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Mini Review

Abstract
Myocardial infarction and cardiac failure is a major source of 
morbidity and mortality globally. Current treatment strategies 
are mostly palliative and suboptimal. Stem cell based treatment 
strategy for tissue regeneration has proven value in the treatment of 
some conditions. The optimal treatment of myocardial infarction/
heart failure lays in restoration and maintenance of adequate 
functional myocardial syntitium. Mature myocardium has 
limited capacity for regeneration. The limitations for a successful 
myocardial regeneration include identification of an ideal stem 
cell line, exclusion of the scar tissue that follows myocardial 
injury, revascularisation and secondary preventive measures. This 
manuscripts outlines measures and provides the theoretical bases 
for addressing these significant challenges.

Introduction
Coronary heart disease and heart failure is a significant cause of 
morbidity and mortality globally.  About 21 million adults world-
wide are living with heart failure and the number is expected to 
rise. In Europe about 15 million people are living with heart failure 
and the incidence is expected to rise by 25% in 2030 [1]. Heart 
failure is characterised by frequent hospitalisation and high risk 
of mortality. An estimated 2% of most countries’ health budget is 
spent on treatment of heart failure and 70% of this amount is spent 
on hospitalisation [1]. A person at age of 40 has a 1 in 5 lifetime risk 
of developing heart failure.  More than 1million hospitalisation due 
to heart failure are reported annually in Europe [2]. According to 
the latest WHO data published in May 2014 coronary heart disease 
is the leading cause of death in the United Kingdom responsible 
for 75, 014 or 17.2% of total deaths. The in hospital mortality for 
patients admitted with heart failure is 1-4% while mortality 1 year 
after discharge from hospital is 20% [3]. In the United States of 
America coronary heart disease was the cause of 1 in every 7 deaths 
in 2011. Each year about 635 000 Americans have a new coronary 
heart attack. Every 34 seconds one American has a coronary event 
and approximately every 0ne minute 24 seconds an American will 
die of heart attack. In the year 2011 every 1 in 9 death certificate in 
America mentioned heart failure [4].

 Heart failure and coronary heart disease is a growing pandemic 
that demands a paradigm shift in the current strategies for 
management. Successful stem cell based myocardial regeneration 
is potentially the most promising approach but there are significant 
hurdles to cross before this is realised.

Identifying the challenges
The myocardium is a syntitium of very highly differentiated 

cells, specialised for electrical and pump function. Myocardial 
infarction and consequent cardiac failure is a significant source 
of morbidity and mortality in contemporary society. The human 
adult myocardium is made predominantly of highly specialised/
permanent or stable cells with limited capacity for regeneration 
[5,6].

The consequence of myocardial infarction is the loss and 
replacement of this functional syntitium with non-functioning 
scar and fibrous tissue.

The optimal management of myocardial infarction and cardiac 
failure has remained a significant challenge to science and 
medicine.

The management of myocardial infarction has evolved from 
pharmacological, surgical and percutaneous revascularisation, 
pump support device and more recently cell therapy. Except for 
cell therapy all existing cardiac therapy can best be described as 
palliative optimisation of residual function. The future management 
of myocardial infarction lays with stem cell based myocardial 
regeneration. This is the treatment strategy with significant potential 
for a cure.  A lot of work has been done towards identification of 
a viable stem cell sources and their integration into the infarcted 
myocardium with variable results [5, 7].

Our aim and objective is to identify  the current constrains and 
challenges of myocardial regeneration and to profound an all-
encompassing strategy/hypothesis to address these issues with a 
view to achieving a functional, viable and sustainable myocardial 
regeneration as the goal standard of care for  myocardial infarction 
and heart failure.

Multifaceted strategy for regeneration
The principles of achieving a viable myocardial regeneration lies in:-



BAOJ Nutrition, an open access journal                                                                                                                                                           Volume 1; Issue 1; 002

Page 2 of 3Citation: Philemon Gukop, Georgios T Karapanagiotidis, Amber Jiskani, Rajdeep Bilkhu, Alessandro Viviano, et al. (2015) Myocardial 
Regeneration: A Novell Multifaceted Strategic Approach. BAOJ Cell Mol Cardio 1: 002.

Reversal of the initiating stimulus by revascularisation, inhibition 
of the process of repair by fibrosis, facilitation of regeneration of 
myocardial syncytium by stem cells and a maintenance  strategy by 
secondary prevention.

1. The initiating stimulus for myocardial infarction is ischemia 
the first step towards achieving myocardial regeneration is the 
removal of the initiating injurious stimulus by revascularisation. 
As this will halt further myocardial damage and loss. This can be 
achieved both microscopically and macroscopically.Macroscopic 
revascularisation can be achieved by percutaneous angioplasty 
or surgical grafting while microscopic revascularisation refers 
to stem cell induced angiogenesis. Bone marrow stem cells have 
demonstrated significant capacity to achieve this goal [8].

2. It is essential to halt the process of healing by fibrosis in other 
to preserve room for the laying of new functional myocardial 
syntitium. The process of fibrosis refers to the replacement of 
infarcted myocardium by scar tissue. Scar tissue is not a suitable 
substrate for the laying of a functional myocardial syntitium. The 
requirement for laying a functional myocardial syntitium is to 
mimic the embryonic cardio- genesis milieu which is a highly 
vascularised vacuum with the required cytokines/hormones. 
It is therefore essential to inhibit fibrosis or scarring which 
is predominantly a fibroblastic activity. A prompt strategy of 

fibroblast inhibition should be a requisite treatment of myocardial 
infarction in anticipation of subsequent regenerative treatment. 
There are various fibroblast inhibitors that could be explored. 
Recent evidence suggest that this can be achieved with agents’ 
apelin and relaxin [9,10].

3. A carefully selected stem cell committed to the generation of 
myocardial syntitum can then be laid in the favourably generated 
substrate [7,11]. The adult human resident myocardial stem cells 
have limited proliferation and regeneration capacity. The need to 
circumvent this limitation is crucial to successful regeneration ( 
figure 1) [12].

4. The activity of the stem cells can then be facilitated by required 
proteins such as neuregulin, periostin and IGF-1 which have been 
shown to stimulate stem cell propagation and differentiation [13-
15]. Identification and modulation of the genetic loci responsible 
for the limited proliferation and regeneration capacity of the 
human resident myocardial stem cells calls for a very strong 
consideration.

5. Secondary prevention strategy with statins, ACE inhibitors, and 
antiplatelet with life-style changes like cessation of smoking will 
be essential to prevent further recurrence of ischaemic event and 
loss of myocardium.

Figure 1: schematic model of the multifacet steps for myocardial regeneration showing the effects of injurious stimuli on 
myocardium (A, B, C, D) resulting in fibroblast stimulation, angiogenesis and myocardiogenesis from stem cells. Further 
showing the need for revascularisation, reduction of fibroblast induced scarring and promoting survival of cardiomyocytes 
to achieve effective regeneration or repair
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Conclusion
An initial animal model to demonstrate this all-encompassing 
approach could provide the long awaited answer to a viable 
myocardial regeneration as the standard treatment for myocardial 
infarction and heart failure.

References
1. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski P, 

et al. (2008) ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure 2008: the Task Force for the Diagnosis and 
Treatment of Acute and Chronic Heart Failure 2008 of the European 
Society of Cardiology. Developed in collaboration with the Heart 
Failure Association of the ESC (HFA) and endorsed by the European 
Society of Intensive Care Medicine (ESICM). European heart journal 
29(19): 2388-2442.

2. Mosterd A, Hoes AW (2007) Clinical epidemiology of heart failure. 
Heart 93(9): 1137-1146.

3. Maggioni AP, Dahlstrom U, Filippatos G, Chioncel O, Crespo Leiro 
M, et al. (2013) EURObservational Research Programme: regional 
differences and 1-year follow-up results of the Heart Failure Pilot 
Survey (ESC-HF Pilot). Eur J Heart Fail 15(7): 808-817.

4. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, et al. (2015) 
Heart disease and stroke statistics--2015 update: a report from the 
American Heart Association. Circulation 131(4):e29-322.

5. Templin C, Luscher TF, Landmesser U (2011) Cell-based cardiovascular 
repair and regeneration in acute myocardial infarction and chronic 
ischemic cardiomyopathy-current status and future developments. 
The International journal of developmental biology 55(4-5):407-417.

6. Noort WA, Sluijter JP, Goumans MJ, Chamuleau SA, Doevendans 
PA (2009) Stem cells from in- or outside of the heart: isolation, 
characterization, and potential for myocardial tissue regeneration. 
Pediatric cardiology 30(5): 699-709.

7. Foldes G, Mioulane M, Wright JS, Liu AQ, Novak P, et al. (2011) 
Modulation of human embryonic stem cell-derived cardiomyocyte 
growth: a testbed for studying human cardiac hypertrophy? Journal 
of molecular and cellular cardiology 50(2):367-376.

8. Schuster MD, Kocher AA, Seki T, Martens TP, Xiang G, et al. (2004) 
Myocardial neovascularization by bone marrow angioblasts results in 
cardiomyocyte regeneration. American journal of physiology Heart 
and circulatory physiology 287(2): H525-532.

9. Mi S, Hu ZW (2010) [Suppressing myocardial fibrosis to promote 
myocardial regeneration as a therapeutic strategy for chronic 
cardiovascular diseases]. Sheng li ke xue jin zhan [Progress in 
physiology] 41(5):352-358.

10. Pchejetski D, Foussal C, Alfarano C, Lairez O, Calise D, et al. (2012) 
Apelin prevents cardiac fibroblast activation and collagen production 
through inhibition of sphingosine kinase 1. European heart journal 
33(18):2360-2369.

11. Mosna F, Annunziato F, Pizzolo G, Krampera M (2010) Cell therapy for 
cardiac regeneration after myocardial infarct: which cell is the best? 
Cardiovascular & hematological agents in medicinal chemistry 8(4): 
227-243.

12. Mohsin S, Siddiqi S, Collins B, Sussman MA (2011) Empowering adult 
stem cells for myocardial regeneration. Circulation research 109(12): 
1415-1428.

13. Segers VF, Lee RT (2010) Protein therapeutics for cardiac regeneration 
after myocardial infarction. Journal of cardiovascular translational 
research 3(5):469-477.

14. Song M, Jang H, Lee J, Kim JH, Kim SH, et al. (2014) Regeneration 
of chronic myocardial infarction by injectable hydrogels containing 
stem cell homing factor SDF-1 and angiogenic peptide Ac-SDKP. 
Biomaterials 35(8): 2436-2445.

15. Willems E, Lanier M, Forte E, Lo F, Cashman J, et al. (2011) A 
chemical biology approach to myocardial regeneration. Journal of 
cardiovascular translational research 4(3): 340-350.

http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/18826876
http://www.ncbi.nlm.nih.gov/pubmed/17699180
http://www.ncbi.nlm.nih.gov/pubmed/17699180
http://www.ncbi.nlm.nih.gov/pubmed/23537547
http://www.ncbi.nlm.nih.gov/pubmed/23537547
http://www.ncbi.nlm.nih.gov/pubmed/23537547
http://www.ncbi.nlm.nih.gov/pubmed/23537547
http://www.ncbi.nlm.nih.gov/pubmed/25520374
http://www.ncbi.nlm.nih.gov/pubmed/25520374
http://www.ncbi.nlm.nih.gov/pubmed/25520374
http://www.ncbi.nlm.nih.gov/pubmed/21553380
http://www.ncbi.nlm.nih.gov/pubmed/21553380
http://www.ncbi.nlm.nih.gov/pubmed/21553380
http://www.ncbi.nlm.nih.gov/pubmed/21553380
http://www.ncbi.nlm.nih.gov/pubmed/19184178
http://www.ncbi.nlm.nih.gov/pubmed/19184178
http://www.ncbi.nlm.nih.gov/pubmed/19184178
http://www.ncbi.nlm.nih.gov/pubmed/19184178
http://www.ncbi.nlm.nih.gov/pubmed/21047517
http://www.ncbi.nlm.nih.gov/pubmed/21047517
http://www.ncbi.nlm.nih.gov/pubmed/21047517
http://www.ncbi.nlm.nih.gov/pubmed/21047517
http://www.ncbi.nlm.nih.gov/pubmed/15277196
http://www.ncbi.nlm.nih.gov/pubmed/15277196
http://www.ncbi.nlm.nih.gov/pubmed/15277196
http://www.ncbi.nlm.nih.gov/pubmed/15277196
http://www.ncbi.nlm.nih.gov/pubmed/21416925
http://www.ncbi.nlm.nih.gov/pubmed/21416925
http://www.ncbi.nlm.nih.gov/pubmed/21416925
http://www.ncbi.nlm.nih.gov/pubmed/21416925
http://www.ncbi.nlm.nih.gov/pubmed/22028387
http://www.ncbi.nlm.nih.gov/pubmed/22028387
http://www.ncbi.nlm.nih.gov/pubmed/22028387
http://www.ncbi.nlm.nih.gov/pubmed/22028387
http://www.ncbi.nlm.nih.gov/pubmed/20545622
http://www.ncbi.nlm.nih.gov/pubmed/20545622
http://www.ncbi.nlm.nih.gov/pubmed/20545622
http://www.ncbi.nlm.nih.gov/pubmed/20545622
http://www.ncbi.nlm.nih.gov/pubmed/22158649
http://www.ncbi.nlm.nih.gov/pubmed/22158649
http://www.ncbi.nlm.nih.gov/pubmed/22158649
http://www.ncbi.nlm.nih.gov/pubmed/20607468
http://www.ncbi.nlm.nih.gov/pubmed/20607468
http://www.ncbi.nlm.nih.gov/pubmed/20607468
http://www.ncbi.nlm.nih.gov/pubmed/24378015
http://www.ncbi.nlm.nih.gov/pubmed/24378015
http://www.ncbi.nlm.nih.gov/pubmed/24378015
http://www.ncbi.nlm.nih.gov/pubmed/24378015
http://www.ncbi.nlm.nih.gov/pubmed/21424858
http://www.ncbi.nlm.nih.gov/pubmed/21424858
http://www.ncbi.nlm.nih.gov/pubmed/21424858

