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Abstract—L-type  Ca2+ channels  (LTCCs)  are  the  main
mediators of Ca2+ influx. LTCCs are multi-subunit complexes,
of  which  CaV1.2  subunit  forms  the  channel  pore  for  Ca2+

movement.  Ca2+ influx through LTCC CaV1.2 is  a proximal
signal for pathological cardiomyocyte hypertrophy. However,
very  little  is  known regarding the  molecular  mechanism  of
LTCC transcription regulation. Myocardin, a co-activator of
serum  response  factor  (SRF)  that  potently  transactivates
CArG  box–containing  cardiac  and  smooth  muscle  target
genes, can stimulate neonatal rat cardiomyocyte hypertrophy.
In the present study, the gene fragment of rat LTCC CaV1.2
promoter containing five CArG boxes or no CArG box was
amplified by PCR and cloned into empty vector pGL3-Basic to
construct luciferase reporter plasmids, then luciferase activity
assay was performed in HEK293T cells. The results  showed
that the  luciferase  reporter  plasmids  were  constructed
successfully,  Myocardin potently  activated CArG  box-
containing  LTCC  CaV1.2  reporter,  by  contrast,
Myocardin had a weaker transcriptional activation on LTCC
CaV1.2 reporter containing no CArG box. The results suggest
that  Myocardin  may  play  a  critical  role  in  regulating  the
expression of LTCC CaV1.2 in cardiomyocyte hypertrophy.
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I. INTRODUCTION

Cardiomyocyte function is predominantly regulated by
Ca2+ mobilization in the cytosol and dysregulation of Ca2+ is
a  central cause of heart disease,  including  cardiac
hypertrophy.  L-type  Ca2+ channels  (LTCCs)  are  the  main
mediators of extracellular Ca2+ influx.  Ca2+ influx through
LTCC regulates  excitation-contraction  coupling, signal
transduction and  gene  expression. Previous  study
demonstrated  that  increasing Ca2+ through LTCC CaV1.2
induced  pathological  cardiomyocyte  hypertrophy by
activating calcineurin/nuclear  factor  of  activated  T  cells
(calcineurin/NFAT) and Ca2+/calmodulin-dependent protein
kinases  II/class  II  histone  deacetylases (CaMKII/HDAC)
pathways [1]. LTCCs  are  multi-subunit complexes
containing,  as  a  minimum,  α1C subunit (CaV1.2), the
auxiliary β subunit  and  α2/δ  subunit [2].  The CaV1.2
subunit is  the  pore-forming  protein  that  responsible for
voltage-dependent Ca2+ channel  opening and  channel
selectivity for Ca2+.  The majority  of  studies  focus  on

regulation  of  CaV1.2 phosphorylation  state  and  channel
function [3], very little is  known regarding the molecular
mechanism of CaV1.2 transcription regulation.

Serum  response  factor (SRF)  is one  of  the  most
important  transcription  factors  regulated  cardiac
hypertrophy.  Myocardin,  a  potent  co-activator  of  SRF,  is
necessary and sufficient for the expressions of hypertrophic
genes  by  binding the  core  sequence  of  CArG  box  (CC
[A/T]6GG) as a homodimer [4]. We have previously shown
that overexpression of Myocardin can stimulate neonatal rat
cardiomyocyte hypertrophy [5].  Recent studies have shown
that Ca2+ influx induces the activation of calcineurin, which
leads to the translocation of NFAT and the transcription of
Myocardin  [6,  7].  However,  the  exact  mechanism of
Myocardin-induced cardiomyocyte hypertrophy is not clear.
Bioinformatics analysis showed that  LTCC  CaV1.2
promoter  contained several CArG boxes,  suggesting  that
Myocardin may transactivate CaV1.2 gene expression.

In this study， the gene fragment of rat LTCC CaV1.2
promoter containing five CArG boxes or no CArG box was
amplified  by  PCR  and cloned  into  empty  vector  pGL3-
Basic  to  construct  luciferase  reporter  plasmids,  then
luciferase activity assay was performed in HEK293T cells.
The  results  showed  that  the  luciferase  reporter  plasmids
were  constructed  successfully  and  Myocardin  could
potently activate CArG box-containing CaV1.2 reporter, by
contrast, Myocardin had a weaker transcriptional activation
on CaV1.2 reporter containing no CArG box. The results
suggest  that  Myocardin  may  play  a  critical  role  in
regulating  the  expression  of  LTCC CaV1.2  in
cardiomyocyte hypertrophy.

II. MATERIALS AND METHODS

A. Cell Culture and Transfection

HEK293T  cell  was  obtained  from  American  Type
Culture Collection (ATCC)  and it  was cultured with high
glucose  Dulbecco’s  modified  Eagle’s  medium  (DMEM)
(GIBCO) supplemented with 10% fetal bovine serum (FBS)
at 37°C in a 5% CO2 incubator. 

For  transfection  experiments,  HEK293T  cells were
cultured in DMEM medium without antibiotics  when  they
were  50-60% confluent. Transfection was carried  out with
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transfection  reagent (Lipofectamine  2000  Reagent;
Invitrogen)

B. Plasmid Construction

The  DNA fragments of  CaV1.2 promoter (CaV1.2-
3235-Luc,  -3193  to  +42;  CaV1.2-528-Luc,  -486  to  +42)
were  amplified  by  PCR  and  then  cloned  into pGL3
luciferase reporter vectors, respectively. The primers used in
PCR reactions were as follows: CaV1.2-3235-Luc: forward
primer-ATTGGTACCATTCGGTGTTTGAGGTATCTGG,
reverse primer-
CGAAAAGCTTAATCATTGTGACTCCAGTTGG;
CaV1.2-528-Luc: forward primer-
GGCGGTACCTCCTTAAAATAGTTCTGCAGCT,  reverse
primer-
CGAAAAGCTTAATCATTGTGACTCCAGTTGG.Amplif
ication conditions for PCR are as  follows:  CaV1.2-3235-
Luc: pre-degeneration for 5 min at 94°C, denaturation for
45s at 94°C, annealing for 30s at 58°C and extension for 3
min 30s at 72°C. CaV1.2-528-Luc: pre-degeneration for 5
min at 94°C, denaturation for 45s at 94°C, annealing for 30s
at 54°C and extension for 1 min at 72°C.The PCR reaction
was carried out for 35 cycles. 

The gene fragments of rat LTCC CaV1.2 promoter and
pGL3-Basic vector were digested with restriction enzyme
KpnI and HindⅢ at 37°C for 1h and then the gene fragments
were ligated to vector pGL3-Basic using T4 DNA ligase at
16°C for 24h. The recombinant plasmids were  transformed
into E.  coli DH5α and  confirmed by
restriction enzyme digestion and DNA sequencing.

C. Luciferase Reporter Assays

Luciferase  activity  assay  was  performed  using  the
Luciferase  Assay  System  (Promega)  according  to  the
instructions. Briefly,  the  transfected  cells  were  lysed  in
Cell Culture Lysis Reagent. 20 µL of cell lysate was added
into a  96-well  enzyme  label  plate and reading  was
initiated by the  injection  of 100  µL of Luciferase
Assay Reagent into the plate on a Synergy™ 4 (Bioteck).

D. Statistical analyses

All experiments were performed three times. Data were
analyzed  with  unpaired  student  t  test.  Two  tailed  P
value<0.01  was indicated by **.  Data  were  presented  as
Mean±SD.

III. RESULTS

A. Construction of LTCC CaV1.2 Luciferase Reporter
Plasmids

A structure schematic of CArG box-containing  LTCC
CaV1.2 reporter plasmid (CaV1.2-3235-Luc) and truncated
CaV1.2 reporter plasmid (CaV1.2-528-Luc)  are shown in
Figure 1. CaV1.2-3235-Luc contains 5  CArG boxes in the
promoter region while CaV1.2-528-Luc contains no CArG
box and  they  were  3235bp  and  528bp  respectively.  1%
agarose gel  electrophoresis was  used to  analyze the
PCR amplification products.  As  shown  in  Figure  2A,  a
3235bp DNA fragment was  amplified specifically by PCR

and as shown in Figure 2B, of these PCR products, a 528bp
DNA fragment can be significantly distinguished.

Figure 1. A structure schematic of CaV1.2 Luciferase Reporter Plasmids.

Figure 2. Agarose gel electrophoretic analysis of
PCR amplification products.

A. PCR  products of CArG box-containing CaV1.2 promoter (M: DL2000
Plus Marker;1: PCR  products) B. PCR  products of truncated CaV1.2

promoter (M: DL2000 Plus Marker; 1-2: PCR products)

After restriction enzyme digestion and recombinant, the
recombinant plasmids were extracted and purified, and the
1% agarose gel electrophoretic analysis was performed. As
shown  in  Figure  3A  and  3B,  the  size  of  recombinant
plasmids were larger than vector pGL3-Basic.

Figure 3. Agarose gel electrophoretic analysis of recombinant plasmids.
A. Electropherogram of CaV1.2-3235-Luc recombinant plasmids (M:

DL2000 Plus Marker,1: pGL3-Basic vector; 2: CaV1.2-3235-Luc
recombinant plasmids) B. Electropherogram of CaV1.2-528-Luc

recombinant plasmids(M: DL2000 Plus Marker,1: pGL3-Basic vector; 2:
CaV1.2-528-Luc recombinant plasmids)

Next,  the  recombinant plasmids were  digested  with
restriction enzyme KpnI and HindⅢ at 37°C for 1h and then
the  restricted  DNA products were separated by 2%
agarose gel electrophoresisand. As shown in Figure 4A, the
sepharose  electrophoresis of  DNA  showed  3235bp  and
4818bp two bands, suggesting that CaV1.2-3235-Luc was
successfully constructed. Figure  4B  showed  that  the
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recombinant  plasmid was  digested into  a  528bp fragment
and  a  4818bp  fragment,  suggesting that CaV1.2-528-Luc
was constructed successfully.

Figure 4. Restriction enzyme digestion analysis of recombinant plasmids.
A. Restriction enzyme digestion identification of CaV1.2-3235-Luc (M:

DL2000 Plus Marker,1: Double digestion of pGL3-Basic vector; 2: Double
digestion of 3235bp fragment; 3: Double digestion of CaV1.2-3235-Luc)
B. Restriction enzyme digestion identification of CaV1.2-528-Luc (M:

DL2000 Plus Marker; 1: Double digestion of CaV1.2-528-Luc)

Finally, by  sequence analysis, the recombinant
plasmids of CaV1.2-3235-Luc  and  CaV1.2-528-Luc  were
successfully constructed.

B. Luciferase Assay

Next, we  analyzed whether  CaV1.2 transcriptional
activity might be affected by overexpression of Myocardin.
The  CaV1.2-3235-Luc  plasmids  or  CaV1.2-528-Luc
plasmids  were  co-transfected  with  pcDNA3.1-Myocardin
expression  plasmids  or  pcDNA3.1 vectors  using
Lipofectamine 2000 for  24h. As  shown in  Figure  5,  the
activity  of  the  CaV1.2-3235-Luc was
significantly activated by overexpression  of  Myocardin,
approximately 14-fold, while Myocardin increased CaV1.2-
528-Luc activity  by  approximately  6-fold,  which  had
significant difference compared with control group.
However,  the  activation of CaV1.2-528-Luc  induced by
Myocardin  was  strongly  suppressed  compared with the
activation of CaV1.2-3235-Luc induced by  Myocardin,
suggesting that Myocardin  transactivated the expression of
CaV1.2 probably via a CArG-dependent mechanism.

IV. DISCUSSION

Cardiac  hypertrophy  is  the  common  compensatory
response  to  a  number  of  physiological  and  pathological
stimulus.  There  is  growing  evidence  for  a
pathophysiological  role of  Ca2+ overload in  cardiac
hypertrophy [8].  LTCC is the  membrane ion channel that
most responsible for Ca2+  influx and excitation-contraction
coupling. Cav1.2 is the pore-forming subunit of LTCC. Ca2+

influx  through  LTCC  CaV1.2  is  sufficient  to  induce
pathological  cardiac  hypertrophy by activating
calcineurin/NFAT  and  CaMKII/HDAC pathways [1].
Several  studies  over  the  years focus  on  regulation  of
CaV1.2 phosphorylation state and channel function. CaV1.2
channel is regulated by different kinases, including cGMP-
dependent protein kinase, cAMP-dependent protein kinase,
and protein kinase C [9].

Figure 5. Myocardin increases the transcriptional activity of LTCC
CaV1.2 promoter.

However, very little is known regarding the molecular
mechanism of  CaV1.2  transcription  regulation in  cardiac
hypertrophy. It has been shown that nuclear factor-kappaB
(NFκB) stimulates functional CaV1.2 expression in cerebral
artery  myocytes [10]. Endothelin-1 stimulation increases
the  LTCC CaV1.2  transcription in  cardiomyocytes  via
activation  of  extracellular  signal-regulated  kinase  1/2
pathway [11].  Our  present  study demonstrated that
Myocardin  regulated transcriptional  activity  of LTCC
CaV1.2 via binding to CArG boxes.

Myocardin has been demonstrated to play an important
role in Ca2+ signal-induced cardiomyocyte hypertrophy [6].
However,  the molecular mechanism of  this  response is not
unclear. These  results  preliminarily demonstrated that
Myocardin regulating CaV1.2 expression may contribute to
Myocardin-induced  cardiomyocyte  hypertrophy.  However,
further study is needed to understand the  exact
mechanism of Myocardin-induced CaV1.2 expression.
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