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Abstract 

Vasoconstrictive endothelin type B (ETB) receptors promote vasospasm and ischemic cerebro- 

and cardiovascular diseases. The present study was designed to examine if low density 

lipoprotein (LDL) induces upregulation of vasoconstrictive ETB receptor expression and if 

extracellular signal-regulated kinases 1 and 2 (ERK1/2) and p38 mitogen-activated protein 

kinase (MAPK) signal pathways are involved in this process. Rat mesenteric artery segments 

were organ cultured in presence and absence of LDL with or without inhibitors for MAPK 

kinase 1 and 2 (MEK1/2), p38 and transcription. The upregulation of vasoconstrictive ETB 

receptor expression was studied using a sensitive myograph, real-time PCR and Western blot. 

LDL (11, 22 and 44 mg protein/L) concentration-dependently induced upregulation of 

vasoconstrictive ETB receptor expression with increase in the receptor-mediated 

vasoconstriction, elevated levels of the ETB receptor mRNA and protein expressions, and 

activation of ERK1/2 and p38 MAPK. Blockage of ERK1/2 and p38 MAPK signal pathways 

using MEK1/2 inhibitors (PD98059 and U0126) or p38 inhibitors (SB203580 and SB239063) 

significantly abolished the LDL-induced upregulation of vasoconstrictive ETB receptor 

expression. Actinomycin D (general transcriptional inhibitor) almost completely inhibited the 

LDL effects. In conclusion, LDL induces upregulation of vasoconstrictive ETB receptor 

expression through activation of ERK1/2 and p38 MAPK signal pathways-dependent 

transcriptional mechanisms. 

  

Key Words: LDL; MAPK; endothelin receptor; vasoconstriction; ischemia 
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Chemical compounds studied in this article 

Sarafotoxin 6c (PubChem CID: 16132429); PD98059 (PubChem CID: 4713); U0126 

(PubChem CID: 3006531); SB203580 (PubChem CID: 176155); SB239063 (PubChem CID: 

5166); actinomycin D (PubChem CID: 2019). 
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1. Introduction 

Vasoconstrictive endothelin type B (ETB) receptors are pathogenic, and therefore 

upregulation of vasoconstrictive ETB receptor expression induced by risk factors for 

cardiovascular disease may lead to vasospasm and ischemic cerebro- and cardiovascular 

diseases (Xu et al., 2010). Endothelin-1 (ET-1), a potent vasoconstrictor, induces strong and 

long-lasting vasoconstriction. It acts on two types of G protein-coupled receptors named the 

endothelin type A (ETA) and type B (ETB) receptors. In physiological condition, the ETA 

receptors are expressed on vascular smooth muscle cells and mediate vasoconstriction, while 

the ETB receptors mainly are located on the endothelial cells and induce vasodilatation via 

release of nitric oxide (NO) and prostacyclin (PGI2). However, under pathogenic conditions, 

the ETB receptors are induced to express on vascular smooth muscle cells and mediate 

vasoconstriction instead. Thus, there are two types of functionally distinct ETB receptors i.e. 

vasorelaxant ETB receptors located on vascular endothelial cells and vasoconstrictive ETB 

receptors on vascular smooth muscle cells.  

 

The upregulation of vasoconstrictive ETB receptor expression with increased vasoconstriction 

are seen in coronary artery infarction (Wackenfors et al., 2004) and experimental ischemic 

stroke (Stenman et al., 2002). This increased vasoconstrictive ETB receptor-mediated 

vasoconstriction are also found in the arterial segments treated with the risk factors such as 

cigarette smoke particles (Xu et al., 2008) or minimally modified low density lipoprotein 

(mmLDL) (Jie et al., 2012; Li et al., 2012). Blockage of extracellular signal-regulated kinases 1 

and 2 (ERK1/2) mitogen-activated protein kinase (MAPK) signal pathways using Raf 

inhibitors has demonstrated that in cigarette smoke-exposed rats (Cao et al., 2012) and in rat 
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experimental subarachnoid hemorrhage model (Ansar et al., 2011), the upregulation of 

vasoconstrictive ETB receptor expression is associated with activation of Raf/ERK/MAPK 

signal pathways. Previously, we have reported that mmLDL upregulates vasoconstrictive ETB 

(Jie et al., 2012) and ETA (Li et al., 2013a) receptors in rat coronary arterial smooth muscle 

cells mainly via activation of protein kinase C (PKC), ERK1/2 and the downstream nuclear 

factor-kappaB (NF-κB) signal pathways. However, at the same concentration (2.2 mg 

protein/L), low density lipoprotein (LDL) without modification has no such effects (Jie et al., 

2012; Li et al., 2013a). Taken all together, this suggests although mmLDL is still recognized 

by LDL receptor (Berliner et al., 1990), it has different effects from LDL on regulation of 

vasoconstrictive ETB and ETA receptor expressions in the arterial smooth muscle cells. One 

explanation for the lack effects of LDL at concentration of 2.2 mg protein/L (Jie et al., 2012; Li 

et al., 2013a; Li et al., 2012) is due to far low concentration of LDL used in the experiments. 

 

Oxidized LDL (oxLDL) levels in circulating plasma correlate with the severity of acute 

coronary syndromes (Ehara et al., 2001). It is believed that “fully oxLDL” does not exist in the 

circulation, and the presence of oxidation-specific epitopes on plasma LDL presumably 

represents mmLDL (Tsimikas and Witztum, 2001). There is a significantly positive association 

between the levels of circulating LDL and oxLDL (Calmarza et al., 2013). However, the 

circulating oxLDL is only about 0.25% of total LDL in patients with acute myocardial 

infarction (Ehara et al., 2001). For the first time, the present study was designed to investigate 

if LDL at concentrations of 11, 22 and 44 mg protein/L has similar effects as mmLDL (2.2 mg 

protein/L) on the regulation of vasoconstrictive ETB receptor expression (Jie et al., 2012; Li et 

al., 2012) and if ERK1/2 and p38 MAPK signal pathways are involved in this process. 
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LDL is the most common and strongest cardiovascular risk factor associated with incident 

myocardial infarction and ischemic coronary heart disease (Isaacs et al., 2013). Many studies 

have demonstrated that LDL induces dysfunction of endothelium (Yu et al., 2013), causes 

vascular wall inflammation (Fenyo and Gafencu, 2013; Wang et al., 2013), promotes 

vasospasm (Miwa, 2003) and ischemic heart disease (Keenan and Rader, 2013). However, the 

underlying molecular mechanisms how LDL leads to vasospasm and ischemic cerebro- and 

cardiovascular diseases are not fully understood yet. Here, we report that LDL, through 

activation of ERK1/2 and p38 MAPK signal pathways-dependent transcriptional mechanisms, 

induces upregulation of vasoconstrictive ETB receptor expression with increased 

vasoconstriction. This might contribute to LDL-associated vasospasm and ischemic cerebro- 

and cardiovascular diseases. 

 

2. Materials and Methods 

2.1 Chemicals and drugs 

LDL from human plasma, selective ETB receptor agonist Sarafotoxin 6c (S6c), inhibitors for 

MEK1/2 (PD98059 and U0126) and p38 (SB203580 and SB239063) as well as general 

transcriptional inhibitor actinomycin D (AcD) were obtained from Sigma (St. Louis, USA). 

The inhibitors were dissolved in dimethyl sulfoxide (DMSO). The final concentration of 

DMSO (vehicle) used in experiments was 1 µl/mL that equals the volume of the inhibitor 

added to organ culture. The DMSO concentration was the same in all test conditions, and it 

presented in the organ culture without the inhibitors to serve as control. S6c was dissolved in 
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0.1% bovine serum albumin. LDL supplied as a lyophilized powder (5.0 mg protein/vial) was 

reconstituted with 1 ml of 150 mM NaCl, pH 7.4, and 0.01 % EDTA to prevent oxidation.  

 

2.2 Tissue preparation and organ culture procedure 

Sprague-Dawley rats (body weight 300-350 g) were anaesthetized with CO2 and 

exsanguinated. The superior mesenteric artery was gently removed and freed from adhering 

tissue under a dissecting microscope. The endothelium was denuded by perfusion of the vessel 

for 10 seconds with 0.1% Triton X-100 followed by another 10 seconds with a physiologic 

buffer solution. The vessels were then cut into 1 mm long cylindrical segments and incubated 

at 37°C in humidified 5% CO2 in air. Organ culture of the artery segments was performed in a 

24-well plate, with two segments per well, each well containing 1 mL Dulbecco's modified 

Eagle's medium (DMEM) with L-glutamine (584 mg/L), supplemented with penicillin (100 

U/mL) and streptomycin (100 µg/mL). The inhibitors (PD98059 10-5M, U0126 10-5M, 

SB203580 10-5M, or SB239063 10-5M) were added to the medium before the incubation. The 

present investigation conforms to the Guide for the Care and Use of Laboratory Animals 

published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) 

and the experimental protocol was approved by the Ethic Committee of Lund University. 

 

2.3 In-vitro pharmacology 

Fresh or incubated segments were immersed in temperature-controlled (37°C) myograph 

individual baths (Organ Bath Model 700MO, J.P. Trading, Aarhus, Denmark) containing 5 mL 

bicarbonate buffer solution (NaCl 119mM, KCl 4.6mM, NaHCO3 15mM, NaH2PO4 1.2mM, 

MgCl2 1.2mM, CaCl2 1.5mM and glucose 5.5mM). The solution was continuously aerated 
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with 5% CO2 in O2, resulting in a pH of 7.4. The arterial segments were mounted for 

continuous recording of isometric tension with the Chart software (ADInstruments, Hastings, 

UK). A resting tone of 2.5 mN was applied to each segment, and the segments were allowed to 

stabilize at this tension for at least 1.5 hrs before exposure to a potassium-rich (60 mM K+) 

buffer solution with the same composition as the standard solution, except that NaCl was 

replaced by an equimolar concentration of KCl. The potassium-induced contraction was used 

as a reference for contractile capacity, and the segments were used only if potassium elicited 

reproducible responses over 1.0 mN. Concentration-response curves for S6c (a selective ETB 

receptor agonist) were obtained by cumulative administration of the reagent. 

 

2.4 Real-time PCR 

The arteries for real-time PCR were frozen in liquid nitrogen and stored at -80 °C until the 

experiments were performed. Total RNA extracted from the arteries was reversely transcribed 

to cDNA. The real-time quantitative PCR was performed with the GeneAmp SYBR Green 

PCR kit in a GeneAmp 7300 sequence detection system (Perkin-Elmer, MA, USA). Specific 

primers for the rat ETB receptor were designed as follows (GenBank accession no: 

NM_017333): 

ETB receptor: Forward: 5´-GATACGACAACTTCCGCTCCA-3´ 

                       Reverse: 5´-GTCCACGATGAGGACAATGAG-3´ 

Elongation factor-1 (EF-1) mRNA was used as a reference; the primers were designed as 

follows (GenBank accession no: NM_175838): 

EF-1: Forward: 5’- GCAAGCCCATGTGTGTTGAA-3’ 

         Reverse: 5’- TGATGACACCCACAGCAACTG-3’ 
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2.5 Western blot 

After organ culture for 6 hrs, the vessels were frozen in liquid nitrogen and homogenized in 

cell extract denaturing buffer (BioSource, USA) containing a phosphatase inhibitor cocktail 

and a protease inhibitor cocktail (Sigma, USA). Protein concentration was measured with a 

Bio-Rad protein analysis kit and TECAN® infinite M200. Proteins (40 µg) were loaded and 

separated on 4-15% Ready Gel Precast Gels (Bio-Rad, USA), then probed with the One-StepTM 

Complete Western Kit (GenScript Corporation, USA) according to the manual. Briefly, 

membranes were incubated with Pretreat Solution on a shaker for 5 min at room temperature 

and then with a primary antibody overnight at 4ºC. After washing three times for 10 min, the 

membranes were developed with Working Solution (LumiSensor A + B) for 3 min, visualized 

using a Fujifilm LAS-1000 Luminiscent Image Analyzer (Stamford, CT, U.S.A.), and then 

analyzed with Image Gauge Ver. 4.0 (Fuji Photo Film Co., LTD., Japan). The antibodies for 

phospho-p44/42 MAP Kinase, phospho-p38 MAP Kinase, and β-actin were from Cell 

Signaling Technology (Beverly, MA, U.S.A.). The ETB antibody was purchased from Abcam 

(Cambridge, UK). All antibodies were used at 1:1000, and the experiments were repeated 3 

times. 

 

2.6 Measurement of lipid Peroxidation 

Reactive oxygen species are continuously formed in small quantities during the normal 

metabolism of cells and final products of lipid peroxidation are reactive aldehydes that are 

relatively stable (Gasparovic et al., 2013). LDL peroxidation in the arterial segments was 



10 

 

measured by thiobarbituric acid-reactive substances (TBARS) assay using Cayman TBARS 

Assay Kit (Cayman Chemical, MI, USA) following the manufacture’s instruction. 

 

2.7 Data analysis 

All data are expressed as mean ± S.E.M. S6c-induced vasoconstriction are presented as a 

percentage of contraction induced by 60 mM K+. The level of ETB receptor mRNA expression 

is calculated related to EF-1 in the same sample. When two sets of data were compared, the 

unpaired Student’s t-test with Welch´s correction or two-way ANOVA with Bonferroni post-

test were used. One-way ANOVA with Dunnett’s post-test was applied for comparisons of 

more than two data sets. A p-value of less than 0.05 was considered to be significant. 

 

3. Results 

3.1 LDL increased vasoconstrictive ETB receptor-mediated contraction. 

Fresh mesenteric artery ring segments isolated from rats showed none or only a negligible 

contractile response to S6c (<5% of K+-induced contraction, data not shown). Organ culture of 

the arterial segments with LDL for 24 hrs resulted in markedly increased maximal contractile 

responses to S6c in a dosage-dependent manner, compared to organ culture with vehicle 

control (Fig. 1). LDL at low concentration (11 mg protein/L) did not significantly increased 

vasoconstrictive ETB receptor-mediated maximal contraction (p>0.05), which agreed well with 

our previous findings in rat coronary arteries that LDL 2.2 mg protein/L had no such effects 

(Jie et al., 2012) and ETA (Li et al., 2013a). However, when LDL concentration was at 22 mg 

protein/L, it induced a significant increase in the vasoconstrictive ETB receptor-mediated 

maximal contraction (P<0.01), and this increase was further enhanced by LDL at concentration 
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44 mg protein/L (p<0.001). The K+-induced contraction did not differ between the groups, and 

incubation with vehicle (150 mM NaCl, pH 7.4, and 0.01 % EDTA) in the concentration used 

did not affect the contractile response to S6c.  

 

3.2 LDL induced upregulation of protein expression for vasoconstrictive ETB receptors via 

activation of ERK1/2 and p38 MAPK signal pathways. 

Compared to vehicle, LDL (44 mg protein/L) increased phosphorylation (activation) of 

ERK1/2 protein (p<0.01) and phosphorylated p38 protein (tendency) (Fig. 2A-C) measured 

with Western blot. The activation of ERK1/2 and p38 MAPK by LDL was parallel with a 

significant upregulation of protein expression for vasoconstrictive ETB receptors (Fig. 2A and 

D, p<0.05). To link activation of ERK1/2 and p38 MAPK signal pathways to the upregualtion 

of vasoconstrictive ETB receptors, specific inhibitors for MEK1/2 (PD98059 and U0126) and 

p38 (SB203580 and SB239063) at concentration 10-5M were used for blocking ERK1/2 and 

p38 MAPK signal pathways. The used concentration of the inhibitors was chosen, according to 

our previous study that proved the inhibitors at the concentration were specific in our system 

(Xu et al., 2008). Blockage of ERK1/2 signal pathways using the MEK1/2 inhibitors (PD98059 

and U0126) significantly decreased the LDL-induced upregulation of vasoconstrictive ETB 

receptor protein expression (Fig. 2A and D, p<0.01), and inhibition of p38 signal pathway 

using p38 inhibitors (SB203580 and SB239063) had similarly decreased effects (Fig. 2A and D, 

p<0.01), suggesting that LDL induced upregulation of vasoconstrictive ETB receptors via 

activation of ERK1/2 and p38 MAPK signal pathways. In addition, the transcriptional inhibitor 

(actinomycin D) significantly abolished the LDL induced upregulation of vasoconstrictive ETB 
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receptor protein expression, indicating a transcriptional mechanism involved (Fig. 2A and D, 

p<0.01). 

 

3.3 LDL induced transcriptional upregulation of vasoconstrictive ETB receptor mRNA 

expression. 

To further study the transcriptional mechanism, mRNA expression for vasoconstrictive ETB 

receptors was examined using real-time quantitative PCR. The results showed that LDL (44 

mg protein/L) significantly increased mRNA expression for vasoconstrictive ETB receptors 

(Fig. 3, p<0.001). PD98059 inhibited the LDL-increased mRNA expression for 

vasoconstrictive ETB receptors, but it did not reach statistical significance (Fig. 3, P>0.05), 

while U0126, SB203580, SB239063 or actinomycin D significantly inhibited the LDL-

increased mRNA expression for vasoconstrictive ETB receptors (Fig. 3, p<0.001). Thus, 

inhibition of transcription by general transcriptional inhibitor actinomycin D and blockage of 

ERK1/2 and p38 signal pathways using MEK1/2 inhibitor (U0126) and p38 inhibitors 

(SB203580, SB239063) significantly decreased the LDL-induced increase in mRNA 

expression for vasoconstrictive ETB receptors, suggesting that LDL induced de novo 

transcription of  vasoconstrictive ETB receptor mRNA. 

 

3.4 Inhibition of transcription and blockage of ERK1/2 and p38 signal pathways 

significantly abolished the LDL-increased vasoconstrictive ETB receptor-mediated 

contraction. 

Blockage of ERK1/2 signal pathways using the MEK1/2 inhibitors (PD98059 and U0126) 

resulted in a significant reduction of the LDL-increased contractile responses to S6c 
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particularly, U0126 almost completely abolished the LDL effects (Fig. 4A, p<0.001). The p38 

inhibitors (SB203580 and SB239063) (Fig. 4B) and the general transcriptional inhibitor 

actinomycin D (Fig. 4C) had similar inhibitory effects as the MEK1/2 inhibitors (p<0.001). 

Taken all these results together, this demonstrated that inhibition of transcription and blockage 

of ERK1/2 and p38 signal pathways significantly abolished the LDL-increased 

vasoconstrictive ETB receptor-mediated contraction, suggesting that LDL induced activation of 

ERK1/2 and p38 signal pathways-dependent transcriptional mechanisms, which subsequently 

resulted in de novo transcription and translation of vasoconstrictive ETB receptors with 

increase in the receptor-mediated contraction. 

 

3.5 LDL oxidation in the arterial wall. 

Finally, LDL oxidation in the arterial segments was measured using TBARS assay to 

demonstrate that LDL was at least partly oxidized, during incubation with the arterial 

segments. The results showed there was a significant increase in malondialdehyde (MDA) 

levels in the arterial segments incubated with LDL 22 mg protein/L for 24 hrs, compared to the 

arterial segments incubated with vehicle (vehicle vs. LDL mean ± S.E.M.: 1.04 ± 0.19 vs. 1.86 

± 0.15µM, n=5-6 segments, student t-test, p<0.01). However, MDA levels in cultured medium 

were no differences between vehicle and LDL groups at 24 hrs of incubation (Vehicle vs. 

LDL: mean ± S.E.M.: 0.94 ± 0.09 vs. 0.97 ± 0.10, n=5 wells, student t-test, p>0.05). This 

suggests that the presence of EDTA in the vehicle for LDL prevents LDL oxidation in the 

culture medium outside the arterial segments. 
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4. Discussion  

Ischemic heart disease is a leading cause of death worldwide and acute coronary ischemia is 

responsible for the largest number (Santos et al., 2013). Elevated circulating LDL levels 

increase risk for ischemic cerebro- and cardiovascular diseases. Moreover, lipid-lowering 

therapy using statins has been proven to significantly reduce ischemic cardiovascular events 

and total mortality (Puri et al., 2013). LDL is known to participate in the development of 

atherosclerotic lesions through the formation of macrophage-derived foam cells and/or through 

pro-inflammatory effect on vascular cells (Itabe and Ueda, 2007). However, how LDL 

promotes vasospasm and ischemic cerebro- and cardiovascular diseases is not fully understood 

yet. The present study, for the first time, has demonstrated that LDL induces upregulation of 

vasoconstrictive ETB receptor expression with increased the receptor-mediated 

vasoconstriction. The LDL-increased vasoconstrictive ETB receptor-mediated contraction 

occurs through activation of ERK1/2 and p38 MAPK signal pathways-dependent 

transcriptional mechanisms, which induce de novo transcription and translation of 

vasoconstrictive ETB receptors with increase in the receptor-mediated contraction.  

 

OxLDL acts via binding to a number of scavenger receptors, while mmLDL and LDL are 

recognized by LDL receptors. Interestingly, mmLDL may act on Toll-like receptor 4 and 

induce activation of inflammatory signaling pathways (Miller et al., 2012). Besides, LDL can 

be modified by endothelial cells to oxidized form via hydroxyl radicals (Satoh and Tokunaga, 

2002). Our previous studies have demonstrated that mmLDL at concentration 2.2 mg protein/L 

upregulates vasoconstrictive ETB (Jie et al., 2012) and ETA receptors (Li et al., 2013a) in rat 

coronary artery via activation of PKC, ERK1/2 and the downstream transcriptional factor NF-
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κB signal pathways. Here, we show that LDL at concentrations of 22 mg protein/L and 44 mg 

protein/L, but not 11 mg protein/L, induces a significant increase in the maximal 

vasoconstriction mediated by ETB receptors. Interestingly, compared to the arterial segments 

incubated with vehicle, the levels of MDA in the arterial segments incubated with LDL are 

significantly elevated, suggesting that during the incubation, LDL has entered into the arterial 

wall where it is at least in part oxidized by the arterial cells. This is well in line with our 

previous findings that mmLDL induces upregulation of vasoconstrictive ETB receptors via 

activation of MAPK signal pathways (Jie et al., 2012; Li et al., 2012). 

 

Transcriptional factor NF-κB is one of key regulators for gene expression. Excess or 

inappropriate activation of NF-κB has been suggested to play an important role in human 

inflammatory diseases, including atherosclerosis (Madonna and De Caterina, 2012). In addition, 

NF-κB serves as one of the down-stream transcriptional factors for MAPK signal pathways to 

induce de novo transcription of vasoconstrictive ETB receptors in the arterial segments exposed 

to smoke particles (Xu et al., 2008). Similarly, organ culture of the arterial segments per se 

also induces activation of NF-κB-dependent upregulation of vasoconstrictive ETB receptor 

expression with increase in the receptor-mediated vasoconstriction (Zheng et al., 2010). 

Recently, we have demonstrated that NF-κB is involved in the mmLDL-induced upregulation 

of vasoconstrictive ETB receptor expression (Jie et al., 2012; Li et al., 2012). In agreement with 

this, the present study shows that the general transcription inhibitor actinomycin D 

significantly inhibits the LDL-increased vasoconstrictive ETB receptor expression, suggesting 

that a transcriptional mechanism is involved. However, in rat coronary artery, mmLDL induces 

upregulation of vasoconstrictive ETB (Jie et al., 2012) and ETA (Li et al., 2013a) receptor 
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expressions via activation ERK1/2 MAPK-dependent NF-κB signal pathways, but not p38 

MAPK. This difference is most likely due to different arteries used i.e. rat mesenteric arteries 

are used in the present study, while rat coronary arteries have been studied previously (Jie et al., 

2012; Li et al., 2013a). 

 

ET-1 overexpression exacerbates high-fat diet-induced atherosclerosis in apolipoprotein E 

knockout mice (Li et al., 2013b) and in patients with atherosclerosis (Fan et al., 2000; Iwasa et 

al., 1999). More interestingly, there is induced upregulation of vasoconstrictive ETB receptor 

expression on porcine coronary artery smooth muscle cells in diet-induced 

hypercholesterolemia (Hasdai et al., 1997), in smoke exposed rats (Cao et al., 2012) and in 

hypertension (Li et al., 2007), ischemic cardiovascular disease (Wackenfors et al., 2004), 

ischemic stroke (Povlsen et al., 2012) as well as in suspected acute coronary syndrome in 

patients (Dimitrijevic et al., 2009). Both ET-1 overexpression and vasoconstrictive ETB 

receptor upregulation contribute to vasospasms and decrease in local blood flow (Beg et al., 

2006). Despite extensive knowledge of the physiology and pharmacology of vasoactive factors 

such as vasoconstrictors (ET-1 and thromboxane) and vasodilators (endothelium derived 

hyperpolarizing factor, NO and PGI2), there is still plenty to find out about the ways in which 

synthesis or action of these mediators are selectively impaired in disease states; there is also 

still incomplete understanding of the nature of other endothelium-derived dilators and 

constrictors (Pearson, 2013). 

 

In conclusion, LDL, the most common and strongest cardiovascular risk factor, induces 

ERK1/2 and p38 MAPK signal pathways-dependent de novo transcription and translation of 
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vasoconstrictive ETB receptors, which might be relevant to vasospasm and ischemic cerebro-

and cardiovascular diseases. Identifying the intracellular signal mechanisms that mediate the 

upregulation of vasoconstrictive ETB receptor expression induced by risk factors like LDL may 

provide new therapeutic targets for the treatment of vasospasms and ischemic cerebro- and 

cardiovascular diseases.  
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Figure Legends 

Figure 1 

The maximal contractile response to S6c in rat mesenteric arteries without endothelium after 

organ culture for 24 hrs with vehicle (control) or LDL (11, 22, 44 mg protein/L). The maximal 

contractions induced by S6c are presented as the percentage of 60 mM K+-induced contraction. 

Each data point was derived from 8 segments (n=8) and represented as mean ± S.E.M.. 

Statistical analysis is performed using one-way ANOVA with Dunnet’s post-test. n.s. = not 

significant, **p < 0.01 and ***p < 0.001 vs. vehicle. 

 

Figure 2   

The expression of phosphorylated ERK1/2 (p-ERK1/2), p38 (p-p38) MAPK and ETB receptor 

proteins in presence and absence of the specific MEK1/2 inhibitors (PD98059 10-5M and 

U0126 10-5M), p38 inhibitors (SB203580 10-5M and SB239063 10-5M) and transcriptional 

inhibitor actinomycin D (AcD 5 mg/L). Western blot experiments were performed in rat 

mesenteric arteries without endothelium after organ culture in presence LDL (44 mg protein/L) 

with DMSO (vehicle) or with the inhibitors for 6 hrs. (A) A typical western blot experiments 

traces are representative of three experiments with similar results. (B) Semi-quantitation of p-

ERK1/2 protein in rat mesenteric arteries; (C) Semi-quantitation of p-p38 protein in rat 

mesenteric arteries; (D) Semi-quantitation of ETB receptor protein expression in rat mesenteric 

arteries. The protein expression was normalized to beta-actin and percentage of fresh 

(uncultured) arterial segments (% of fresh). The arteries were collected from total of 16 rats for 

one experiment. Each data point is derived from 3 identical experiments (n=3) and presented as 
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mean ± S.E.M.. Unpaired Student's t-test with Welch's correction or one-way ANOVA with 

Dunnet’s post-test to compare all inhibitor groups vs. control were used for statistical analysis, 

#p < 0.05, ##p < 0.01 vs vehicle; *p < 0.05, and ***p < 0.001 vs. LDL. 

 

Figure 3  

The mRNA expression of  ETB receptors in rat mesenteric arteries without endothelium after 

organ culture with LDL (44 mg protein/L) for 24 hrs in presence of MEK1/2 inhibitors 

(PD98059 10-5M and U0126 10-5M),  p38 inhibitors (SB203580 10-5M and SB239063 10-5M), 

general transcriptional inhibitor Actinomycin D (AcD 5 mg/L) or vehicle DMSO respectively. 

Data were obtained from real-time PCR studies and expressed as mean ± S.E.M. relative to 

EF-1. Each data point were derived from 6-7 segments (n=6-7). Statistical analysis was 

performed using unpaired Student's t-test with Welch's correction or one-way ANOVA with 

Dunnet’s post-test to compare all inhibitor groups vs. control, ###p < 0.001 vs vehicle; ***p < 

0.001 vs. LDL+DMSO, n.s. = not significant. 

 

Figure 4 

S6c-induced contractile response curves of rat mesenteric arteries without endothelium after 

organ culture with LDL (44 mg protein/L) for 24 hrs in presence of (A) MEK1/2 inhibitors 

(PD98059 10-5M and U0126 10-5M), (B) p38 inhibitors (SB203580 10-5M and SB239063 10-

5M) and (C) general transcriptional inhibitor Actinomycin D (AcD 5mg/L), or vehicle DMSO 

respectively. The contractile responses are presented as the percentage of 60 mM K+-induced 

contractile response. Each data point was derived from 8 segments (n=8) and represented as 
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mean ± S.E.M.. Statistical analysis was performed using two-way ANOVA with Bonferroni 

post-test. ***p < 0.001 vs. LDL+DMSO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

	
  

-11 -10 -9 -8 -7

0

50

100

150

LDL+DMSO

LDL+PD98059 10-5M

A

LDL+U0126 10-5M

*** *** ***

*** *** *** ***

Sarafotoxin 6c (LogM)

C
on

tr
ac

tio
n 

(%
 o

f K
+ )

	
  

-11 -10 -9 -8 -7

0

50

100

150

LDL+DMSO

LDL+SB203580 10-5M

B

LDL+SB239063 10-5M

*** *** ***

*** *** *** ***

Sarafotoxin 6c (LogM)

C
on

tr
ac

tio
n 

(%
 o

f K
+ )

 



29 

 

	
  

-11 -10 -9 -8 -7

0

50

100

150
LDL+DMSO
LDL+AcD 5mg/L

C

*** *** *** ***

Sarafotoxin 6c (LogM)

C
on

tr
ac

tio
n 

(%
 o

f K
+ )

 

 


