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Abstract

Objective—Blood vessel hemodynamics have profound influences on function and structure of 

vascular cells. One of the main mechanical forces influencing vascular smooth muscle cells 

(VSMC) is cyclic stretch (CS). Increased CS stimulates reactive oxygen species (ROS) production 

in VSMC leading to their de-differentiation, yet the mechanisms involved are poorly understood. 

This study was designed to test the hypothesis that pathological CS stimulates Nox1-derived ROS 

via MEF2B, leading to VSMC dysfunction via a switch from a contractile to a synthetic 

phenotype.

Approach and Results—Using a newly developed isoform-specific Nox1 inhibitor and gene 

silencing technology, we demonstrate a novel pathway including MEF2B-Nox1-ROS is 

upregulated under pathological stretch conditions and this pathway promotes a VSMC phenotypic 

switch from a contractile to a synthetic phenotype. We observed that CS (10% at 1 Hz) mimicking 

systemic hypertension in humans increased Nox1 mRNA, protein levels, and enzymatic activity in 

a time-dependent manner and this upregulation was mediated by MEF2B. Furthermore, we show 

that stretch-induced Nox1-derived ROS upregulated a specific marker for synthetic phenotype 

(osteopontin), while downregulating classical markers for contractile phenotype (calponin1 and 

smoothelin B). In addition, our data demonstrated that stretch-induced Nox1 activation decreases 

actin fiber density and augments matrix metalloproteinase 9 activity, VSMC migration, and 

vectorial alignment.

Conclusions—These results suggest that CS initiates a signal through MEF2B that potentiates 

Nox1-mediated ROS production and causes VSMC to switch to a synthetic phenotype. The data 

also characterize a new Nox1 inhibitor as a potential therapy for treatment of vascular dysfunction 

in hypertension.
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Introduction

Differentiated vascular smooth muscle cells (VSMC) are a major constituent of the blood 

vessel wall and play a vital role in the maintenance of vessel homeostasis. These highly-

specialized cells regulate vessel tone, blood pressure, and blood flow distribution.1, 2 Mature 

VSMC that are fully differentiated exhibit a contractile phenotype characterized by low 

protein: DNA synthetic activity, reduced proliferation rate, and a unique set of contractile 

proteins and signaling molecules.3, 4 Unlike skeletal and cardiac muscle cells, mature 

VSMC retain a remarkable ability to modulate their phenotype and de-differentiate into a 

synthetic phenotype in response to changes in local environmental cues. 5, 6 The synthetic 

phenotype is characterized by increased VSMC migration, loss of contractility, and 

abnormal extracellular matrix production. These hallmarks have been observed clinically 

and in animal models of vascular injury and diseases, including systemic hypertension, 

angioplasty-induced restenosis, atherosclerosis, and aortic aneurysm formation.7, 8

VSMC phenotype is influenced by diverse hormonal and environmental cues, including 

cytokine stimulation, cell-cell contact, cellular adhesions, vascular injury, and increased 

mechanical force. In vivo, VSMC are constantly subjected to mechanical forces as a 

consequence of pulsatile blood flow and shear stress. Among multiple hemodynamic forces, 

VSMC are primarily subjected to pulsatile cyclic stretch (CS) in response to systolic-

diastolic fluctuations in pressure. As such, in vitro CS serves as a model of pressure 

fluctuations in the vasculature with 10%, 1 Hz stretch mimicking hypertension.9 Indeed, CS 

is a well-established stimulus for VSMC de-differentiation and a switch to the synthetic 

phenotype10-12, yet the mechanism involved is incompletely understood.

Nox isozymes are expressed in vascular endothelial cells, smooth muscle cells, and 

adventitial fibroblasts in which they are major ROS producers and mediators of 

cardiovascular physiology and pathophysiology.13 Consistent with a role for Nox in stretch-

induced de-differentiation, smooth muscle Nox isoform 1 (Nox1)-derived superoxide anion 

(O2
.-) production is elevated in neointimal growth in response to balloon angioplasty.14,15

Myocyte Enhancer Factor 2 (MEF2) proteins are a family of transcription factors that play a 

pivotal role in the transduction of extracellular signals to the genome that control cell 

differentiation, proliferation, morphogenesis, survival, and apoptosis.16 MEF2s are 

evolutionarily conserved and serve as lynchpins in the transcriptional circuits that control 

cell differentiation and organogenesis of an ancient regulatory differentiation network. 

Importantly, MEF2s are involved in morphogenesis and myogenesis of skeletal, cardiac, and 

smooth muscle cells. 17, 18 Moreover, MEF2s are established contributors to growth, 

proliferation, and hypertrophy of multiple cell types.18 However, their role in VSMCs is less 

clear.

Rodríguez et al. Page 2

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MEF2s are subject to multiple positive and negative control mechanisms, which serve to 

fine-tune the diverse transcriptional circuits in which these factors participate. In adult rat 

aortic VSMC (RASMC), three MEF2 isoforms (MEF2A, MEF2B and MEF2D) are 

expressed, whose levels are increased in vascular injury.19, 20 Interestingly, studies using 

RT-PCR (5’RACE) suggest that the Nox1 promoter region possesses a cis-regulatory 

element that is a consensus site for MEF2B.21 Despite the evidence for a role of MEF2s in 

developmental myogenesis and their upregulation in vessel injury, the role of MEF2s and 

their link to Nox/ROS, and adult smooth muscle cell differentiation in vascular disease are 

entirely unknown.

We postulated that CS via induction of MEF2B activity stimulates Nox1-derived O2
.- 

production, leading to a switch from a contractile to synthetic smooth muscle cell 

phenotype. This includes marked changes in phenotypic markers including calponin1 

(CNN1), smoothelin B and osteopontin (OPN), in concert with a decrease in F-actin fiber 

density, enhanced matrix metalloproteinase (MMP) activity, cell migration, and aberrant 

vectorial cell alignment.

Results

Uniaxial Cyclic Stretch (CS) Induces Nox-1 Expression and Activity

To determine the effect of uniaxial mechanical CS on Nox1 mRNA, protein levels, and 

activity in RASMC, cells were subjected to 10% CS (1 Hz) for different time points. Nox1 

mRNA expression increased in a time-dependent response reaching a plateau of 3.8-fold 

versus static after 3 hr of stimulation (Figure 1A). Likewise, Nox1 protein levels increased 

in a time-dependent manner, yielding a maximum signal of 1.45-fold versus static after 24 

hrs of stimulation (Figure 1B). As 24 hr yielded maximum Nox1 protein upregulation, we 

chose this time point for the remainder of experiments in this study. After 24 hr of 

mechanical stretch we observed an approximate 2-fold increase in O2
.- production in 

stretched cells versus static control. Pre-incubation of RASMC with a recently developed 

isoform-specific Nox1 peptidic inhibitor, NoxA1ds 22, completely inhibited CS-induced O2
.- 

generation to values observed in static conditions (Figure 1C). Additionally, a time course of 

optimal NoxA1ds effectiveness was tested (Supplemental Figure I), showing that 

administration of NoxA1ds 4 hr before the end of CS was maximally effective. The 

inhibitory effect of NoxA1ds in RASMC under control conditions and in response to 

classical Nox agonists, such as phorbol myristate acetate (PMA) and platelet-derived growth 

factor (PDGF), is shown in Supplemental Figure II. For detailed evidence of NoxA1ds 

isoform-specificity, efficacy, and mechanism of action please refer to Ranayhossaini et al.22

Uniaxial Cyclic Stretch Induces MEF2B Promoter and Nox1 Expression

To evaluate whether MEF2B is activated under stretch conditions, cells were co-transfected 

with MEF2B firefly luciferase promoter (pMEF2B-pGL3) and activity was compared to 

control Renilla luciferase (pRL-CMV) promoter activity. pMEF2B-pGL3 promoter activity 

was increased ~2-fold following 1 hr CS (Figure 2A). In separate experiments, RASMCs 

were subjected to a time course of CS (1, 3, 6, 9, and 24 hr) and MEF2B protein expression 

was investigated by Western blot. CS gradually increased MEF2B protein expression over 
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the course of 24 hr (Figure 2B). To investigate whether MEF2B activity regulates Nox1 

protein expression, cells were transfected with siRNA against MEF2B or scrambled siRNA 

(Scr); after 24 hr of CS stimulation, Nox1 protein levels were evaluated by Western blot. We 

observed that under stretch conditions, cells that were treated with Scr siRNA displayed a 

1.8-fold increase in Nox1. Gene silencing of MEF2B by 60% (data not shown) reverted 

Nox1 protein expression to static levels (Figure 2C). MEF2B siRNA showed no effect on 

basal Nox1 levels.

Nox1 Mediates a Decrease in RASMC Contractile Marker Expression in Response to 
Uniaxial Cyclic Stretch

First, we tested whether the RASMC used for the experiments are homogeneous and express 

markers of fully differentiated SMCs using a confocal laser scanning microscope. The 

representative confocal images demonstrate that virtually all cells express SM α-actin, 

smoothelin, SM myosin heavy chain, and SM22α (Supplemental Figure III A-D).

In response to CS, expression of contractile phenotype markers CNN1 and smoothelin B 

were decreased [42 and 50% versus static, respectively (Figure 3A and 3C)]. When cells 

were pre-treated with NoxA1ds, CS-induced decrease in CNN1 and smoothelin B 

expression was normalized to values observed under non-stretched conditions. On the other 

hand, a Scr control for NoxA1ds had no effect on the expression of these phenotypic 

markers following CS. To verify these data, RASMC were pretreated with Nox1 siRNA or 

Scr siRNA and subjected to CS. Confirming the effectiveness of Nox1 siRNA, quantitative 

polymerase chain reaction showed levels of Nox1 mRNA were decreased by approximately 

65% in Nox1 siRNA-treated vs. Scr control-treated cells. In contrast, we observed no 

change in Nox4 mRNA levels 23. Nox1 siRNA had no effect on CNN1 or smoothelin B 

levels under static conditions. CS induced a significant decrease in both markers in cells 

treated with Scr siRNA (Figures 3B and 3D). On the other hand, Nox1 siRNA abolished the 

decrease in both markers (Figure 3B and 3D). In contrast, CS (24 hr) had no effect on 

myosin heavy chain (MHC) expression in RASMC (MHC/β-actin ratio: 0.39±0.1 and 

0.46±0.2 for static control and stretch, respectively, n = 3), perhaps suggesting that 24 hr CS 

is not sufficient to effect a change in MHC.

Separate experiments were performed to investigate whether Nox4 (Nox2 and Nox5 are not 

expressed in RASMC) is also involved in CS-induced changes in contractile proteins. Nox4 

was gene silenced in RASMC using siRNA, cells exposed to CS for 24 hr, and CNN1 and 

OPN expression were analyzed by Western blot. Our data showed that gene silencing Nox4 

in RASMC did not reverse CS-induced changes in CNN1 and OPN protein levels 

(Supplemental Figure IVA and B). In the case of CNN, Nox4 silencing had an effect to 

augment the reduction in CNN in response to stretch perhaps suggesting that Nox4 plays a 

role in attenuating this phenotypic change.

Nox1 Mediates a Shift in RASMC Cell Alignment in Response to Uniaxial Cyclic Stretch

In cell culture, CS causes a shift in the total population of cells toward perpendicular 

realignment of RASMC (higher cell percentage closer to 90°) relative to the stretch axis 

direction.12 As measured by nuclear orientation, radial histograms show a greater 

Rodríguez et al. Page 4

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



distribution of cells shifted toward 90° under CS. This effect was ablated by NoxA1ds but 

not scrambled control (Figure 3E and F). Neither NoxA1ds nor its Scr control had an effect 

on cell alignment under static conditions.

Nox1 Mediates an Increase in RASMC Synthetic Phenotype Markers in Response to 
Uniaxial Cyclic Stretch

To further assess the role of Nox1 in stretch-induced synthetic phenotype, osteopontin 

(OPN) protein expression was measured following 24 hr of CS. CS increased OPN protein 

levels by 1.5-fold versus static conditions, which was inhibited by NoxA1ds-pretreatment 

and Nox1 gene silencing but not scrambled controls (Figure 4A and B).

Nox1 Increases MMP9 Activity and Stimulates Migration in Response to CS

Increased matrix metalloproteinase (MMP) expression contributes to the de-differentiation 

process and plays a role in the migration of synthetic SMC 2425. Thus, we determined 

whether Nox1 participates in CS-induced MMP activity and VSMC migration. CS 

stimulated MMP9 activity by ~ 2.5-fold versus static control (Figure 4C). NoxA1ds, but not 

Scr control, treatment reduced MMP9 activity to static levels (Figure 4C). Finally, CS 

induced a significant increase in RASMC migration compared to static, which was reduced 

following pharmacological inhibition of Nox1 (Figure 4D and 4E).

Finally, we tested whether CS induces changes in the architecture of F-actin network in 

SMC. CS significantly increased the density of actin filaments in SMC in a Nox1-dependent 

manner (Fig. 4F). In contrast, quantitative analysis of fiber thickness showed no significant 

actin thickening in response to CS.

Discussion

The present study illustrates for the first time that uniaxial stretch-induced phenotypic 

transitioning of vascular smooth muscle cells from a contractile to synthetic phenotype, as 

detected by changes in cytoskeletal proteins, F-actin density, MMP9 activity, cell migration, 

and cell orientation, is mediated by an early increase in MEF2B transcription and protein 

levels, upregulation of Nox1 expression, and increased Nox1-derived O2
.- production. These 

novel findings indicate that MEF2B to Nox1 signaling causing alterations in cytoskeletal 

proteins and MMP9 activation are pivotal for the synthetic and hyperproliferative/pro-

migratory VSMCs in response to cyclic stretch.

Blood vessels are continuously subjected to hemodynamic mechanical forces, including 

cyclic stretch and shear stress and these forces are highly dependent on the fluid dynamics of 

the blood, in particular, flow and viscosity.26 Increases in any of these conditions 

concomitantly lead to increased cyclic stretch and shear stress. Under physiological 

conditions, as in early vascular development, blood pressure and thus mechanical stress in 

the arterial wall regulate critical parameters of vascular function and maintain the balance 

between blood supply and tissue oxygen demand.27 In contrast to these physiological 

processes, sustained or chronic elevations in blood pressure and flow lead to phenotypic 

changes of the vascular wall and vascular remodeling.28
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NADPH oxidases (Noxes) are well established as major sources of ROS in the vasculature 

as well as significant contributors to vascular pathologies, including neointima 

formation.13, 29-32 A previous study demonstrated that p22phox-expressing smooth muscle 

cells in the neointima, that have greater capability to produce ROS, are positive for SMemb 

but not for SM2, suggesting that ROS-producing cells could possess a synthetic rather than a 

contractile phenotype 33. The manner and means by which MEF-induced Nox-derived ROS 

induces a molecular shift away from contractile proteins and activity to a highly proliferative 

and synthetic phenotype are unknown.

We observed that uniaxial cyclic stretch (10%, 1Hz, conditions mimicking hypertension in 

humans) 9 increased Nox1 mRNA, protein expression, and activity in smooth muscle cells. 

Our findings illustrate an early upregulation of Nox1 mRNA at 3 - 4 hours of stretch 

followed by increased protein expression at 12-24 hours. A previous report suggested that 

Nox1 can be upregulated in smooth muscle cells under in vitro CS conditions34. Our data 

confirm this finding and go further in demonstrating a rise in Nox1 mRNA, protein 

expression, and specific activity in response to CS. Upon establishing optimal conditions for 

Nox1 upregulation, we measured O2
.- production (via cyt c reduction assay) and observed a 

robust increase in SOD-inhibitable O2
.- production after 24 hr of CS. Previous reports 

suggested that CS induces O2
.- production 12, 35, or implicated a CS-induced O2

.- effect on 

transduction pathways using broad-range flavoprotein inhibitors including DPI 36 or 

apocynin 37. Nevertheless, those data pointed to a role for O2
.- in CS. Our findings are the 

first to our knowledge to identify the functional involvement of Nox1, or any Nox for that 

matter, in the stretch response of VSMC (utilizing two approaches; gene silencing and 

pharmacological inhibition using an isoform-specific Nox1 inhibitor, NoxA1ds).22 Previous 

work in our laboratory confirmed siRNA efficacy to inhibit Nox1 by 60-70% in this assay.38 

Moreover, NoxA1ds was able to completely blunt Nox1 activity in RASMC. Taken 

together, these data strongly support that mimicking hypertensive conditions via CS causes 

an increase in Nox1 expression and Nox1-derived O2
.- production. The time-frame of our 

results suggest a tightly regulated signaling role for Nox1.

Accumulating evidence suggests that the family of MEF2 transcription factors is involved in 

VSMC differentiation and disease 3, 17, 19. It has been proposed that Nox1 promoter region 

possesses a cis-regulatory element that is a consensus site for MEF2B binding 21. In order to 

corroborate the existence of this MEF2B regulatory element in the Nox1 gene, we evaluated 

the Nox1 promoter region using Ensembl Genome Browser and found a consensus sequence 

for MEF2B binding located at -438 bp upstream of the Nox1 transcription initiation codon 

(Suplemental Figure VI); demonstrating a putative association between MEF2B and Nox1. 

Furthermore, our results showed that there is a rapid increase in MEF2B promoter activity in 

stretch-stimulated RASMC and that inhibition of MEF2B expression using siRNA 

attenuates stretch-induced Nox1 expression, supporting the link between MEF2B and Nox1. 

These data suggest for the first time a tightly-regulated, time-dependent response to cyclic 

stretch that involves MEF2B, Nox1, and O2
.- production.

VSMC phenotypic switching is a varied and complex process. While numerous reports have 

addressed diverse molecular mechanisms behind VSMC lineage determination and 

differentiation, there is a lack of information on how Nox-derived O2
.- affects these 
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processes. VSMC cytostructural proteins are commonly used to define contractile or 

synthetic phenotypes which each exhibit distinct proliferative and migratory 

manifestations.39-41 Generally, synthetic VSMC exhibit higher growth rates and higher 

migratory activity than contractile VSMC and are identified in part by detection of reduced 

contractile proteins.42 Our observations demonstrate that stretch-induced Nox1 activity leads 

to a major decrease in two of the classical contractile proteins: CNN1 (calponin 1) 43 and 

smoothelin B44 as well as changes in F-actin fiber density. The observed stretch-induced 

reduction in CNN1 and smoothelin B expression are reversed by an isoform-specific Nox1 

inhibitor (NoxA1ds) and/or Nox1 siRNA. Osteopontin and fiber density, on the other hand, 

were increased in a Nox1-dependent manner. Taken together, these results are indicative of 

a less contractile and more synthetic VSMC phenotype. 45

Although these data indicate that Nox1 plays a major role in CS-induced phenotypic 

changes of smooth muscle cells, it is likely that other Nox isoforms and ROS-generating 

enzymes or even ROS-independent processes are involved in the transition of SMC into the 

proliferative, synthetic phenotype. A variety of signaling mediators have been associated 

with the phenotypic change of SMC some of which happen to be redox sensitive (ie: protein 

phosphatases and matrix metalloproteinases). In addition, the role of microRNAs (miRNAs) 

and intracellular Ca2+ signaling have recently been demonstrated in VSMC phenotype 

switching. 464748 Other Nox-independent pathways initiated by cyclic stretch (ie. basic 

fibroblast growth factor, insulin-like growth factors, epidermal growth factor, etc.) are also 

expected to contribute to cyclic stretch-induced phenotypic changes. 49 Future studies are 

required to investigate whether one or more of these factors elicit phenotypic changes 

involving changes in the redox status of the cell. In the present study we investigated 

whether Nox4 (Nox2 and Nox5 are not expressed in RASMC) contributes to CS-induced 

changes in contractile proteins. Our data demonstrated that gene silencing Nox4 in RASMC 

does not rescue cyclic stretch-induced changes in CNN1 and OPN protein levels.

To further validate our observations of a decreased VSMC contractile phenotype, we 

proceeded to measure VSMC orientation with respect to the direction of the stretch stimulus. 

In vivo, arterial smooth muscle cells are aligned primarily in the circumferential direction in 

the media of artery, the circumferential orientation and structural network of the VSMC 

layers are key to maintaining mechanical strength and function of the arterial wall in 

response to increased wall stress and also provide the flexibility required for pulsatile blood 

flow. 50 This effect can be evaluated in cell culture probing an alignment response to 

persistent mechanical force. It has been reported that, in response to uniaxial CS, VSMC 

rapidly realign in an orientation perpendicular (90°) to the axis of the strain. 3651 We 

postulated that under CS conditions there is a Nox1-dependent decrease in contractile 

proteins in concert with increased RASMC perpendicular realignment. Indeed, both effects 

were mediated by Nox1 and are indicative of an impaired contractile VSMC state.

One of several structural proteins shown to be increased in RASMC in a synthetic 

phenotype is OPN. OPN is a cytokine upregulated in diabetes which augments 

metalloproteinase (MMP) activation, promoting migration in vascular cells. 52 

Overexpression of MMPs in the aortic wall is believed to play an important role in dilative 

aortic pathologies. MMP2 and MMP9 upregulation has been observed in aortic walls from 
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patients with thoracic aortic dissection and thoracic aortic aneurysm.53 In addition, in vitro 

cultured VSMC derived from abdominal aortic aneurysmal wall exhibits an increased 

synthesis of MMP2 and MMP9.54 Our results show that OPN expression, MMP9 activation, 

and migration were increased during CS vs. static conditions. All of these cell changes were 

suppressed by Nox1 inhibition. Interestingly, CS did not increase MMP2 activation 

(Supplemental Figure V). Incidentally, these results are consistent with previous 

observations in vivo in which after two weeks of balloon angioplasty, there is an increased 

Nox1 expression within the neointima associated with MMP9 activation. 55

In summary, these findings highlight the involvement of a new signaling pathway 

originating at mechanical stretch, stimulating MEF2B activity, and upregulating a Nox1-

mediated shift to a synthetic and migratory VSMC phenotype. This includes marked Nox1-

mediated shifts in CNN1, smoothelin B and OPN, and MMP9 activity along with Nox1-

enhanced F-actin density, cell migration and aberrant cell orientation. VSMC migration and 

proliferation are key processes in neointima formation in multiple vascular diseases 

including atherosclerosis, restenosis, and vein graft failure56, suggesting that our findings 

have broad implications for hyperproliferative vascular diseases. Moreover, the data provide 

new insight into mechanisms controlling vascular dysfunction initiated by hemodynamic 

alterations and are expected to elucidate the mechanisms regulating vascular responses to 

elevations in mean arterial blood pressure and pulse pressure.5758 The findings also further 

support MEF2B and Nox1 as therapeutic targets in ameliorating vascular dysfunction in 

hypertension and multiple other cardiovascular disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations

CNN1 Calponin 1

CS Cyclic Stretch

MMP9 Matrix Metalloproteinase 9

MEF2 Myocyte Enhanced Factor 2

Nox1 NADPH oxidase isoform 1

OPN Osteopontin

ROS Reactive Oxygen Species

O2.- Superoxide anion

NoxA1ds NADPH oxidase 1 inhibitor

PMA Phorbol Myristate Acetate

SM Smooth Muscle

MHC Myosin Heavy Chain

p22phox p22 phagocyte oxidase
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Significance

This is the first study to establish a link between MEF2B and Nox1 and identify both 

factors as mediators of vascular smooth muscle cell phenotypic changes during 

mechanical stretch. Our findings illustrate that mechanical stretch stimulates MEF2B 

transcription, leading to Nox1 upregulation, and increased reactive species production. 

The data also demonstrate that under pathological cyclic stretch, Nox1 mediates vascular 

smooth muscle cell contractile to synthetic phenotypic switch manifested by alterations 

in key cytoskeletal proteins, matrix metalloproteinase 9 activation, disorientation of cell 

alignment, and augmented cell migration. Furthermore, the data demonstrate the 

feasibility of a novel isoform-specific inhibitor to ameliorate these phenotypic changes 

and provide additional proof of its viability as a therapeutic agent in vascular disease (see 

appendix Ranayhossaini et al. 22).
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Figure 1. 
Uniaxial cyclic stretch induces Nox1 expression and activity. RASMCs were subjected to a 

time course of cyclic stretch. A) Nox1 mRNA was measured by qPCR (n = 5). B) Nox1 

protein was measured by Western blot (n = 6). C) RASMC were incubated with NoxA1ds or 

scrambled (Scr) peptide (10 μM) and subjected to 24 hr cyclic stretch. SOD-inhibitable O2
.- 

was measured by cytochrome c reduction (n = 9). Data are expressed as means + SEM. 

*P<0.05 versus static control.
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Figure 2. 
Uniaxial cyclic stretch induces MEF2B promoter activity, MEF2B protein expression, and 

MEF2B-dependent Nox1 expression. A) RASMCs were subjected to a time course of cyclic 

stretch and MEF2B promoter reported was measured by dual firefly luciferase reporter 

assay, using MEF2F firefly luciferase reporter and a control reporter expressing Renilla 

luciferase (n = 6). B) RASMCs were subjected to a time course of cyclic stretch and MEF2B 

protein expression was investigated by Western blot (n = 4). C) RASMCs were pretreated 

with MEF2B siRNA or scrambled (Scr) siRNA, subjected to 24 hr cyclic stretch. Nox1 

protein expression was measured by Western blot (n = 6). Data are expressed as means + 

SEM. *P<0.05 versus vehicle or static condition.
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Figure 3. 
Nox1 mediates a decreased contractile phenotype in response to uniaxial cyclic stretch. 

RASMCs were subjected for 24 hr to stretch or static conditions. A and B) CNN1 protein 

expression measured by Western blot (n = 4). C and D) Smoothelin B protein expression 

measured by Western blot (n = 4). E) Cell nuclear perpendicular alignment versus the 

direction of the stretch vector represented by radial histograms (n = 5, over 130 cells). F) 

Summary of the average alignment angles (n = 5 over 130 cells). In figures A, C, E, and F, 

cells were pretreated with NoxA1ds or scrambled peptide (10 μM). In figures B and D, cells 

were pretreated with Nox1 siRNA or scrambled (Scr) siRNA. Data are expressed as means + 

SEM. *P<0.05 versus static control.
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Figure 4. 
Nox1-mediated increase in synthetic phenotype in response to uniaxial cyclic stretch. 

RASMC were subjected for 24 hr to stretch or static conditions. A and B) OPN was 

measured by Western blot (n = 4). C, Extracellular MMP9 activity was measured by 

zymography (n = 5). D and E) Cell migration was measured by wound healing assay (n = 

8). F) Uniaxial CS increases actin fiber density via Nox1. Fluorescence microscopy images 

of phalloidin-stained RASMC. Fiber density was assessed using ImageJ software and with 

the help of the Hessian matrix plug-in. The graph depicts mean values of 8 cells from 4 

independent experiments. The green bars represent 20 μm. In figures A, C, D, E and F cells 

were treated with NoxA1ds or scrambled (Scr) peptide (10 μM). In B) cells were pretreated 

with Nox1 siRNA or scrambled siRNA (5 pmol/ml) for 48 hr. Data are expressed as means 

+ SEM. *P<0.05 versus static control. #P<0.05 vs. stretch scrmb.
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