ||| ||||     |||||||  
 

  
_________UCA CUAC     CAUGCUA_ 

 
miR487b-WT 3'             C    UGGGA       A 5' 

Binding Type Position Binding Score Conservation Score 

7mer 130-138 0.576123 9 

 

 

HSA-IRS1 5' UUCAUCUGCUGCUGAA   G        A 3' 

  
                ACU UGUACGAC_ 

 

  
________________||. ||||||||_ 

 

  
________________UGG ACAUGCUG_ 

 
miR487b-ED 3'         UCACCUAC   G        A 5' 

Binding Type Position Binding Score Conservation Score 

8mer 388-396 0.708508 4 

 
Supplemental figure V: miR487b-WT and miR487b-ED binding sites in the 3’UTR of 
IRS1. Predicted human IRS1 and miR487b binding characteristics, including length of 
complementary nucleotides around the seed sequence (binding type), 3’UTR position to 
which the seed binds and binding and conservation score as predicted by Diana-MR-microT 
software (diana.imis.athena-innovation.gr). The seed sequences of the microRNAs are 
depicted in orange and the difference between WT and ED is highlighted. 

file://///Vf-hlkdc-archive/hlkvascres-arch$/vd%20Kwast/487b-3p%20-%20editing/487b%20article%20-%20Editing%20and%20methylation/diana.imis.athena-innovation.gr
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6 individual miR487b-ED binding sites within HSA-BMP1 
Total binding score 

0.841079 

HSA-BMP1 site 1 5'   GUACCGCAGCCGCC  UG  G 3' 

  
                UG  CU GUACGACU 

 

  
__  ____________||  |. ||||||||_ 

 

  
_  ___________  AC  GG CAUGCUGA 

 
miR487b-ED 3'           UCACCU  UG  A        5' 

Binding Type Position % strength of total  Conservation Score 

8mer 973-981 ~23% 3 

Binding Type Position % strength of total  Conservation Score 

7mer 1312-1320 ~14% 9 

Binding Type Position % strength of total  Conservation Score 

8mer 1312-1320 ~35% 8 

Binding Type Position % strength of total  Conservation Score 

6mer 2747-2755 ~11% 8 

Binding Type Position % strength of total  Conservation Score 

6mer 2933-2941 ~7% 6 

Binding Type Position % strength of total  Conservation Score 

6mer 3311-3319 ~11% 7 

 

HSA-BMP1 site 2 5' UGAGCGCCACGACA C  UG   3' 

  
              G UG  CC  UACGACU 

 

  
______________| ||  ||  |||||||_ 

 

  
____________  C AC  GG  AUGCUGA 

 
miR487b-ED 3'           UCAC U  UG  AC        5' 

HSA-BMP1 site 3 5'   AG     CAUGAU   UG AA  3' 

  
    AG GG      GUG  C  GUACGACU 

 

  
  __|| ||______.||  |  ||||||||_ 

 

  
_  _UC CC___   UAC  G  CAUGCUGA 

 
miR487b-ED 3'       A           UG GA        5' 

HSA-BMP1 site 4 5'   CUUCGUCCUCC     AACAA C  3' 

  
             AUGAC     G ACGACU 

 

  
  __         |||||     | ||||||_ 

 

  
_  _       __UACUG     C UGCUGA 

 
miR487b-ED 3'         UCACC      GGA  A 5' 

HSA-BMP1 site 5 5'  GAGUCCCAGCC  A   UG          C         3' 

  
            UG GUG  CC  UACGAC 

 

  
 _          || .||  ||  ||||||_ 

 

  
            AC UAC  GG  AUGCUG 

 
miR487b-ED 3'           UC  C   UG  AC      A 5' 

HSA-BMP1 site 6 5'  UACA           UCGACGGC      A  3' 

  
     UGGA  GCUCU        UACGAC 

 

  
    _||||  .|.||        ||||||_ 

 

  
     ACCU  UGGGA__      AUGCUG 

 
miR487b-ED 3'    UC    AC         C         A 5' 
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Supplemental figure VI: Six distinct miR487b-ED binding sites found in BMP1. 
Predicted human BMP1 and miR487b-ED binding characteristics as in Supplemental Figure 
V. Six distinct miR487b-ED binding sites within the BMP1 transcript result in a total Diana 
binding score of 0.841. Estimated contribution per binding site are presented as approximate 
percentage of total binding strength.  
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Supplemental Figure VII. Expression of unedited and edited putative targetomes in the 
adductor muscle. Schematic overview (left) of the number of putative target genes of 
miR487b-WT and miR487b-ED (green and red respectively) that were detected in whole-
genome expression microArray performed on mRNA of total adductor muscle mRNA of the 
same mice used in previous HLI experiments. To the right, the fold change in average 
targetome expression of miR487b-WT and miR487b-ED (green and red respectively) and the 
overlapping targets (purple) after HLI are shown. Targetome expression was normalized to 
average expression of all genes detected and presented as mean ± SEM of at least 3 
different mice per timepoint. *P<0.05, **P<0.01 ***P<0.001 compared to control whole-
genome expression. 
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Supplemental Figure VIII: MiR487b-WT and miR487b-ED overexpression in aortic rings 
and primary human fibroblasts and endothelial cells. Additional aortic rings were 
incubated alongside the embedded rings with either pre-miR487b-WT, pre-miR487b-ED or 
control pre-miRNA for 7 days for quantification of overexpression. RNA was isolated from at 
least 20 rings originating from 6 different mouse aortas, which were pooled per treatment to 
provide sufficient yields. (A) Relative expression of mature miR487b-WT (green) and 
miR487b-ED (red) measured by rt/qPCR performed on aortic ring cDNA where miR191 was 
used as stable reference miRNA. (B) Percentage mature miR487b editing calculated from 
data presented in (A). (A&B) Data are presented as mean with SEM of technical triplicate. 
(C&D) Expression of mature miR487b-WT (green) and miR487b-ED (red) in cDNA isolated 
from HUAFs (C) and HUVECs (D) subjected to scratch-wound healing assay and treatment 
with 1nM of either pre-miR487b-WT, pre-miR487b-ED or negative control pre-miR. 
Quantification was done by rt/qPCR as before. Percentage mature miR487b editing 
calculated from data presented in (C&D). (C-E) Data are presented as mean ± SEM (n=3). 
*P<0.05, **P<0.01, ****P<0.0001 versus control pre-miRNA.  
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Supplemental Figure IX: Murine Adar1, Adar2 and Fibrillarin mRNA expression in 
whole genome analysis of the adductor muscle before and after induction of HLI. 
Murine Adar1, Adar2 and Fibrillarin (Fbl) mRNA expression extrapolated from a previously 
published whole genome expression microArray dataset (Nossent et al7). Expression was 
expressed as percentages of average signal and represented as mean ± SEM of at least 3 
different mice per timepoint. #P<0.1, *P<0.05 vs before HLI. 
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