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Supplemental Figure 1 
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Supplemental Figure 1: (Top) Bulk tissue RNA analyzed for MIR145 demonstrates enrichment in 
organs with high smooth muscle enrichment including esophagus, colon, uterus, bladder and arterial 
tissues. This figure was obtained from the GTEx Portal on 09/01/2022. (Bottom) In Situ hybridization 
of mIR-145-5p in control and patient skin fibroblasts. Fibroblasts were exposed to 5ng/cc of either 
transforming growth factor beta-1 (TGFB1) or platelet derived growth factor BB (PDGFBB) for 12 
hours prior to fixation and staining as indicated.  
  



Supplemental Figure 2 

 
 
 
 

 
 
Supplemental Figure 2: (Top) Heat diagram of selected vascular transcripts from human vascular 
smooth muscle cells exposed to either wild type or mutant miRNA145-5p both compared VSMCs 
treated with scramble mIR (labeled as Control). (Bottom) PCA analysis of fibroblasts from the patient 
and several control fibroblast lines show differentiation of the patient’s transcriptome from normal 
fibroblasts. 
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Supplemental Figure 3: (Top) Volcano plot highlighting the top differentially expressed genes in 
patient fibroblasts compared to control fibroblasts either unstimulated or exposed to 5ng/cc TGFB1 
for 12 hours prior to harvest. (Middle) Venn diagram and Kegg pathway analysis of significant DEGs 
according to TGFB stimulation status. (Bottom) Heat diagram of selected vascular genes in patient 
fibroblasts and control fibroblasts in cell exposed to 5ng/cc TGFB1 compared to DMSO exposure.  
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Supplemental Figure 4: (Top) Volcano plot highlighting the top differentially expressed miRNAs in 
patient fibroblasts compared to control fibroblasts either unstimulated or exposed to 5ng/cc TGFB1 
for 12 hours prior to harvest. miR-145-5p is significantly downregulated in the patient in both 
conditions (bold). (Bottom) Venn diagram of significant DEGs according to TGFB stimulation status. 
 
  



Methods: 
 
Human Subjects: Written informed consent was obtained from the participant’s guardians. The participant and 
his family were enrolled in the Undiagnosed Diseases Network (UDN) study, which was approved by the 
National Institutes of Health Intramural Institutional Review Board. The participant was also enrolled in the 
study The Young Genetic Stroke Alliance: a Natural History with Biomarkers of Hereditary Cerebrovascular 
Disorders, which was approved by the Mass General Brigham Institutional Review Board.  
 
Cell lines. Primary human aortic vascular smooth muscle cells (VSMC) were purchased from Cell Applications 
Inc. (354K-05a), California, USA. To preserve cell identity all experiments were carried out at passages 1-5, 
and cell identity (contractile phenotype) was assessed by immunofluorescence staining of contractile markers 
including SM22α, α-SMA, MYH11 and cytoskeleton integrity by F-actin staining. Human fibroblasts from 
healthy and patient individuals were obtained. Tissue biopsies were dissected into small blocks and placed in 
appropriate culture dishes and supplemented with growth media. Tissue was cultured for 2-3 weeks until a 
single cell monolayer covered the surface of the dish followed by passage of cells to perform experiments. 

miRNA overexpression. Both wildtype (GUCCAGUUUUCCCAGGAAUCCU) and mutant 
(GUACAGUUUUCCCAGGAAUCCU) Hsa-miR145-5p mimics were synthesized by thermo Fisher Scientific 
Asheville LLC. Then 40nM of each miR145-5p were transfected into human primary vascular smooth muscle 
cells using Lipofectamine™ RNAiMAX Transfection (Cat. #13778030) and Opti-MEM reduced serum medium at 
5μl/ml (Cat. #31985070) for 16 hrs. After 48 hrs post transfection, cells were prepared for either total RNA or 
protein lysate extraction as indicated below. 

miR145-5p inhibition. Healthy VSMCs were transfected with 30 nM of siCtrl (Thermo Fisher Scientific, Cat. 
#AM17010) or anti-miR145-5p (Thermo Fisher Scientific, Cat. #AM14000)  for 48 hours using Lipofectamine™ 
RNAiMAX Transfection (Thermo Fisher Scientific, Cat. #13778030) at 5μl/ml, followed by 24 hours of normal 
growing medium. Then, 30 μg of total protein was prepared from siRNA-treated cells nucleic acid and 
immunoblot analysis. 

RNA isolation and RNA-seq analysis. Total large and small RNAs were extracted using a RNeasy kit (Qiagen, 
Cat. No. / ID: 217084) and miReasy Advanced kit (Qiagen, Cat. No. / ID: 217684) following the manufacturer’s 
protocol. For RNA-seq of both skin fibroblasts and VSMCs (human primary smooth muscle cells), we used the 
BGISEQ platform, on average generating about 4.55G (human) Gb bases per sample. The average alignment 
ratio with the reference genome was 97.99% for humans. A total of 17582 genes were identified. For microRNA-
seq A total of 24 samples were sequenced on DNBSEQ platform, with an average yield of 26.57 M reads per 
sample. The average alignment ratio of the sample comparison genome was 94.64%. A total of 1931 miRNAs 
were detected. We used HISAT to align the clean reads to the reference genome and Bowtie2 to align the clean 
reads to the reference genes. In order to reflect the correlation of gene expression between samples, the Pearson 
correlation coefficients of all gene expressions between each two samples were calculated, and these 
coefficients were reflected in the form of a heatmap. The correlation coefficients can reflect the similar situation 
of the overall gene expression between each sample. The higher the correlation coefficient is, the more similar 
the gene expression level was. The raw dataset is available at the National Center for Biotechnology 
Information’s Gene Expression Omnibus Database (accession no. GSE220038). 

Immunoblotting. Protein lysates were extracted using RIPA buffer (ThermoFisher, CA, USA) and supplemented 
with 1× of protease inhibitor cocktail (Roche) according to the manufacturer’s instruction. 20 μg of total extracts 
were mixed with a denaturing buffer (1× Laemmli loading buffer with 10% of β-mercaptoethanol) and analyzed 
by SDS–PAGE/western blot. Separated proteins were transferred onto a nitrocellulose membrane using the iBlot 
transfer system (Novex,ThermoFisher, USA). In general, primary antibodies were used at concentration of 1:100 
and secondary at concentration of 1:10000. α-Smooth Muscle Actin (Cell Signaling, (D4K9N) XP® Rabbit mAb 



#19245), Calponin 1 (Abcam, rabbit monoclonal, [EP798Y]-ab46794),  TAGLN/Transgelin (Abcam, rabbit 
polyclonal, ab14106), Vinculin (Santa Cruz biotechnologies (7F9)-sc-73614). 

In situ hybridization and immunofluorescence. Qiagen FISH miR-145-5p Probe labeled with Quasar® 570-
labeled oligos (Biosearch Technologies, Inc.Petaluma, CA) were hybridized to VSMCs followed by incubation 
following the manufacturer’s instructions. For immunofluorescence staining of cytoskeletal markers. For 
immunocytochemistry, cells were cultured into 8-well Lab-TekTM II Chamber Slides (NuncTM). Cells were rinsed 
twice with ice-cold PBS, fixed with 4% paraformaldehyde in PBS (PFA, Boston Bioproducts) for 15 min at rt, and 
were permeabilized with 0.1% Triton-X (Sigma–Aldrich) for 10 min. The slides were blocked with 10% donkey-
serum in PBS-Tween 20 (0.1%) for 1 h at rt. Subsequently, the antibodies anti-SM22a (1:100), anti-alpha-SMA 
(1:50) and anti-F-actin (1:50) were added and slides were incubated overnight at 4°C. The slides were then 
washed 3 times for 5 min each with PBS-T and were incubated with secondary antibody. for 1 hour at room 
tempature. Slides were visualized with the Leica TCS SP8 confocal microscopy station and micrographs were 
digitized with the Leica Application Suite X software. 
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