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Aims: 2S) inhibits the proliferation of vascular smooth muscle cells 
(VSMCs). However, how cystathionine-gamma-lyase (CSE), a major enzyme that produces 
H2S, is regulated remains unknown. Whether calcium-sensing receptor (CaSR) inhibits 
the proliferation of VSMCs by regulating the endogenous CSE/H2S pathway in diabetic 
rat has not been previously investigated. Methods and Results: The morphological and 
ultrastructure alterations were tested by transmission electron microscopy, changes in the 
H2S concentration and the relaxation of the mesenteric secondary artery loop of diabetic rats 
were determined by Multiskan spectrum microplate spectrophotometer and isometric force 
transducer. Additionally, the expression levels of CaSR, CSE and Cyclin D1 in the mesenteric 
arteries of rats were examined by western blotting. The intracellular calcium concentration, 
the expression of p-CaMK II (phospho-calmodulin kinases II), CSE activity, the concentration 
of endogenous H2S and the proliferation of cultured VSMCs from rat thoracic aortas were 
measured by using confocal microscope, western blotting, microplate spectrophotometer, 
MTT and BrdU, respectively. The VSMC layer thickened, the H2S concentration dropped, the 
relaxation of the mesenteric secondary artery rings weakened, and the expression of CaSR 
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and CSE decreased whereas the expression of Cyclin D1 increased in diabetic rats compared 
with the control group. The [Ca2+]i of VSMCs increased upon treatment with CaSR agonists 

2), while it decreased upon administration of calhex231, 
U73122 and 2-APB. The expression of p-CaMK II and CSE increased upon treatment with CaSR 
agonists in VSMCs. CSE activity and the endogenous H2S concentration decreased in response 
to high glucose, while it increased with treatment of CaSR agonists. The proliferation rate 

proliferation of VSMCs caused by high glucose. Conclusions: Our results demonstrated that 
CaSR regulated the endogenous CSE/H2S pathway to inhibit the proliferation of VSMCs in 
both diabetic and high glucose models. 

IntroductionDiabetes increases the risk of cardiovascular morbidity and mortality by promoting cardiovascular injury, which is a major cause of death and disability in patients [1]. During vascular injury, vascular smooth muscle cell proliferation is a critical factor and a noted characteristic. Some studies have suggested that oxidative stress [2] and growth factors [3, 4] are involved in the proliferation of VSMCs in diabetes models. Recent studies have suggested that vasodilators play a major role in modulating the proliferation of VSMCs in diabetic models [5]. 2S) is the third member of the gaseous transmitter family. It is a strong reducing agent [6, 7] and vasodilator [8] and is endogenously synthesized from L-cysteine. In mammalian cardiovascular tissues, the biosynthesis of H2S is mainly catalyzed 2S is involved in vasorelaxation [8], cardioprotection [9] and the inhibition of proliferation of VSMCs [10]. 2S pathway plays an important role in the development of certain cardiovascular diseases, such as spontaneous hypertension, atherosclerosis and heart failure [11-13]. However, whether H2S protects the periphery vasculature against diabetes-induced injury remains unclear.
2 3 3 binds the 3 receptor on the sarcoplasmic reticulum, which causes calcium to be released and thus increases the calcium concentration in the cytoplasm [14, 15]. Some evidence suggests that modulator of CaSR induces the relaxation of rat isolated small mesenteric arteries [17, 18]. A recent study found that increasing the [Ca2+]i increases endogenous H2S production in smooth muscle cells [19].The role of H2S in inhibiting the proliferation of VSMCs has been investigated previously 2S pathway on SMC proliferation have not been 2S pathway may uncover the mechanism of endogenous H2S production. In the present study, we determined that the reduction of H2S production in a STZ-and H2S production and arrest the progression of diabetic vascular injury.

Materials and Methods

Animals 

 Copyright © 2015 S. Karger AG, Basel



Cell Physiol Biochem 2015;35:1582-1598
DOI: 10.1159/000373973
Published online: March 18, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1584

Zhong et al.: CaSR Regulating VSMCs Proliferation

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

The study was approved by the Institutional Animal Research Committee of Harbin Medical University. All dark cycles and allowed free access to normal rat chow and water throughout the study period. Rats were randomly assigned to different treatment groups. 
Experimental groups 

following STZ injection. Blood glucose levels of the rats were measured using blood glucose test strips after 72 h of STZ injection, and blood glucose levels over 16.7 mM were accepted as diabetes. Rats were divided 
repeated after 2 weeks of treatment in each group.

Morphological changes in the mesenteric secondary arteries of ratsUltrastructural alterations of mesenteric secondary arteries of rats were detected by transmission 
3

4 6 buffered with 0.1 M sodium cacodylate, dehydrated through graded concentrations of ethanol and propylene 
were obtained using Zeiss Axiophot microscopes.

Histological Examination 

sections. The sections were then stained with Masson trichrome stain to reveal histological changes and 
The changes on the relaxation rate of rat mesenteric secondary artery ringsThe rat mesenteric secondary arteries were isolated, and rings of approximately 2–3 mm in length 

every 15 min before each experimental procedure. Isometric changes in tension were recorded with an 
4 2 2 4 32 2 at 37 °C and pH 7.4.Reagents aqueous solution was introduced directly into the organ bath by an automated pipette. At isolated from different groups of rats. After a 30 min washout period, the arteries were precontracted by 1 nM by cumulative addition to the organ bath. The functionality of the endothelium was also determined after obtaining the reagents induced relaxation response. For this purpose, after an hour of washout period, 

bath.
Vascular smooth muscle cells of rat thoracic aorta (A7r5) culture
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2 incubator. The experiments 
Measurement of [Ca2+]

i with Fluo-4/AMThe VSMCs were placed onto coverslips, which were covered in 12-well culture plates. After 72 h at 37 

2, 2.5 
3 2+min before Calindol challenge. In CaCl2 2 +-Ca2+ exchanger inhibitor) and CdCl2 2+ channel inhibitor) 30 min before the procedure. Image analysis 

2+]i
Measurement of H2S productionH2

2 and incubated at 37 °C for 90 min. The reaction was stopped by contents of the center wells were transferred to test tubes each containing 3.5 ml of water, 0.5 ml of 20 mM 
N,Ndimethyl-p-phenylenediamine sulfate in 7.2 M HCl and 0.5 ml 30 mM FeCl3 in 1.2 M HCl were added. The absorbance of the resulting solution at 670 nm was measured 20 min later with a Multiskan spectrum microplate spectrophotometer.

Cell viability and proliferation assay

4to different reagents for another 24 h. Cell viability and proliferation were measured respectively by the 
The VSMCs were placed onto coverslips, which were covered in 24-well culture plates with polylysine. 

Total protein extraction from rat mesenteric secondary arteries and cultured vascular smooth muscle 
cells of rat thoracic aorta (A7r5) and protein analyzed by western blottingtransferred into small tubes and rotated 1 h at 4 °C. Solubilized proteins were collected after centrifugation 
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milk powder prepared in TBS + 0.2 % Tween 20 for 2 h at room temperature. Immunoblotting was then 

Statistical analysis

t test. A difference with 
Results

General characteristics and blood glucose in diabetic ratsTo investigate the in vivo effect of H2rat model by injecting rats with STZ. Compared with the control group, food and water intake diabetic groups. These results demonstrated that our rat diabetic model was established 
Exogenous H2S decreased the thickness of smooth muscle in the mesenteric secondary 
arteries of diabetic ratsTo explore the in vivo effect of H2S on the proliferation of smooth muscle in the mesenteric secondary arteries of diabetic rats, the thickness of the mesenteric artery was evaluated by increased and the H2S concentration decreased in the mesenteric arteries of the 4, 8 and 12 week diabetic groups. The thickness of the smooth muscle and the H2S concentration in the 
Protein expression in the mesenteric arteries of diabetic rats

CaSR or H2S increased the relaxation rate of the mesenteric artery rings of diabetic rats Functional changes in vessels are critical indicators of vascular injury. To investigate the effects of CaSR and H2S on the functional changes of mesenteric artery rings, we 

diabetes. *p
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examined the relaxation of mesenteric artery rings subjected to CaSR or control group, the relaxation rates of the mesenteric artery rings of the 4, 8 and 12 week diabetic groups decreased dramatically. In contrast, 
compared with the diabetic groups 

2
CaSR activation induced an 
increase in [Ca2+]i in VSMCs via 
the PLC-IP3 signal transduction 
pathway and modulated the 
expression of CSE via p-CaMKIITo investigate the relationship we examined the signal transduction pathways among CaSR, [Ca2+]i and 2+]i was 

2 and Calindol) group compared with the control group. The FI of [Ca2+]i was decreased in the 
2 2 + CdCl2compared with the CaSR agonist group. Furthermore, as a negative on the FI of [Ca2+]i. Western blot analysis showed that, compared with 

Ultrastructural alterations and the H2S concentration of rat mesenteric arte--control, *pDiabetes 4-12w, *p

2S con-Diabetes 4-12w vs. control and Diabetes + -vely, *p
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CaSR activation mediated the CSE/H2S pathway in VSMCs2S by CaSR activation, we also examined 2S pathway of VSMCs both in low and 2 or Calindol) increased the expression of CaSR compared 2 

at 4-12w in diabetic rat mesenteric arteries deter-
was decreased while Cyc-lin D1 expression increa-sed in diabetes group and -tes, *pthe expression of CaSR while the expression of Cyclin D1 increased in di-abetes group and diabetes *p p

p
p p -pression were decreased while Cyclin D1 increased in diabetes group and di--

p
p p
p p
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2 group. Both CaCl2 and Calindol increased H2S production in the VSMCs compared with the control group, while H2

 The changes of re-laxation rate in mesenteric artery rings after the tre-atment with Calindol or relaxation rate of 4-12w Dia were decreased while -creased after treated with Calindol. 4-12w Dia vs. Con-
p

p*p

pof relaxation rate of 4-12w Dia were decreased while were increased after treated 
pvs. 4w and 8w Dia, *p4w and 8w Dia, *p

p
p -*p pDiabetes vs. 4w and 8w Di-

pmeans Diabetes). The cur--anges of the relaxation rate at different time, and the bar -tion rate at the 5 min point.
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control group. These changes obviously increased in the Calindol, CaCl22+ 2S production 2the control group, whereas the CaSR agonist increased the H2
H2S inhibited the alteration of the VSMC phenotype, as observed with Masson’s trichrome 
staining and western blot analysisA previous study showed that VSMCs proliferate after the phenotypic modulation from a contractile state to a proliferative state [24]. To test the inhibition of H2S on the proliferation 

2 2 2*P 2 2 2, *pH2 2+ 2+ vs. Ca2+ 2+ vs. Ca2+ 2+ vs. Ca2+, *p*p
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CaSR activation mediated the CSE/H2S pathway, which inhibited VSMC proliferationA7r5 compared with the control group. However, cell viability and proliferation decreased in the Calindol, CaCl2

 The effect of a CaSR agonist on the [Ca2+]imM CaCl2 caused an increased FI of [Ca2+]i, p 2+]i induced by Calindol or CaCl2 2+]i compared with the control, p -creased the integrated optical density of [Ca2+]i, *pafter treated with Calindol or Ca2+ determined by Western blot. Calindol or Ca2+ p2+ 2+ p
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The proliferation of VSMCs plays a key role in the maintenance of vascular structure and functions. However, its phenotypic alteration leads to vascular remodeling and various proliferative vascular diseases [25]. High glucose induces VSMC proliferation in vitro, mimicking a key process involved in subendothelial arterial wall thickening and subsequent progression to atherosclerosis in diabetic patients [26]. Recently, some studies suggested 

2
p p

p p
p p p*p p 2 2+2+ 2+ p2+ p
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2S has also 2S as an in human aortic SMCs inhibited cell growth and induced cell apoptosis [28]. The absence of 
p p
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 CaSR activation mediated the H2
p*p p p

p p*p p
p 2 p

endogenous H2 2S limits the proliferation and growth of 2S pathway is regulated to affect the proliferation of VSMCs has been unknown. Here, we provide evidence that CaSR regulates 2S pathway, which leads to an inhibition of VSMCs proliferation in diabetic models. 
activity, and increased the endogenous H2S level to inhibit the proliferation of VSMCs in the diabetic models.
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promotes [Ca2+]istudy proved that the activation of CaSR induced the release of Ca2+sarcoplasmic reticulum and increased the intracellular calcium concentration [30]. 2S, which is a strong vasodilator, can [31]. In mammalian cardiovascular tissues, the biosynthesis of H2S is mainly catalyzed by 2+]ivasodilator production in smooth muscle cells [8, 19]. However, whether CaSR plays a role 2agonists increased the [Ca2+]i of VSMCs in a time-dependent manner. Further, pretreatment 3[Ca2+]i 2previous study [30, 33] and suggest that CaSR is involved in the increase of [Ca2+]i and that the activation of CaSR increased the [Ca2+]i 3 receptor pathway. Moreover, 2S concentration in VSMCs were increased in response 
2S Some studies [8] have demonstrated that H2regulated by calcium-calmodulin. In this study, CaSR activation increased the expression 

the calcium-calmodulin pathway of VSMCs. The above results also demonstrated that the rates of [Ca2+]i increase induced by Calindol are much slower and the elevated [Ca2+]i levels may be related to the kinetics and the sustained increase levels of [Ca2+]i .VSMCs proliferation is a critical factor and is characteristic of diabetes or hyperglycemia. 
It has been demonstrated that the H2S and Calindol are potent arterial relaxants [18, 34]. The study also suggested that vasodilators play a major role in modulating the proliferation of VSMCs in diabetic models [5]. Some studies have shown that H2S dilates and hyperpolarizes Ca  channels [35, 36], while the mechanisms 
H2

the H2H2

in mesenteric arteries of diabetic rats at 4 weeks, this maybe involved in the experimental 
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in vitro. These data 2 3 receptor pathway in response to hyperglycemia. The mechanisms underlying the antiproliferative effect of H2S are multifaceted. A recent study suggested that one of the focal point of these studies is the 
2S pathway, which inhibits VSMC proliferation, is related to the A previous study [38] suggested that in adult blood vessels, VSMCs proliferate at dramatically, and the cells become dedifferentiated owing to their inherent plasticity. Depending on the pathological state, the contractile phenotype of VSMCs can be altered from a quiescent contractile to a proliferative synthetic phenotype [39]. In the present study, we 

mechanism through which H2S inhibits the proliferation of VSMCs.CaSR-mediated H2S generation in VSMCs via Ca2+ signaling may serve as a common pathway in regulating the proliferation of VSMCs. If so, activation of Ca2+ release from the contribution of CaSR-mediated Ca2+ signaling to VSMCs proliferation shown in this study is 
Conclusions

2+ 
2explore the potential roles of Ca2+ signaling in regulating VSMCs proliferation and could lead to the development of more effective approaches for treating VSMCs proliferation in diabetic vessels.
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