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Abstract

MiR-204 is expressed in vascular smooth muscle cells (VSMC). However, its role in VSMC 

contraction is not known. We determined if miR-204 controls VSMC contractility and blood 

pressure through regulation of sarcoplasmic reticulum (SR) calcium (Ca2+) release. Systolic blood 

pressure (SBP) and vasoreactivity to VSMC contractile agonists (phenylephrine (PE), 

thromboxane analogue (U46619), endothelin-1 (ET-1), angiotensin-II (Ang II) and norepinephrine 

(NE) were compared in aortas and mesenteric resistance arteries (MRA) from miR-204−/− mice 

and wildtype mice (WT). There was no difference in basal systolic blood pressure (SBP) between 

the two genotypes; however, hypertensive response to Ang II was significantly greater in 

miR-204−/− mice compared to WT mice. Aortas and MRA of miR-204−/− mice had heightened 

contractility to all VSMC agonists. In silico algorithms predicted the type 1 Inositol 1, 4, 5-

trisphosphate receptor (IP3R1) as a target of miR-204. Aortas and MRA of miR-204−/− mice had 

higher expression of IP3R1 compared to WT mice. Difference in agonist-induced vasoconstriction 

between miR-204−/− and WT mice was abolished with pharmacologic inhibition of IP3R1. 

Furthermore, Ang II-induced aortic IP3R1 was greater in miR-204−/− mice compared to WT mice. 

In addition, difference in aortic vasoconstriction to VSMC agonists between miR-204−/− and WT 

mice persisted after Ang II infusion. Inhibition of miR-204 in VSMC in vitro increased IP3R1, and 

boosted SR Ca2+ release in response to PE, while overexpression of miR-204 downregulated 

IP3R1. Finally, a sequence-specific nucleotide blocker that targets the miR-204-IP3R1 interaction 

rescued miR-204-induced downregulation of IP3R1. We conclude that miR-204 controls VSMC 

contractility and blood pressure through IP3R1-dependent regulation of SR calcium release.
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1. Introduction

Hypertension is a major risk factor for heart failure, myocardial infarction, stroke, and 

chronic kidney disease [1]. Pathophysiological mechanisms contributing to the development 

of hypertension include increased vascular resistance, determined in large part by reduced 

vascular diameter due to increased vasoconstriction and arterial re-modelling [2]. Vascular 

smooth muscle (VSMC) contraction is triggered by an increase in intracellular free calcium 

(Ca2+) concentration, promoting actin–myosin cross-bridge formation [2]. Perturbations in 

VSMC signalling influence vascular reactivity and tone and is an important determinant of 

vascular resistance and blood pressure [2]. Accumulating data suggest that deregulation of 

VSMC Ca2+ is a trigger in hypertension [2,3].

Inositol 1,4,5-trisphosphate (IP3) regulates Ca2+ release from intracellular Ca2+ stores. IP3 is 

enzymatically synthesized in response to extracellular agonists, and acts via its cognate 

receptors (IP3R) to promote release of Ca2+ from the sarcoplasmic reticulum into the 

cytosol. The IP3-IP3R axis is critical for VSMC contractile response to vasoactive agonists 

[4,5]. Dysregulation in VSMC IP3R expression is associated with hypertension-related 

vascular complications [6]. Recent experimental evidence points to micro-RNAs (miRNAs), 

a class of small noncoding RNAs that target a complementary mRNA and either repress its 

translation or destabilize it [7], as contributing factors in vascular diseases characterized by 

alterations in IP3R expression and Ca2+ signalling [8,9].

MiR-204 is expressed in blood vessels and it’s downregulation in pulmonary arteriolar 

smooth muscle is associated with pulmonary arterial hypertension [10]. MiR-204 has also 

been shown to regulate vascular smooth muscle cell calcification in vitro and in vivo [11]. 

Recent evidence suggests that endothelial miR-204 impairs aortic endothelial function in 

diet-induced obesity [12], but the role of vascular miR-204 in regulating systemic blood 

pressure is not known. In silico algorithms predict IP3R1 as a miR-204 target. Intrigued by 

the possibility that vascular miR-204 is involved in pressor response, we examined if it 

governs VSMC contractility and blood pressure through an effect on the IP3R1/Ca2+ axis.

2. Methods

2.1. Animals

The miR-204 knockout mice were created using TALEN technology in a C57Bl/6 

background. Sequences immediately flanking the miR-204 coding sequence were chosen as 

recognition targets, and appropriate TALEN mRNAs were generated using in vitro 

transcription. These TALEN mRNAs were injected into fertilized C57Bl/6 eggs which were 

then implanted into pseudo-pregnant dams. Several potential founder offspring were 

identified by PCR and DNA sequencing over the deletion site. A founder with a 10 bp 

deletion allele which eliminated virtually all of the miR-204 mature coding sequence was 
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backcrossed into a C57Bl/6 background, and subsequent generations were bred to 

homozygosity. Quantitative PCR analyses demonstrated a significant decrease in miR-204 

mRNA in heterozygous mice, while homozygous mice had no detectable miR-204 

transcript.

Experiments were performed on 8–12 week-old mice lacking miR-204 (miR-204−/−) and 

their wild type (WT) controls. Mice were fed a solid standard diet (Na+ content 0.4%) and 

water. Mice were divided in 4 groups: 1) Wildtype mice infused with saline (WT); 2) 

Wildtype mice infused with Ang II (100 ng/kg/min) using subcutaneous mini-osmotic 

pumps for 4 weeks (WT Ang II); 3) miR-204−/− mice infused with saline (miR-204−/−); 4) 

miR-204−/− mice infused with Ang II (miR-204−/− Ang II). Terminal experiments were 

performed in anesthetized mice (2–5% isoflurane). The thoracic aorta and the mesenteric 

resistance arteries (MRA) were isolated and used for immunoblotting, real-time quantitative 

polymerase chain reaction (qPCR), and vascular reactivity. All protocols were approved by 

the Institutional Animal Care and Use Committee of the University of Iowa. All methods 

were performed in accordance with the guidelines and regulations of the NIH and University 

of Iowa.

2.2. Vascular reactivity

Male mice 8–12 weeks old were anesthetized and euthanized by rapid cardiac excision. The 

thoracic aorta and the MRA were carefully harvested and placed in ice-cold Krebs buffer 

(118.3 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4, 25 mM NaHCO3, 1.2 

mM MgSO4, 11 mM glucose, 0.0026 mM CaNa2 EDTA). The vessels were cleaned of fat 

and connective tissue and cut transversely into 5–10 rings (1.8–2.0 mm wide). The rings 

were placed in oxygenated chambers (95% O2/5% CO2) filled with 5 mL Krebs buffer 

solution and maintained at 37°C and pH 7.4. Each ring was suspended between two wire 

stirrups in a 5 mL chamber of a four-chamber myograph system (DMT). One stirrup was 

connected to a three–dimensional micromanipulator and the other to a force transducer. The 

contractile force was recorded electronically. All rings were stretched to 2000 mg in 500 mg 

increments over a 1 h period to optimize the contractile response to KCl. One dose of KCl 

(60 mM) was added to verify vascular smooth muscle viability. Contractile response was 

determined by generating dose–response curves to phenylephrine (PE) (10−8 to 3.10−4 M), 

thromboxane analogue (U46619) (10−9 to 3.10−5 M), endothelin (ET1) (10−8 to 10−4 M), 

angiotensin II (Ang II) (10−10 to 10−5 M), and norepinephrine (NE) (10−8 to 10−4 M). 

Experiments were repeated in the presence of the IP3R blocker, 2-aminoethoxydiphenyl 

borate (2-APB) (50 μm).

2.3. Blood pressure

Systolic blood pressure (SBP) was measured in conscious mice with an automated multi-

channel system, using the tail-cuff method with a photoelectric sensor (Kent Scientific 

Torrington, USA) as previously described. [13] Briefly, SBP was measured before starting 

the study and every week during the treatment. Arterial blood pressure measurements were 

performed at the same time of day (between 9 a.m. and 11 a.m.) in order to avoid the 

influence of the circadian cycle, and the mean of 10 measurements was used.
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2.4. Western blotting

Immunoblotting for IP3R1 (Abcam, USA) was performed on aortic segments. 

Chemiluminescent signal was developed using the Licor Odyssey Scanner (Lincoln, NE, 

USA). Bands were quantified using Image J software.

2.5. Cell culture, plasmid/siRNA, and site blocker transfection

Primary vascular smooth muscle cells isolated from aortas of wildtype mice were transfected 

with miR-204 mimic (5′-UUC CCU UUG UCA UCC UAU GCC U-3′), miR-204 inhibitor 

(5′-AGG ATG ACA AAG GGA-3′), scrambled oligonucleotide (5′-ACG TCT ATA CGC 

CCA- 3′),IP3R1 site blocker (5′-AGT TCC CTT TAA AAA ATT-3′) and/or negative 

control (5′-TAA CAC GTC TAT ACG CCC A-3′)

2.6. Cytosolic calcium assay

Calcium release into the cytosol was measured as previously described [14]. Briefly, primary 

VSMC transfected with miR-204 Inhibitor (I), or scrambled (SC) were loaded with 20 μM 

Fluo-4 for 15 min. After loading, cells were washed with isotonic buffer as previously 

described [14]. The assay was performed in a buffer solution as previously described [14], 

where phenylephrine (PE) (10−3 μM) was added and fluo4 fluorescent was determined.

2.7. Quantitative real time PCR

Total RNA from cultured cells or tissues of mice was isolated by the TRIZOL (Invitrogen) 

method. Real-time PCR was performed using the Prism 7000 Sequence Detection System 

(Applied Biosystems, Foster City, CA) with the Super Script III Platinum SYBR Green One-

Step qRT-PCR Kit (Invitrogen). The following primers purchased from Exiqon were used: 

Mouse IP3R1 forward 5′- TGG GCA ACT GTG GGA CCT T-3′, reverse 5′- GGA ACT 

CCA CAT CCA GAA CCA-3′; mouse IP3R2 forward 5′- AGG AAG GTG AGG ATG 

GCA TAG A-3′, reverse 5′-CAC GGT GAC AAT GCA CAT GA-3′; mouse IP3R3 forward 

5′-CAG AAC GAC CGC AGG TTT GT-3′, reverse 5′- CAG GAC ATT CTG CCC ATT 

GTT-3′; mouse GAPDH forward 5′- GGC AAA TTC AAC GGC ACA-3′, reverse 5′-CGC 

TCC TGG AAG ATG GTG AT-3′. MiR-204 forward and universal reverse primers were 

procured from Quanta Biosciences (cDNA synthesis kit, Quanta Biosciences, Beverly, MA, 

USA). Mouse GAPDH and RNU6 (Quanta Biosciences, Beverly, MA, USA) were used as 

internal controls for mRNA and miR quantification, respectively.

2.8. Statistical analysis

Statistical analysis was performed using GraphPad Prism (Version 6.0) statistical software. 

Significance of difference between two groups was evaluated using the t-test. For multiple 

comparisons, one-way analysis of variance (ANOVA) was used and post-hoc analysis was 

performed with Tukey’s test. Data are expressed as mean ± SEM and considered significant 

if P-values were ≤ 0.05. All shown data is representative of at least three independent 

experiments.
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3. Results

3.1. Lack of miR-204 increases vascular contractility through IP3 receptor 1 (IP3R1)-
dependent mechanism

We first asked if miR-204 controls vascular contractile responses in mice. We used mice 

with global deletion of the miR-204 locus (miR-204−/−) and WT mice for this purpose. 

Aortas and mesenteric resistance arteries (MRA) from miR-204−/− and WT mice were 

subjected to cumulative doses of contractile agonists phenylephrine (PE), thromboxane 

analogue (U46619), endothelin-1 (ET-1), angiotensin-II (Ang II) and norepinephrine (NE). 

When compared to WT mice, miR-204−/− mice had increased contractile response to PE 

(Figs. 1, 2 A), U46619 (Figs. 1, 2B), ET-1 (Figs. 1, 2C), and NE (Figs. 1, 2E) in both aorta 

and MRA. MRA from miR-204−/− mice had higher contractile response to Ang II than WT 

MRA (Fig. 2D), but neither aorta from WT or miR-204−/− showed any contraction to Ang II 

(Fig. 1D), indicating absence of Ang II receptors in aortas. Inhibition of IP3R1 with 2-

aminoethoxydiphenyl borate (2-APB) (50 μm) suppressed vasoconstriction to all agonists in 

both groups, negating any difference between groups (Figs. 1 and 2), suggesting that the 

difference is vascular contractility between WT and miR-204−/− mice is mediated by IP3R1. 

Western blotting (Fig. 1F) and quantification (Fig. 1G) showed that miR-204−/− mice have 

more IP3R1 protein in aortas compared to WT mice. Additionally, qRT-PCR showed that 

miR-204−/− mice express more IP3R1 mRNA in aortas and MRA compared to WT mice 

(Figs. 1H, 2 F).

3.2. MiR-204−/− mice have an exaggerated pressor response

We then looked for differences in blood pressure between miR-204−/− and WT mice. 

Resting systolic blood pressure (SBP) was not different in miR-204−/− mice and WT mice 

(Fig. 3A). However, pressor response to Ang II (100 ng/kg/min) was markedly higher in 

miR-204−/− compared to WT mice (Fig. 3A). In addition, contractile responses of aortas to 

phenylephrine, U46619, endothelin-1, angiotensin-II and norepinephrine were significantly 

greater in AngII-treated miR-204−/− compared to WT mice (Fig. 3B–F). Immunoblotting 

showed that Ang II infusion upregulated IP3R1 expression in aortas, and this increase was 

potentiated in miR-204−/− mice (Fig. 3G, H). Moreover, Ang II infusion itself decreased 

aortic miR-204 expression in aortas of WT mice (Fig. 3I).

3.3. MiR-204 controls IP3R1 expression

In silico algorithms predict the type 1 Inositol 1, 4, 5-trisphosphate receptor (IP3R1) as a 

target of miR-204 in human, rat and mouse species (Fig. 4A). IP3R1 is the most abundantly 

expressed IP3R in VSMC. Given this, we asked whether miR-204 controls IP3R1 

expression. Primary VSMC were isolated from WT mice and transfected with miR-204 

nucleotide inhibitor (I) or mimic (M) or scrambled control (SC). Downregulation of 

miR-204 with the inhibitor (Fig. 4B) was associated with increase of IP3R1 protein and 

mRNA expression (Fig. 4C–E). Conversely, increase of miR-204 using miR-204 mimic (Fig. 

4F) was associated with downregulation of IP3R1 mRNA and protein (Fig. 4G–I).
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3.4. IP3R1 mRNA is a direct target of miR-204

To determine whether IP3R1 is a direct target for miR-204, we designed a sequence-specific 

antisense oligonucleotide that binds to the miR-204 target site on IP3R1 mRNA, shielding it 

from miR-204. Using this blocking oligonucleotide, we asked if miR-204 directly targets 

IP3R1 mRNA in VSMC. Overexpression of miR-204 in VSMC using miR-204 mimic (Fig. 

5A) led to reduction of IP3R1 mRNA (Fig. 5B). This decline in expression was blocked by 

the sequence-specific IP3R1 blocking oligonucleotide (Fig. 5B). Importantly, the IP3R1 

blocking oligonucleotide did not negate downregulation of sirtuin 1 (SIRT1) by miR-204 

(Fig. 5C), a validated target of miR-204. [12]. Thus, miR-204 directly targets IP3R1 in 

VSMC. MRNA of IP3R2 and IP3R3 was not different in aortas of WT and miR-204−/− mice, 

and was not downregulated by miR-204 mimic in aortic VSMC (Fig. Supp 1) indicating the 

miR-204 selectively targets IP3R1.

3.5. MiR-204 controls SR Ca2+ release in VSMC

We next determined if miR-204 regulates agonist-induced Ca2+ release from the 

sarcoplasmic reticulum (SR) into the cytosol. Cytosolic Ca2+ in response to phenylephrine 

was significantly higher in VSMC transfected with miR-204 inhibitor compared to 

scrambled control (Fig. 6A–C). Thus, inhibition of endogenous miR-204 boosts agonist-

stimulated SR Ca2+ release into the cytosol.

4. Discussion

Regulation of IP3 receptors by microRNAs has been reported in the heart and other cell 

types. Drawnel et al showed that miR-133a regulates IP3R2 leading to hypertrophy in 

cardiomyocytes [15]. Another study identified miR-506 as a regulator of IP3R3 and Ca2+ 

signaling in HEK293 cells [16]. Additionally, miR-25 regulates IP3R1 in the cardiac 

myocyte cell line HL-1 [8]. Although these studies showed a correlation between 

microRNAs and IP3R, the nature of this relationship in VSMC is unknown. Our data showed 

the miR-204 deletion was associated with an increased level of IP3R1 in the vasculature.

All three IP3R isoforms are present at the mRNA and protein levels in cultured VSMC and 

intact aorta. However, among the three receptors, IP3R1 is best expressed and plays the 

dominant role in VSMC function [17,18]. IP3R1 is vital in receptor-regulated Ca2+ signaling 

in response to a variety of vasoactive agonists. Our findings that exaggerated 

vasoconstriction in bloods vessels of miR-204−/− mice is due to upregulation of in IP3R1are 

consistent with a study by Zhou et al showing that PE-induced aortic contraction is reduced 

in IP3R1-deficient mice [17]. Another study highlighted the roles of all three isoforms of 

IP3R by showing that vascular contractility is reduced in IP3R1,2, 3-deficient aortas [18]. 

Additionally our data are in accordance with studies showing that pharmacological 

inhibition of IP3R using IP3R blockers such as heparin, 2-APB or Xestospongin leads to a 

reduction in the contractility of vessels [19–21]. All together, these data demonstrate that 

IP3R1-mediated Ca2+ release plays an important role in regulating vasoconstriction 

following activation of G-protein-coupled receptors. However, 2-APB is a broad inhibitor 

and has also been shown to inhibit calcium release-activated calcium channel protein 1 

(ORAI1) and transient receptor potential cation channels (TRPC) [22], which are activated 
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downstream of IP3R [23]. Therefore, additional studies using mice with conditional deletion 

of IP3R1 in vascular smooth muscle will clarify the relative contribution of IP3R1 in 

miR-204-mediated changes in vasoconstriction.

Intracellular Ca2+ is a crucial regulator of VSMC contractility. Our findings demonstrate the 

important part miR-204 plays in intracellular Ca2+ homeostasis, and the mediating role of 

IP3R1 in this phenomenon. However, we cannot rule out the contribution of IP3R1-

independent mechanisms in miR-204-mediated control of VSMC Ca2+. MiR-204 regulates 

Ca2+ by targeting Caveolin-1 and Transient Receptor Potential Cation Channel Subfamily M 

Member 3 (TRPM3) in renal cell carcinoma [24]. This TRPM3-dependent mechanism may 

also be operative in VSMC. A recent study by Koyama et al suggests that miR-204 also 

regulates low voltage-activated Ca2+ currents in ventricular cardiomyocytes, and accelerates 

ventricular cell spontaneous beatings through this mechanism [25].

Importantly, miR-204−/− mice were not spontaneously hypertensive, indicating that 

upregulation of IP3R1 in these mice is not sufficient to lead to a hypertensive phenotype. 

That the miR-204−/− mice have an exaggerated increase in blood pressure with Ang II 

infusion compared to WT mice, indicated that an additional hypertensive stimulus is 

required to bring out the phenotypic difference between the two genotypes. This suggests 

that miR-204-dependent of IP3R-mediated Ca2+ release might not be required for the 

maintenance of physiological blood pressure. In contrast, a recent report shows that 

inducible and specific deletion of G protein-coupled receptors (Gq) in VSMC results in 

sustained decrease of basal blood pressure [26], suggesting that Gq may control basal blood 

pressure through additional IP3R-independent mechanisms.

We used a low pressor dose of Ang II in our studies. A high dose of Ang II (400 ng/kg/min) 

did not elicit difference in blood pressure between miR-204−/− and WT mice (data not 

shown). This indicates that miR-204−/− mice are sensitized to Ang II-induced pressor 

response. The role of miR-204 in blood pressure regulation is corroborated by a recent study 

showing that a miR-204 agomir reduces blood pressure in the spontaneously hypertensive 

rat [27]. It is interesting that we also observed a decrease in aortic miR-204 expression with 

Ang II, consistent with a recent publication showing downregulation of miR-204 in 

hypertension [27]. Studies show that Ang II downregulates specific miRNAs through Gq- 

and ERK-dependent mechanisms [28–30]. While we did not explore how AngII 

downregulates miR-204 in vascular smooth muscle cells, these mechanisms may be 

functional. Although we did not pursue the mechanism responsible for this downregulation, 

it suggests that dynamic control of vascular miR-204 may play a part in blood pressure 

regulation in physiological and pathophysiological states.

In summary, our findings show that miR-204 regulates constriction of systemic vasculature 

to a wide range of physiologic agonists and systemic pressor response to Angiotensin II by 

governing IP3R1-mediated SR Ca2+ release into the cytosol. These findings may provide 

impetus for development of miR-204-directed RNA-based therapies to treat hypertension.
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Fig. 1. 
Deletion of mir-204 increases contractile response and IP3R1 expression in aorta. (A–E) 

Contractile response to phenylephrine (PE) (A), thromboxane analogue (U46619) (B), 

endothelin-1 (ET-1) (C), angiotensin-II (Ang II) (D) and norepinephrine (NE) (E) in aortas 

of miR-204−/− and WT mice. *p < 0.05 vs WT. Inhibition of IP3R1 with 2-

aminoethoxydiphenyl borate (2-APB) (50 μm) suppresses vasoconstriction to all agonists in 

both groups, without any difference between them (Fig. 1A–E). ^p < 0.05 vs WT + 2-APB. 

(F–G) Immunoblots for IP3R1 (F) with quantification (G) in aortas of miR-204−/− and WT 

mice. *p < 0.05 vs WT. (H) qRT-PCR for IP3R1 in aortas of miR-204−/− mice and WT mice. 

*p < 0.05 vs WT.
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Fig. 2. 
Deletion of mir-204 increases contractile response and IP3R1 expression mesenteric 

resistance arteries (MRA). (A–E) Contractile response to phenylephrine (PE) (A), 

thromboxane analogue (U46619) (B), endothelin-1 (ET-1) (C), angiotensin-II (Ang II) (D) 

and norepinephrine (NE) (E) in MRA of miR-204−/− and WT mice. *p < 0.05 vs WT. 

Inhibition of IP3R1 with 2-aminoethoxydiphenyl borate (2-APB) (50 μm) suppresses 

vasoconstriction to all agonists in both groups, without any difference between them (Fig. 

2A–E). ^p < 0.05 vs WT + 2-APB. (F) qRT-PCR for IP3R1 in MRA of miR-204−/− and WT 

mice. *p < 0.05 vs WT.
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Fig. 3. 
Deletion of miR-204 accentuates increases systolic hypertension. (A) Pressor response to 

Ang II infusion (100 ng/kg/min) in miR-204−/− and WT mice. ^p < 0.05 vs WT + Ang II; #p 

< 0.05 vs miR-204−/− + Ang II. (B–F) Contractile response to phenylephrine (PE) (B), 

thromboxane analogue (U46619) (C), endothelin-1 (ET-1) (D), angiotensin-II (Ang II) (E) 

and norepinephrine (NE) (F) in aorta of miR-204−/− and WT mice infused with Ang II. *p < 

0.05 vs WT; ^p < 0.05 vs WT + Ang II; #p < 0.05 vs miR-204−/− + Ang II. (G–H) 

Immunoblots for IP3R1 (G) with quantification (H) in aortas of WT and miR-204−/− mice 

infused with Ang II. *p < 0.05 vs WT; ^p < 0.05 vs WT + Ang II; #p < 0.05 vs miR-204−/− + 

Ang II. (I) qRT-PCR for miR-204 in aortas of miR-204−/− and WT mice infused with Ang 

II. *p < 0.05 vs WT; ^p < 0.05 vs WT + Ang II; #p < 0.05 vs Mir-204−/− + Ang II.
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Fig. 4. 
Mir-204 regulates IP3R1 expression in aortic VSMC. (A) In silico analysis predicting 

conserved sequence in 3′-UTR of IP3R1 as a target of miR-204. (B) qRT-PCR of miR-204 

in VSMC transfected with miR-204 inhibitor (miR-204 I 50 nM for 48 h). *p < 0.05 vs miR 

SC (C) Immunoblots for IP3R1 (C) with quantification (D) in VSMC transfected with 

miR-204 I. *p < 0.05 vs miR SC (E) qRT-PCR for IP3R1 VSMC transfected with miR-204 

I. *p < 0.05 vs miR SC. (F) qRT-PCR for miR-204 in VSMC transfected with miR-204 

mimic (miR-204 M 50 nM for 48 h). *p < 0.05 vs miR SC. (G) Immunoblots for IP3R1 (G) 

with quantification (H) in VSMC transfected with miR-204 M. *p < 0.05 vs miR SC. (I) 

qRT-PCR for IP3R1 in VSMC transfected with miR-204 M. *p < 0.05 vs miR SC.
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Fig. 5. 
IP3R1 is a direct target of miR-204. (A–C) qRT-PCR for miR-204 (A), IP3R1 (B) and SIRT1 

(C) in VSMC transfected with miR-204 mimic (miR-204 M 50 nM for 48 h) in the presence 

and absence of sequence-specific site blocker that targets IP3R1-miR-204 binding (SB 

IP3R1, 50 nM). Controls were transfected with a scrambled oligonucleotide miR (miR SC) 

and scrambled site blocker (SB SC). ^p < 0.05 compared to SB SC + miR SC.
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Fig. 6. 
MiR-204 inhibition augments agonist-induced time-dependent SR Ca+2 release into the 

cytosol. Confocal images (A) with fluorescence intensity (B) and quantification (C) of 

phenylephrine (PE)-induced cytosolic Ca+2 release in aortic VSMC transfected with 

miR-204 inhibitor (miR-204 I 50 nM for 48 h). Controls were transfected with a scrambled 

miR (miR SC). *p < 0.05 compared to miR SC.
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