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Abstract: β-Catenin has been implicated in various developmental and physiological processes. Defective Wnt signaling can result in different cardiac and 
vascular abnormalities and is activated under pathological conditions such as inflammation and obesity. In this study, roles of β-catenin in inflammation in cardio-
myocytes were investigated. 10 samples from hearts of patients with acute infarction and 10 from normal ones were collected in order to access roles of β-catenin 
in cardiomyocytes. H9c2 cardiomyoblasts and primary neonatal rat cardiomyocytes were transfected with porcine cytomegalovirus (pCMV)-β-catenin plasmid 
in order to overexpress β-catenin. Protein level of β-catenin protein was increased in human acute infarction tissues compared to ones from normal patients. The 
transcription factor had increased nuclear localization in cardiomyocytes of the Wistar rats with cardiac hypertension. Furthermore, expression of fibrosis protein 
markers increased. Protein expression of β-catenin was increased in human acute infarction inflammatory heart tissues and in hearts of inflammatory obesity rats. 
After pCMV-β-catenin plasmid was transfected in a dose-dependent manner, inflammation protein markers, TNF-α and IL-8, were upregulated in hypertensive 
neonatal rat cardiomyocytes and H9c2 cardiomyoblasts. In addition, overexpression of β-catenin induced activation and nuclear localization of NF-κB. Therefore, 
β-catenin is a potential molecular target for treatment of inflammation and fibrosis in cardiomyocytes.
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Introduction

When cardiomyocytes are under mechanical stress 
stimuli, various hormones are secreted and a number of 
intra- and intercellular signaling cascades are activated 
and function in an autocrine or paracrine manner (1). 
These ligands are capable of altering myocardial ultras-
tructure, determining hypertrophy and/or apoptosis of 
cardiac fibroblasts, mesenchymal fibrotic and inflam-
matory processes and induce cardiac gene expression 
modifications (1-5).

This series of events is the basis of myocardial remo-
deling, which is a complex phenomenon of ultrastructu-
ral cardiac rearrangement (6). Because of the sensible 
changes in cardiomyocyte viability, energy metabolism, 
kinetic and electrical properties and cytoskeleton and 
extracellular matrix compositions, myocardial remo-
deling is considered as the key pathogenetic factor of 
Chronic Heart Failure (CHF) and of its natural history, 

which is marked by inexorable, progressive cardiac dys-
functions (7-9).

In response to myocardial ischemia (MI) and syste-
mic inflammatory stimuli such as sepsis, cardiomyocytes 
express pro-inflammatory cytokines, which are able to 
initiate a local inflammatory response (10-13). Inflam-
matory response in cardiomyocytes, which involves cy-
tokines, chemokines and subsequently recruited leuko-
cytes (14, 15) and cell surface adhesion molecules (15, 
16), leads to decreased cardiomyocyte contractility and 
may impact tissue repair processes. Analogous to that of 
dendritic cells, cardiomyocytes have an initial response 
directed by Toll-like receptors (TLRs) against damaging 
stimuli (17). Moreover, β-Catenin signaling was recent-
ly found to be activated by pressure overload-induced 
pathological cardiac remodeling in injured arteries and 
after myocardial infarction (18). β-Catenin signaling is 
clearly involved in hypertrophic growth (19). However, 
little is known about Wnt/frizzled/β-catenin pathway in 
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cardiomyocyte inflammation and fibrosis.
Involvement of β-catenin in Wnt signaling pa-

thway has been extensively studied (20, 21). Cytosolic 
β-catenin is tightly regulated by a destruction complex 
consisting of Axin, adenomatous polyposis coli (APC), 
casein kinase I (CKI) and glycogen synthase kinase-3β 
(GSK-3β) (22). GSK-3β phosphorylates β-catenin, lea-
ding to degradation of the latter. Inhibition of GSK-3β 
activity by Wnt or other pathways results in stabiliza-
tion and nuclear localization of β-catenin (23).

β-Catenin, which is the central transcription factor 
in Wnt signaling pathway, has been implicated in cell-
cell communication in a wide variety of developmental 
and physiological processes. Wnt/β-catenin signaling 
pathway is required for different aspects of cardiac and 
vascular development and its defective state can result 
in different cardiac and vascular abnormalities. In adult 
heart and blood vessels, its activity is quite low under 
normal conditions. However, it is reactivated during 
pathological cardiac remodeling induced by pressure 
overload in injured arteries and after myocardial infarc-
tion (2).

In several types of organs, including, lungs, kidneys 
and liver, Wnt/β-catenin intracellular signaling was 
found be involved in expression of fibrosis (18, 19, 24). 
WNT1 and WNT10B are upregulated in pulmonary 
fibrosis and in liver cirrhosis (19). In cardiomyocytes, 
cardiac fibroblasts are regulated in vitro by Wnt/β-
catenin pathway (5). Specific combinations of Wnt 
ligands and Frizzled receptors elicit distinct responses. 
In vivo, pediatric heart allographs with diastolic dys-
function and severe epicardial fibrosis display nuclear 
β-catenin accumulation in fibroblasts, suggesting Wnt 
signaling activation (24).

Toll-like receptor (TLR) family members play 
important roles in immune responses, especially ones 
against foreign microorganisms which are potentially 
pathogenic, by recognizing receptor-specific pathogen 
-associated molecular patterns (PAMPs), which were 
commonly found in bacteria, viruses and so on (25, 26). 
Pathogenic microbe components are sources of their 
ligands which are often considered as PAMPs. Binding 
of PAMPs to specific TLRs represents a critical event of 
innate immunity and provides an immediate response 
to pathogens in various animal species (27). In addi-
tion, TLR2 and TLR4 were found to bind a separate 
set of ligands, damage-associated molecular patterns 
(DAMPs), in injured and inflamed tissues (28).

Binding of TLR ligands to TLRs pass down signals 
to other parts of a cell through at least one of the fol-
lowing adaptor proteins: myeloid differentiation prima-
ry response gene 88 (MyD88), toll/interleukin-1-recep-
tor-domain-containing adaptor inducing interferon-β 
(TRIF), toll/interleukin-1-receptor-domain-containing 
adaptor protein and TRIF-related adaptor molecule.

TLR2 or TLR4 agonists stimulate MyD88 signaling 
pathway in antigen-presenting cells such as dendri-
tic cells and macrophages, which leads to subsequent 
downstream activation of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) (29). This 
activation leads to the rapid expression of inducible ni-
tric oxide synthase and a wide variety of pro-inflamma-
tory cytokines, chemokines and their receptors, inclu-
ding tumor necrosis factor alpha (TNF-α), interleukin 

(IL)-1α, IL-1β, IL-6 and IL-8 (30-32).
This particular study aimed to investigate roles of 

β-catenin in apoptosis, cardiac hypertrophy, inflamma-
tion, fibrosis and survival in cardiomyocytes.

Materials and Methods

Cell culture
H9c2 cardiomyoblast cell line was purchased from 

American Type Culture Collection (Rockville, MD, 
USA) and were cultured in 100-mm culture plates in 
Dulbecco’s modified Eagle’s medium (DMEM; Sigma, 
St. Louis, MO, USA) containing 10% cosmic calf se-
rum (CCS; HyClone, South Logan, UT, USA) in a cell 
incubator at 37°C. Cell medium was replaced 48 hours 
after sub-cultivation. H9c2 cells were transfected with 
β-catenin plasmid in time-dependent or dose-dependent 
treatments.

Immunohistochemical staining
Samples of tissue biopsies from patients described 

in the Human Cardiovascular Tissue Microarray sec-
tion were dried at 58°C overnight. The tissue sections 
were dewaxed in xylene for 40 minutes and sequentially 
rehydrated using a graded series of ethanol. Endoge-
nous peroxidase activity was blocked with hydrogen 
peroxide blocking buffer (3% H2O2) for 13 minutes. 
After the biopsy microarray was rinsed in tap water for 
15 minutes, it was microwave treated with pre-warmed 
citrate buffer (0.01M citric acid (pH6.0)) for 15 minutes 
and cooled to room temperature (RT) for 30 minutes. 
Nonspecific binding was blocked with 5% CCS for 1 
hour and then the array was incubated with 1:100 dilu-
ted primary antibodies against β-catenin (Santa Cruz 
Biotechnology, Dallas, TX, USA) at RT overnight, 
which was followed by 1:100 diluted secondary antibo-
dies application (Santa Cruz Biotechnology, Dallas, TX, 
USA) at RT for 1 hour. Immunoreactivity was visua-
lized with 3,3’-diaminobenzidine substrate (Roche Dia-
gnostics GmbH, Mannheim, Germany) for 5 minutes. 
After it was washed using 1× phosphate-buffered saline 
(1×PBS) (GIBCO, Auckland, New Zealand) for 10 mi-
nutes, the tissue microarray was then analyzed using mi-
croscopy (magnification: 200×). The study procedures 
conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki and were reviewed and approved by 
the Institutional Review Board of the Armed Force Tai-
chung General Hospital, Taichung and the China Me-
dical University, Taichung, Republic of China. Verbal 
and written informed consents for inclusion in the study 
were obtained prior to sample collection.

Neonatal rat primary cardiomyocyte culture
Primary cardiomyocytes from Wistar rats with obe-

sity were isolated with Neonatal Rat/Mouse Cardio-
myocyte Isolation System Kit (Cellutron Life Techno-
logy; Baltimore, MD, USA). Each of 100-mm culture 
dishes was coated with SureCoat solution (Cellutron 
Life Technology, Baltimore, MD, USA) for 2 hours in 
at 37°C. Hearts of the diabetic rats were isolated and 
incubated in digestion solution at 37°C. Each plate was 
coated with an extra layer of SureCoat solution for ano-
ther 2 hours. Then all isolated cells were rested in non-
coated cell culture plates for 1 hour, fibroblasts from 
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Western blot analysis
H9c2 cardiomyocytes were seeded in 100-mm 

culture dishes containing DMEM (10% CCS) to 80% 
confluency. After transfection with pCMV-β-catenin 
plasmid at different time points or at different doses, 
each plate was washed with 3 ml 1×PBS twice and the 
remaining fluid in each plate was sucked off. Then 100 
μl cell lysis buffer (50mM Tris-base (pH7.5), 0.5M 
NaCl, 1mM EDTA (pH8.0), 1mM β-mercaptoethanol, 
1% NP-40, 1% glycerol and protease inhibitor cock-
tail tablets) per plate was added to lyse the cells. The 
cells were scraped down and collected in appropriate 
1.5-ml microcentrifuge tubes on ice, which were then 
vortexed once every 10 minutes 3 times and centrifu-
ged for 20 minutes at 12000 rpm, 4°C. The supernatants 
were transferred to another set of 1.5-ml microcentri-
fuge tubes. These were the total protein samples. Pro-
tein concentrations of the samples were determined by 
Lowry assay and western blot analysis was conducted.

Statistical analysis
Each sample was analyzed based on results that 

were repeated at least three times and SigmaPlot 10.0 
software and standard t-test was used to analyze each 
numeric data. In all cases, differences at p < 0.05 were 
regarded as statistically significant, ones at p < 0.01 or p 
< 0.001 were considered higher statistical significances.

Results

Expression patterns of β-catenin in human infarct 
hearts and hearts of inflammatory disease models

Cardiac infarction is associated inflammatory res-
ponse, in which secretion of inflammatory cytokines 
is involved (33, 34). Expression of β-catenin protein 
in human and rat inflammatory were determined by 
conducting western blot analysis and examining immu-
nohistochemical staining patterns in myocardial infarc-
tion specimens from cardiovascular tissue microarray. 
The results show that protein expression of β-catenin 
was increased in the acute infarction tissues. Moreover, 
protein level of the transcription factor was also ele-
vated in the hearts of obese rats (Figure 1). Therefore, 
β-catenin signaling was elevated by cardiac infarction 
in humans and inflammation in rats.

Transfection of pCMV-β-catenin plasmid in a dose-
dependent manner induced inflammation markers 
and nuclear localizations of β-catenin and NF-κB

In order to access effects of β-catenin on inflamma-
tion and nuclear localizations of NF-κB and β-catenin in 
cardiomyocytes, nuclear and cytoplasmic fractionation 
and western blot analysis were conducted. Transfection 
with the pCMV-β-catenin plasmid in a dose-dependent 
manners upregulated expression of inflammatory pro-
tein markers, TNF-α, p-NF-κB and IL-8, in both neo-
natal rat cardiomyocytes and H9c2 cardiomyoblast 
cells (Figure 2). Moreover, at increasing doses of the 
plasmid, both β-catenin and NF-κB were shown to have 
increasingly higher nuclear localization levels (Figure 
3). Therefore, β-catenin led to increased inflammation 
and NF-κB nuclear localization.

the isolated hearts first attached to bottom of each plate 
and cells which floated on culture medium were pri-
mary cardiomyocytes. The cardiomyocytes were finally 
transferred to another set of culture plates pre-coated 
with SureCoat solution twice. Finally, ventricular car-
diomyocytes were cultured in DMEM containing 10% 
CCS and subsequently were transfected with β-catenin 
plasmid in dose- and time-dependent manners 3-4 days 
later. 

Nuclear and cytoplasmic fractionation
H9c2 cardiomyocytes were seed in 100-mm culture 

dishes containing DMEM with 10% CCS at 80% 
confluency. Subsequently, the cels were transfected 
with pCMV-β-catenin plasmid. The transfected cells 
were washed with 1×PBS and prepared for nuclear pro-
tein extraction with a Nuclear/cytosol Fractionation Kit 
(BioVision Inc., Milpitas, CA, USA). Cells were trypsi-
nized (0.05% trypsin/0.53mM EDTA) and resuspended 
in 1×PBS. Cells were collected and then centrifuged at 
600 ×g for 5 minutes at 4°C. After carefully aspirating 
supernatants, the cells were resuspended with 200 μl 
CEB-A Mix containing 1mM DTT and protease inhibi-
tors, vigorously vortexed for 15 seconds and then incu-
bated on ice for 10 minutes at 4°C. Then 11 μl Cytosol 
Extraction Buffer-B was added to the tube. After it was 
vigorously vortexed for 15 seconds, incubated on ice for 
1 minute and centrifuged at 16,000 ×g for 10 minutes 
at 4°C, supernatants (cytoplasmic fractions) were care-
fully aspirated and pellets were resuspended with 100 
μl ice-cold Nuclear Extraction Buffer Mix containing 
1mM DTT and protease inhibitors and vigorously vor-
texed for 15 seconds. After vortexing, the suspensions 
were placed on ice for 10 minutes. This step was repea-
ted for a total of 40 minutes. Finally, the tube was centri-
fuged at 16,000 ×g for 10 minutes at 4°C. The superna-
tants (nuclear extracts) were stored in aliquots at -80°C. 
Lowry assay is used to determine protein concentration 
in each sample and western blot analysis was conducted 
in order to obtain results.

Tissue homogenization
Tissue samples from spontaneously hypertensive 

Wistar Kyoto rats (National Laboratory Animal Center, 
Taiwan) with hypertension or diabetes were homoge-
nized for protein extraction in a lysis buffer at a concen-
tration of 100 mg tissue/ml buffer. The homogenates 
were placed on ice for 10 minutes and then centrifuged 
at 13,000 ×g for 40 minutes. The supernatants were col-
lected and stored at -80°C for further analysis. All pro-
tocols were reviewed and approved by the Institutional 
Review Board and the animal care and use committee of 
the China Medical University, Taichung, Taiwan.

Transient transfection 
Cells at 50% confluency were seeded into 6-cm 

culture plates containing fresh DMEM with 10% CCS 
2 hours before transfection and then pCMV-β-catenin 
plasmid was transfected into the cells for 24 hours using 
PureFectionTM Nanotechnology-based Transfection 
Reagent (System Biosciences, Palo Alto, CA, USA) 
following the manufacturer’s protocol. In each expe-
riment, the efficiency of protein overexpression was 
accessed by western blot analysis.
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Discussion

Cardiac hypertrophy is a decompensated state with 
profound changes in gene expression, contractile dys-
function and extracellular remodeling (6, 31, 35). Dif-
ferential activation of MAPK family members results 
in specific cardiac morphologic and functional pheno-
types (36-38). Cytosolic β-catenin is tightly regulated 
by a destruction complex consisting of Axin, APC, CKI 
and GSK-3β (22). Overexpression of β-catenin induced 
hypertrophic growth in cardiomyocytes (19, 39, 40). 
In addition, β-catenin can potentially regulate hyper-
trophic responses following various stimuli; however, 
there is no clear relationship between β-catenin levels 
and degree of cardiac hypertrophy.

Evidence from both experimental and clinical trials 
indicates that inflammatory mediators are important in 
chronic heart failure pathogenesis and contribute to car-
diac remodeling and peripheral vascular disturbances. 
Several studies have shown increased inflammatory 
cytokine levels such as TNF-α, IL-1β and IL-6 in blood 
and circulating leukocytes of HF patients, as well as in 
ones with failing myocardium. There is strong evidence 
that these mediators are involved in processes leading 
to cardiac remodeling such as hypertrophy, fibrosis and 
apoptosis (41).

In this particular study, protein levels of β-catenin 
were increased in hearts of obese rats and in those of 
patients with acute cardiac infarction. Inflammatory 
protein markers (TNF-α, p-NF-κB and IL-8) were upre-

gulated in neonatal rat cardiomyocytes and H9c2 car-
diomyoblasts after transfection with pCMV-β-catenin 
plasmid in dose- and time-dependent manners. It was 
previously shown that obesity is associated with white 
adipose tissue (WAT) macrophage infiltration and in-
creased local concentrations of IL-6 and TNF-α (42, 
43). Interestingly, anti-adipogenic actions of IL-6 and 
TNF-α seemed to mediate, at least in part, through Wnt/
β-catenin signaling cascade (30, 44). Numerous expe-
rimental studies have also shown that both endogenous 
β-catenin knock-down and dnTCF712 over-expression 
reversed anti-adipogenic effect of TNF-α, indicating 
that Wnt/β-catenin signaling activation is a prerequisite 

Figure 1. Immunohistochemical analysis for β-catenin in sec-
tions from the human cardiovascular tissue with myocardial 
infarction (MI) disease and hearts of animal metabolic syn-
drome. (A) Immunohistochemical analysis of β-catenin protein 
expression (brown color) in human cardiovascular tissue with MI. 
Panel: a normal tissue (n=10) and an acute infarction (n=10). Final 
magnifications: 200× (bar, 200μm). (B) Western blot analysis of 
β-catenin expression in hearts of obesity rats. **p < 0.001 vs nor-
mal (increase).

Figure 2. β-Catenin over-expression causes increased inflam-
matory cytokines. (A) Neonatal Rat Cardiomyocytes were trans-
fected with dose-dependent pCMVβ-catenin plasmid for 24 hours. 
Western blot analysis of effects of β-catenin on TNF-α, p-IκBα 
and p-NF-κB in neonatal rat cardiomyocytes in a dose-dependent 
manner. (B) H9c2 cells were transfected with a 1 μg/ml pCMVβ-
catenin plasmid for a time-dependent course. Western blot analysis 
of effects of β-catenin on inflammatory cytokines in neonatal rat 
cardiomyocytes in time-dependent manner.

Figure 3. β-Catenin over-expression induced inflammation and 
NF-κB nuclear translocation. H9c2 cells were transfected with 
a dose-dependent pCMVβ-catenin plasmid for 24 hours. Inves-
tigation of 24-hour β-catenin overexpression on nuclear localiza-
tions of β-catenin and NF-κB in H9c2 cardiomyoblasts.
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for inhibiting adipogenesis using this cytokine (45).
In conclusion, Wnt/β-catenin signaling cascade is 

capable of damaging cardiomyocytes and that this stu-
dy will give a good picture in treatment of cardiovas-
cular disease. Strategies to target β-catenin expression 
in cardiomyocytes would help in protecting heart cells 
from myocardial infarction-induced inflammation and 
expression and activity of NF-κB. β-Catenin protein 
levels were increased in the hearts of obese rats. The-
refore, down-regulation of β-catenin might impair WAT 
expansion during obesity by hijacking canonical Wnt 
signaling pathway, thereby decreasing the inflammatory 
mediators in chronic heart failure pathogenesis (Figure 
4) . In conclusion, β-catenin is capable of transcribing a 
wide range of genes depending on the cell context.

Acknowledgments
This study is supported in part by Taiwan Ministry of 
Health and Welfare Clinical Trial and Research Center 
of Excellence (MOHW105-TDU-B-212-133019) and 
China Medical University (CMUBH-R103-005).

References 

1. Distefano G., Sciacca P., Molecular pathogenesis of myocardial 
remodeling and new potential therapeutic targets in chronic heart 
failure. Ital J Pediatr. 2012, 38:41.
2. Messaoudi S., Azibani F., Delcayre C., Jaisser F., Aldosterone, 
mineralocorticoid receptor, and heart failure. Mol Cell Endocrinol. 
2012, 350:266-272.
3. Soltysinska E., Olesen S.P., Osadchii O.E., Myocardial structural, 
contractile and electrophysiological changes in the guinea-pig heart 
failure model induced by chronic sympathetic activation. Exp Phy-

siol. 2011, 96:647-663.
4. Talan M.I., Ahmet I., Xiao R.P., Lakatta E.G., b2 AR agonists in 
treatment of chronic heart failure: long path to translation. J Mol 
Cell Cardiol. 2011, 51:529-533.
5. Yin W.H., Chen Y.H., Wei J., et al., Associations between Endo-
thelin-1 and Adiponectin in Chronic Heart Failure. Cardiology. 
2011, 118:207-216.
6. Diwan A., Dorn G.W., 2nd, Decompensation of cardiac hypertro-
phy: cellular mechanisms and novel therapeutic targets. Physiology 
(Bethesda). 2007, 22:56-64.
7. He W., Dai C., Li Y., Zeng G., Monga S.P., Liu Y., Wnt/b-cate-
nin signaling promotes renal interstitial fibrosis. J Am Soc Nephrol. 
2009, 20:765-776.
8. Henderson W.R., Jr., Chi E.Y., Ye X., et al., Inhibition of Wnt/b-
catenin/CREB binding protein (CBP) signaling reverses pulmonary 
fibrosis. Proc Natl Acad Sci U S A. 2010, 107:14309-14314.
9. Huang C.-Y., Lee S.-D., Possible pathophysiology of heart failure 
in obesity: Cardiac apoptosis. BioMedicine. 2012, 2:36-40.
10. Avlas O., Fallach R., Shainberg A., Porat E., Hochhauser E., 
Toll-Like Receptor 4 Stimulation Initiates an Inflammatory Res-
ponse That Decreases Cardiomyocyte Contractility. Antioxidants & 
Redox Signaling. 2011, 15:1895-1909.
11. Baumgarten G., Knuefermann P., Nozaki N., Sivasubramanian 
N., Mann D.L., Vallejo J.G., In vivo expression of proinflammatory 
mediators in the adult heart after endotoxin administration: the role 
of toll-like receptor-4. J Infect Dis. 2001, 183:1617-1624.
12. Brown M.A., Jones W.K., NF-kB action in sepsis: the innate 
immune system and the heart. Front Biosci. 2004, 9:1201-1217.
13. Pathan N., Hemingway C.A., Alizadeh A.A., et al., Role of 
interleukin 6 in myocardial dysfunction of meningococcal septic 
shock. Lancet. 2004, 363:203-209.
14. Granton J.T., Goddard C.M., Allard M.F., van Eeden S., Wal-
ley K.R., Leukocytes and decreased left-ventricular contractility 
during endotoxemia in rabbits. Am J Respir Crit Care Med. 1997, 
155:1977-1983.
15. Simms M.G., Walley K.R., Activated macrophages decrease rat 
cardiac myocyte contractility: importance of ICAM-1-dependent 
adhesion. Am J Physiol. 1999, 277:H253-260.
16. Davani E.Y., Dorscheid D.R., Lee C.H., van Breemen C., Wal-
ley K.R., Novel regulatory mechanism of cardiomyocyte contracti-
lity involving ICAM-1 and the cytoskeleton. American Journal of 
Physiology-Heart and Circulatory Physiology. 2004, 287:H1013-
H1022.
17. Boyd J.H., Mathur S., Wang Y., Bateman R.M., Walley K.R., 
Toll-like receptor stimulation in cardiomyoctes decreases contracti-
lity and initiates an NF-kB dependent inflammatory response. Car-
diovasc Res. 2006, 72:384-393.
18. van de Schans V.A., Smits J.F., Blankesteijn W.M., The Wnt/
frizzled pathway in cardiovascular development and disease: friend 
or foe? Eur J Pharmacol. 2008, 585:338-345.
19. ter Horst P., Smits J.F.M., Blankesteijn W.M., The Wnt/Frizzled 
pathway as a therapeutic target for cardiac hypertrophy: where do 
we stand. Acta Physiologica. 2012, 204:110-117.
20. Blankesteijn W.M., van de Schans V.A., ter Horst P., Smits J.F., 
The Wnt/frizzled/GSK-3b pathway: a novel therapeutic target for 
cardiac hypertrophy. Trends Pharmacol Sci. 2008, 29:175-180.
21. Zhang C.G., Jia Z.Q., Li B.H., et al., b-Catenin/TCF/LEF1 can 
directly regulate phenylephrine-induced cell hypertrophy and Anf 
transcription in cardiomyocytes. Biochemical and Biophysical Re-
search Communications. 2009, 390:258-262.
22. Liu C., Li Y., Semenov M., et al., Control of b-catenin phos-
phorylation/degradation by a dual-kinase mechanism. Cell. 2002, 
108:837-847.
23. Kerkela R., Pikkarainen S., Majalahti-Palviainen T., Tokola H., 

Figure 4. β-Catenin over-expression induced inflammation and 
activation of NF-κB while reducing survival in cardiomyocytes.



22

β-Catenin induces inflammation in cardiomyocytes.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 1 

J. C. Lin et al.

Ruskoaho H., Distinct roles of mitogen-activated protein kinase 
pathways in GATA-4 transcription factor-mediated regulation of B-
type natriuretic peptide gene. Journal of Biological Chemistry. 2002, 
277:13752-13760.
24. Zhang Z., Deb A., Zhang Z., et al., Secreted frizzled related pro-
tein 2 protects cells from apoptosis by blocking the effect of canoni-
cal Wnt3a. J Mol Cell Cardiol. 2009, 46:370-377.
25. Ioannou S., Voulgarelis M., Toll-like receptors, tissue injury, and 
tumourigenesis. Mediators Inflamm. 2010, 2010.
26. Takeda K., Kaisho T., Akira S., Toll-like receptors. Annu Rev 
Immunol. 2003, 21:335-376.
27. Cawthorn W.P., Heyd F., Hegyi K., Sethi J.K., Tumour necrosis 
factor-a inhibits adipogenesis via a b-catenin/TCF4(TCF7L2)-de-
pendent pathway. Cell Death Differ. 2007, 14:1361-1373.
28. Janeway C.A., Jr., Medzhitov R., Innate immune recognition. 
Annu Rev Immunol. 2002, 20:197-216.
29. Lee M.S., Min Y.J., Signaling pathways downstream of pattern-
recognition receptors and their cross talk. Annual Review of Bioche-
mistry. 2007, 76:447-480.
30. Cawthorn W.P., Sethi J.K., TNF-a and adipocyte biology. FEBS 
Lett. 2008, 582:117-131.
31. Ciou S.Y., Hsu C.C., Kuo Y.H., Chao C.Y., Effect of wild bitter 
gourd treatment on inflammatory responses in BALB/c mice with 
sepsis. Biomedicine (Taipei). 2014, 4:17.
32. McDermott E.P., O'Neill L.A., Ras participates in the activation 
of p38 MAPK by interleukin-1 by associating with IRAK, IRAK2, 
TRAF6, and TAK-1. J Biol Chem. 2002, 277:7808-7815.
33. Frangogiannis N.G., Smith C.W., Entman M.L., The inflam-
matory response in myocardial infarction. Cardiovasc Res. 2002, 
53:31-47.
34. Ruparelia N., Digby J.E., Jefferson A., et al., Myocardial infarc-
tion causes inflammation and leukocyte recruitment at remote sites 
in the myocardium and in the renal glomerulus. Inflamm Res. 2013, 
62:515-525.
35. Rose B.A., Force T., Wang Y., Mitogen-activated protein kinase 

signaling in the heart: angels versus demons in a heart-breaking tale. 
Physiol Rev. 2010, 90:1507-1546.
36. Bueno O.F., De Windt L.J., Tymitz K.M., et al., The MEK1-
ERK1/2 signaling pathway promotes compensated cardiac hypertro-
phy in transgenic mice. EMBO J. 2000, 19:6341-6350.
37. Lindenfield J., Ghali J.K., Krause-Steinrauf H.J., et al., Hormone 
replacement therapy is associated with improved survival in women 
with advanced heart failure. Journal of the American College of Car-
diology. 2003, 42:1238-1245.
38. Selvetella G., Hirsch E., Notte A., Tarone G., Lembo G., Adap-
tive and maladaptive hypertrophic pathways: points of convergence 
and divergence. Cardiovascular Research. 2004, 63:373-380.
39. Hannenhalli S., Putt M.E., Gilmore J.M., et al., Transcriptional 
genomics associates FOX transcription factors with human heart fai-
lure. Circulation. 2006, 114:1269-1276.
40. Nicol R.L., Frey N., Pearson G., Cobb M., Richardson J., Olson 
E.N., Activated MEK5 induces serial assembly of sarcomeres and 
eccentric cardiac hypertrophy. EMBO J. 2001, 20:2757-2767.
41. Haq S., Michael A., Andreucci M., et al., Stabilization of b-ca-
tenin by a Wnt-independent mechanism regulates cardiomyocyte 
growth. Proc Natl Acad Sci U S A. 2003, 100:4610-4615.
42. Christodoulides C., Lagathu C., Sethi J.K., Vidal-Puig A., Adi-
pogenesis and WNT signalling. Trends Endocrinol Metab. 2009, 
20:16-24.
43. Gullestad L., Ueland T., Vinge L.E., Finsen A., Yndestad A., 
Aukrust P., Inflammatory cytokines in heart failure: mediators and 
markers. Cardiology. 2012, 122:23-35.
44. Lagathu C., Bastard J.P., Auclair M., Maachi M., Capeau J., 
Caron M., Chronic interleukin-6 (IL-6) treatment increased IL-6 
secretion and induced insulin resistance in adipocyte: prevention by 
rosiglitazone. Biochem Biophys Res Commun. 2003, 311:372-379.
45. Gustafson B., Smith U., Cytokines promote Wnt signaling and 
inflammation and impair the normal differentiation and lipid accu-
mulation in 3T3-L1 preadipocytes. Journal of Biological Chemistry. 
2006, 281:9507-9516.


