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Abstract 52	
 53	

Long-standing hypertension (HTN) affects multiple organs and leads to pathologic arterial 54	

remodeling, which is driven by smooth muscle cell (SMC) plasticity. To identify relevant genes 55	

regulating SMC function in HTN, we considered Genome Wide Association Studies (GWAS) of 56	

blood pressure, focusing on genes encoding epigenetic enzymes, which control SMC fate in 57	

cardiovascular disease. Using statistical fine mapping of the KDM6 (JMJD3) locus, we found that 58	

rs62059712 is the most likely casual variant, with each major T allele copy associated with a 0.47 59	

mmHg increase in systolic blood pressure. We show that the T  allele decreased JMJD3 60	

transcription in SMCs via decreased SP1 binding to the JMJD3 promoter. Using our unique SMC-61	

specific Jmjd3-deficient murine model (Jmjd3flox/floxMyh11CreERT), we show that loss of Jmjd3 in 62	

SMCs results in HTN due to decreased EDNRB expression and increased EDNRA expression. 63	

Importantly, the Endothelin Receptor A antagonist, BQ-123, reversed HTN after Jmjd3 deletion in 64	

vivo. Additionally, single cell RNA-sequencing (scRNA-seq) of human arteries revealed strong 65	

correlation between JMJD3 and EDNRB in SMCs. Further, JMJD3 is required for SMC-specific 66	

gene expression, and loss of JMJD3 in SMCs increased HTN-induced arterial remodeling. Our 67	

findings link a HTN-associated human DNA variant with regulation of SMC plasticity, revealing 68	

targets that may be used in personalized management of HTN.  69	
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Introduction 79	

Hypertension (HTN) contributes to significant morbidity and mortality in the United States 80	

due to its detrimental effects on end-organs including the cardiovascular system (1). Blood 81	

pressure (BP) is directly regulated by peripheral vascular resistance (vessel tone), which is 82	

mediated by vascular smooth muscle cells (SMCs) (2). Proper BP control requires vascular SMC 83	

contraction and relaxation, which is regulated by pharmacologic and mechanical stimuli. 84	

Endothelin-1, a potent vasoconstrictor, binds to the endothelin receptor, leading to myosin light 85	

chain phosphorylation and SMC contraction. Two endothelin receptors are expressed in SMCs 86	

(A and B); however, EDNRA is the predominant receptor mediating SMC contractility and vessel 87	

tone (3). In contrast, the effect of EDNRB on SMC function is less established, since recent reports 88	

have indicated dual roles for EDNRB (3-5). Endothelin receptor activation mediates SMC 89	

contractility and HTN, and endothelin receptor blockade decreases BP in experimental models of 90	

HTN (4).  91	

SMC contractility/function is determined by SMC phenotype, which alternates between 92	

contractile or synthetic phenotypes, depending on upstream cues. The contractile phenotype is 93	

induced by mechanical (e.g., stretch) and molecular (e.g., TGFb) stimuli, which modulate 94	

downstream gene expression via the transcription factors (TFs) serum response factor (SRF), 95	

myocardin, and the myocardin-related transcription factors (MRTFs) (6-9). Other TFs such as 96	

SP1 and the SMAD family induce genes required for the contractile SMC phenotype (10, 11). In 97	

contrast, the synthetic SMC phenotype occurs in atherosclerosis, HTN, and restenosis and is 98	

driven by PDGF, inflammatory cytokines, and BMP (12-14). The TFs, KLF4 and ELK1, repress 99	

SMC differentiation and promote the synthetic phenotype (15, 16). The precise regulation of SMC 100	

differentiation by these upstream cues is highly relevant in cardiovascular disease during which 101	

vascular SMCs become phenotypically modulated and contribute to pathology. Specifically, 102	

suring disease, SMC genes (ACTA2, TAGLN, CNN1, MYH11) are repressed while proliferative-103	

associated genes (KLF4, FOS) are increased (13, 17). Epigenetic mechanisms have been 104	
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previously shown by our group and others to regulate cell phenotypes and control downstream 105	

gene expression in homeostatic and pathologic states (18-20). In particular, epigenetic alteration 106	

of chromatin structure by epigenetic enzymes and TFs influences SMC phenotype during 107	

development and cardiovascular pathology  (21-27).   108	

Genome wide association studies (GWAS) have identified numerous genetic loci 109	

associated with cardiovascular diseases including HTN (28). Several GWAS for BP have 110	

identified a genome-wide significant association for systolic blood pressure (SBP) at the JMJD3 111	

(also known as KDM6B)  locus, which encodes the histone demethylase JMJD3 (29). Notably, 112	

JMJD3 is known to play a role in abdominal aortic aneurysm formation and control inflammatory 113	

gene expression in innate immune cells in cardiometabolic disease (30, 31).  114	

Here, we use statistical fine mapping to prioritize rs62059712 as the single high-115	

confidence causal signal at the JMJD3 locus. We use mechanistic studies to link this genetic 116	

variant to SBP through changes in JMJD3 transcription in human and murine SMCs via SP1 TF 117	

binding. SMC-specific deletion of Jmjd3 in mice (Jmjd3flox/floxMyh11CreERT) resulted in increased 118	

BP in an Angiotensin II model of HTN, which was due to decreased EDNRB and increased 119	

EDNRA, genes encoding expression of Endothelin Receptors A and B, respectively, in SMCs. 120	

Endothelin receptor antagonism eliminated increased vessel contractility after JMJD3 deletion ex 121	

vivo and in vivo. Additionally, JMJD3 loss in SMCs enhanced endothelin-ERK activation, resulting 122	

in increased SMC phenotypic modulation after vascular injury (i.e. chronic hypertension). Our 123	

study provides a mechanistic link between human genetic variation, JMJD3 expression in SMCs 124	

associated with BP alterations, and an SMC phenotypic switch in a murine model, and also 125	

identifies a genetic target that may be used to develop previously unknown anti-HTN therapies.  126	

 127	

 128	

 129	

 130	
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Results 131	

rs62059712 minor C allele increases JMJD3 transcription via enhanced SP1 binding to a 132	

regulatory region in the JMJD3 promoter 133	

During cardiovascular diseases (e.g., atherosclerosis)  SMCs lose their mature, contractile 134	

markers, and switch to a synthetic, proliferative phenotype (13). There remains a knowledge gap 135	

in the specific downstream mechanisms that underlie SMC plasticity. Our group and others have 136	

identified that epigenetic pathways regulate cell plasticity in cardiovascular disease (27, 32). To 137	

identify translationally relevant epigenetic mechanisms regulating BP, we analyzed  large GWAS 138	

for BP to identify human variants located within or near genes encoding various chromatin 139	

modifying enzymes (CMEs) with previously identified roles in cardiovascular disease (29, 33, 34). 140	

Our most promising target was the genome-wide association between the KDM6B (JMJD3) locus 141	

and SBP. JMJD3 encodes a histone demethylase that regulates macrophage phenotype in 142	

cardiometabolic diseases (30, 31, 35). The major allele (T) of the lead variant rs62059712 is 143	

associated with increased SBP (0.47 mmHg increase; CI 0.28-0.56). A phenome wide association 144	

analysis in OpenGWAS and the GWAS Catalog identified association of rs62059712 with other 145	

related phenotypes including diastolic blood pressure, pulse pressure, and use of 146	

antihypertensive agents including those acting on the renin-angiotensin system, calcium channel 147	

blockers, and diuretics (Supplementary Table 1). 148	

To refine the signal at the JMJD3 locus and prioritize potential causal variants, we 149	

performed statistical fine mapping using Bayes factor analysis. We considered a 500kb locus, 150	

250kb upstream and downstream of rs62059712. Our analysis identified the lead variant, 151	

rs62059712, as the single high-confidence causal signal at this locus (posterior inclusion 152	

probability of 0.98, Table 1), providing strong supportive evidence for this variant. In addition to 153	

the candidate variant, we also considered the effect of SNPs in high LD. Using HaploReg we 154	

identified an additional variant,  rs74480102, approximately 2.4KB downstream of rs62059712 in 155	

strong LD with rs62059712 (defined in this study as r2>0.3 and D’ 1). 156	
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To locate rs62059712 and rs74480102 in relation to the JMJD3 gene and possible 157	

alignment with features of open chromatin, we utilized the publicly accessible UCSC Genome 158	

Browser (36). Notably, rs62059712 and rs74480102 were both located upstream of the JMJD3 159	

gene within regions that aligned with several features of active transcription including H3K27 160	

acetylation ChIP-seq peaks, DNase Hypersensitive Sites (DHS), and vertebral conservation 161	

(Figure 1A). Thus, we hypothesized that rs62059712 (within DHS1) and/or rs74480102 (within 162	

DHS2) altered JMJD3 transcription by influencing chromatin and TF accessibility to one or both 163	

regions. Since SMC contractility directly regulates vascular tone, and thus BP, and because our 164	

phenome-wide analysis linked rs62059712 genotype to anti-hypertensive agents that act on 165	

SMCs, we hypothesized that JMJD3 expression in SMCs was important for BP regulation. To test 166	

this, we generated an allelic series of luciferase reporter constructs corresponding to major and 167	

minor alleles for both SNPs, transfected each into human SMCs (HuSMCs), and measured 168	

luciferase activity. The rs62059712 minor C allele demonstrated increased transcriptional activity 169	

compared to the major T allele in HuSMCs and mAoSMCs (Figure 1B-C, Supplemental Figure 170	

1 A-B). Notably, there was no difference in luciferase activity between the rs74480102 major G 171	

and minor A alleles (Figure 1C). Importantly, rs62059712 did not exhibit allele-specific differences 172	

in activity in other vascular cells, including bone marrow-derived macrophages (BMDMs) or 173	

endothelial cells (ECs) (Supplemental Figure 1 C-D). Next, to test the effect of the rs62059712 174	

variant on JMJD3 expression, we used CRISPR-Cas9 to delete the 450 bp region encompassing 175	

the SNP in HuSMCs. Deletion of this region resulted in decreased JMJD3 expression, further 176	

supporting the role of rs62059712 in regulating JMJD3 expression (Figure 1D).  177	

To define the mechanism whereby the rs62059712 minor C allele resulted in increased 178	

transcriptional activity, we analyzed the region of the JMJD3 gene containing the rs62059712 C 179	

allele sequence for predicted TF binding sites using the JASPAR web-based tool (37). We found 180	

the C-containing sequence conformed to a predicted SP1 binding site (Figure 1E). Additionally, 181	

conservation analysis revealed that the region containing the SP1 binding site was conserved 182	
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across rodent species, although the major T allele-containing sequence was conserved (Table 183	

2). We performed affinity purification of TFs in HuSMC nuclear lysates using biotin-tagged DNA 184	

oligonucleotides that corresponded to rs62059712 minor C, major T, or scrambled negative 185	

control sequences. The minor C allele bound the TF, SP1, with greater affinity than the major T 186	

allele (Figure 1F). Because SP1 can interact with the TF SMAD2 to drive TGFb-dependent 187	

ACTA2 expression and because the SMAD family of TFs are known regulators of TGFb-188	

dependent SMC differentiation, we examined if SMAD2 immunoprecipitated with the C-minor 189	

allele probe (10). We found increased SMAD2 binding to the C-containing sequence compared 190	

to the T-containing sequence (Supplemental Figure 1E). Next, we used chromatin 191	

immunoprecipitation (ChIP) in mAoSMCs to demonstrate Sp1 binding at the Jmjd3 promoter in 192	

vivo (Figure 1G). Furthermore, given that TGFb is a known driver of SMC differentiation, we 193	

assessed the effect of TGFb treatment on Sp1 binding to the Jmjd3 promoter (11, 38). As 194	

demonstrated in Figure 1H, Sp1 binding to the murine Jmjd3 promoter was increased in ChIP 195	

experiments following TGFb stimulation of mAoSMCs. To determine if Sp1 mediated the 196	

increased transcription activity of the minor C allele, we transfected DHS1-T major and -C minor 197	

allele luciferase constructs in mAoSMCs treated with siRNA against Sp1 or a non-targeting control 198	

(NTC) siRNA. Interestingly, Sp1 knockdown in mAoSMCs abolished the increased transcriptional 199	

activity of the C minor allele, decreasing it to that of the T major allele (Figure 1I). Additionally, 200	

TGFb stimulation of mAoSMCs resulted in a 2-fold increase in luciferase activity of the DHS1-C 201	

fragment (Figure 1J). Since the DHS1 region was required for JMJD3 transcription (see Figure 202	

1D) and SP1 binding to this region mediated its allele-specific activity in SMCs, we hypothesized 203	

that SP1 was required for JMJD3 expression. We performed siRNA knockdown of Sp1 in 204	

mAoSMCs and measured Jmjd3 expression. Sp1 knockdown significantly decreased Jmjd3 205	

expression in mAoSMCs (Figure 1K). Additionally, because SMAD2 also bound the JMJD3 minor 206	

C allele, perhaps via its interaction with SP1, we tested whether SMAD2 regulated JMJD3 207	
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expression. siRNA knockdown of Smad2 decreased Jmjd3 expression in mAoSMCs 208	

(Supplemental Figure 1F). Taken together, these results demonstrate that the BP-associated 209	

human variant rs62059712 minor C allele increases JMJD3 transcription in SMCs via increased 210	

SP1 binding.  211	

JMJD3 loss in vascular smooth muscle cells results in hypertension 212	

Given our identification of a BP-associated gene regulatory region within the human 213	

JMJD3 promoter that displayed allele-specific activity in vascular SMCs, we hypothesized that 214	

JMJD3 was required for SMC-mediated vasomotor tone and BP. To determine the role of JMJD3 215	

in SMCs in BP, we created a SMC-specific Jmjd3 deletion murine model by crossing our 216	

Jmjd3flox/flox mice (along with Jmjd3WT/WT and Jmjd3flox/WT mice) with tamoxifen-inducible 217	

Myh11CreERT mice (to generate Jmjd3flox/floxMyh11CreERT mice) (Figure 2A). To eliminate the effect 218	

of tamoxifen on BP and test the roles of heterozygous and homozygous Jmjd3 deletion, we 219	

treated all Jmjd3WT/WTMyh11CreERT, Jmjd3flox/WTMyh11CreERT, and Jmjd3flox/floxMyh11CreERT 220	

littermates with tamoxifen for 5 days, followed by a 3-day “washout” period, to generate WT, 221	

Jmjd3flox/WTMyh11Cre+, and Jmjd3flox/floxMyh11Cre+ mice, respectively. We then implanted osmotic 222	

minipumps (ALZET, Model 2004) filled with saline or Angiotensin II and measured BP for 14 days 223	

in response to saline or Angiotensin II infusion (1 ug/kg/min). SMC-specific deletion of Jmjd3 (in 224	

Jmjd3flox/floxMyh11Cre+ mice) resulted in significantly higher systolic blood pressure (SBP), diastolic 225	

blood pressure (DBP), and mean arterial pressure (MAP) in response to Angiotensin II compared 226	

to heterozygote and wild-type controls (Figures 2B-D). Jmjd3flox/floxMyh11Cre+ mice had 227	

significantly increased 14-day averaged SBP, DBP, and MAP compared to littermate controls 228	

(Supplemental Figures 2A-C). Because BP is regulated by non-SMC vascular cells (e.g., 229	

endothelial cells), we generated endothelial- (Jmjd3flox/floxCdh5CreERT) and myeloid- 230	

(Jmjd3flox/floxLyz2Cre) specific murine models of Jmjd3 deletion and measured their BPs. 231	

Importantly, Jmjd3 deletion in ECs or myeloid cells did not significantly affect BP (Supplemental 232	

Figures 2D-I).  233	
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Since arterial SMCs are the main cell type regulating vascular tone/BP, we hypothesized 234	

that JMDJ3 deletion resulted in increased vascular SMC contractility, thereby leading to increased 235	

arterial tone/BP. SMC contraction occurs after activation of calcium/calmodulin-dependent 236	

phosphorylation of myosin light chain kinase, resulting in myosin light chain 2 (pMLC2) 237	

phosphorylation (3). Thus, as an index of SMC contractility, we measured pMLC2 via western 238	

blotting and found it was increased in human aortic SMCs (HuAoSMCs) treated with a JMJD3 239	

specific inhibitor (GSKJ4, 50 nM) plus Angiotensin II (100 nM) compared to Angiotensin II only 240	

(control) (Figure 2E). To elucidate the mechanism of JMJD3-dependent SMC contractility and 241	

BP, we performed RNA sequencing (RNA-seq) on cultured aortic SMCs isolated from 242	

Jmjd3flox/floxTaglnCre mice. Jmjd3 mRNA levels in Jmjd3flox/floxTaglnCre+ SMCs were nearly 100% 243	

depleted (Supplemental Figure 3A). Interestingly, among the many genes differentially 244	

regulated, we identified several canonical SMC-specific genes (TAGLN, CNN1, MYH11, SRF, 245	

MKL2) that were strongly downregulated in Jmjd3flox/floxTaglnCre+ SMCs (Figure 2F). SMC-specific 246	

marker proteins in aortic tissue from Jmjd3flox/floxTaglnCre+ mice was also decreased 247	

(Supplemental Figure 3B). In our RNA-seq data, Klf4, a TF that represses SMC differentiation, 248	

was upregulated in Jmjd3flox/floxTaglnCre+ SMCs compared to Jmjd3flox/floxTaglnCre- SMCs (see Fig. 249	

2F). Given the importance of endothelin signaling in SMCs in BP regulation, we examined 250	

endothelin receptor expression in our RNA-seq data and identified a 6-fold downregulation in 251	

endothelin receptor B (Ednrb) expression and 6-fold upregulation in endothelin receptor A (Ednra) 252	

in Jmjd3flox/floxTaglnCre+ SMCs (Figure 2G). Other genes associated with HTN including AGTR1A 253	

and AGT were increased in Jmjd3flox/floxTaglnCre+ SMCs (see Fig. 2F). Gene ontology (GO) analysis 254	

of our RNA-seq results identified common pathways of migration, vascular development, 255	

angiogenesis, and signal transduction that were downregulated in Jmjd3flox/floxTaglnCre+ SMCs 256	

compared to control (Figure 2H). Complementary GO analysis of upregulated genes in 257	

Jmjd3flox/floxTaglnCre+ SMCs revealed pathways common to DNA and RNA processes 258	
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(Supplemental Figure 3C). Taken together, JMJD3 in SMCs regulates contractility and BP and 259	

controls expression of genes associated with SMC phenotype and HTN.  260	

JMJD3 is required for EDNRB expression in SMCs and suppresses the hypertensive gene 261	

program 262	

To further analyze the downstream transcription targets of JMJD3 that drive BP regulation 263	

in vascular SMCs, we performed a superarray of well-established genes involved in HTN in aortic 264	

SMCs isolated from Jmjd3flox/floxTaglnCre mice. In alignment with our RNA-seq data, there was a 265	

150-fold reduction in expression Ednrb in Jmjd3flox/floxTaglnCre+ SMCs and upregulation of genes 266	

known to increase BP (e.g., Ednra, Agt, Ace2) (Supplemental Figure 4A). Superarray results 267	

were confirmed using qPCR, which demonstrated decreased Ednrb expression (and increased 268	

expression of HTN genes) in Jmjd3flox/floxTaglnCre+ SMCs (Figure 3A, Supplemental Figure 4B-269	

H). Further, siRNA knockdown of Jmjd3 in mAoSMCs led to increased HTN gene expression, 270	

including Edn1 (Supplemental Figure 4I, J). To further examine the regulation of EDNRB by 271	

JMJD3, we performed siRNA knockdown of Jmjd3 in mAoSMCs and found reduced Ednrb 272	

expression compared to a non-targeting control (NTC) siRNA (Figure 3B). Notably, because SP1 273	

was required for JMJD3 transcription, we tested if SP1 played a similar role in regulating 274	

endothelin receptor expression. Interestingly, siRNA knockdown of Sp1 in mAoSMCs resulted in 275	

increased Ednra expression (Supplemental Figure 5). To examine regulation of EDNRB by 276	

JMJD3 in vivo, we harvested aortas from tamoxifen-injected Jmjd3flox/floxMyh11CreERT 277	

(Jmjd3flox/floxMyh11Cre+) and Jmjd3WT/WTMyh11CreERT (WT) mice after 14-day treatment with 278	

Angiotensin II (as described above in tail cuff BP experiments) and found reduced Ednrb 279	

expression in aortas from mice with SMC-specific Jmjd3 deletion (Figure 3C). Notably, increased 280	

Ednrb protein in aortic tissue in response to Angiotensin II was abolished by SMC-specific Jmjd3 281	

deletion (Figure 3D). Ednrb in aortas was also increased at the mRNA level by Angiotensin II 282	

treatment (Figure 3E). We tested the effects of EDNRB loss on downstream endothelin and HTN 283	

signaling using siRNA-mediated knockdown of Ednrb in mAoSMCs, which led to increased HTN 284	
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gene expression (Figure 3F-I). To determine whether the effects on Ednrb expression after Jmjd3 285	

deletion were due to changes in H3K27me3, the epigenetic mark associated with Jmjd3, we 286	

performed ChIP in mAoSMCs from Jmjd3flox/floxTaglnCre mice and observed increased H3K27me3 287	

at the Ednrb promoter in Jmjd3-deficient SMCs (Figure 3J). Additionally, H3K27me3 enrichment 288	

was increased at the Ednrb promoter in mAoSMCs treated with Jmjd3 siRNA compared to NTC 289	

siRNA  (Figure 3K). Next, to determine if the relationship between JMJD3 and EDNRB expression 290	

was conserved in human SMCs, we isolated femoral arteries from four HTN patients. scRNA-seq 291	

and Pearson correlation analysis identified significant correlation between JMJD3 and EDNRB in 292	

SMCs (Figure 3L). Since there are two endothelin receptors (A and B) and prior reports have 293	

identified dual roles for these receptors, we examined if EDNRA expression levels were altered 294	

relative to JMJD3 (3). In both our superarray (see Supplemental Fig. 4A) and targeted qPCR in 295	

Jmjd3flox/floxTaglnCre SMCs, we found increased Ednra expression in mAoSMCs after Jmjd3 296	

depletion (Figure 3M). We also observed increased Ednra by immunofluorescent staining of 297	

Jmjd3flox/floxMyh11Cre+ aortas compared to aortas from WT mice (Figure 3N). Additionally, Ednra 298	

protein was increased in Jmjd3flox/floxTaglnCre+ SMCs (Figure 3O). Next, we performed siRNA 299	

knockdown of Ednrb in mAoSMCs and measured Ednra expression by qPCR. Interestingly, Ednrb 300	

knockdown led to a 4-fold increase in Ednra expression in mAoSMCs, suggesting an intricate 301	

transcriptional balance between EDNRA and EDNRB that is controlled by JMJD3 (Figure 3P). In 302	

sum, these results show JMJD3, likely via EDNRB, regulates SMC contractility and BP.  303	

JMJD3 regulates vessel tone via endothelin-ERK signaling in vascular smooth muscle 304	

cells  305	

Since BP control is complex and regulated by multiple organ systems, we tested the 306	

effects of JMJD3 deletion on vessel tone independent of organ tissues. We isolated aortic and 307	

mesenteric artery segments from Jmjd3flox/floxMyh11CreERT mice injected with tamoxifen 308	

(Jmjd3flox/floxMyh11Cre+) or corn oil (Jmjd3flox/floxMyh11Cre-) and measured their contractility using a 309	

vessel ring assay in response to various contractile agonists, including endothelin-1 (ET-1), 310	
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angiotensin II (Ang II), and phenylephrine (PE), ex vivo. We observed that aortas isolated from 311	

Jmjd3flox/floxMyh11Cre+ mice exhibited increased vessel tone compared to Jmjd3flox/floxMyh11Cre- 312	

littermate controls in response to ET-1 (10-7 M), and this was negated by treatment with the dual 313	

endothelin receptor antagonist, bosentan (10-8 M) (Figure 4A). This was also observed in 314	

mesenteric arteries, and although Jmjd3flox/floxMyh11Cre+ mesenteric arteries displayed higher 315	

baseline contractility than Jmjd3flox/floxMyh11Cre- littermate controls, there was no difference in 316	

response to Ang II or PE (Figure 4B). This indicated that the effects of JMJD3 deletion on vessel 317	

tone were specific to endothelin signaling rather than other vasoactive agonists. In agreement 318	

with this, Jmjd3flox/floxMyh11Cre+ aortas exhibited increased responsiveness to ET-1 stimulation 319	

compared to aortas isolated from Jmjd3flox/floxMyh11Cre- controls, and this enhancement in 320	

contractility was reduced to Cre-  baseline levels following bosentan treatment (Figure 4C).  321	

Next, to directly test the effect of JMJD3 deletion on SMC contractility, we utilized a 322	

collagen gel contraction assay in which aortic SMCs were isolated from Jmjd3flox/floxTaglnCre mice 323	

and embedded in a collagen gel, treated with ET-1 (1 uM) and/or bosentan (10 uM), and gel area 324	

was measured. Gels containing Jmjd3 deficient mAoSMCs had smaller areas compared to control 325	

SMCs in response to ET-1, and treatment of gels containing SMCs deficient in Jmjd3 with 326	

bosentan resulted in gel areas comparable to untreated gels (Figure 4D). Taken together, these 327	

results suggest that JMJD3 deletion results in increased SMC contraction via endothelin signaling, 328	

leading to increased arterial tone and BP.  329	

Endothelin receptor stimulation results in ERK pathway activation, leading to SMC 330	

contraction (3, 39, 40). Supportive of this, treatment of HuAoSMCs with ET-1 (1 uM) for 5 minutes 331	

led to increased pERK, which was increased further by pre-treatment of SMCs with the JMJD3 332	

inhibitor GSKJ4 (50 nM) (Figure 4E). Next, we treated Jmjd3flox/floxTaglnCre SMCs with ET-1 (1 333	

uM) with or without the endothelin receptor antagonist bosentan (10 uM) and then measured 334	

pERK by western blotting. As shown in Figure 4F, baseline ERK activity was modestly increased 335	

in Jmjd3-deficient SMCs compared to Jmjd3flox/floxTaglnCre- SMCs, and treatment with ET-1 336	
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resulted in a substantial increase in pERK in Jmjd3-deficient SMCs compared to controls. Pre-337	

treatment of mAoSMCs with bosentan resulted in a small reduction in pERK activity in Jmjd3-338	

deficient mAoSMCs. We also observed increased pERK in Jmjd3flox/floxTaglnCre+ SMCs compared 339	

to control SMCs via immunofluorescence (Figure 4G). Additionally, in immunofluorescence 340	

experiments, overexpression of flag-JMJD3 in mAoSMCs led to decreased pERK activity in 341	

mAoSMCs treated with Ang II (100 nM) (Figure 4H). Taken together, these results demonstrate 342	

that JMJD3 regulates endothelin-pERK signaling in SMCs.  343	

To delineate the translational impact of enhanced endothelin signaling (specifically 344	

endothelin receptor A) on BP after JMJD3 deletion in SMCs, we tested BP response in 345	

Jmjd3flox/floxMyh11Cre mice treated with the FDA-approved endothelin receptor A-specific 346	

antagonist, BQ-123. As observed above, Jmjd3flox/floxMyh11Cre+ mice exhibited increased SBP, 347	

DBP, and MAP compared to Cre- littermate controls. However, treatment of Jmjd3flox/floxMyh11Cre+ 348	

mice with BQ-123 (200 nmol/kg/day) normalized BP to Cre- levels (Figure 5A-C). As above, 349	

knockdown of Jmjd3 in mAoSMCs led to upregulation of key HTN genes (see Supp. Fig. 4J), 350	

which was inhibited by treatment of mAoSMCs in vitro with BQ-123 (5 uM) (Figure 5D).  351	

JMJD3 is required for vascular smooth muscle cell differentiation  352	

During long-standing HTN SMCs transition from a contractile to synthetic phenotype (41, 353	

42). Given the role of JMJD3 in SMCs on BP in vivo, we investigated if SMC phenotype is altered 354	

by JMJD3. We examined mAoSMCs for Jmjd3 expression after stimulation with TGFb (20 ng/ml), 355	

since TGFb is a well-established driver of SMC differentiation (11). TGFb increased Jmjd3 356	

expression in mAoSMCs by approximately 2-fold (Figure 6A). Next, we performed ChIP for Jmjd3 357	

on mAoSMCs at canonical SMC-specific gene promoters (Acta2, Tagln, Cnn1, Myh11). Jmjd3 358	

demonstrated significant enrichment at smooth muscle gene promoters in mAoSMCs (Figure 359	

6B). Next, we used siRNA-mediated knockdown of Jmjd3 in mAoSMCs treated with TGFb (20 360	

ng/ml) to investigate the effect of Jmjd3 on SMC-specific gene expression (Acta2, Tagln, Cnn1, 361	
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Myh11). Jmjd3 knockdown reduced TGFb-dependent expression of SMC genes (Acta2, Tagln, 362	

Myh11) at the mRNA and protein levels compared to control NTC siRNA (Figures 6C, D). To 363	

examine this genetically, we analyzed smooth muscle gene expression in Jmjd3flox/floxTaglnCre 364	

SMCs. SMC gene expression was significantly reduced in Jmjd3flox/floxTaglnCre+ SMCs compared 365	

to Cre- SMCs (Figure 6E). Further, pharmacologic treatment of mAoSMCs with the Jmjd3 366	

selective inhibitor GSKJ4 (50 nM) inhibited smooth muscle gene expression (Acta2, Tagln, Cnn1, 367	

Myh11) (Figure 6F). To examine the direct effects of Jmjd3 on SMC gene promoters, ChIP was 368	

performed for H3K27me3 in mAoSMCs treated with siRNA to Jmjd3 or NTC siRNA. Jmjd3 369	

knockdown resulted in increased H3K27me3 enrichment at SMC-specific gene promoters (Acta2, 370	

Tagln, Cnn1, Myh11), indicating that JMJD3 positively regulates SMC gene expression directly 371	

by removing H3K27me3 from gene promoters (Figure 6G-J). These results reveal that JMJD3 372	

expression is increased by TGFb and required for SMC gene expression via an H3K27me3-373	

mediated mechanism.  374	

Given our findings that JMJD3 loss in SMCs increased endothelin signaling and ERK 375	

activation, as well as evidence from others demonstrating that increased ERK activity represses 376	

SMC gene expression, we explored whether JMJD3 controlled SMC gene expression via ERK 377	

signaling (43). First, as a translational corollary, treatment of HuSMCs with the ERK inhibitor 378	

SCH772984 (5 uM) robustly increased SMC gene expression (ACTA2, CNN1, MYH11) (Figure 379	

6K). Next, to examine ERK inhibition after JMJD3 loss, we treated mAoSMCs with combinations 380	

of GSKJ4 (50 nM), ET-1 (1 uM), and/or SCH772984 (5 uM). ET-1 treatment significantly reduced 381	

SMC gene expression, which was further decreased by inhibiting Jmjd3 with GSKJ4 (50 nM). 382	

Treatment of mAoSMCs with SCH772984 (5 uM) prevented downregulation of SMC gene 383	

expression by ET-1 (1 uM) and GSKJ4 (50 nM) alone and in combination with each other (Figure 384	

6L-N). These data reveal that JMJD3 loss results in decreased smooth muscle gene expression 385	
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via increased H3K27me3 at SMC gene promoters and by increased endothelin-ERK activation, 386	

inhibition of which restores SMC gene expression (Figure 6O).  387	

Hypertensive-induced arterial remodeling is regulated by JMJD3 388	

We show that JMJD3 regulates SMC differentiation and endothelin/ERK signaling, which 389	

both control SMC phenotype. Thus, we examined the role of JMJD3 in SMCs on arterial 390	

remodeling during long-standing HTN. Since BP is regulated by resistance arteries, we measured 391	

renal arteriole wall thickness from Jmjd3flox/floxMyh11Cre+ and WT mice treated with Angiotensin II 392	

for 14 days and observed increased media to diameter ratio in mice with SMC-specific deletion 393	

of Jmjd3 compared to littermate controls, indicating increased remodeling (i.e. increased 394	

migration and phenotypic modulation) (Figure 7A, B). We assessed arterial beds from different 395	

vascular tissues under basal (saline) and Ang II-treated conditions and observed increased 396	

remodeling after Jmjd3 deletion in SMCs was most exaggerated in smaller resistance arteries 397	

(renal arterioles) in Ang II-treated mice and overall unaffected in larger, conduit arteries (aorta) 398	

(Fig. 7A, B, Supplemental Figure 6). Since Angiotensin II induces SMC phenotypic modulation 399	

and arterial remodeling, we explored whether Ang II regulates JMJD3 expression, thereby leading 400	

to changes in SMC gene expression during HTN (41, 44). We first measured Jmjd3 mRNA in 401	

aortas isolated from mice treated with saline or Ang II and observed decreased Jmjd3 expression 402	

in aortas from Ang II-treated mice (Figure 7C). This was accompanied by reduced expression of 403	

Acta2, Tagln, Cnn1, and Myh11 in whole aorta tissue (Figures 7D). Given that JMJD3 was 404	

required for SMC differentiation (see Figure 6), we examined if JMJD3 regulated SMC gene 405	

expression during Angiotensin II-mediated hypertensive arterial remodeling. We measured 406	

smooth muscle gene expression (Acta2, Tagln, Cnn1, Myh11) in Jmjd3flox/floxMyh11Cre+ and WT 407	

mice treated with Angiotensin II for 14 days. SMC-specific Jmjd3 deletion resulted in further loss 408	

of SMC markers (both mRNA and protein) in aortas from Ang II-treated mice (Figures 7E, F). The 409	

TF KLF4 controls the SMC switch from the mature, contractile to the proliferative, synthetic 410	

phenotype, thus we examined if KLF4 expression was altered under hypertensive conditions (12, 411	



	

	 16	

15). Indeed, Angiotensin II (100 nM) increased KLF4 expression in HuAoSMCs in vitro, 412	

suggesting that KLF4 may drive phenotypic modulation during hypertensive remodeling (Figure 413	

7G). Because loss of JMJD3 promoted the synthetic SMC phenotype, we tested if KLF4 was 414	

transcriptionally regulated by JMJD3. First, we Klf4 expression was upregulated 2.5-fold in 415	

Jmjd3flox/floxTaglnCre+ mAoSMCs compared to littermate Cre- controls (Figure 7H). Additionally, 416	

siRNA knockdown of Jmjd3 in mAoSMCs increased Klf4 expression nearly 3-fold compared to 417	

NTC siRNA (Figure 7I). This was supported by scRNA-seq of aortas from saline versus Ang II-418	

treated Jmjd3flox/floxMyh11Cre mice, in which Ang II decreased Jmjd3 expression and increased Klf4 419	

expression, which was further increased by Jmjd3 deletion (Figure 7J). Interestingly, GO analysis 420	

of DEGs in SMCs from these mice demonstrated that Jmjd3 loss in chronic HTN results in 421	

increased expression of genes related to tissue injury, actin cytoskeleton, AKT signaling, and 422	

inflammation, some of which are known downstream targets of ET-1 signaling (Figure 7K).  SMC 423	

migration, which is regulated by ERK signaling and phenotypic modulation, was increased in 424	

Jmjd3flox/floxTaglnCre+ SMCs in scratch assays (smaller wound area remaining in Cre+ SMCs) 425	

(Figure 7L).  In summary, Angiotensin II-induced downregulation of JMJD3 in SMCs results in 426	

loss of mature SMC genes and increased KLF4, which cooperatively drive phenotypic modulation 427	

and remodeling during long-standing HTN (Figure 7M).  428	

JMJD3 regulates the contractile gene program in SMCs by cooperatively regulating SRF 429	

binding to SMC gene promoters 430	

In order to translate the above in vivo murine findings to humans, we performed scRNA-431	

seq in human femoral artery samples (n=4) (Figure 8A). First, we measured JMJD3 expression 432	

in SMCs from human arteries and found JMJD3 was expressed in SMCs at moderate levels 433	

(Figure 8B). Next, we performed Pearson expression correlation analysis among genes 434	

associated with contractile and synthetic gene programs in SMCs. As shown in Figure 8C, genes 435	

associated with mature, contractile SMC phenotype including ACTA2, TAGLN, CNN1, and 436	

MYH11 showed very strong correlation with one another, yet weak or no correlation with synthetic, 437	
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proliferative-associated genes including PDGFBR, PDGFB, KLF4, and ETS-1. Similarly, the 438	

proliferative genes exhibited strong correlation with each other. The distinct clustering of mature 439	

genes and proliferative genes confirmed the utility of this approach. Next, we performed analysis 440	

of JMJD3 expression in SMC subsets separated into high or low expression of contractile genes. 441	

We found that JMJD3 expression (as was the number of JMJD3-expressing cells) was increased 442	

in ACTA2 and CNN1 “high” SMCs compared to “low”-expressing SMCs (Figure 8D). Because 443	

CMEs cooperatively regulate TF binding, we investigated whether JMJD3 affected SRF binding 444	

to SMC gene promoters. We performed ChIP for Srf at SMC gene promoters in mAoSMCs treated 445	

with Jmjd3 siRNA or NTC siRNA. We observed decreased binding of Srf to Acta2, Tagln, and 446	

Cnn1 promoters in Jmjd3 knockdown mAoSMCs compared to control (Figure 8E). Taken 447	

together, our data reveal that JMJD3 regulates the contractile gene program in human SMCs and 448	

cooperatively affectgs SRF binding at smooth muscle gene promoters.  449	

 450	

 451	

 452	

 453	

 454	

 455	

 456	

 457	

 458	

 459	

 460	

 461	

 462	

 463	



	

	 18	

Discussion 464	

 Here, we define the mechanistic pathway linking the BP-associated polymorphism 465	

rs62059712 to transcriptional regulation of JMJD3, which regulates endothelin-dependent BP and 466	

SMC phenotype via epigenetic alterations at gene promoters and changes in ERK signaling. This 467	

work uncovers an allele-specific mechanism regulating expression of an epigenetic enzyme 468	

(JMJD3) that controls endothelin receptor expression, and consequently, modulates SMC 469	

contractility, differentiation, and arterial remodeling in response to long-standing HTN. These 470	

findings identify a key pathway linking genetic and epigenetic mechanisms to molecular control 471	

of SMC function and phenotype, thereby revealing how GWAS and similar studies can be used 472	

to identify new epigenetic regulators of disease. The rs62059712 major T allele is associated with 473	

increased use of medications acting on the renin-angiotensin system, diuretics, and calcium 474	

channel blockers (Supplemental Table 1). Thus, the rs62059712 genotype-JMJD3 interaction 475	

may yield insight into genetic response to current anti-hypertensive therapies. Interestingly, the 476	

major T allele, which is associated with increased BP, is conserved across rodent species, 477	

indicating that the minor C allele confers a protective advantage despite its lower frequency in the 478	

population.   479	

 We characterize the effect of rs62059712 on JMJD3 transcription, demonstrating that the 480	

minor C allele increases JMJD3 promoter activity by creating an SP1 binding site within this 481	

region. SP1 loss phenocopied loss of JMJD3 in SMCs, indicating the important role of this TF in 482	

mediating downstream effects on gene expression. SP1 induces the SMC phenotypic switch after 483	

vascular injury by directly binding to GC repressor elements in SMC-specific genes (e.g., MYH11) 484	

as well as indirectly by increasing expression of KLF4, which inhibits myocardin function and 485	

downstream SMC differentiation (10, 12). In contrast, reports have demonstrated positive effects 486	

of SP1 on gene transcription, for example, increasing ACTA2 expression in myofibroblasts (10). 487	

Furthermore, interactions involving other epigenetic complexes, such as p300 and acetylated 488	

histone 3, cooperatively regulate SP1 function to refine its transcriptional effect on SMCs (45). 489	
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Thus, SP1 may control HTN gene expression via additional cooperative mechanisms, perhaps 490	

by interacting with SMAD2, which was partially investigated here. Additionally, JMJD3 influences 491	

SRF binding to SMC gene promoters, and identification of additional co-regulators of JMJD3 will 492	

provide further insight into epigenetic regulation of SMC phenotype in disease.  493	

 While SMCs are the main determinant of BP, other cell types play a role. In our study, 494	

despite JMJD3’s expression in other vascular cell types (e.g., myeloid cells), the allele-specific 495	

mechanism was only observed in SMCs, and loss of JMJD3 in non-SMC cell types did not affect 496	

BP. We use non-invasive measurements of BP, which we acknowledge can be variable. However, 497	

the differences in BP in Jmjd3 deficient versus WT mice were observed at individual days as well 498	

as when averaged over the course of the experiment. Further, repeat experiments corroborated 499	

our findings demonstrating increased BP in mice with SMC-specific Jmjd3 loss.      500	

 BP regulation is controlled by numerous upstream molecular, genetic, and epigenetic 501	

signals. GWAS have provided insight into the genetic regulation of BP through identification of 502	

candidate variants associated with BP (46, 47). At least three SNPs have been identified that 503	

influence endothelin signaling. rs9349379, located in an intron within the PHACTR1 gene, affects 504	

ET1 expression by altering long-range gene interactions between PHACTR1 and ET1 (48). 505	

Additionally, rs1630736 in the ET1 gene, and rs10305838 in the EDNRA gene, are associated 506	

with BP (49, 50). Here, we find that JMJD3 loss in SMC leads to increased endothelin-ERK 507	

signaling, resulting in decreased SMC gene expression. Our results suggest that targeting ERK 508	

in long-standing HTN, and perhaps other models of vascular injury, may limit pathologic arterial 509	

remodeling. Keaton et al. reported a 0.47 mmHg increase in systolic BP for each copy of the 510	

major allele (29). While this per copy allele effect is seemingly small, albeit typical for similar 511	

reported SNPs, it is likely that this SNP interacts with other genetic, epigenetic, and molecular 512	

signals to create larger changes in BP. 513	

 While prior studies have investigated the role of epigenetic alterations in cardiovascular 514	

disease, the exact role of H3K27me3 in HTN remains unknown (20-25, 27). Increased H3K27me3 515	
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levels have been associated with BP (51). We show that H3K27me3 enrichment at EDNRB, 516	

ACTA2, TAGLN, CNN1, and MYH11 gene promoters is regulated by JMJD3, and future studies 517	

will determine how H3K27me3 at these promoters changes in the setting of HTN. Our 518	

identification of EDNRB as a direct transcriptional target of JMJD3 is consistent with reports that 519	

have identified that EDNRB expression is positively regulated by SMC-specific TFs (e.g., MKL2) 520	

(52). While SMCs are the predominant cell type regulating vessel tone and BP, endothelin 521	

signaling involves interplay between SMCs and endothelial cells (ECs). Therefore, JMJD3 in 522	

SMCs and ECs may synergistically regulate arterial remodeling during HTN. Finally, deletion of 523	

JMJD3 led to increased HTN-associated genes, including endothelin-1 (ET-1/EDN1). Thus, loss 524	

of JMJD3 may create a feed forward mechanism whereby increased endothelin-1 and other HTN-525	

associated genes worsens HTN.  526	

 We demonstrate that the rs62059712 major T allele decreases JMJD3 expression, 527	

mechanistically resulting in a “double hit,” first leading to increased BP via increased EDNRA 528	

expression, and next, resulting in increased pathologic remodeling due to increased ERK 529	

signaling and H3K27me3 at smooth muscle gene promoters. In our analysis of different vascular 530	

beds, we observed significant differences in media thickness in Angiotensin II-treated mice, which 531	

was not as prominent under basal conditions. This suggests that regulation of arterial remodeling 532	

by JMJD3 requires a “second hit,” such as prolonged HTN. Although we observed differences in 533	

downstream gene expression and BP under basal conditions (i.e. saline treatment), this did not 534	

translate to changes in remodeling phenotype under basal conditions.  535	

 Blood pressure is a complex phenotype controlled by multiple factors. Our study reveals 536	

that the rs62059712 major T allele decreases JMJD3 transcription in SMCs by disrupting SP1 537	

binding to the JMJD3 promoter, leading to decreased JMJD3 expression. We identify the EDNRB 538	

gene as a direct transcriptional target of JMJD3, which is decreased by the major T allele, thereby 539	

resulting in compensatory increase in EDNRA expression. Thus, loss of JMJD3 increases 540	

endothelin signaling and downstream vessel contractility. Specific inhibition of Endothelin A 541	
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receptor normalized the increased BP resulting after JMJD3 loss in SMCs. Decreased JMJD3 542	

further negatively modifies disease phenotype by leading to increased ERK activation, which 543	

increases SMC migration and phenotypic modulation during pathologic arterial remodeling. In 544	

conclusion, our findings define a unique transcriptional and molecular axis involving the histone 545	

demethylase, JMJD3, in SMCs that regulates blood pressure and arterial response to injury. 546	
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Methods 568	

Sex as a biological variable. For BP experiments using Jmjd3flox/floxMyh11CreERT mice, only male 569	

mice were used because the Myh11CreERT transgene is located on the Y chromosome.  570	

Animals. Animal studies were approved by the Animal Care Committee of the University of 571	

Michigan and complied with the National Institutes of Health (NIH) guide for the care and use of 572	

laboratory animals. Mice were housed in stock-holding rooms under pathogen-free conditions. 573	

Jmjd3flox/floxMyh11CreERT, Jmjd3flox/floxTaglnCre, Jmjd3flox/floxCdh5CreERT, and Jmjd3flox/floxLyz2Cre mice 574	

were bred on a C57BL6/J background, and experiments were performed on 8-12 week old mice. 575	

For inducible deletion of Jmjd3 in SMCs and ECs, mice were injected intraperitoneally with 576	

tamoxifen (75 mg/kg) for 5 consecutive days, then allowed a 3-day washout period before 577	

experiments. Mice had free access to water and food throughout the study.  578	

Angiotensin II infusion and non-invasive blood pressure measurements. Osmotic mini-579	

pumps (ALZET, Model 2004) containing saline or Angiotensin II were inserted subcutaneously in 580	

mice as previously described (30). Angiotensin II was infused at a rate of 1 ug/kg/min. Mice were 581	

allowed to recover for 1 day before measuring BP. Daily BP measurements were obtained using 582	

noninvasive tail-cuff system (Kent Scientific). Animals were allowed to equilibrate in the system 583	

and at least two cycles of preliminary BP measurements were performed to ensure accurate 584	

recording. BP was measured daily through day 14 at which time mice were sacrificed and tissues 585	

harvested for downstream analysis. In Endothelin receptor A inhibitor experiments, mice were 586	

treated with BQ-123 (200 nmol/kg/day) each day beginning day 8 of BP measurements.  587	

Aortic and mesenteric artery ring contractility assays. Aortas and mesenteric arteries were 588	

isolated after 5 days of intraperitoneal tamoxifen (75 mg/kg) or corn oil injection of 589	

Jmjd3flox/floxMyh11CreERTmice, following a 3-day washout period. For each mouse, vessels were cut 590	

into two rings and run in parallel. Aortic and mesenteric rings were mounted vertically on two wire 591	

hooks and immersed in 2 ml KH buffer (in mM: 118 NaCl, 4.8 KCl, 1.2 MgSO4, 1.2 KH2PO4, 25 592	

NaHCO3, 11 glucose, and 2.5 CaCl2; pH 7.4, maintained with 95% O2-5% CO2 at 37C. Vessel 593	
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rings were equilibrated for 90 min with a resting tension of 1 g. After baseline tension was 594	

determined, vessels were precontracted with 60 mM KCl. Increasing concentrations of endothelin-595	

1 (10-10-10-7 M), angiotensin II (10-9-10-5 M), and phenylephrine (10-9-10-4 M) were used. 596	

Concentration of bosentan used was 10-8 M. Values were normalized to percent contraction of 597	

KCl.    598	

Cell culture. Human aortic and bronchial smooth muscle cells were purchased from Lonza and 599	

maintained in Clonetics Smooth Muscle Growth Medium-2 (SMGM-2) supplemented with growth 600	

factors, 5% FBS, and antibiotics. Human SMCs were maintained and used for experiments 601	

between passages 2 and 14. Primary mouse aortic SMCs (mAoSMCs) were isolated from 602	

thoracic aortas of 12-16 week old mice and maintained through passage 14 in DMEM F12 with 603	

10% FBS and 0.5% penicillin and streptomycin.   604	

Plasmids. pGL3-JMJD3 DHS 1 and 2 major and minor allele reporter constructs were generated 605	

by amplifying 600 bp gene regions from a human SMC genomic DNA template. DNA fragments 606	

were then cloned into pGL3 luciferase basic vector (Addgene), and the correct sequence was 607	

verified by Sanger sequencing. Mutations were introduced using QuickChange site-directed 608	

mutagenesis protocol. All mutations were verified by Sanger sequencing. pCS2-Jmjd3-F was a 609	

gift from Kai Ge (Addgene plasmid #17440; http://n2t.net/addgene:17440 ; 610	

RRID:Addgene_17440). 611	

Luciferase assays. mAoSMCs were seeded in 24-well plates at 2.4 x 104 cells/well. Cells were 612	

transfected the day after plating with 50 ng of plasmid per well. Luciferase activity was measured 613	

48 h after transfection using the Steady-Glo Luciferase Kit (Promega) according to manufacturer’s 614	

instructions. Raw luciferase values were normalized to the activity of the pGL3 empty vector.  615	

Gel contractility assays. mAoSMCs were trypsinized when 80% confluent and resuspended at 616	

6×105 cells/mL in DMEM F12 with 10% FBS and antibiotics. Cells were diluted in type 1 collagen 617	

with DMEM F12 with 10% FBS and 0.5% antibiotics to 1 mg/mL collagen and 3×105 cells/mL final 618	

concentration. 500 ul of the mixture was added to each well of a 24-well plate. Gels were allowed 619	
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to polymerize at 37C for 1 hour. Once gels were polymerized, gels were freed from well edges 620	

and 500 ul of media (with or without pharmacologic agent) was added to each well. Collagen gels 621	

were incubated for 24 hours, and the area of each gel was measured over time.  622	

Scratch assays. Cells were seeded in a 6-well culture dish and grown to 90% confluence. Cells 623	

were treated with 5 ug/ml mitomycin C for 2 hours. A vertical scratch was made in each well with 624	

a p200 pipette tip, the media was removed, washed once with PBS, and fresh media was added. 625	

Scratch area was measured from 0 hours to 18 hours.  626	

siRNA knockdowns. mAoSMCs were transfected with 40 nM siRNA (Dharmacon) targeted to 627	

Jmjd3, Sp1, Ednrb, or a non-targeting control (NTC) siRNA for 72 hours. RNAiMax (Invitrogen) 628	

was used as the transfection reagent. Depending on experiment, cells were either left in 10% FBS 629	

media, serum starved, or serum starved then treated with agonist or pharmacologic agent.  630	

RNA extraction and qRT-PCR. Cultured SMCs were collected directly in Trizol and RNA was 631	

extracted and converted to cDNA using superscript cDNA synthesis kit (Invitrogen). 20-50 ng 632	

cDNA was used in downstream quantitative real-time Taqman PCR and normalized using 18S. 633	

Tissues were snap frozen, pulverized using mortar and pestle, and collected in trizol. 634	

Homogenized tissue was digested into single cell suspension using 20G needle and syringe. 635	

Samples underwent RNA extraction and downstream qRT-PCR as above.  636	

Western blotting. Cultured SMCs were lysed in RIPA buffer plus protease and phosphatase 637	

inhibitors and 1 mM DTT. Tissues were snap frozen, pulverized, and collected in RIPA buffer with 638	

protease and phosphatase inhibitors and 1 mM DTT as above. Lysates were normalized by total 639	

protein concentration, sample buffer was added, and then samples were boiled for 5 minutes. 10 640	

to 50 ug of protein was loaded on an SDS-PAGE gel and run. Proteins were transferred to 641	

nitrocellulose or PVDF membranes and blocked in either 3% BSA or 5% non-fat dry milk. Blocked 642	

membranes were incubated with primary antibodies overnight at 4C. Membranes were washed 643	

and incubated with species-specific HRP-linked secondary antibodies, washed, and developed. 644	

For densitometry results, Western blots were analyzed using NIH ImageJ software.  645	
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Affinity purification of transcription factors. Human aortic SMC nuclear lysates were prepared 646	

using the NUPER nuclear extraction kit (ThermoScientific) per manufacturer protocol. Nuclear 647	

extracts were diluted with two volumes of 1.3xPD buffer (1x: 10mM Hepes pH 7.4, 8% glycerol, 648	

1mM MgCl2, 0.05% Tritonx100, DTT 1.3 mM, protease and phosphatase inhibitors). 5’ 649	

biotinylated sense and unmodified anti-sense 25 bp oligos (Sigma) were annealed, added to 650	

diluted pre-cleared nuclear lysates, and incubated with rotation for 10 min at room temperature. 651	

Streptavidin Dynabeads (Invitrogen) were added to the mixture, incubated for 30 min with rotation, 652	

and then beads were washed. Complexes were eluted in 2X sample buffer for analysis via SDS-653	

PAGE and Western blotting.  654	

Chromatin Immunoprecipitation (ChIP) experiments. mAoSMCs were fixed for 10 minutes in 655	

0.7% formaldehyde. The crosslinking reaction was quenched by incubating cells with 0.125 M 656	

glycine for 5 minutes. ChIP assays were performed using the Abcam ChIP kit (Abcam Cat# 657	

ab500) according to manufacturer’s instructions. Sheared chromatin was incubated overnight at 658	

4C with 2 ug of JMJD3 antibody (Abcam), H3K27me3 antibody (Active Motif), or normal rabbit 659	

IgG antibody (Diagenode). Eluted DNA was used in downstream qPCR assays. 660	

Histology and Immunofluorescence. Tissues were harvested from mice and fixed in 10% 661	

formalin for 24 hours then stored in 70% ethanol. Specimens were embedded in paraffin and 662	

sectioned onto microscope slides. After deparaffinization, sections underwent hematoxylin and 663	

eosin staining or were processed for immunofluorescence. For immunofluorescent staining, slides 664	

underwent antigen retrieval in citric acid buffer (pH 6.0). Samples were then permeabilized, 665	

blocked, and incubated with primary antibody in blocking solution overnight at 4C in a humidity 666	

chamber. Specific antibodies with dilutions and source are listed separately in “Antibodies.” The 667	

following day, slides were washed in PBS, then incubated with fluorophore-conjugated secondary 668	

antibody (1:500) in PBS for 2 hours at room temperature. Slides were washed with PBS, mounted, 669	

allowed to dry overnight, and then imaged.  670	
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RNA-seq experiments. Cultured SMCs from Jmjd3flox/floxTaglnCre mice were plated in 6-well 671	

plates at approximately 60% confluence. Cells were harvested the day after initial plating. 3 672	

biological replicates for each genotype were used. RNA isolation was performed using RNeasy 673	

Kit (Qiagen) with DNAse digestion. Library construction and analysis of reads was performed as 674	

described previously (53). Briefly, reads were trimmed using Trimmomatic and mapped using 675	

HiSAT2 (54, 55).	Read counts were performed using the feature-counts option from the subRead 676	

package followed by the elimination of low reads, normalization and differential gene expression 677	

using edgeR (56, 57).	Differential expression was performed on mapped reads using the taqwise 678	

dispersion algorithm in edgeR.  679	

Phenome-wide Association Study. OpenGWAS (https://gwas.mrcieu.ac.uk/), a database of 680	

350 billion genetic associations from 50,044 GWAS summary datasets, and the GWAS Catalog 681	

(https://www.ebi.ac.uk/gwas/), a repository of GWAS summary statistics maintained by NHGRI 682	

and EBI, were queried for the lead candidate variant, rs62059712. Summary statistics were 683	

download and compiled. Phenotypes associated with rs62059712 were noted. 684	

scRNA-seq experiments. Generation of single-cell suspensions for scRNA-Seq was performed 685	

as described by our group previously (31). Briefly, following informed consent from patients and 686	

in accordance with University of Michigan IRB Study # HUM00098915, femoral artery specimens 687	

were harvested during femoral endarterectomy, femoral-femoral bypass, or aorto-bi-femoral 688	

bypass operations. Samples were digested overnight at 4C. Cells were strained and then 689	

combined in a 1:1 ratio for scRNA-Seq by the University of Michigan Advanced Genomics Core 690	

on the 10x Genomics Chromium System. Libraries were sequenced on the Illumina NovaSeq 691	

6000 sequencer. NovaSeq was used as the sequencing platform to generate 151 bp paired-end 692	

reads. We conducted adapter trimming and quality control procedures as described previously 693	

(58). The reads were then mapped using STAR (59) to build human GRCh37, and gene 694	

expression levels were quantified and normalized by HTSeq (60) and DESeq2 (61), respectively. 695	

https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/
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Negative binomial models in DESeq2 were used to conduct differential expression analysis. Data 696	

processing, including quality control, read alignment, and gene quantification, was conducted 697	

using the 10X Genomics Cell Ranger software. Seurat was then used for normalization, data 698	

integration, and clustering analysis (62). All clustered cells were mapped to corresponding cell 699	

types by matching cell cluster gene signatures with putative cell type-specific markers. 700	

Statistical Fine Mapping. GWAS summary statistics from Keaton et al. were subsetted to include 701	

a 500kb region on chromosome 17 centered about the GWAS lead variant rs62059712 702	

(chr17:7490170-7990170). Statistical fine mapping using Bayes factor analysis was performed 703	

for a 99.9% credible set in R using the function calc_credset from the package levinmisc 704	

(https://github.com/mglev1n/levinmisc/blob/main/R/calc_credset.R). 705	

Statistics. GraphPad Prism software (RRID:SCR_002798) version 9.2.0 was used to analyze the 706	

data. All data were analyzed for normal distribution and then statistical significance between 707	

multiple groups was obtained using Student t-tests, ANOVA, or Pearson’s correlation where 708	

appropriate. All p-values less than or equal to 0.05 were considered significant. 709	

Study approval. All experiments using human samples were approved by the IRB at the 710	

University of Michigan (IRB #: HUM00098915) and were conducted in accordance with the 711	

principles in the Declaration of Helsinki. 712	

Data Availability. Sequencing data is available using data accession numbers GSE292027 and 713	

GSE292037. Data are available from the corresponding author upon request. 714	
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Tables and Figures with Legends 934	
 935	

Chr	 Position	 rsID	 Effect	
Allele	

Effect	
Allele	
Freq	

Beta	 P-value	 Bayes	
Factor	

Posterior	
Probability	

	 	

17	 7740170	 rs62059712	 C	 0.08	 -0.47	 1.442e-24	 5.2e+19	 0.9814	 	 	
17	 7815712	 rs79930761	 T	 0.09	 -0.44	 1.108e-22	 6.4e+17	 0.0123	 	 	
17	 7789542	 rs7503751	 A	 0.09	 -0.44	 2.880e-22	 2.6e+17	 0.0049	 	 	
	936	
Table 1. Statistical Fine Mapping of GWAS Locus (chr17:7490170-7990170) with 99.9% 937	

credible set. Results of Bayes factor fine mapping analysis of a candidate 500kb region, 250kb 938	

upstream and downstream of rs62059712.  939	

 940	

 941	

 942	
Table 2. Comparison of rs62059712 contained within the SP1 binding consensus region 943	

across rodent species. Conservation of rs62059712 in humans and across several rodent 944	

species was analyzed within Ensembl.  945	

 946	



	

	 34	

 947	

Figure 1. rs62059712 minor C allele increases JMJD3 transcription via enhanced SP1 948	

binding. A) Schematic of the human JMJD3 gene including gene structure, H3K27Ac, DHS, BP-949	

associated SNPs, cloned fragments for luciferase assays, and vertebrate conservation (UCSC 950	

genome browser). B) Luciferase results of DHS1 rs62059712 (T-major vs. C-minor) and C) DHS2 951	

rs74480102 (G-major vs. A-minor) in cultured primary HuBrSMCs. D) qPCR for JMJD3 in 952	

HuSMCs with CRISPR-Cas9-mediated deletion of a 450 bp region encompassing rs62059712 953	

within DHS1 (DDHS1) compared with unedited (WT) HuSMCs. E) Sequence of rs62059712 T-954	

major and C-minor sequences with SP1 consensus binding site underlined. F) Western blot for 955	

SP1 after affinity purification using T vs. C probes corresponding to rs62059712 SNP region 956	

incubated with HuAoSMC nuclear lysate. G) ChIP-qPCR for Sp1 at the Jmjd3 promoter in 957	
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mAoSMCs compared to IgG negative control. H) ChIP-qPCR for Sp1 at the Jmjd3 promoter in 958	

mAoSMCs serum starved or treated with TGFb. I) Luciferase assays in mAoSMCs treated with 959	

siNTC and siSp1 siRNAs then transfected with pGL3-DHS1-T and -C. J) Luciferase assays in 960	

HuSMCs transfected with DHS1-C construct and then treated with TGFb (20 ng/ml). K) qPCR for 961	

Jmjd3 after NTC vs. Sp1 knockdown in mAoSMCs serum starved for 16 hours. Data are 962	

presented as mean ± SEM. Results representative of data from SMCs from 4-6 mice per group, 963	

n=3 independent experiments. Two-tailed Student’s t test, *p<0.05, **p<0.01.  964	

 965	

 966	

 967	

 968	

 969	

 970	

 971	

 972	

 973	

 974	

 975	

 976	

 977	

 978	

 979	

 980	

 981	
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 982	

Figure 2. JMJD3 loss in vascular smooth muscle cells results in hypertension. A) Schematic 983	

depicting experiment and breeding strategy for generating inducible SMC-specific Jmjd3 984	

knockout Jmjd3flox/floxMyh11CreERT mice. BP obtained by tail cuff for 14 days in WT, heterozygous, 985	

and homozygous Jmjd3flox/floxMyh11CreERT mice treated with Angiotensin II via osmotic minipumps. 986	

B) Systolic blood pressure (SBP), C) Diastolic blood pressure (DBP), and D) Mean arterial 987	
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pressure (MAP) are depicted. N=4-6 mice per genotype/group. E) HuAoSMCs were treated with 988	

Angiotensin II (100 nM) or Angiotensin II and GSKJ4 (50 nM) and then analyzed for phospho-989	

myosin light chain 2 (pMLC2) and total MLC2 by western blotting. Blot is representative of n=3 990	

independent experiments with representative densitometry depicted below. F) DEGs obtained 991	

from RNA-seq analysis of cultured mAoSMCs isolated from Jmjd3flox/floxTaglnCre+ and 992	

Jmjd3flox/floxTaglnCre- mice with relevant DEGs depicted to right. DEGs depicted met significant 993	

threshold of p<0.05. Results obtained representative of samples for each genotype submitted in 994	

triplicate and obtained from n=6-8 mice per sample. G) Volcano plot for upregulated (red) and 995	

downregulated (blue) DEGs with fold-change expression depicted on x-axis. Locations of Ednrb 996	

and Ednra are annotated. H) Bar graph of gene ontology (GO) analysis for top 10 downregulated 997	

genes in Jmjd3flox/floxTaglnCre+ SMC from RNA-seq results. Gene pathways listed on y-axis and 998	

number of gene counts for each pathway are listed on x-axis. Data are presented as mean ± SEM, 999	

n=3 independent experiments for in vitro studies. Two-way ANOVA, *p<0.05, **p<0.01, 1000	

***p<0.001.  1001	

 1002	

 1003	

 1004	

 1005	

 1006	
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 1007	

Figure 3. JMJD3 is required for EDNRB expression in SMCs and suppresses the 1008	

hypertensive gene program. A) qPCR of Ednrb in SMCs isolated from Jmjd3flox/floxTaglnCre+ and 1009	

Jmjd3flox/floxTaglnCre- mice. B) qPCR for Ednrb in mAoSMCs treated with siNTC or siJmjd3 siRNA 1010	

and then serum starved for 16 hours. C) qPCR of Ednrb in whole aortic tissue from 1011	

Jmjd3flox/floxMyh11Cre+ and WT mice. D) Representative Western blot and densitometry results for 1012	

Ednrb in aortas isolated from Jmjd3flox/floxMyh11Cre+ and WT mice after 14 days of Angiotensin II 1013	

or saline infusion. Representative densitometry depicted to right. E) qPCR for Ednrb in aortas 1014	

isolated from WT mice treated with saline or Angiotensin II for 14 days. F) qPCR for Npy1r, Adra1d 1015	

(G), Ace2 (H), and Agt (I) after Ednrb knockdown in mAoSMCs then serum started for 16 hours. 1016	

J) ChIP-qPCR for H3K27me3 at Ednrb promoter in Jmjd3flox/floxTaglnCre mAoSMCs. K) ChIP-qPCR 1017	
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for H3K27me3 at the Ednrb promoter in mAoSMCs treated with siNTC or siJmjd3 siRNA. L) 1018	

scRNA-seq data from human femoral arteries showing Pearson correlation between JMJD3 and 1019	

EDNRB in SMCs, n=4 samples. M) qPCR of Ednra in SMCs isolated from Jmjd3flox/floxTaglnCre 1020	

mice. N) Representative images of immunofluorescent staining for Ednra in aortas harvested from 1021	

Jmjd3flox/floxMyh11Cre+ and WT mice in (D). Scale bar, 50 um. O) Representative western blotting 1022	

results for Jmjd3 and Ednra in mAoSMCs from Jmjd3flox/floxTaglnCre+ or Jmjd3flox/floxTaglnCre- mice. 1023	

P) qPCR for Ednra in mAoSMCs treated with siNTC or siEdnrb siRNA then serum starved for 16 1024	

hours. Data are presented as mean ± SEM, n=3 independent experiments, representative of 4-6 1025	

mice per group. Two-tailed Student’s t test, *p<0.05, **p<0.01, ***<0.0001.  1026	

 1027	

 1028	

 1029	

 1030	

 1031	

 1032	

 1033	

 1034	

 1035	

 1036	

 1037	

 1038	

 1039	

 1040	

 1041	

 1042	
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 1043	

Figure 4. JMJD3 regulates vessel tone via endothelin-ERK signaling in vascular smooth 1044	

muscle cells. A) Contractility of aortas harvested from Jmjd3flox/floxMyh11Cre+ and 1045	

Jmjd3flox/floxMyh11Cre- mice in response to endothelin-1 (ET-1, 0-10-7 M) and bosentan (10-8-10-7 1046	

M). B) Contractility of mesenteric artery segments harvested from same mice as in (A) in  1047	

response to increasing concentrations of ET-1 (0-10-7 M) and bosentan (10-8-10-7 M), Angiotensin 1048	

II (Ang II, 0-10-5 M), or Phenylephrine (PE, 0-10-6 M). C) Graph depicting percent change 1049	

contractility of aortic rings treated with ET-1 (0-10-7 M) plus or minus bosentan (10-7 M). D) 1050	

Quantified gel areas containing cultured mAoSMCs from Jmjd3flox/floxTaglnCre mice. Gels treated 1051	

with ET-1 (1 uM), ET-1 plus bosentan (10 uM), or bosentan alone. Results depicted as percentage 1052	
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of initial gel area at 24 hours after seeding. E) Representative western blot of HuAoSMCs 1053	

unstimulated, treated with ET-1 (1 uM), or ET-1 plus GSKJ4 (50 nM) and then probed for 1054	

phosphorylated ERK (pERK, top) or total ERK (bottom). Blot with representative densitometry 1055	

results underneath. F) Representative western blot of Jmjd3flox/floxTaglnCre+ and 1056	

Jmjd3flox/floxTaglnCre- control mAoSMCs unstimulated, treated with ET-1 (1 uM), or ET-1 plus 1057	

bosentan (10 um) and then probed for pERK (top) or total ERK (bottom). Blot with representative 1058	

densitometry results underneath. G) Representative immunofluorescent staining for pERK in 1059	

Jmjd3flox/floxTaglnCre+ (right) and Jmjd3flox/floxTaglnCre- (left)  mAoSMCs (up to 4 high powered fields 1060	

counted per experiment). H) Representative immunofluorescent staining of endogenous pERK in 1061	

mAoSMCs transfected with Flag-Jmjd3. Data are presented as mean ± SEM, n=3 independent 1062	

experiments, 6 mice were included in each group for contractility experiments. In vitro 1063	

experiments representative of SMCs from 4-6 mice per group. Two-way ANOVA (A-C) and two-1064	

tailed Student’s t-test (D). *p<0.05, **p<0.01, ***p<0.001.  1065	

 1066	
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 1067	

Figure 5. Endothelin receptor A antagonism normalizes blood pressure after JMJD3 1068	

deletion in SMCs. BP of Jmjd3flox/floxMyh11Cre+ and Jmjd3flox/floxMyh11Cre- mice treated with 1069	

endothelin receptor A inhibitor, BQ-123 (200 nmol/kg/day), beginning on day 8 of measurements. 1070	

SBP (A), DBP (B), and MAP (C). Values were also averaged the first 7 days and the final 7 days 1071	

of the experiment (right of each figure). D) qPCR for Adra1d, Agt, and Npy1 in mAoSMCs 1072	

transfected with siRNA to Jmjd3 or NTC and then treated with vehicle or BQ-123 (5 uM) for 16 1073	
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hours. Data are presented as mean ± SEM, n=3 independent experiments. In vitro experiments 1074	

representative of SMCs from 4-6 mice per group. Two-tailed Student’s t-test. *p<0.05, **p<0.01.  1075	

 1076	

 1077	
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 1079	
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 1087	

Figure 6. JMJD3 is required for vascular smooth muscle cell differentiation. A) qPCR of 1088	

Jmjd3 in mAoSMCs untreated versus treatment with TGFb (20 ng/ml) for 16 hours. B) ChIP-qPCR 1089	

showing Jmjd3 enrichment at SMC gene promoters compared to IgG. C) SMC gene expression 1090	

in mAoSMCs treated with Jmjd3 siRNA or NTC siRNA for 72 hours, serum starved, and then 1091	

treated with TGFb (20 ng/ml). D) Representative western blot probed for SMC markers in 1092	
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mAoSMC lysates treated with Jmjd3 or NTC siRNA. Representative densitometry of blot depicted 1093	

to right. E) qPCR of smooth muscle genes in Jmjd3flox/floxTaglnCre mAoSMCs. F) qPCR of Acta2, 1094	

Tagln, Cnn1, and Myh11 in mAoSMCs treated with Jmjd3 inhibitor GSKJ4 (50 nM) for 16 hours. 1095	

G) H3K27me3 ChIP-qPCR at Acta2, Tagln (H), Cnn1 (I), Myh11 (J) promoters in 1096	

Jmjd3flox/floxTaglnCre mAoSMCs. K) qPCR for SMC genes in HuSMCs treated with SCH772984 (5 1097	

uM) for 16 hours compared to untreated. L) qPCR for Acta2, Tagln (M), and Cnn1 (N) in 1098	

mAoSMCs treated with ET-1 (1 uM), GSK4J (50 nM), ET-1 with GSK4J with or without the ERK 1099	

inhibitor, SCH772984 (5 uM). O) Illustration depicting effect of JMJD3 loss on SMC gene 1100	

expression via EDNRA/ERK activation and H3K27me3 at SMC gene promoters. Data are 1101	

presented as mean ± SEM, n=3 independent experiments. Tissues harvested from 4-6 mice per 1102	

group. In vitro experiments representative of SMCs from 4-6 mice per group. One-way ANOVA 1103	

(L-N) and two-tailed Student’s t-test (A-C, E, F, G-K). *p<0.05, **p<0.01, ***p<0.001, 1104	

****p<0.0001.  1105	
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 1119	

Figure 7. Hypertensive-induced arterial remodeling is regulated by JMJD3. A) H&E staining 1120	

of kidney sections showing renal arterioles from Jmjd3flox/floxMyh11Cre+ and WT mice treated with 1121	

Angiotensin II (1 ug/kg/min) for 14 days. Scale bar, 100 um. B) Renal arteriole medial wall 1122	

thickness from (A). C) qPCR for Jmjd3 in WT aortas from mice treated with 14 days of Angiotensin 1123	

II or saline. D) qPCR for Acta2, Tagln, Cnn1, Myh11  in aortas from mice in (C). E) Western blot 1124	
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for SMC markers from Jmjd3flox/floxMyh11Cre+ and WT aortas with densitometry to right. F) qPCR 1125	

for Acta2, Tagln, Cnn1, and Myh11 in aortas from Jmjd3flox/floxMyh11Cre+ and WT mice treated with 1126	

14 days of Angiotensin II. G) Representative western blot probed for KLF4 in HuAoSMCs serum 1127	

starved or treated with Angiotensin II for 16 hours. Blot representative of n=3 independent 1128	

experiments. H) qPCR of Klf4 expression in Jmjd3flox/floxTaglnCre mAoSMCs. I) qPCR of Klf4 in 1129	

mAoSMCs treated with NTC or siJmjd3 siRNAs and then serum starved for 16 hours. J) Dot plot 1130	

of Jmjd3 and Klf4 generated from scRNA-seq of aortas isolated from Jmjd3flox/floxMyh11CreERT mice 1131	

treated with saline or Ang II for 14 days (data representative of 2-3 mice per group). K) Histogram 1132	

of top-most upregulated gene pathways in aortic SMCs from (J). L) Results of scratch assay on 1133	

Jmjd3flox/floxTaglnCre mAoSMCs as percent wound area remaining after 18 hours following initial 1134	

scratch. Representative images at 0 hours and 18 hours after scratch depicted on right. Scale 1135	

bar, 1 mm. M) Schematic of transcriptional regulation of Angiotensin II-JMJD3-KLF4 axis 1136	

controlling SMC gene expression. Data presented as mean ± SEM, n=3 independent 1137	

experiments. Tissues harvested from 4-6 mice per group. In vitro experiments representative of 1138	

SMCs from 4-6 mice per group. Two-tailed Student’s t-test. *p<0.05, **p<0.01, ***p<0.001, 1139	

****p<0.0001.  1140	
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 1144	



	

	 48	

 1145	

Figure 8. JMJD3 regulates the contractile gene program in SMCs by cooperatively 1146	

regulating SRF binding to SMC gene promoters. A) UMAP plots of cell populations from 1147	

scRNA-seq of human femoral arteries (n=4 samples). B) Relative expression of JMJD3 in SMCs. 1148	

C) Graph of Pearson correlation of smooth muscle genes from scRNA-seq of human arteries with 1149	

heat gradient representing strength of association. D) Dot plot of JMJD3 in human artery SMCs 1150	

separated by high versus low expression of ACTA2 and CNN1. E) Srf ChIP-qPCR using primers 1151	

for Acta2, Tagln, and Cnn1 promoters in mAoSMCs treated with NTC or siJmjd3 siRNA. Data 1152	

presented as mean ± SEM, n=3 independent experiments. N=4 human arterial samples. 1153	
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Experiments representative of SMCs from 4-6 mice per group. Two-tailed Student’s t-test and 1154	

Pearson’s correlation coefficient. *p<0.05, **p<0.01, ***p<0.001.  1155	
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