
 

1 
 

Supplementary Figures 

 

 

 

Figure S1. Isolation of genetically-defined SMCs. mT/mG.Myh11-CreERT2.Tgfbr2f/f mice were 

treated with tamoxifen for 5 d starting at 4 wk of age and the thoracic aorta was harvested at 8 wk. 

The adventitia and endothelium were sharply removed under magnification and the medial cells 

were isolated after enzymatic digestion. (A) Using conventional SMC isolation techniques, GFP+ 

cells were contaminated with a minor population of RFP+ cells that tended to overgrow the cultures. 

After sorting by flow cytometry, a highly purified population of GFP+ cells was obtained without later 

emergence of RFP+ cells. Bar=100 μm. (B) Representative dot plot showing that 85% of cells were 

GFP+ at the time of sorting and 15% were RFP+ that included either non-recombined medial cells or 

contaminating intimal and adventitial cells. (C) Histogram showing % GFP+ and RFP+ cells 

averaged from 5 independent isolations. 
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Figure S2. Aortic pathology after Tgfbr2 disruption. Myh11-CreERT2.Tgfbr2f/f mice were treated with 

tamoxifen or vehicle at 4 wk of age (unless otherwise specified) and the thoracic aortas were 

subsequently analyzed. (A) Initiation site and extent of aortic dissections (arrows) at 8 wk (induced 

at 4 wk) vs. 13 wk (induced at 9 wk of age). (B) Obvious false lumen containing blood (arrows) at 8 

wk caused by marked separation of elastic laminae. (C) Immunohistochemistry for leukocyte 

common marker, CD45 demonstrated numerous infiltrating cells (arrows) in the adventitia, but not 

the media, of dissected aortas at 10 wk. (D) Immunolabeling for erythroid lineage marker, TER119 

and smooth muscle marker, SMA showed many red blood cells within the elastic lamina (arrow) and 

focal areas of the media devoid of SMCs (arrow) in dissected aortas at 10 wk. (E) EVG stains show 

similar abnormalities of medial hematomas, elastin fragmentation, and elastic lamina widening in 

both ascending and descending thoracic aorta at 8 wk. (F) Extreme degree of medial degeneration 

with focal areas of vessel wall consisting only of fibrotic adventitia (arrows) at 30 wk. Bars=100 µm. 
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Figure S3. Delayed vascular pathology in the absence of dissection. Myh11-CreERT2.Tgfbr2f/f mice 

were treated with vehicle or tamoxifen at 4 wk of age and ascending thoracic aortas without mural 

hematomas were subsequently analyzed. (A) H&E, EVG, and trichrome stains showed relatively 

normal histological appearance at 10 wk, (B) but evidence of elastin fragmentation, elastic lamina 

widening, and adventitial fibrosis contributing to mural thickening by 30 wk of age. Bars=100 µm. 
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Figure S4. TβRII inactivation in SMCs increases the production of extracellular matrix molecules 

and TGF-β ligand. Quantitative RT-PCR of thoracic aortas from 6 wk old vehicle- or 

tamoxifen-treated Myh11-CreERT2.Tgfbr2f/f mice for (A) Col1a1, Col3a1, Thbs1, (B) Tgfb1, Tgfb2, 

and Tgfb3 transcripts; n=3-9 pooled from 3 separate experiments; *P<0.05, **P<0.01, and 

***P<0.001, t-test.  
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Figure S5. Serologic neutralization of TGF-β after Tgfbr2 disruption in SMCs does not rescue the 

aortic dissection phenotype, but prevents adventitial thickening and precipitates fatal aortic rupture. 

Myh11-CreERT2.Tgfbr2f/f mice were treated with tamoxifen at 4 wk of age for 5 d and either 

neutralizing monoclonal antibody (mAb) to TGF-β1, -2, -3 or irrelevant IgG1 at 250 µg i.p., every 

other day, from 4-8 wk. (A) Representative EVG stains of ascending thoracic aortas showing 

adventitial collagen (red-purple color, arrows) with higher magnification shown in insets; bars=100 

µm with (B) mean adventitial thickness of ascending and descending aortas; n=8 IgG and n=14 

mAb, *P<0.05, **P<0.01, t-test. (C) Representative Sirius Red stains of ascending thoracic aortas 

showing adventitial collagen (dark red color, arrows); bar=100 µm with (D) intensity of Sirius Red 

signal in adventitia and media of ascending aortas; n=7 IgG and n=8 mAb, *P<0.05, t-test. (E) Aortic 

dissection rates of mAb- vs. IgG-treated (littermate controls) or untreated (historical controls) Tgfbr2 

KO mice (11/14 vs. 5/8 vs. 19/40, respectively; P=0.1219, chi-square test) and survival rates of 

mAb- vs. IgG-treated or untreated Tgfbr2 KO mice (11/14 vs. 8/8 vs. 40/40, respectively; P=0.0063, 

logrank test) at 8 wk of age. (F) Post-mortem of mAb-treated mouse at 7 wk showing intra-thoracic 

blood clot (arrow, left panel), mediastinal hematoma overlying proximal aorta (arrow, middle panel), 

and free rupture of the underlying ascending aorta (arrow, right panel). 
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Figure S6. Changes in TGF-β signaling after TβRII inactivation. (A) Immunoblotting for 

phospho-Smad2, phospho-p38, phospho-ERK1/2, and phospho-S6K in thoracic aortas from 

vehicle-treated Myh11-CreERT2.Tgfbr2f/f (WT) or tamoxifen-treated Myh11-CreERT2.Tgfbr2wt/f (Het) 

and Myh11-CreERT2.Tgfbr2f/f (Homo) mice at 6 wk. (B) Immunofluorescence microscopy for 

expression of phospho-Smad2 (green color as indicated by arrow with blue color for DAPI labeling 

of nuclei and red autofluorescence of elastic lamina delineating the media in the upper two panels) 

and phospho-ERK1/2 (red color as indicated by arrow with blue color for DAPI labeling of nuclei and 

green autofluorescence of elastic lamina delineating the media in the lower two panels) in the 

thoracic aorta wall of vehicle- or tamoxifen-treated Myh11-CreERT2.Tgfbr2f/f mice at 10 wk; bar=30 

µm. 
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Figure S7. Serologic neutralization of TGF-β does not further inhibit Smad2 phosphorylation nor 

prevent MAPK activation in KO aorta. (A) Representative immunoblotting and (B) relative 

expression of phosphorylated (p-) to total Smad2, p38, and ERK1/2 in thoracic aortas from 

Myh11-CreERT2.Tgfbr2f/f mice treated with tamoxifen at 4 wk for 5 d and either neutralizing 

monoclonal antibody (mAb) to TGF-β1, -2, -3 or irrelevant IgG1 at 250 µg i.p., q.o.d., from 4-6 wk; 

n=6; P=0.7025 for p-Smad2, P=0.1755 for p-p38, P=7853 for p-ERK1/2, t-test. 
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Figure S8. Disruption of TβRII in cultured SMCs prevents signaling to multiple TGF-β isoforms. (A) 

Immunoblotting for phosphorylated (p-) and total Smad2, p38, and ERK1/2 in purified GFP+ SMCs 

isolated from the thoracic aortas of tamoxifen-induced mT/mG.Myh11-CreERT2 (Cre) and 

mT/mG.Myh11-CreERT2.Tgfbr2f/f (KO) mice, serum-deprived for 24 h, and then treated with TGF-β2 

at 1 ng/mL or (B) TGF-β3 at 1 ng/mL for 0-180 min. 
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Figure S9. Changes in smooth muscle contractile proteins after TβRII inactivation. (A) 

Immunoblotting for SMA, SM22, and SMMHC in thoracic aortas from vehicle-treated 

Myh11-CreERT2.Tgfbr2f/f (WT) or tamoxifen-treated Myh11-CreERT2.Tgfbr2wt/f (Het) and 

Myh11-CreERT2.Tgfbr2f/f (Homo) mice at 6 wk. (B) Immunofluorescence microscopy for 

phospho-MLC (red color) and SMA (green color) with merged images including DAPI labeling of 

nuclei (blue color) in the aortic wall of vehicle- or tamoxifen-treated Myh11-CreERT2.Tgfbr2f/f mice at 

10 wk; bar=30 µm. 
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Figure S10. Shift from contractile to proliferative phenotype after Tgfbr2 disruption. SMCs were 

cultured from the thoracic aortas of tamoxifen-induced mT/mG.Myh11-CreERT2 (Cre) or 

mT/mG.Myh11-CreERT2.Tgfbr2f/f (KO) mice. (A) Appearance of flow cytometry-selected GFP+ 

(green color) cells at passage 6; bar=100 μm. Immunofluorescence analysis for (B) SM22 and (C) 

SMA expression (red color); bars=30 μm. (D) SMCs were plated at 1x104 cells/mm2 in 

serum-supplemented Claycomb medium, cultured for 24 h, then BrdU was added at 1 mM for 24 h, 

and its incorporation in fixed permeabilized cells was assessed by immunohistochemistry (brown 

color, nuclei counter-stained with hematoxylin); bar=100 μm. 
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Figure S11. Delayed mTOR signaling by TGF-β and effects of mTOR inhibition on IGF1 signaling. 

(A) Immunoblotting for phospho- and total S6K and S6 in aortic GFP+ SMCs from 

tamoxifen-induced mT/mG.Myh11-CreERT2 (Cre) or mT/mG.Myh11-CreERT2.Tgfbr2f/f (KO) mice, 

serum-deprived for 24 h, and then treated with TGF-β1 at 1 ng/mL for 0-180 min. Increased 

activation of mTOR mediators (S6K and S6) is evident at 180 min only in TβRII-expressing (Cre) 

SMCs. (B) Immunoblotting for phospho-S6K, phospho-ERK1/2, and phospho-AKT in aortic GFP+ 

SMCs lacking TβRII from KO mice, serum-deprived for 24 h, pretreated with rapamycin at 0-100 

ng/mL for 60 min and then treated with IGF1 at 0-100 ng/mL for 10 min. Only IGF1 signaling 

mediators downstream of mTOR (S6K) are inhibited by rapamycin. 
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Figure S12. Rapamycin maintains a quiescent SMC phenotype. Thoracic aortas were analyzed 

from Myh11-CreERT2.Tgfbr2f/f mice treated with vehicle or tamoxifen ± rapamycin at 2 mg/kg/d i.p. 

q.d. from 3-7 wk. (A) Immunoblotting for phospho-Smad2 and -p38. (B) H&E stains showing nuclei 

(blue color, arrows); bar=100 µm. (C) Number of medial nuclei per mm2 or per cross-section (x-sec), 

media and adventitia areas; n=6, *P<0.05, **P<0.01, ***P<0.001, one-way ANOVA. (D) qPCR for 

transcript expression of proliferative marker (Mki67), cell cycle regulators (Ccna2, Ccnb2), growth 

factor (Igf1), and contractile molecules (Acta2, Tagln, Myh11); n=6, *P<0.05, ***P<0.001, one-way 

ANOVA. (E) Immunoblotting for phospho-MLC and MLC. (F) Immunohistochemistry for CD45 (inset: 

spleen as positive control) showing similar sparse leukocytes in adventitia of untreated and treated 

groups (n=6, P=0.1311, one-way ANOVA) and uniformly absent medial infiltrates; bar=100 µm.  
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Figure S13. TβRII inactivation in smooth muscle exacerbates aortic medial degeneration induced 

by mutant fibrillin-1. (A) H&E, EVG, and trichrome stains of ascending thoracic aortas from 8 wk old 

Fbn1C1039G/+.Myh11-CreERT2.Tgfbr2f/f mice showed greater elastin disruption, increased adventitial 

fibrosis, and thicker vessel walls after tamoxifen than vehicle treatment at 4 wk of age. (B) Similarly, 

histological analysis at 30 wk of age showed greater pathological changes of the aorta following 

Tgfbr2 disruption on Fbn1C1039G/+ background than due to mutant Fbn1 alone. Bars=100 µm. 
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Figure S14. Effects of TβRII inactivation and/or fibrillin-1 mutation in thoracic aorta at 5-8 wk of age. 

Myh11-CreERT2.Tgfbr2f/f (abbreviated as Cre.Tgfbr2) mice were cross-bred to Fbn1C1039G/+ 

(abbreviated as Fbn1) mice, treated with vehicle or tamoxifen for 5 d starting at 4 wk, and their 

aortas were analyzed at various ages. (A) Immunoblotting for phospho- and total S6K and S6 in 

thoracic aortas at 5 wk. (B) Microarray expression data (in arbitrary units) for growth factor, 

proliferative marker, and cell cycle regulators in thoracic aortas at 6 wk; n=3, ***P<0.001, one-way 

ANOVA. (C) Immunofluorescence analysis for the proliferative marker, Ki-67 (red color) and the 

smooth muscle marker, SMA (green color) in thoracic aortas at 8 wk; bar=50 µm. Signaling and 

expression changes (increased p-S6K and p-S6, increased Igf1, increased proliferation markers 

and cell cycle regulators) characteristic of Tgfbr2 deletion in aortic smooth muscle were not greater 

in compound mutant animals. 
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Figure S15. Effects of TβRII inactivation and/or fibrillin-1 mutation on thoracic aorta at 30 wk of age. 

Myh11-CreERT2.Tgfbr2f/f (abbreviated as Cre.Tgfbr2) mice were cross-bred to Fbn1C1039G/+ mice, 

treated with vehicle or tamoxifen for 5 d starting at 4 wk, and their thoracic aortas were procured at 

30 wk. Immunohistochemical analysis for (A) phospho-Smad2, (B) phospho-S6K, (C) 

phospho-MLC, and (D) SMA; protein detection indicated by brown color, bars=100 µm. Signaling 

and expression changes (decreased p-Smad2, increased p-S6K, decreased p-MLC, and decreased 

SMA) characteristic of Tgfbr2 deletion in aortic smooth muscle were not greater in compound 

mutant animals. 
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