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Gene Expressions Underlying Mishandled Calcium Clearance
and Elevated Generation of Reactive Oxygen Species in
the Coronary Artery Smooth Muscle Cells of Chronic Heart
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Background: The calcium clearance and reactive oxygen species (ROS) generations in the coronary artery smooth muscle cells in
chronic heart failure (HF) have not been fully investigated. Therefore, we attempted to understand the gene expressions underlying the
mishandling of calcium clearance and the accumulations of ROS.

Methods: We initially established an animal model of chronic HF by making the left anterior descending coronary artery ligation (CAL)
in rats, and then isolated the coronary artery vascular smooth muscle cells from the ischemic and the nonischemic parts of the coronary
artery vessels in 12 weeks after CAL operation. The intracellular calcium concentration and ROS level were measured using flow
cytometry, and the gene expressions of sarco/endoplasmic reticulum Ca?"-ATPase (SERCA2a), encoding sarcoplasmic reticulum
Ca?*-ATPase 2a, encoding sodium-calcium exchanger (NCX), and p47phox encoding a subunit of the nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase were examined using real-time quantitative reverse transcription polymerase chain reaction and Western
blotting, respectively.

Results: We found that the calcium accumulation and ROS generation in the coronary artery smooth muscle cells isolated from either
the ischemic or the nonischemic part of the CAL coronary artery vessel were significantly increased irrespective of blood supply (all
P <0.01). Moreover, these were accompanied by the increased expressions of NCX and p47phox, the decreased expression of SERCA2a,
and the increased amount of phosphorylated forms of p47phox in NADPH oxidase (all P < 0.05).

Conclusions: Our results demonstrated that the disordered calcium clearance and the increased ROS generation occurred in the coronary
artery smooth muscle cells in rats with chronic HF produced by ligation of the left anterior descending coronary artery (CAL), and which
was found to be disassociated from blood supply, and the increased generation of ROS in the cells was found to make concomitancy to
the increased activity of NADPH oxidase in cytoplasm.
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homeostasis due to insufficient reuptake of calcium ions
back into sarcoplasmic reticulum (SR) using Ca?"-ATPase
and/or insufficient inflow of calcium ions into myocytes
through using Na*/Ca** exchanger.!'? Ca?* is a central player
in the excitation-contraction coupling of cardiac myocytes
that keeps heart to contract and relax.??® Disturbances in
Ca’" homeostasis in myocytes are associated with a diverse
range of human pathological conditions, such as myocardial
infarction (MI) and HF.

In HF, the impaired cardiac function can cause hemodynamic
instability with neurohumoral, cytokine imbalance,
and cardiovascular remodeling as a result of multiple
phenotypical alterations. For instance, the myocytes
isolated often show impaired force development, prolonged
action potentials, and slow relaxation. This is due to the
altered expression, function, and/or the phosphorylation of
Ca?"-regulatory proteins as mentioned above.

Ofnumerous calcium regulatory proteins, sarco/endoplasmic
reticulum Ca?*-ATPase (SERCA2a), a Ca**-ATPase
encoded by SERCA2a gene is characterized to be localized
in the SR of myocytes, is responsible for the transportation
of Ca?" back into the SR in the diastole stage of myocytes,
while the IP -activated inositol-1,4,5-trisphosphate
receptors, or the ryanodine receptors (RyRs), are
responsible for releasing Ca®* from the SR into cytosol,
which normally occurs in the systolic stage of the
myocytes. Further, vascular agonists, SR Ca*" load, as
well as the Ca*" gradient between the SR and the cytosol
also affect the Ca*" release. In addition to SERCA2a,
another Na*/Ca?* exchanger (NCX) distributed in the
t-tubular sarcoplasmic-sarcolemmal junctions also play an
essential role in maintaining the calcium homeostasis of
myocytes. In a physiological condition, this NCX operates
in a Ca?" efflux mode by extruding one Ca*" in exchange
for three Na*" ions. However, under certain pathological
conditions, e.g., ischemia hypoxia, there is a substantial
rise in cytosolic Na* level, and the NCX transportation
can be reversed to be a Ca?* influx mode as seen in the
constrictions of myofilaments.!*]

In cardiac myocytes, the contractile cycle of myofilaments
is initiated in the systolic stage by Ca?’ entering the
cytosol via voltage-activated L-type Ca?* channels, such as
dihydropyridine receptor, such Ca? ions will then bind the
RyRs in the SR, and trigger the release of Ca** into cytosol
from the SR, allowing binding to calmodulin (CAM) and
activating the contractions of cardiac myocytes. In the
diastolic stage, the cytosolic Ca** will be recycled back
into the SR via SERCA2a uptaking and/or sarcolemmal
NCX efflux, which reduces Ca*" concentration and causes
dissociation of Ca** from CAM and a subsequent relaxation
of cardiac myocytes.

It is known that abnormal calcium clearance using SERCA2a
reuptake and/or NCX efflux is responsible for the diastolic
dysfunction of the coronary artery, leading to insufficient
myocardial blood supply. Under these circumstances,

SERCA2a determines both rate and amplitude of the
contraction and relaxation of the cardiac myocytes.

In HF condition, the generations of reactive oxygen
species (ROS) by either cardiac myocytes or endothelium
cells can be enhanced upon ischemia hypoxia.['!1* The exact
roles of the ROS produced have not been fully understood yet.
Several lines of evidence suggested that elevated ROS might
be responsible for inducing the necrosis of myocardial tissue
in the ischemia hypoxia situations, especially in combination
with an overexpressed sarcolemmal NCX. However, some
other investigations suggested that the increased ROS in
HF could be protective in a sense of stimulating NCX
activity by overcoming Na'-dependent NCX inactivation.
Nevertheless, ROS are critical in regulating the redox
condition in cardiovascular system both in physiological
and in pathological conditions, especially when heart is in
ischemic condition. For example, a recent study revealed that
expressions of 630 genes in early hypoxia were regulated by
ROS, including p65, NF-kB, Ca’"-handling proteins, such
as calsequestrin, CAM, and calreticulin, and ion channels,
including NCX, Na*-K*-ATPase, SERCA2a, and PLB; as
well as the stress markers, such as RyR2, ANP, and BNP.[!4-1¢]

So far, studies on the alterations of the expressions/functions
of SERCA2a gene and NCX gene in HF have been
controversy.'”") For example, it has been shown that reduction
in the expression of SERCA2a gene may be associated with
the overexpression of NCX gene, which may compensate the
loss of the reuptake of Ca?" and be beneficial to the removal
of Ca*" in the impaired diastolic myocytes.?” However,
studies have also shown that a reduction in SERCA2a
protein disrupted the balance of Ca®* transportation between
SERCA2a and NCX, resulting in increased reliance on
NCX gene in the failing human myocytes. Hasenfuss et al.
suggested that in some HF patients with impaired systolic
function and preserved diastolic function, large increase in
NCX gene expression and modest decrease in the SERCA
activity coexisted.?!! However, other researchers have also
observed marked SERCA downregulation without any
significant increase in NCX gene expression.?? Finally, a
recent study has demonstrated that improved contractility
after left ventricular (LV) assist device implantation reflects
a decrease in NCX protein levels and Ca®* transportation
without changes in SERCA gene expression.’) Herein, we
have established a rat chronic HF model through left anterior
descending coronary artery ligation (CAL). We found that
both Ca®* concentration and ROS level were enhanced in
the coronary artery smooth muscle cells in an ischemia
independent manner. We also detected a decrease in expression
of SERCA2a gene and increases in NCX and p47phox gene
expressions, as well as an increase in phosphorylated p47phox
protein in the chronic HF rats.

METHODS

Animals
Male Sprague Dawley rats (aged 3-month-old and weighing
250-300 g) were purchased from Vital River Laboratory
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Animal Co., Ltd., Beijing, China. All experiments
involving the rats were performed in conformity with
the institutional guidelines for care and use of laboratory
animals, the surgery was done using isoflurane anesthesia,
and every effort was made to minimize the suffering, and all
experimental protocols used in this study were approved by
the Committee for Laboratory Animal Welfare and Ethics
of Hebei University.

Animal grouping and induction of chronic heart failure
Thirty rats were randomly divided into control (z = 10) and
HF groups (n =20). Chronic HF symptoms were induced by
carrying out ligation of the left anterior descending coronary
artery of the rats (CAL) as previously described.?*? In
12 weeks after operation, 10 control and 10 CAL rats were
selected for the subsequent experimentations, separately.
Three rats in either sham group or CAL group were used to
measure the intracellular concentrations of Ca*" and ROS, the
amounts of the mRNA molecules using real-time quantitative
reverse transcription polymerase chain reaction (QRT-PCR)
and the proteins using Western blotting, respectively.

Evaluation of cardiac function

In 12" week after operation, rats from both control and CAL
groups were anesthetized by intraperitoneal injection of 10%
chloral hydrate (300 mg/kg), and then the right common
carotid arteries of the heart were exposed by separating
from the neck tissues. To determine blood flow dynamics,
including left ventricular systolic pressure (LVSP), left
ventricular end diastolic pressure (LVEDP), heart rate (HR),
LV pressure and maximum rate of rise (dp/dtmax),
LV pressure rate of decline (dp/dtmin), a pressure sensor
and a signal acquisition and analysis system were used with
connecting to a polyethylene catheter inserted into the left
ventricle through the right common carotid artery.2*3

Isolation of coronary artery smooth muscle cells

The coronary arteries were taken from the rats and soaked in
HEPES-buffered saline (HBS) containing 130 mmol/L NaCl,
5.0 mmol/L KCl, 1.2 mmol/L MgCl,, 10 mmol/L glucose, and
10 mmol/L HEPES (pH 7.3, adjusted by NaOH) at 4°C. The
coronary arteries were then digested in a solution containing
Type I collagenase (1.6 mg/ml) for 10 min. To obtain the
tunica media vasorums, adventitias and endothelium were
carefully stripped off using ophthalmological tweezers under
a stereomicroscope.” To isolate the smooth muscle cells,
the tunica media vasorums obtained were digested using
a HBS solution containing 1.8 mg/ml papain, 1.5 mg/ml
dithiothreitol, and 1.4 mg/ml albumin for 25 min (at 37°C),
and then washed three times using HBS buffer. The tunica
media vasorums were further incubated in a HBS solution
containing 3 mg/ml Type II collagenase, 1.4 mg/ml albumin
at 37°C for 45 min.B'-4 After the treatments, cells were
cultured in a Petri dish containing Dulbecco’s Modified
Eagle Medium and incubated at 37°C with 5% CO,.

Calponin immunofluorescence staining
The smooth muscle cells were fixed using polyformaldehyde
for 20 min, perforated using 1% Triton for 5 min, and

blocked using 10% goat serum for 20 min, before being
incubated at 4°C with anti-calponin antibody (GeneTex
Inc., USA) overnight.*! Then, the cells were washed and
incubated with fluorescence-conjugated secondary antibody
by 1:50 dilution for 30 min under dark condition. The
4’ ,6-diamidino-2-phenylindole was used to counter stain
the nuclei. The cells were examined using a laser confocal
microscopy (Zeiss 710, Zeiss Inc., Germany).

Measurement of intracellular Ca?* concentration by
flow cytometry

The coronary artery smooth muscle cells were cultured
for 48 h and trypsinized and collected by centrifugation at
400 xg for 5 min. The cells were stained with Fluo-4 AM
(4 umol/L) for 30 min in dark at 37°C. Fluorescent signals
were detected and recorded using the 10,000 cells FL1
channel of BD small flow cytometry (BD Accuri C6,
BD Inc., USA).B¥

Measurements of reactive oxygen species using flow
cytometry

Coronary artery vascular smooth muscle cells (CAVSMCs)
obtained from the sham and the CAL rats were inoculated
in 96-well plates and cultured for 48h, and the adherent
cells were trypsinized and collected by centrifugation. The
cell pellets were resuspended using 1.5 ml of 4 umol/L
2°,7’-dichlorodihydrofluorescein diacetate (DCFH-DA)
working fluid and incubated at 37°C for 30 min in dark. The
DCFH-DA was removed through centrifugation at 400 xg
for 10 min, and the cell pellets were washed twice with HBS.
Finally, cell pellets were resuspended in 200 ul HBS, and
their fluorescence signals were detected using FL1 channel
in small flow cytometry BD.B7

Measurements of mMRNA expression of sarco/endoplasmic
reticulum Ca?*-ATPase, Na+/Ca?* exchanger, and
p47phox using real-time quantitative reverse
transcription polymerase chain reaction

The attached cells in each group were selected and digested
with pancreatic enzyme (0.25%). Then, 1 ml trizol lysis
buffer was added. RNA extraction was carried out by
following the manufacture instruction. The 4, /4, ratio
range was from 1.8 to 2.0. The cDNA was synthesized
by reverse transcription according to the instruction of
PrimeScript RT kits (Takara, Japan).P® Amplification
and detection of cDNA were performed using a real-time
fluorescent quantitative PCR instrument by following the
instruction of SYBR qPCR mix (Takara, Japan). Primer
sequences of target gene were as follows: SERCA2a Forward
primer: 5’-CTAGGCCTCCGGTCCTAACT-3’; and reverse
primer: 5-TGTGAGGAACTGAACCGACG-3’; NCX
forward primer: 5’-GGTGAGTGGATTCGGGATCG-3’;
and Reverse primer: 5’-CCGTCTCAGCTCTCATGCTT-3’;
p47 phox, forward primer: 5’-TCCCAACTACGCAGGTGA
AC-3’; and reverse primer: 5’-CCTGGGTTATCTCCTCCC
CA-3’; GAPDH forward primer: 5’~ACCACAGTCCATGC
CATCAC-3’; and reverse primer: 5’-TCCACCACCCTGTT
GCTGTA-3’. Data arrangement and statistical analysis were
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performed using 2742 analysis method and combined with
SPSS16.0 statistical software.

Measurements of sarco/endoplasmic reticulum
Ca%*-ATPase, Na+/Ca%* exchanger, p47phox, and
p-p47phox using Western blotting

Cultured coronary artery smooth muscle cells were
used for carrying out Western blotting analysis.**! In
specific, cultured cells were rinsed three times using
HBS buffer and incubated on ice, lysis solution was
then added and the cells were incubated further on ice
for 10 min. 25 ul of each cell lysates were resolved
by running a polyacrylamide gel electrophoresis, and
then transferred onto a polyvinylidene fluoride (PVDF)
membrane. After being blocked using skim milk, PVDF
membrane was incubated overnight at 4°C in a blocking
buffer containing primary antibodies of anti-SERCA2a,
anti-NCX, anti-p47phox, anti-p-p47phox, and anti-actin,
respectively. The PVDF membranes were then rinsed and
incubated in a blocking buffer containing horseradish
peroxidase-conjugated secondary antibody for 2 h. The
chemiluminescence on the membrane was analyzed using
a JS-860B gel analyzer (Tianneng, Shanghai, China).

Statistical analysis

SPSS version 16.0 statistical software (SPSS Inc., USA)
was used for statistical analysis. Data were expressed as
mean + standard error (SE). Single factor analysis of variance
was used for the mean comparison between different
experimental groups. A value of P < 0.05 was considered
statistically significant.

ResuLts

Establishments of the rat chronic heart failure model
and evaluation of the cardiac functions

Chronic HF models of rats were established through
making a ligation of the left anterior descending coronary
artery (CAL) in rats [Figure 1]. The cardiac functions of the
CAL rats were characterized after 12 weeks of operation.
As shown in Table 1, compared with the rats in the sham
group, both HRs and LVSP of the CAL rats decreased
significantly (P < 0.05 for both cases). The LVEDP of the
CAL rats were found to be increased significantly (P <0.05).
Moreover, the LV pressure, maximum rate of rise (dp/dtmax),

Left Circumflex

Coronary artery

(right branch) Site of ligation

Figure 1: lllustration of coronary artery ligation operation.

and pressure decline rate (dp/dtmin) were all significantly
reduced (P < 0.05 for all cases). The above data indicated
that both systolic and diastolic functions in the CAL rats
were impaired, and that the chronic HF rat models were
successfully established.

Preparation and characterization of the isolated
coronary artery smooth muscle cells

CAVSMCs were isolated and cultivated as illustrated
in the material and methods. They were verified by
immunofluorescent staining of calponin, a smooth
muscle-specific protein. As shown in Figure 2, the cell nuclei
were stained blue and the silhouette of the CAVSMCs was
stained green, showing the typical characteristics of smooth
muscle cells. These cells were then used for the subsequent
experiments.

Elevated intracellular Ca?* concentration in the coronary
artery vascular smooth muscle cells

The calcium concentrations in the CAVSMCs isolated either
from nonischemic or ischemic areas (IAs) of the CAL rats
were significantly higher than those of the sham rats (all
P < 0.01). No significant difference in the calcium level
was noted between the myocytes isolated from nonischemic
areas (NIAs) and [As in the CAL rats (P > 0.05) [Figure 3].
This suggested with a disassociation of calcium overload
from the ischemic status of the coronary artery smooth
muscles cells.

Increased levels of reactive oxygen species in the
coronary artery vascular smooth muscle cells

ROS are often generated as a result of cellular respiration
in mitochondria and are maintained normally at low
level using antioxidant molecules and enzymes. Multiple
lines of evidence indicated that ROS were increased in
cardiovascular diseases (CVDs) such as MI, stroke, and
HF. ROS were recognized not only as cytotoxic molecules
but also as cell signaling mediators. A study on the effects
of the early hypoxia on the gene expressions using primary
neonatal rat ventricular cardiomyocytes revealed that
630 genes including those encoding ion channels, such as

Figure 2: Immunofluorescent staining of calponin in the coronary artery
smooth muscle cells of rats (original magnification x400).
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NCX, SERCA2a, and PLB, were differentially regulated
by ROS.!!8

However, there is little known about the effects of ROS
relative to the signaling in CVD. Animal studies show that
ROS contribute to the improvement of CVD, including
angiogenesis following ischemia. Compared to rats in the
sham group, the ROS’ levels in the CAVSMCs in both
NIA and IA in the CAL rats were significantly increased
(all P <0.01) [Figure 4]; however, the elevations in ROS
were not significantly different between the two types of
CAVSMCs (P > 0.05) [Figure 4].

Decreased mRNA transcription of sarco/endoplasmic
reticulum Ca?*-ATPase and increased mRNA
transcription of Na*/Ca?* exchanger in the coronary
artery vascular smooth muscle cells

The elevation of intracellular Ca** is a multiphase process
that involves Ca?" release from additional intracellular
stores, such as endoplasmic reticulum (ER) and Ca?" influx
across the plasma membrane. Key components in regulating
such calcium include NCX and plasma membrane
Ca?" ATPase (PMCA) channels, which are responsible for
the active removal of Ca?" out of cells, and SERCA2a that

Table 1: Cardiac functions of coronary artery ligation and sham rats

Group HR LVSP LVEDP dp/dtmax dp/dtmin
Sham (1= 10) 384.0+9.0 138.0+7.0 6.0+1.0 4320 + 122 2748 + 134
CAL (n = 10) 343.0+ 10.0 86.0 7.0 107+ 13 2267 + 104 1913 + 100
t 9.60 15.51 9.00 40.45 15.79

P <0.001 <0.001 <0.001 <0.001 <0.001

Data are shown as mean + SE. CAL: Coronary artery ligation; HR: Heart rate; LVSP: Left ventricular systolic pressure; LVEDP: Left ventricular end

diastolic pressure; SE: Standard error.
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Figure 3: The relative fluorescence intensity of calcium ions in the coronary artery smooth muscle cells. (a) The relative fluorescence intensity of
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Figure 4: The relative fluorescence intensity of DCFH-DA in the smooth muscle cells of the coronary artery (n = 3). (a) Intensity of DCFH-DA in the
sham and the CAL rats; (b) Averaged relative fluorescence intensity of DCFH-DA. *P < 0.01 vs. sham group; n.s: Nonsignificant. CAL: Coronary
artery ligation; NIA: Nonischemic area; IA: Ischemic area; DCFH-DA: 2’,7’-dichlorodihydrofluorescein diacetate.
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sequesters Ca?" in the ER.**? Since we detected an increase
in Ca* in the coronary artery smooth muscle cells of the
CAL rats, we then measured the gene transcriptions of
SERCA2a and NCX, respectively. We found that the mRNA
expressions of SERCA2a in the CAVSMCs, obtained from
both the NIAs and the IAs, were downregulated significantly
when compared to those isolated from the rats in the sham
group (P<0.01). However, the mRNA transcriptions of NCX
gene in the CAVSMCs, isolated from either the NIAs or from
the [As, were increased significantly (P <0.01). Once again,
there is no significant difference in mRNA transcriptions
of the SERCA2a gene and the NCX gene in the CAVSMCs

isolated from the ischemic and the nonischemic regions of
the CAL rats [Figure 5].

The relative levels of sarco/endoplasmic reticulum
Ca%*-ATPase and Na*/Ca?* exchanger in the coronary
artery smooth muscle cells

Compared with the rats in the sham group, the protein
levels of SERCA2a in CAL rats both decreased
significantly (P < 0.01) in the NIA and the IA [Figure 6a].
By contrast, the protein levels of NCX in the NIA and in the
[As in CAL rats were both significantly upregulated when
compared with those of the sham rats (P <0.01) [Figure 6b].
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Figure 5: The relative mRNA expressions of SERCA2a and NCX in the cells isolated from nonischemic and ischemic area of the coronary artery
of the CAL rats. (a) The expressions of NCX in the sham and the CAL rats; (b) The level of SERCA2a in the sham and the CAL rats. *P < 0.05
vs. sham group; n.s: Nonsignificant; CAL: Coronary artery ligation; NIA: Nonischemic area; IA: Ischemic area; SERCA2a: Sarco/endoplasmic
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CAL
Sham NIAIA

SERCA2 | e s | 100,000
B-actin eswesw 43,000
<
&
w . 1.0
0F |
<] ‘,? 0.84
Ca
% £ 08+ n.s
[ I} i
e ﬂ * *
5 = 044
x ]
e E 0.24
82"
2<
% 0.0 T

d: Sham CAL(NIA) CAL(A)

CAL
Sham NIA 1A
B-actin | em—— 43,000
ns
0.8 —

e
o

e
~

(Normalized to p-actin)
=]
-

Relative expression of NCX

Sh.am CAL(NIA) CAL(IA)

Figure 6: The relative levels of SERCA2a and NCX in the cells isolated from nonischemic and ischemic area of the coronary artery of the CAL rats.
() The levels of SERCA2a in the Sham and the CAL rats; (b) the levels of NCX in the Sham and the CAL rats. *P < 0.05 vs. sham group. n.s:
Nonsignificant; CAL: Coronary artery ligation; NIA: Nonischemic area; IA: Ischemic area; SERCA2a: Sarco/endoplasmic reticulum Ca®*-ATPase;

NCX: Na*/Ca®*+ exchanger.

.Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4

465




Once again, there were no significant differences in the NCX
or SERCAZ2a in the cells isolated from NIA and IAs of the
CAL rats (P > 0.05) [Figure 6a and 6b].

The relative levels of p47phox and p-p47phox in the
coronary artery smooth muscle cells

Elevated ROS generation was associated with almost all CVD
diseases. ROS can be generated through the Complex I and
III of the respiratory chain in mitochondria®*-¢! and through
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase system,l753] cytochrome P450, peroxidase system,
NO synthase,® and xanthine oxidases in cell membrane
and cytoplasm.™ In HF, several studies have indicated that
elevated ROS may be produced mainly through NADPH
oxidase in cell membrane and cytoplasm. NADPH oxidase
is composed of multiple subunits, including gp91phox,
phoxP22 in cell membrane and p47phox, p67phox, p40phox,
small molecule GTP binding proteins (Racl and Rac-2) in the
cytoplasm.B¢37! Since we have detected a significant increase
in ROS production in the cytoplasm of the artery vascular
smooth muscle cells in CAL rats, we then attempted to
measure the mRNA transcription and translation of p4 7phox
gene using qRT-PCR and Western blotting, respectively. These
results are presented in Figure 7. As shown in Figure 7a and 7b,
the mRNA transcription of p47phox gene was significantly
upregulated, and the protein of p47phox was also significantly
elevated irrespective of bloody supply when compared to
those in sham rats [Figure 7a and 7b]. We then measured the
relative level of phosphorylated p47phox (p-p47phox) using
Western blotting. Once again, we found that the p-p47phox
was also significantly enhanced compared to that of sham

rats, suggesting that enhanced NADPH oxidase activity was
directly associated with the elevated ROS generation in the
CAVSMCs in the CAL rats.

Discussion

HF has been characterized by contractile dysfunction
and a high incidence of sudden death from nonreentrant
ventricular arrhythmias, both of which involve altered
intracellular calcium handling. In this work, we have
investigated the calcium mishandling in the coronary artery
smooth muscle cells of rats with chronic HF symptoms.
The gene expressions of two ion channel genes, SERCA2a
and NCX, as well as the gene, p47phox encoding a subunit
of NADPH oxidase, were characterized using real-time
qRT-PCR and their protein levels by Western blotting,
respectively. We found that increments in intracellular
calcium concentrations and ROS generation in the coronary
artery smooth muscle cells of the CAL rats (P <0.01) were
irrespective of blood supply when compared with those of
the sham rats (P > 0.05). More specifically, we found that
NCX was upregulated in the failing and hypertrophic heart
in both activity and expression The increased NCX has been
found to be involved in the regulation of several parameters
of cardiac excitation-contraction coupling, such as cytosolic
Ca?" concentration, repolarization, and contractility.!>¢510:15]
Therefore, increased NCX activity has been identified as a
mechanism promoting HF, cardiac ischemia, and arrhythmia.
Increased amount or activity of NCX may transfer more
extracellular calcium ions into the cytoplasm through the
reverse mode of transport, increasing calcium level in
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Figure 7: The relative levels of p47phox and p-p47phox in the cells isolated from the nonischemic and the ischemic areas of the coronary artery
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P < 0.05 vs. sham group; n.s: Nonsignificant; CAL: Coronary artery ligation; NIA: Nonischemic area; IA: Ischemic area.
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coronary artery smooth muscle cell and impair the decline
of Ca?" level in diastole stage of the myocytes. However, it is
unknown whether the increased expression of NCX'is a cause
or a consequence of the chronic HF. Increased NCX activity
promoted arrhythmia and exacerbated ischemic necrosis in
human HF, while some investigations suggested that the
increased NCX could also provide an adaptive mechanism
that can be used to against the diastolic Ca*" overload.['2!)
Yet, it may also be possible that the increased NCX in the
failing heart competes with the reduced SERCA2a of failing
myocardium for cytosolic Ca**, showing a maladaptive
mechanism contributing to sarcoplasmic reticular Ca?* loss
and reduced contractility. In this latter case, we have
indeed detected a reduced expressions of SERCA2a in
both transcription level and protein level, which could be
relevant to the high intracytoplasmic Ca®" concentration in
the diastolic coronary artery smooth muscle cells, leading
to the observed phenomena such as coronary artery vascular
smooth muscle diastolic dysfunction, slowly reduced
intracytoplasmic Ca®" concentration, prolonged coronary
artery vasoconstriction time, abnormal coronary artery
perfusion, and insufficient myocardial blood supply.

Nevertheless, maintenance of an appropriate level of calcium
in smooth muscle cells is essential to their contraction
and expansion in a physiological condition. However,
in the disease condition, the abnormal increase in free
Ca?* concentration in the cytoplasm either by decreased
SERCA2a or increased NCX or both made Ca**-CaM
binding much easier in the activated state of the myocytes
that activates the myosin light-chain kinase. Under such a
circumstance, myosin light-chain was then phosphorylated
by Mg*" ATPase, causing cross-bridge sliding and the
myofilaments contracting in the smooth muscle cells.
However, the decline of free Ca*" concentration in the
cytoplasm was retarded because of the malfunctions of
SERCA2a, NCX, or their combination, for which the
myosin light-chain kinase was unable to be inactivated
and dephosphorylated in time in subsequent diastole stage,
causing a delay in the relaxations in the smooth muscle cells.

The levels of ROS are increased in almost every CVD, such
as in mitochondria under ischemia reperfusion as seen in
human MI or stroke, the increased generation of ROS by
NADPH oxidase in angiotensin II, in HF when cytokines
became up-regulated, and in atherosclerotic plaques by
macrophage-derived foam cells.!*4647:4%30581 [ this work,
we have indeed detected an upregulated expression of
p47phox gene in both transcription and translation, and
also an increased phosphorylation of p47phox expressed,
consistent with the increments in ROS production as seen
in CAL rats. Generally speaking, there are two roles of
ROS in CVDs, one is to directly promote myocardial tissue
necrosis due to ischemia and hypoxia, exacerbating cell
damage and death; the other is to act as a regulator in redox
modification of protein and changing protein function.
For example, ROS could increase active VEGFa through
stabilizing HIF-1o and inhibiting anti-angiogenic factor,

sFltl using S-glutathionylation modification on these
transcription factors, which will then boost VEGFa signaling
in endothelial cells through inhibition of PTPs and activation
of SERCA2a.F As second messenger, ROS could regulate
the expressions of 630 CVD-related genes.!'®! In our case,
the increments in ROS in the CAL rats with chronic HF may
tightly be linked to the altered expressions of SERCA2a, NCX
and p47phox rather than the shortage in blood supply. Indeed,
according to a recent study, both expressions of SERCA2a
and NCX are regulated by ROS in HF rats.[®) Therefore, we
argued a closed interplay between the reduced expression of
SERCA2a, the increased expression of NCX, and the loss of
calcium homeostasis as well as the overgeneration of ROS
in the cardiac artery smooth muscle cells of the CAL rats.
However, the exact mechanisms underlined remained to be
further elucidated.

In conclusion, our results argued a dissociation of the calcium
accumulation and ROS generation from the blood supply and
revealed associations of the mishandled calcium with the
increased expression of NCX, and the reduced expression of
SERCAZ2a, and the associations of the ROS increments with
the increased transcription, translation, and phosphorylation
of p47phox in the coronary artery smooth muscle cells of
the rats with chronic HF.
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