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In North America, incidence of myocardial infarction

is causal for the majority of patients suffering from

gross ventricular remodeling manifest as pathological

cardiac hypertrophy, attendant heart failure and sudden

death. Cellular and molecular mechanisms of heart

failure following myocardial infarction have been the

subject of intense scrutiny for the past decade, and a

number of candidate genes are implicated in the pro-

gression of this disease, including those for the impair-

ment of Ca2+ homeostasis [1], a shift from the - to -

isoform of myosin heavy chain (MHC) [2,3], and an

increase in the number of non-cardiomyocytes and

overt deposition of extracellular matrix in the heart [4].

These changes are inextricably linked to incidence of

cardiac diastolic disorders and reduced cardiac output.

On the other hand, a scar is formed in the infarct zone
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Abstract

Post-myocardial infarction (MI) remodeling of cardiac myocytes and the myocardial interstitium results in alteration of

gross ventricular geometry and ventricular dysfunction. To investigate the mechanisms of the remodeling process of the

heart after large MI, the expression of various genes in viable left ventricle and infarct scar tissue were examined at 16

weeks post-MI. Steady-state expression of Na+-K+ ATPase -1 and -2, phospholamban (PLB), -myosin heavy chain ( -

MHC), ryanodine receptor (Rya) and Ca2+ ATPase (Serca2) mRNAs were decreased in the infarct scar vs noninfarcted

sham-operated controls (P < 0.05). On the other hand, Gi 2 and -MHC mRNAs were upregulated (P < 0.05, respec-

tively) in the infarct scar whereas Na+-K+ ATPase- , Na+-Ca2+ exchanger and Gs mRNAs were not altered vs control

values. In viable left ventricle, the a-1 subunit of Na+-K+ ATPase, -3, -isoforms, Rya, -MHC, Gi 2, Gs and Na+-Ca2+

exchanger were significantly elevated while expression of the a-2 subunit of Na+-K+ ATPase, PLB and Serca2 were sig-

nificantly decreased compared to controls. Expression of CK2 mRNA was elevated in noninfarcted heart (145 15%)

and diminished in the infarct scar (66 13%) vs controls. Expression of -MHC mRNA was elevated in both viable and

infarct scar tissues of experimental hearts (140 31% and 183 30% vs. controls, respectively). These results suggest

that cardiac genes in the infarcted tissue and viable left ventricle following MI are differentially regulated.
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through wound healing mediated by cardiac myofi-

broblasts. Myofibroblasts proliferate and are abundant

in the infarct scar within days of the initial insult, are

muscular phenotypic variants of quiescent fibroblasts,

and are the main cell type populating the “healed”

infarct scar [4, 5]. The role of the infarct scar in cardiac

function and dysfunction as well as ventricular remod-

eling is not well understood despite the recent attention

this problem has received [6-9].

Finally, casein kinase II (CK2) is a serine-threo-

nine protein kinase composed of catalytic subunits

( ) and regulatory units ( ). Its activity is elevated in

myocardial ischemia/reperfusion [5]. In vitro studies

have revealed that CK2 phosphorylates Ca2+ binding

proteins in the sarcoplasmic reticulum (SR) [10], and

that CK2 activity is higher in proliferating cells [11].

Thus it is conceivable that CK2 may participate in

cardiac hypertrophy and remodeling. We undertook

the current comparative study of gene expression in

viable and remnant myocardium and that of the

infarct scar, and have focused on mRNA expression

of genes that participate in cardiac myocyte Ca2+ han-

dling, as well as G-proteins, MHCs and CK2 in left

ventricle and scar tissues in age-matched sham-oper-

ated and coronary artery ligated rat hearts with large

myocardial infarction and congestive heart failure.

Material and methods

Experimental model and hemodynamic
measurements

Myocardial infarction model was induced in male

Sprague-Dawley rats (150-200 g) by occlusion of the left

coronary artery as described earlier from this laboratory

[12]. Sham operated animals were treated similarly except

the coronary artery was not ligated. Experimental animals

with an infarct size > 30% of left ventricle were used in this

study. For hemodynamic measurement, the rats were anes-

thetized by an intraperitoneal injection of ketamine (60

mg/kg) and xylazine (10 mg/kg) mixture. The right carotid

artery was exposed and a microtip pressure transducer

(model SPR-249, Millar Instruments, Houston, TX, USA)

was inserted into the left ventricle of the heart. The left ven-

tricular systolic pressure (LVSP), left ventricular end dias-

tolic pressure (LVEDP) and heart rate were recorded using

a computer program AcqKnowledge for Windows 3.5.3

(Biopac Systems Inc., Goleta, CA, USA).

RNA isolation and Northern blot analysis

Total RNA from frozen left ventricular tissue was prepared

by using guanidinium thiocyanate-phenol-chloroform

extraction procedure as described by Chomczynski and

Sacchi [13]. Scanning densitometry was performed on

autoradiograms to estimate the abundance of each particu-

lar mRNA in control and experimental groups. Relative

18S (5’-ACG GTA TCT GAT CGT CTT CGA ACC-3’)

RNA abundance was used as internal standards to normal-

ize the density values for each target mRNA level [12].

The list of cDNA fragments used in the
present study

The cDNA probes of Na+-K+ ATPase- 1 (0.332 kb), - 2

(0.381 kb), - 3 (0.278 kb) and - 1 (0.271 kb), CK2- (1.4

kb) and - (500 bp), Gs (1.585 kb), Gi (1.365 kb), -MHC

(5’- CAG GCATCC TTAGGG TTG GGTAGC ACAAGA

- 3’) and - (5’- GGG ATAGCAACAGCG AGG CTC TTT

CTG CTG GAC AGG TTA - 3’) were purchased from

American Type Culture Collection (Rockville, MD, USA).

Ryanodine receptor (RyR, 2.2 kb) and Ca2+ ATPase (Serca2a,

0.762 kb) cDNA fragments were gifts from Dr. A.K. Grover

(McMaster University, Hamilton, ON, Canada).

Phospholamban (PLB, 0.503 kb) was a gift from Dr. D.H.

MacLennan (University of Toronto, Toronto, ON, Canada).

The cDNA segment coding for exons of Na+-Ca2+ exchang-

er (1.1 kb) was obtained from SWANT (Switzerland).

Statistical analysis

Experimental values were presented as mean ± S.E.M.

Comparison of mean values was performed by the

Student’s “t” test and a P value < 0.05 was considered to

reflect a significant difference.

Results

The general characteristics of sham and
infarcted rats

As shown in Table 1, the heart weight, the wet lung

weight and LVEDP were increased significantly (P <

0.05) in infarcted heart, indicating the cardiac hyper-

trophy and heart failure were developed in this model.
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Alteration of Na+-K+ ATPase gene expression
in scar and viable tissues

As shown in Fig. 1, mRNA level of Na+-K+ ATPase

were significantly changed in both viable left ventri-

cle and scar tissue (Fig. 1A, B, and C): 1, 3 and 

isoforms were upregulated in viable tissue, 1, 2

isoforms were significantly downregulated in scar tis-

sue. The mRNA level of 2 isoform in viable left

ventricular tissue is similar to that of the sham group

(Fig. 1C). The mRNA of 3 and isoforms show no

significant change in scar tissue (Fig. 1B) in the com-

parison to the sham group.

Alteration of SR gene expression

In viable tissues, the gene of Rya was over-

expressed; PLB and Serca2 had no significant

change (Fig. 2A and C). In the scar tissue, the mRNA

levels of Rya, PLB and Serca2 were significantly

decreased (Fig. 2B)

Alteration of G-protein gene expression

In viable left ventricular tissue, Gs and Gi 2 mRNA

was significantly higher (Fig. 3A and C). In scar tis-

sue, Gs had no significant change while Gi 2 mRNA

was significantly elevated (Fig. 3B).

Alteration of mRNA level of MHC and Na+-
Ca2+ exchanger

In viable left ventricular tissue, the mRNA levels of

-MHC and Na+-Ca2+ exchanger were significantly

increased (Fig. 4 A and C). In the scar tissue, the

-MHC mRNA was significantly decreased while

-MHC mRNA level was increased about 180% of

control value (Fig. 4A and B).
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Fig. 1. Gene expression of Na+-K+ ATPase in infarcted
scar (B) and left ventricular viable tissues (C) by Northern
blot analysis. (A) is a representative blot. The relative
abundance of each gene was expressed as the ratio of den-
sitometric value of each mRNA band/18S RNA. The
results are mean ± S.E. from 4-6 experiments. *p < 0.05
compared to the left ventricular in the sham group (Cont).

Parameters
Sham

(n=6)

Infarction 

(n=6)

Body weights (g) 651 ± 20 700 ± 29

Heart weights (g) 1.4 ± 0.04 1.8 ± 0.1*

Lung wet weight (g) 2.34 ± 0.05 2.83 ± 0.1*

LVEDP (mm Hg) 2.6 ± 0.3 13.8 ± 5*

LVSP (mm Hg) 109 ± 5 116 ± 2

Heart rate (beats/min.) 232 ± 22 239 ± 16

Table 1 The general characteristics of sham and infarct-
ed rat heart.

*P < 0.05 compared to sham group. The data were
obtained 16 weeks after coronary ligation.
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Alteration of CK2 gene expression in viable
left ventricular tissue and scar

As shown in Fig. 5 (A, B, and C), the mRNA level of

CK2 is significantly higher in viable left ventricu-

lar tissue (145 ± 15%) and significantly lower in scar

tissue (66 ± 13%) in comparison to sham group

(100%). However, the mRNA levels of subunits

are significantly elevated in both viable left ven-

tricule and scar tissue (140 ± 31% and 183 ± 30%,

respectively).

Discussion

Fibrillar collagens types I and III are the major com-

ponents of cardiac extracellular matrix [4], and
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Fig. 2. Gene expression ryanodine receptor (Rya), phos-
pholamban (PLB) and Ca2+ ATPase (Serca2) in infarcted
scar (B) and left ventricular viable tissues (C) by Northern
blot analysis. (A) is a representative blot. The relative
abundance of each gene was expressed as the ratio of den-
sitometric value of each mRNA band/18S RNA. The
results are mean ± S.E. from 4-6 experiments. *p < 0.05
compared to the left ventricular in the sham group (Cont).

0

50

100

150

200

C LV  *

*

*

Cont                        Gs                    Gi 2

Cont                         Gs                     Gi 2

 

0

50

100

150

200

250

300

Cont       LV        Scar

18S

Gs

Gi 2

B Scar

A

m
R

N
A

 l
e

v
e

l 
(%

 o
f 

c
o

n
tr

o
l)

 

m
R

N
A

 l
e

v
e

l 
(%

 o
f 

c
o

n
tr

o
l)

Fig. 3. Gene expression of G-proteins (Gs and Gi 2) in
infarcted scar (B) and left ventricular viable tissues (C) by
Northern blot analysis. (A) is a representative blot. The
relative abundance of each gene was expressed as the
ratio of densitometric value of each mRNA band/18S
RNA. The results are mean ± S.E. from 4-6 experiments.
*p < 0.05 compared to the left ventricular in the sham
group (Cont).



increased deposition of these matrix components in

the heart eventually leads to increased myocardial

stiffness and diastolic dysfunction, which is a major

mechanism of heart failure after myocardial infarc-

tion. As fibrillar collagens are synthesized and

secreted by cardiac fibroblasts and myofibroblasts,

stimulation of myofibroblast proliferation in the

heart is a phenomenon which is implicit in cardiac

remodeling and failure. The current study provides

information to support differential expression of key

genes in the remnant myocardium and infarct scar in

post-MI rat heart. To our knowledge, our observa-

tion that CK2 gene is overexpressed in the viable

left ventricle (remnant left ventricular tissue) and

infarct scar is the first of its kind. CK2, and espe-

cially the CK2 subunit, plays an important role in

cell growth and proliferation [14] possibly via phos-

phorylation of histone deacetylase 2 (HDAC2) [15]
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Fig. 4. Gene expression of myosin heavy chain ( -MHC
and -MHC) and Na+-Ca2+ exchanger in infarcted scar
(B) and left ventricular viable tissues (C) by Northern blot
analysis. (A) is a representative blot. The relative abun-
dance of each gene was expressed as the ratio of densito-
metric value of each mRNA band/18S RNA. The results
are mean ± S.E. from 4-6 experiments. *p < 0.05 com-
pared to the left ventricular in the sham group (Cont).

Fig. 5. Gene expression of casein kinase 2 (CK2) iso-
forms in infarcted scar (B) and left ventricular viable tis-
sues (C) by Northern blot analysis. (A) is a representative
blot. The relative abundance of each gene was expressed
as the ratio of densitometric value of each mRNA
band/18S RNA. The results are mean ± S.E. from 4-6
experiments. *p < 0.05 compared to the left ventricular in
the sham group (Cont).
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and subsequent alteration of HDAC2 activity.

Despite the controversy that surrounds the issue of

CK2’s effects on cell proliferation [16], the current

results support the suggestion that CK2 may partic-

ipate in the pathogenesis of cardiac hypertrophy.

Trophic ligands that may, in turn, activate CK2 are

involved in the pathogenesis of cardiac hypertrophy

and failure after infarction. For example, Yamagishi

et al. [17] observed that angiotensin II (angiotensin)

concentration was increased in the scar tissue and

Sun and Weber [18] demonstrated that angiotensin

receptor expression is elevated in both viable left

ventricle and scar tissue. Furthermore, Fraccarollo et

al. [19] reported that endothelin-1 stimulates colla-

gen accumulation at the site of infarction and ET-1

type A receptor antagonists have been shown to

improve ventricular remodeling and survival in rats

after infarction [20]. It will be interesting to test the

effect of ET-1 on CK2 activity in normal heart as

well as failing heart since CK2 proteins and activity

in rat heart were reduced during development [21].

Thus CK2 may play an important role in the growth

of cardiomyocytes and fibroblasts.

Previously, Peterson et al. [4] reported that Gs-

and Gi -protein expression were highly expressed

(relative to noninfarcted controls) in both viable left

ventricle and scar tissue in rat heart failure model.

Our results regarding G-protein subtype mRNA

expression are in agreement with these observations,

and provide further support for their involvement in

cardiac remodeling after infarction. Reports of fluc-

tuations in SR gene expression in the failing heart in

the literature are controversial. Lai et al [22] demon-

strated that Rya and SERCA2a mRNAs were down-

regulated while PLB was not significantly altered in

the failing dog heart. Furthermore in failing rabbit

heart, the expression of these genes was downregu-

lated [23]. However, Heerdt et al [24] found that

these three genes were overexpressed in human heart

failure. In the current work, we first assayed remnant

myocardium from animals in heart failure and found

that Rya was upregulated while there was no signifi-

cant change in the expression of SERCA2 and PLB

gene in viable left ventricular tissue in the failing

post-MI rat heart. The inconsistency of these obser-

vations may be due to the difference of species and

the stage of heart failure or may be due to the influ-

ences of concomitant application of pharmacologic

therapeutic regimens in patient populations. In the

infarct scar samples, we found that all SR genes stud-

ied are decreased vs normal myocardium in com-

parison to normal heart tissue. To the best of our

knowledge, this is the first report showing that the

gene expression of Rya, SERC2A and PLB is

sourced from myofibroblasts of the infarct scar.

Although cardiac myofibroblasts are contractile in

nature, it would appear that the mechanism of Ca2+

delivery to these cells differs significantly from that

of cardiac myocytes. This view is based on the cur-

rent survey and the significant differences in classi-

cal SR gene expression patterns between what is

myocyte- and myofibroblast-dominated tissue types,

respectively. This is not surprising given the unique

modes of Ca2+ entry present in various phenotypic

variants of smooth muscle cell types.

The isoform shift from -MHC to -MHC ex-

pression in cardiac myocytes is now considered to be

a classical molecular marker of the onset of heart

failure [3]. Huang et al. [25] reported that the level of

-MHC mRNA was not different between sham-

operated and hypertrophied rat heart and significant-

ly decreased in the failing heart, but that -MHC

expression was significantly increased in both hyper-

trophied and failing heart. Lowes et al. [3] observed

that -MHC was downregulated while -MHC was

upregulated in human heart failure. The present

study revealed that -MHC was slightly decreased

while -MHC mRNA was significantly elevated in

viable left ventricular myocardium of failing hearts.

In the infarct scar, -MHC mRNA expression was

dramatically reduced to ~20% of control while

-MHC expression was doubled. In this regard,

Sjuve et al. [26] reported that -MHC was not

detectable in non-muscle cells of normal bladders

but is overexpressed in non-muscle cells from hyper-

trophied tissue, supporting the concept that expres-

sion of -MHC is inducible in myofibroblasts under

pathological conditions. Further, a recent review of

the literature by Gabbiani [7] underscores the vari-

able expression of smooth muscle (SM) markers by

myofibroblasts, including desmin and SM myosin

heavy chains. In this regard, SMemb (the embryonic

form of SM myosin) has been demonstrated to be

highly expressed in cardiac myofibroblasts in the

infarct scar [8]. The suggestion that -MHC is

expressed by cardiac myofibroblasts is interesting,

however, other possibilities must be considered to

account for the relative expression of this gene in the

infarct scar, including i) the -MHC probe may

cross-react with SMemb mRNAs, and ii) the putative

90



de novo appearance of newly differentiated

myocytes from stem cells in adjacent hypertrophied

myocardium [27]. It is also pointed out that we did

not assess -MHC protein expression in the infarct

scar, and that this gene may be subject to asyn-

chronous mRNA/protein expression patterns.

Na+-K+ ATPase plays an important role in the

maintenance of homeostasis of intracellular Na+ con-

centration. The depression of the activity of Na+-K+

ATPase will cause the increase of intracellular Na+

concentration, cell edema and Ca2+ overload through

Na+-Ca2+ exchanger. Semb et al. [28] reported the

activity of Na+-K+ pump was significantly attenuat-

ed in the failing heart. In addition, -2 isoform was

replaced by -3 isoform in the failing heart. Trouve

et al. [29] suggested that the changes in the levels of

-1 and -3 isoforms appear physiologically irrele-

vant in compensated left ventricular hypertrophy

(CLVH) and decompensated left ventricular hyper-

trophy (DLVH). However, it is known that the

mRNA level of -2 isoform is upregulated in CLVH

and downregulated in DLVH. In our hands, -2 is

slightly decreased while -3 is significantly upregu-

lated in viable tissues; these results are consistent

with previous reports. In the infarct scar tissue, both

-1 and -2 isoforms were reduced compared to nor-

mal ventricular tissues. These results may suggest

that the Na+-K+ pump expression and possibly its

activity may be relatively low in cardiac myofibrob-

lasts vs cardiomyocytes. Na+-Ca2+ exchanger is

important to maintain Ca2+ homeostasis in the heart.

It has been reported that the expression of this gene

is elevated in the end stage of heart failure [30, 31].

Our data from 16 weeks heart failure model are con-

sistent with these previous observations.

Based on our data and the previous observations

of others [4], manipulation of CK2 gene expression

may be a useful and novel approach for treatment of

post-MI heart failure. We have also described the

expression of several genes in tissues dominated by

either hypertrophied myocytes or cardiac myofibrob-

lasts, and have observed markedly different patterns

of gene expression among these tissues in post-MI

hearts. Taken together, the results in this study

regarding the differences in profiles of cardiac gene

in the infarct scar and viable myocardium in heart

failure due to MI support the view that these genes

are regulated differentially. Thus extensive studies

are needed to examine the cardiac gene profiles at

different stages of heart failure.

Acknowledgements

This work was supported by the Canadian Institutes for Health

Research (CIHR) Group grant in Experimental Cardiology

and a grant from the CIHR Institute of Circulatory and

Respiratory Health on Gene Environment Interaction in Heart

Failure. NSD holds the CIHR/Pharmaceutical Development

and Research Chair in Cardiovascular Research support by

Merck Frosst Canada. IMCD is a scholar of the Myles

Robinson Memorial Heart Fund.

References

1. Dhalla N.S., Afzal N., Beamish R.E., Naimark B.,

Takeda N., Nagano M., Pathophysiology of cardiac dys-

function in congestive heart failure, Can. J. Cardiol., 9:

873-887, 1993

2. Nakao K., Minobe W., Roden R., Bristow M.R.,

Leinwand L.A., Myosin heavy chain gene expression in

human heart failure, J. Clin. Invest., 100: 2362-2370, 1997

3. Lowes B.D., Minobe W., Abraham W.T., Rizeq M.N.,

Bohlmeyer T.J., Quaife R.A., Roden R.L., Dutcher

D.L., Robertson A.D., Voelkel N.F., Badesch D.B.,

Groves B.M., Gilbert E.M., Bristow M.R., Changes in

gene expression in the intact human heart.

Downregulation of alpha-myosin heavy chain in hypertro-

phied, failing ventricular myocardium, J. Clin. Invest.,

100: 2315-2324, 1997

4. Peterson D.J., Ju H., Hao J., Panagia M., Chapman D.C.,

Dixon I.M.C., Expression of Gi-2 alpha and Gs alpha in

myofibroblasts localized to the infarct scar in heart failure due

to myocardial infarction, Cardiovasc. Res., 41: 575-585, 1999

5. Kim S.O., Baines C.P., Critz S.D., Pelech S.L., Katz S.,

Downey J.M., Cohen M.V., Ischemia induced activation of

heat shock protein 27 kinases and casein kinase 2 in the pre-

conditioned rabbit heart, Biochem. Cell. Biol., 77: 559-567,

1999

6. Freed D.H., Moon M.C., Borowiec A.M., Jones S.C.,

Zahradka P., Dixon I.M.C., Cardiotrophin-1: expression in

experimental myocardial infarction and potential role in

post-MI wound healing, Mol. Cell. Biochem., 254: 247-256,

2003

7. Gabbiani G., The myofibroblast in wound healing and

fibrocontractive diseases, J. Pathol., 200: 500-503, 2003

8. Frangogiannis N.G., Michael L.H., Entman M.L.,

Myofibroblasts in reperfused myocardial infarcts express the

embryonic form of smooth muscle myosin heavy chain

(SMemb), Cardiovasc. Res., 48: 89-100, 2000

9. Cleutjens J.P.M., Blankesteijn W.M., Daemen M.J.,

Smits J.F., The infarcted myocardium: simply dead tissue,

or a lively target for therapeutic interventions, Cardiovasc.

Res., 44: 232-241, 1999

10. Cala S.E., Jones L.R., GRP94 resides within cardiac sar-

coplasmic reticulum vesicles and is phosphorylated by

casein kinase II, J. Biol. Chem., 269: 5926-5931, 1994

91

J. Cell. Mol. Med. Vol 8, No 1, 2004



11. Xu Y.J., Rathi S.S., Chapman D.C., Arneja A.S., Dhalla

N.S., Mechanisms of lysophosphatidic acid-induced DNA

synthesis in vascular smooth muscle cells, J. Cardiovasc.

Pharmacol., 41: 381-387, 2003

12. Sethi R., Elimban V., Chapman D., Dixon I.M.C., Dhalla

N.S., Differential alterations in left and right ventricular G-

proteins in congestive heart failure due to myocardial infarc-

tion, J. Mol. Cell. Cardiol., 30: 2153-2163, 1998

13. Chomczynski P., Sacchi N., Single-step method of RNA

isolation by acid guanidinium thiocyanate-phenol-chloro-

form extraction, Anal. Biochem., 162: 156-159, 1987

14. Li D., Dobrowolska G., Aicher L.D., Chen M., Wright

J.H., Drueckes P., Dunphy E.L., Munar E.S., Krebs E.G.,

Expression of the casein kinase 2 subunits in Chinese ham-

ster ovary and 3T3 L1 cells provides information on the role

of the enzyme in cell proliferation and the cell cycle, J. Biol.

Chem., 274: 32988-32996, 1999

15. Davie J.R., Inhibition of histone deacetylase activity by

butyrate, J. Nutrition, 133: 2485S-2493S, 2003

16. Vilk G., Derksen D.R., Litchfield D.W., Inducible expres-

sion of the regulatory protein kinase CK2beta subunit: incor-

poration into complexes with catalytic CK2 subunits and re-

examination of the effects of CK2beta on cell proliferation,

J. Cell. Biochem., 84: 84-99, 2001

17. Yamagishi H., Kim S., Nishikimi T., Takeuchi K., Takeda

T., Contribution of cardiac renin-angiotensin system to ven-

tricular remodelling in myocardial-infarcted rats, J. Mol.

Cell. Cardiol., 25: 1369-1380, 1993

18. Sun Y., Weber K.T., Angiotensin II receptor binding fol-

lowing myocardial infarction in the rat, Cardiovasc. Res., 28:

1623-1628, 1994

19. Fraccarollo D., Bauersachs J., Kellner M., Galuppo P.,

Ertl G., Cardioprotection by long-term ET(A) receptor

blockade and ACE inhibition in rats with congestive heart

failure, Cardiovasc. Res., 54: 85-94, 2002

20. Nguyen Q.T., Cernacek P., Calderoni A., Stewart D.J.,

Picard P., Sirois P., White M., Rouleau J.L., Endothelin A

receptor blockade causes adverse left ventricular remodeling

but improves pulmonary artery pressure after infarction in

the rat, Circulation, 98: 2323-2330, 1998

21. Kim S.O., Hasham M.I., Kratz S., Pelech S.L., Insulin-

regulated protein kinases during postnatal development of

rat heart, J. Cell. Biochem., 71: 328-339, 1998

22. Lai L.P., Raju V.S., Delehanty J.M., Yatani A., Liang

C.S., Altered sarcoplasmic reticulum Ca2+ ATPase gene

expression in congestive heart failure: effect of chronic nore-

pinephrine infusion, J. Mol. Cell. Cardiol., 30: 175-185,

1998

23. Pennock G.D., Spooner P.H., Summers C.E., Litwin S.E.,

Prevention of abnormal sarcoplasmic reticulum calcium

transport and protein expression in post-infarction heart fail-

ure using 3, 5-diiodothyropropionic acid (DITPA), J. Mol.

Cell. Cardiol., 32: 1939-1953, 2000

24. Heerdt P.M., Holmes J.W., Cai B., Barbone A., Madigan

J.D., Reiken S., Lee D.L., Oz M.C., Marks A.R., Burkhoff

D., Chronic unloading by left ventricular assist device revers-

es contractile dysfunction and alters gene expression in end-

stage heart failure, Circulation, 102: 2713-2719, 2000

25. Huang Y., Liu H., Li Y., Alterations in myosin heavy chain

isoform gene expression during the transition from compen-

satory hypertrophy to congestive heart failure in rats, Chin.

Med. J., 114: 183-185, 2001

26. Sjuve R., Haase H., Ekblad E., Malmqvist U., Morano I.,

Arner A., Increased expression of non-muscle myosin

heavy chain-B in connective tissue cells of hypertrophic rat

urinary bladder, Cell Tissue Res., 304: 271-278, 2001

27. Urbanek K., Quaini F., Tasca G., Torella D., Castaldo C.,

Nadal-Ginard B., Leri A., Kajstura J., Quaini E.,

Anversa P., Intense myocyte formation from cardiac stem

cells in human cardiac hypertrophy, Proc. Natl. Acad. Sci.

USA, 100: 10440-10445, 2003

28. Semb S.O., Lunde P.K., Holt E., Tonnessen T.,

Christensen G., Sejersted O.M., Reduced myocardial Na+,

K+-pump capacity in congestive heart failure following

myocardial infarction in rats, J. Mol. Cell. Cardiol., 30:

1311-1328, 1998

29. Trouve P., Carre F., Belikova I., Leclercq C., Dakhli T.,

Soufir L., Coquard I., Ramirez-Gil J., Charlemagne D.,

Na+-K+-ATPase alpha2-isoform expression in guinea pig

hearts during transition from compensation to decompensa-

tion, Am. J. Physiol., 279: H1972-H1981, 2000

30. Mittmann C., Eschenhagen T., Scholz H., Cellular and

molecular aspects of contractile dysfunction in heart failure,

Cardiovasc. Res., 39: 267-275, 1998

31. Piper C., Bilger J., Henrichs E.M., Schultheiss H.P.,

Horstkotte D., DoernerA., Is myocardial Na+-Ca2+ exchang-

er transcription a marker for different stages of myocardial dys-

function? Quantitative polymerase chain reaction of the mes-

senger RNA in endomyocardial biopsies of patients with heart

failure, J. Am. Coll. Cardiol., 36: 233-241, 2000

92


