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Abstract 

Direct myocardial transplant of HFDSCs (human fetal derived stem cells) by open chest 
surgical procedure was performed in 10 patients with Heart Failure (HF) due to no ischemic, 
no chagasic dilated cardiomyopathy. All 10 patients survived the operation. At 40 months, the 
mean (±SD) NYHA class decreased from 3.4 ± 0.5 to 1.33 ± 0.5 (p = .001); the mean EF increased 
31%, from 26.6% ± F) 34.8% ± 7.2% (p = .005); and the mean ETT increased 291.3%, from 
4.25 minutes to 16.63 minutes (128.9% increase in metabolic equivalents, from 2.46 to 5.63) 
(p < .0001); the mean LVEDD decreased 15%, from 6.85 ± 0.6 cm to 5.80 ± 0.58 cm (p < .001); 
mean performance in the 6-minute walk test increased by 43.2%, from 251 ± 113.1 seconds to 
360   0 seconds (p = .01); the mean distance increased 64.4%, from 284.4   144.9 m to 468.2 ± 
89.8 m (p = .004); and the mean result in the Minnesota test decreased from 71 ± 27.3 to 6 ± 5.9 
(p < .001). Six patients survived after 40 months; 5 of them had complete reverse remodeling 
after 3 months after transplants. The average age at the moment of the transplants was 62 years 
(s/d 11.6). 

Results: The ϐirst patient died at 5,4 years for an infection; the second patient died at,7,4 
years for heart failure; the third patient died at 8,4 years for heart failure; the fourth patient died 
at 10 years for heart failure and the ϐifth patient died at 14,4 years after transplant at the age of 
83 for heart failure. The average age at the moment of death was 70 years (s/d12.9). The survival 
rate at 4 years was 100% (K/M) and at 14 years (25%K/M). 

Conclusion: These initial worldwide experiences with the surgical direct transplant of liver 
fetal stem cells in patients with end-stage HF shows clearly the positive effect in the reverse 
remodeling of the left ventricle of 50% of the cohort and excellent long-term results in these 
types of patients opening a new avenue for treating end-stage HF patients without any other 
option of treatment.
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beta-blockers, Spiro lactone), ventricular re-synchronization, 
ventricular assistance, and heart transplantation. For many 
years, heart transplantation has been the surgical treatment 
of choice for patients with advanced CHF. This procedure 
has been successful in many countries; however, it presents 
many limitations, the most important ones being the scarcity 
of suitable donors and the contraindications of advanced age 
and severe co-morbid situations [4]. Moreover, there have 
been frequent deaths during the prolonged periods that 
patients remain on the waiting list for organ reception. 

The ϐinal stage of several heart diseases ending in CHF is 
the quantitative deϐiciency of cardiomyocytes and cardiac 
remodeling [5]. The theoretical potential for reversion 
of cardiac remodeling lies in the possibility of myocyte 

Introduction
Congestive Heart Failure (CHF) is one of the main causes 

of cardiologic morbidity and mortality in the twenty-ϐirst 
century [1,2]. Patients in advanced stages of CHF (NYHA 
functional classes III/IV) have 5-year survival rates that 
average below 50%, with an annual mortality of 40% – 50% 
[3], including high rates of re-hospitalization, morbidity, and 
complications, and high related costs for health services. 
The etiology of dilated cardiomyopathy comprises 60% that 
are due to ischemic cardiomyopathy and 40% that are of 
idiopathic, non-ischemic origin.

The idiopathic category of CHF patients has been 
managed with medical treatment (ACE inhibitors, diuretics, 
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regeneration and neo-vascularization of affected areas. 
The ultimate goal of cellular therapy is the re-population of 
the myocardium with cells capable of restoring blood ϐlow 
as well as cells capable of restoring contractility. This will 
improve the system-diastolic function of the heart. The cells 
introduced must have the capacity for differentiation into 
cardiomyocytes or to promote revascularization.

Several studies have shown that the adult bone marrow 
is a rich reservoir of pluripotential mesenchymal stem 
cells, which contribute to functional neo-angiogenesis. 
They also participate in wound healing and reversion of 
lower limb ischemia [6], post–MI neo-angiogenesis [7,8], 
endothelialization of vascular grafts [9], atherosclerosis 
[10], retinal and lymphoid neo-vascularization [11] and 
vascularization during neonatal development [12]. among 
others Although more recent investigations showed 
possibilities of treatment with other stem cells apart from 
the fetal cells used in our work it is clear that more research 
is needed in these different stem cell implantation in patients 
with Heart failure to consider the use of them in clinical 
practice [13-17].

We already determined the efϐicacy and safety of HFDSC 
treatment in CHF patients [18]. In this study we demonstrate 
the efϐicacy of these cells in patients with reverse remodeling 
of the left ventricle from 3 months after the transplant up to 
14 years of follow-up. Although we recognize that a larger 
cohort of patients NYHA class III-IV should be treated with 
HFDSC to conϐirm these initial positive results.

Methods 

In January 2005, the ethical committee of the Luis 
Vernaza Hospital, Guayaquil, Ecuador approved the class 
I/II prospective study for transplanting human fetal stem 
cells in 10 patients NYHA class III/IV due to idiopathic 
myocardiopathy with no other options but full clinical 
treatment. Heart transplants, temporary or permanent 
assisting devices, or artiϐicial heart no were available in 
Ecuador at that moment. The economic and medical situation 
made it impossible to send this particular group of patients 
to be treated in other countries. 

This investigation was an open-label, single-arm, 
prospective clinical study performed at Luis Vernaza 
Hospital, Guayaquil, Ecuador. The study was approved by the 
Ethics Committee of the hospital, and volunteer participants 
were fully informed about the potential risks of the surgical 
procedure and HFDSC transplantation. Informed consent 
was signed by all the patients,

Stem Cells HFDSCs were provided by the Institute for 
Regenerative Medicine, Barbados, and were processed and 
prepared by the Institute for Problems of Cryobiology and 
Cryomedicine (IPCC) (Kharkov, Ukraine). The IPCC obtains 
HFDSCs from fetuses of 5 to 12 weeks gestation from legally 

consenting, non-compensated donors who have undergone 
terminated ectopic pregnancies, elective abortions, or 
spontaneous miscarriages. The HFDSCs are prepared from 
harvested fetal liver tissue under sterile conditions and 
undergo polymerase chain reaction testing for human 
immunodeϐiciency virus, hepatitis B and C, mycoplasma, 
toxoplasmosis, cytomegalovirus, herpes simplex viruses 
I and II, rubella, and Treponema pallidum; HFDSCs also 
undergo culture tests for bacterial and fungal contamination. 
Cell preparations are e stored in cryopreservatives at –196°C 
in liquid nitrogen. The percentage of viable cells was 60% 
according to the IPCC certiϐication. The IPCC shipped HFDSCs 
in mini-shipper containers in a cryopreserved state (–150 
°C to –196 °C) to Luis Vernaza Hospital for this study, and 
they were maintained in this state until use. Just before 
the procedure, HFDSCs were thawed to room temperature. 
The cells were diluted in 80 mL of saline solution at 37 °C; 
each patient received 60 to 80 × 106 HFDSCs, according to 
the information issued by the providers. Injections were 
performed on the beating heart in all the heart surfaces of the 
left ventricle and part of the right ventricle. The initial results 
at 40 months of this study showed promissory results [18] of 
this initial group. Five patients, 2 women and 3 men with an 
average age of 62 (s/d 11, 6) showed reverse remodeling of 
the left ventricle after the surgical transplant of HFDSC and 
were followed for 14 years. 

Results
Initially, all 10 patients survived the operation. At 40 

months, the mean (± SD) NYHA class decreased from 3.4 
± 0.5 to 1.33 ± 0.5 (p = .001); the mean EF increased 31%, 
from 26.6% ± 4% to 34.8% ± 7.2% (p = .005); and the mean 
ETT increased 291.3%, from 4.25 minutes to 16.63 minutes 
(128.9% increase in metabolic equivalents, from 2.46 to 
5.63) (p < .0001); the mean LVEDD decreased 15%, from 
6.85 ± 0.6 cm to 5.80 ± 0.58 cm (p < .001); mean performance 
in the 6-minute walk test increased by 43.2%, from 251 ± 
113.1 seconds to 360   0 seconds (p = .01); the mean distance 
increased 64.4%, from 284.4   144.9 m to 468.2 ± 89.8 m 
(p = .004); and the mean result in the Minnesota test 
decreased from 71 ± 27.3 to 6 ± 5.9 (p < .001) 6 patients 
survived after 40 months. Five of them showed complete 
reverse remodeling after 3 months of implantation [18]. The 
ϐirst patient died at 5.4 years of infection; the second patient 
died at 7.4 years due to heart failure; the third patient died 
at 8.4 years, also due to heart failure; the fourth patient died 
at 10 years because of heart failure and the ϐifth patient died 
at 14.4 years after transplant at the age of 83 due to heart 
failure. The average age at the moment of death was 70 years 
(s/d12.9). The Survival rate at 4 years was 100% (K/M) and 
at 14 years (25%K/M).

Discussion
When faced with different stimuli, such as parietal stress 
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cellular interconnection by generating cardiac transcription 
factors (GATA-4 and myocytic factor 2) was also observed [27]. 
This last point was conϐirmed by other researchers, stressing 
the importance of cardiomyocyte intercellular integration 
with trans-differentiated cells [28,29]. Among the various 
cell types studied, stromal stem cells were shown to have 
the capacity for differentiation into muscular and vascular 
cells, and the capacity to produce neo-vascularization. The 
ϐirst reported case of BM cells applied to cardiomyoplasty 
was by Yau, Tomita and Weisel of Toronto University in 
1999 [30]. The differentiation into a myogenic lineage with 
the development of actin, myosin and tropomyosin was 
demonstrated, as well as the presence of Connectin 43, a 
protein responsible for cellular interconnection. 

Several mechanisms of stem cell action on improving 
cardiac function have been proposed [31]:

1. Fusion and trans differentiation: Simple stem cell 
fusion with local cardiac cells has been ruled out, and 
the attractive concept of stem cells trans-differentiating 
and crossing the barrier has yet to be demonstrated. 
Perhaps the correct anatomical mechanism will be 
clariϐied in cases where cell therapy can be used as a 
bridge for heart transplantation and biopsies can later 
be performed on the original treated heart tissue.

2. Cardiac stem cell mobilization: Another theory 
proposes that the implanted cells mobilize speciϐic 
cardiac stem cells lodged in the muscle that are 
capable of cardiac regeneration. 

3. Angiogenesis: The transplanted cells induce signiϐicant 
angiogenesis; according to some authors this could be 
the main therapeutic mechanism involved. 

4. Extracellular matrix: In heart failure, there is a net 
loss of myocytes plus a loss of matrix architecture, 
which is related to the etiology of dilatation. The 
implanted cells could help stabilize the matrix 
architecture, preventing dilatation and balancing 
generation/degradation enzymes. 

Regarding the patients transplanted with HFDSC, we 
recognize that the shortage of this cohort in this study may 
represent a signiϐicant limitation in interpreting the results. 
Nevertheless, these initial ϐindings suggest that HFDSC 
transplantation improves cardiac function in HF patients for 
up to 40 months [18]. No rejection reactions or any evidence 
of malignancy have been seen up to 14 years of follow-up. We 
believe that the sustained effect of HFDSC therapy indicates 
that it offers another possibility for treating patients with 
advanced HF and represents a new approach that could be 
used before or instead of other major surgical treatments, 
including heart transplantation, by having HFDSC available 
on the shelf in the treatment center, thereby avoiding the 
time-consuming procedures of autologous bone marrow 

or direct myocardial injury leading to hemodynamic overload, 
the heart responds with hypertrophy, which is capable of 
initially compensating for loss of function. Later on, and for a 
long sub-clinical period, progressive dilatation continues to 
be compensated by varying degrees of hypertrophy. At the 
ϐinal stage, as described by Meerson, et al. [19], dilatation 
exceeds hypertrophy, and changes in cellular organization 
appear, such as 1) myoϐibrillar lysis; 2) increase of lysosomes; 
3) distortion of the sarcoplasmic reticulum; 4) substitution of 
myocardial cells by ϐibrous tissue. Simultaneously, capillary 
density and contractile reserve decrease. In addition, diffuse 
myocytic necrosis is a feature of both idiopathic and ischemic 
dilated cardiomyopathy [20,21]. Therefore, idiopathic 
dilated cardiomyopathy can be described from a pathologic 
point of view [22] as a dilated heart with hypertrophied 
walls. Macroscopically, dilatation exceeds hypertrophy; 
microscopically the heart appears invaded by areas of 
interstitial and perivascular ϐibrosis, adjacent to necrotic 
areas and areas containing myocytes that may be atrophic 
or hypertrophic, with loss of extracellular matrix. Cellular 
therapy in these patients is directed to restore and repopulate 
the myocardium, thus attempting to recover the lost function 
by the delivery of cells that can induce neovascularization 
and also differentiate into myocardial cells.

The use of mesenchymal or stromal stem cells as 
precursors of non-hematopoietic tissues was attempted for 
the ϐirst time by the German pathologist Conheim in 1867 
[23]. Either bone marrow-derived stem cells, mesenchymal 
stroma cells, or Mesenchymal Stem Cells (MSC) maintain 
stable expression of a major set of markers: CD29, CD44, 
CD45, CD73, CD90, CD105, CD146, CD166, and less than 5% 
CD271 and negative for CD34 [24]. HFDSC has been used in 
this study, characterized as a CD34-positive cell population. 
Also, this type of cell is positive for markers CD45 and 
CD90/Thy1 [25]. This represents hepatic differentiation of 
the foregut endoderm. The cellular responses to inductive 
signals evolve a new pattern of gene expression sets that are 
required for cell differentiation. It was later shown in tissue 
culture studies that these cells were capable of forming micro 
anatomically diverse tissues, such as bone, cartilage, muscle, 
ligaments, tendons, etc [23,26] and of intervening in tissue 
repair [26]. That is why they have been referred to as stem 
cells. An extremely interesting study showed that stromal 
stem cells treated with 5-Azacytidine and injected together 
with cardiomyocytes interconnected with the latter after 
one week, forming microtubules. After 2 weeks they began 
beating, and this contraction became synchronous after 
three weeks. They produced natriuretic peptides and could 
be stained with antibodies against actin and myosin, and also 
presented an action potential characteristic of cardiac cells 
[26].

The trans-differentiation into the cardiac phenotype 
requires an adequate microenvironment. Dependence on 
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these patients. It is clear that we need to perform another 
trial with more patients with HFDSC to conϐirm these initial 
positive ϐindings since abortion on request is legal in many 
countries and donation of tissues is allowed.

Conclusion 
These initial worldwide experiences with the surgical 

direct transplantation of HFDSC in patients with end-stage 
HF and no other option shows clearly the positive effect in the 
reverse remodeling of the left ventricle of 50% of the patients 
and excellent long-term results opening a new avenue for 
the treatment of end-stage HF patients. We recognize that 
a larger cohort of patients with NYHA class III-IV should be 
treated with HFDSC to conϐirm these initial positive results.

References
1. Remme WJ, Swedberg K, Task force for the diagnosis and treatment 

of chronic heart failure, European Society of Cardiology. Guidelines 
for the diagnosis and treatment of chronic heart failure. Eur Heart J. 
2001;22:1527-1560. Available from: 
https://doi.org/10.1053/euhj.2001.2783 

2. Colucci W, Braunwald E. Pathophysiology of heart failure. In: 
Braunwald E, editor. Heart Disease. 5th ed. Philadelphia: WB Saunders; 
1997;360-393. 

3. Carbajal EV, Deedwani PC. Congestive heart failure. In: Deedwani PC, 
editor. Current Diagnosis and Treatment in Cardiology. 2nd ed. New 
York: McGraw-Hill; 2003;18.

4. Bolling SF, Pagani FD, Deeb GM. Intermediate-term outcome of mitral
reconstruction in cardiomyopathy. J Thorac Cardiovasc Surg. 
1998;115(2):381-386. Available from: 
https://doi.org/10.1016/s0022-5223(98)70282-x 

5. Wang JS, Shum D, Galipeau J. Marrow stromal cells for cellular 
cardiomyoplasty: feasibility and potential clinical advantages. J Thorac 
Cardiovasc Surg. 2000;120(5):999-1005. Available from: 
https://doi.org/10.1067/mtc.2000.110250 

6. Raϐii S, Lyden D. Therapeutic stem and progenitor cell transplantation 
for organ vascularization and regeneration. Nat Med. 2003;9(6):702-
712. Available from: https://doi.org/10.1038/nm0603-702 

7. Orlic D, Kassutra J, Chimenti S, Jakoniuk I, Anderson SM, Li B. Bone 
marrow cells regenerate infarcted myocardium. Nature. 2001;410:701-
705. Available from: https://doi.org/10.1038/35070587 

8. Edelberg JM, Tang L, Hattori K, Lyden D, Raϐii S. Young adult bone 
marrow-derived endothelial precursor cells restore aging-impaired 
cardiac angiogenic function. Circ Res. 2002;E89-E93. Available from: 
https://doi.org/10.1161/01.RES.0000020861.20064.7E 

9. Shi Q, Raϐii S, Wu MH, Wijelath ES, Yu C, Isliura A, et al. Evidence for
circulating bone marrow-derived endothelial cells. Blood. 1998;92:362-
367. Available from: https://doi.org/10.1182/blood.V92.2.362 

10. Sata M, Saiura A, Kunisato A, Tojo A, Okara S, Tokuhisa T, et al. 
Hematopoietic stem cells differentiate into vascular cells that 
participate in the pathogenesis of atherosclerosis. Nat Med. 2002;8:
403-409. Available from: https://doi.org/10.1038/nm0402-403 

11. Otani A, Kinder K, Ewalt K, Otero S, Tokuhisa T, Tirai H, et al. Bone 
marrow-derived stem cells target retinal astrocytes and can promote 
or inhibit retinal angiogenesis. Nat Med. 2002;8:1004-1010. Available 
from: https://doi.org/10.1038/nm744 

12. Young PP, Hoϐling AA, Sands MS. VEGF increases engraftment of bone 
marrow-derived endothelial progenitor cells (EPCs) into vasculature of 
newborn murine recipients. Proc Natl Acad Sci U S A. 2002;99:11951-
11956. Available from: https://doi.org/10.1073/pnas.182215799 

harvesting and processing. Irrespective of the clinical 
improvement seen in this trial, it is still premature to try 
to deϐine the mechanism of action, indications, or optimum 
therapeutic doses for HFDSC injections, 

On the other hand, there may be potential for further 
development of HFDSC therapy in combination with other 
complementary efϐicacious approaches. For example, 
it has been shown in an experimental model that Basic 
Fibroblast Growth Factor (bFGF), applied via a slow-
release system based on gelatin hydrogel encapsulation, can 
enhance survival and number/volume of transplanted fetal 
myocardial cells that survive post-application in the case of 
ischemic cardiomyopathy. As a result, the combined therapy 
signiϐicantly enhanced the improvement in postoperative 
cardiac function [32,33]. It has also shown that bFGF slow 
release can provide similar beneϐits to transplanted fetal 
myoblasts [34] and adult bone marrow-derived mononuclear 
cells.

One of the merits of bFGF slow release by gelatine hydrogel 
is that it does not increase systemic blood levels of bFGF. 
It acts as a local therapy, and should therefore have fewer 
side effects and meet stringent safety criteria. This approach 
uses no genes (neither DNA nor RNA), nor any viral vector 
[35,36] to achieve this local (analogous to paracrine) growth 
factor effect. This approach has also been shown to be safe 
and effective in human clinical trials [36-38], to induce small 
arteries as opposed to capillaries, in contradistinction to VEGF 
[39] and is compatible with minimally invasive techniques 
[40] such as mini-thoracotomy. The combination of growth 
factor therapy with cell therapy, especially bFGF with HFDSC, 
is an option to try to improve stem cell approaches to the 
successful treatment of idiopathic cardiomyopathy.

Stimulation of injected HFDSCs, which may also be 
considered hepatoblasts, to transdifferentiation, continues 
under the inϐluence of a variety of cytokines and growth factors 
secreted by mesenchymal cells in the septum transversum, 
such as mentioned above, including bFGF, Epidermal Growth 
Factor (EGF), Hepatocyte Growth Factor (HGF), Transforming 
Growth Factor (TGF)-𝛽, Tumor Necrosis Factor (TNF)-𝛼, and 
interleukin-6 (IL-6) [41]. All of these features make this type 
of cell valuable for transplantation and tissue regeneration. 
Although more recent investigations show possibilities of 
treatment with other stem cells apart from the fetal cells 
used in our work it is clear that more research is needed 
on these different stem cells implantation in patients with 
Heart failure to consider the use of them in clinical practice 
[13-17]. Unfortunately, controversy and ethical issues are 
encountered to use human fetal cells but due to our initial 
experience and the observations that we saw this type of 
cells produce new heart cells [18]. The survival rate of 100% 
at 4 years and 25% at 14 years in the group of patients in 
which the cells produced reverse remodeling at 3 months 
after the transplants opens a new option in the treatment of 



Surgical Fetal Stem Cell Transplant into Heart Failure Patients Long-term Results at 14 Years

https://www.stemcelltherjournal.com/ 005https://doi.org/10.29328/journal.jsctt.1001045

13. Nigro P, Bassetti B, Cavallotti L, Catto V, Carbucicchio C, Pompilio G. 
Cell therapy for heart disease after 15 years: Unmet expectations. 
Pharmacol Res. 2018 Jan;127:77-91. Available from: 
https://doi.org/10.1016/j.phrs.2017.02.015 

14. Yagyu T, Yasuda S, Nagaya N, Doi K, Nakatani T, Satomi K, et al. Long-
term results of intracardiac mesenchymal stem cell transplantation in 
patients with cardiomyopathy. Circ J. 2019 Jun 25;83(7):1590-1599. 
Available from: https://doi.org/10.1253/circj.CJ-18-1179 

15. Nakamura K, Murry CE. Function follows form - A review of cardiac 
cell therapy. Circ J. 2019 Nov 25;83(12):2399-2412. Available from: 
https://doi.org/10.1253/circj.cj-19-0567 

16. Bartunek J, Terzic A, Davison BA, Behfar A, Sanz-Ruiz R, Wojakowski W,
et al. Cardiopoietic stem cell therapy in ischemic heart failure: long-
term clinical outcomes. ESC Heart Fail. 2020;7(6):3345-3354. Available 
from: https://doi.org/10.1002/ehf2.13031 

17. Le DC, Bui HT, Vu YT, Vo QD. Induced pluripotent stem cell therapies in 
heart failure treatment: A meta-analysis and systematic review. Regen 
Med. 2024;19(9-10):1-13. Available from: 
https://doi.org/10.1080/17460751.2024.2393558 

18. Benetti F, Peñherrera E, Maldonado T, Vera YD, Subramanian V, 
Geffner L. Direct myocardial implantation of human fetal stem cells 
in heart failure patients: long-term results. Heart Surg Forum. 2010 
Feb;13(1):E31-5. Available from: 
https://doi.org/10.1532/hsf98.20091130 

19. Meerson FZ. The myocardium in hyperfunction, hypertrophy, and heart 
failure. Circ Res. 1969;25(suppl 2):1-163. Available from: 
https://pubmed.ncbi.nlm.nih.gov/4240407/ 

20. Zak R. Cardiac hypertrophy: biochemical and cellular relationships. 
Hosp Pract. 1983;18:85-97. Available from: 
https://doi.org/10.1080/21548331.1983.11702494 

21. Colucci WS, Braunwald E. Pathophysiology of heart failure. In: 
Braunwald E, editor. Braunwald’s Heart Disease. 5th ed. Saunders; 
1997.

22. Wynne J, Braunwald E. The cardiomyopathies and myocarditis. In: 
Braunwald E, editor. Braunwald’s Heart Disease. 5th ed. Saunders; 
1997.

23. Prokop D. Marrow stromal cells as stem cells for nonhematopoietic 
tissues. Science. 1997;276:71-74. Available from: 
https://doi.org/10.1126/science.276.5309.71 

24. Boxall SA, Jones E. Markers for characterization of bone marrow 
multipotential stromal cells. Stem Cells Int. 2012;2012:975871. 
Available from: https://doi.org/10.1155/2012/975871 

25. Masson NM, Currie IS, Terrace JD, Garden OJ, Parks RW, Ross JA. 
Hepatic progenitor cells in human fetal liver express the oval cell
marker Thy-1. Am J Physiol Gastrointest Liver Physiol. 2006 Jul;291(1):
G45-54. Available from: https://doi.org/10.1152/ajpgi.00465.2005 

26. Pittenger MF, Makay A, Beck SC, Jaiwasal RK, Douglas R, Mosca JD, et al.
Multilineage potential of adult human mesenchymal stem cells. Science. 
1999;284:143-147. Available from: 
https://doi.org/10.1126/science.284.5411.143 

27. Makino S, Fukuda K, Miyoshi S, Konishi F, Kodama H. Cardiomyocytes 
can be generated from marrow stromal cells in vitro. J Clin Invest. 
1999;105(5):697-705. Available from: 
https://doi.org/10.1172/jci5298 

28. Xu M, Wani M, Dai YS, Wang J, Yan M, Ayub A, et al. Differentiation 
of bone marrow stromal cells into cardiac phenotype requires 
intracellular communication with myocytes. Circulation. 
2004;110:2658-2665. Available from: 
https://doi.org/10.1161/01.cir.0000145609.20435.36 

29. Chedway EG, Wang JS, Nguyen DM, Shum-Tim J, Chiu RCJ. Incorporation 
and integration of implanted myogenic and stem cells into native 
myocardial ϐibers: anatomic basis for functional improvements. 
J Thorac Cardiovasc Surg. 2002;124(3):584-590. Available from: 
https://doi.org/10.1067/mtc.2002.122544 

30. Pittenger MF, Bradley JM. Mesenchymal stem cells and their potential 
as cardiac therapeutics. Circ Res. 2004;95:9-20. Available from: 
https://doi.org/10.1161/01.RES.0000135902.99383.6f 

31. Yau TM, Tomita S, Weisel RD, Jia ZQ, Tumiati LC, Mickle DA, et al. 
Beneϐicial effect of autologous cell transplantation on infarcted heart 
function: comparison between bone marrow stromal cells and heart 
cells. Ann Thorac Surg. 2003;75:169-177. Available from: 
https://doi.org/10.1016/s0003-4975(02)04290-x 

32. Fazel S, Tang GHL, Angoulvant D. Current status of cellular therapy for 
ischemic heart disease. Ann Thorac Surg. 2005 Jun;79(6):S2238-47. 
Available from: https://doi.org/10.1016/j.athoracsur.2005.02.085 

33. Sakakibara Y, Nishimura K, Tambara K, Yamamoto M, Lu F, Tabata Y, 
et al. Prevascularization with gelatin microspheres containing basic 
ϐibroblast growth factor enhances the beneϐits of cardiomyocyte 
transplantation. J Thorac Cardiovasc Surg. 2002;124(1):50-56. 
Available from: https://doi.org/10.1067/mtc.2002.121293 

34. Yamamoto M, Sakakibara Y, Nishimura K, Komeda M, Tabata Y. 
Improved therapeutic efϐicacy in cardiomyocyte transplantation for 
myocardial infarction with release system of basic ϐibroblast growth 
factor. Artif Organs. 2003;27(2):181-184. Available from: 
https://doi.org/10.1046/j.1525-1594.2003.06993.x 

35. Tambara K, Sakakibara Y, Sakaguchi G, Lu F, Premaratne GU, Lin X, 
et al. Transplanted skeletal myoblasts can fully replace the infarcted 
myocardium when they survive in the host in large numbers. 
Circulation. 2003;108(Suppl II):II259-II263. Available from: 
https://doi.org/10.1161/01.cir.0000087430.17543.b8 

36. Nakajima H, Sakakibara Y, Tambara K, Iwakura A, Doi K, Marui A, et al. 
Therapeutic angiogenesis by the controlled release of basic ϐibroblast 
growth factor for ischemic limb and heart injury: toward safety and 
minimal invasiveness. J Artif Organs. 2004;58-61. Available from: 
https://doi.org/10.1007/s10047-004-0252-1 

37. Marui A, Tabata Y, Kojima S, Yamamoto M, Tambara K, Nishina T, et al. 
A novel approach to therapeutic angiogenesis for patients with critical 
limb ischemia by sustained release of basic ϐibroblast growth factor 
using biodegradable gelatin hydrogel: an initial report of the phase I-IIa 
study. Circ J. 2007;71(8):1181-6. Available from: 
https://doi.org/10.1253/circj.71.1181 

38. Komeda M, Marui A, Tambara K, Yamamoto M, Saji Y, Nishina T, et al.
Biologic anastomosis: the ϐirst case of biologic coronary bypass 
surgery. J Thorac Cardiovasc Surg. 2009;138:775-777. Available from: 
https://doi.org/10.1016/j.jtcvs.2008.05.066 

39. Sakakibara Y, Tambara K, Sakaguchi G, Lu F, Yamamoto M, Nishimura 
K, et al. Toward surgical angiogenesis using slow-released basic 
ϐibroblast growth factor. Eur J Cardiothorac Surg. 2003;24(1):105-112. 
Available from: https://doi.org/10.1016/s1010-7940(03)00159-3 

40. Tambara K, Tabata Y, Komeda M. Factors related to the efϐicacy of 
skeletal muscle cell transplantation and future approaches with 
controlled-released cell growth factors and minimally invasive surgery. 
Int J Cardiol. 2004;95:S13-S15. Available from: 
https://doi.org/10.1016/S0167-5273(04)90004-6 

41. Kung JW, Currie IS, Forbes SJ, Ross JA. Liver development, regeneration, 
and carcinogenesis. J Biomed Biotechnol. 2010;2010:984248. Available 
from: https://doi.org/10.1155/2010/984248 


